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TOM TAT

Phu pham nho 1a nguon chat chdng oxy hoa va chat khang khuan c6 gia trj cao
nhu hop chat phenolic, saponin, proanthocyanidin. Viéc thu hoi va st dung cac hop chat
nay s& mang lai hiéu qua kinh té va tinh bén virng trong nganh céng nghiép ruou vang
va nudc ép nho. Luan an nay dugc thuc hién véi muc tiéu 1a (i) Phéan tich dugc thanh
phan héa hoc, cac hop chat hoat tinh sinh hoc trong phu pham nho, (ii) Ti wu hoa dwgc
diéu kién trich ly cac hop chét phenolic va saponin bang cac phuong phép tién tién khéac
nhau, (iii) X4c dinh duoc cac théng s6 téi wu cho quy trinh vi bao cac hop chat muc tiéu
bang say phun va oleogel va (iv) Budc dau danh gia dugc kha nang tng dung bot say
phun va oleogel téi wu trong san pham xuc xich thanh tring.

Luan &n da xac dinh dugc thanh phan héa hoc, dinh tinh hoa thuc vat cac nhém
chat, dinh danh duoc 33 hop chat phenolic va saponin don 1é trong phu pham nho Red
Cardinal.

Luan an da t6i uu hoa duoc ba quy trinh trich ly, trong d6 phuong phép trich ly
bang hai loai dung mai eutectic sdu (DES — Deep eutectic solvent) tir choline chloride:
lactic acid va choline chloride: glycerol: citric acid ¢ hiéu qua cao hon trong thu hoi
ham luong phenolic, saponin va proanthocyanidin so v4i phuong phép trich ly c6 hé tro
két hop siéu am va enzyme (U-EAE — combined ultrasound-enzyme-assisted
extraction). Diéu kién trich ly téi vu str dung DES tao thanh tir choline chloride: lactic
acid (1:2 wiw, ty 1é nudc bo sung 20%) 1a: ty 1é dung moi: nguyén lidu 1a 25:1 (viw),
nhiét do trich ly 70°C trong 118 pht. Biéu kién trich ly tdi vu sir dung DES tao thanh
tir choline chloride: glycerol: citric acid (1:1:1, w/w; ty 18 nudc bd sung 25%) bao gom
ty I¢ dung moi: nguyén liéu la 23,6:1 (v/w), nhiét d va thoi gian trich ly 1a 69°C trong
142 phat. Dich trich ly bang hai loai DES cho thay ham lwong phenolic va saponin cling
vé6i kha nang khang khuan va khang oxy hoa cao.

Dich trich ly bang DES tao thanh tir choline chloride: lactic acid duoc vi bao
bang sdy phun véi diéu kién téi wu Ia: ty 1& maltodextrin: gum arabic 1a 2:1 (w/w), ty 1&
1i: vo bao 1a 1:4 (w/w), ché d6 dong hoa & toe do 10.800 vong/phut trong 10 phut, nhiét
d6 khong khi sy dau vao 162°C va téc d6 dong nhap liéu 32 mL/phat. O diéu kién tdi

wu, hiéu suat thu hoi dat trén 83%, hiéu qua vi bao dat trén 94%. Bot vi bao tbi uu thé
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hién cac dac tinh nhiét — ly hoa thuan loi. Dich trich ly bang DES tao thanh tir choline
chloride, glycerol va citric acid duoc vi bao bing oleogel vai didu kién ti vu 1a: ty 1é
s&p ong: chat nhii hoa Finamul 90 14 1,7:1 (w/w), ham lugng chét tao gel dau 1a 14,3%.
Kha nang lién két dau va hiéu suit thu hdi hop chét cua oleogel tdi vu dat trén 90%.

Ludn an dd danh gia tiém nang ¢ng dung cua bot sdy phun va oleogel trong san
pham xuc xich thanh trung. Két qua cho thay viéc bb sung bot siy phun (0,2 — 0,4%) va
oleogel (0,4 — 0,8%) cd thé gidp duy tri ham luong 4m va két cau, han ché sy phat trién
téng vi sinh vat hiéu khi va dam bao pH pha hop cho san pham x(c xich thanh triing sau
12 ngay bao quan.

Cac két qua thu duoc cho thay phu pham nho Red Cardinal c6 tiém ning o rét
nhu mot ngudn nguyén liéu giau hop chat phenolic va saponin va c6 kha ning phat trién
thanh cac dang san pham chirc ning phuc vu muc tiéu dinh huéng bao quan ty nhién

trong cong nghiép thuc pham.

Tw khéa: Hop chat c6 hoat tinh sinh hoc, phu phém nho, Red Cardinal, trich ly, vi bao,

xuc xich.
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ABSTRACT

Grape by-products represent a valuable source of antioxidants and antimicrobial
compounds, including phenolics, saponins, and proanthocyanidins. The recovery and
utilization of these compounds offer economic benefits and contribute to sustainability
in the wine and grape juice industries. This study aimed to (i) determine the proximate
composition and bioactive compound profile of Red Cardinal grape by-products, (ii)
optimize extraction conditions for bioactive compounds using different advanced
techniques, (iii) determine the optimal parameters for microencapsulation using spray
drying and oleogel systems, and (iv) preliminarily evaluate the application potential of
the optimized spray-dried powder and oleogel in sausages.

This thesis determined the proximate composition and phytochemical profile,
identifying 33 individual phenolic and saponin compounds present in Red Cardinal
grape by-products.

Three extraction processes were optimized. Among these, extraction using deep
eutectic solvents (DES), including choline chloride: lactic acid and choline chloride:
glycerol: citric acid, exhibited higher efficiency in recovering phenolics, saponins, and
proanthocyanidins compared with combined ultrasound-enzyme-assisted extraction (U-
EAE). The optimum extraction conditions using DES composed of choline chloride and
lactic acid (1:2 w/w, 20% added water) were a solvent-to-material ratio of 25:1 (v/w),
an extraction temperature of 70°C, and an extraction time of 118 min. For the choline
chloride: glycerol: citric acid-based deep eutectic solvent (1:1:1, w/w; 25% added
water), the optimal conditions were a solvent-to-material ratio of 23.6:1 (v/w), an
extraction temperature of 69°C, and an extraction time of 142 min. The resulting extracts
exhibited strong antioxidant and antimicrobial activities.

The extract obtained from DES composed of choline chloride and lactic acid was
microencapsulated by spray drying under optimal conditions: maltodextrin-to-gum
arabic ratio of 2:1 (w/w), a core-to-wall material ratio of 1:4 (w/w), a homogenization
at 10,800 rpm for 10 min, an inlet air temperature of 162°C, and a feed flow rate of 32
mL/min. Under these conditions, the recovery yield exceeded 83%, and encapsulation

efficiency was higher than 94%. The optimized spray-dried powder exhibited favorable

XVI



thermal and physicochemical properties. Meanwhile, the extract obtained using choline
chloride: glycerol: citric acid-based DES was encapsulated in an oleogel system under
optimal conditions: beeswax-to-F90 (emulsifier Finamul 90) ratio of 1.7:1 (w/w) and
oleogelator concentration of 14.3%. The oil-binding capacity and compound retention
both exceeded 90%.

The application potential of the optimized spray-dried powder and oleogel in
sausage products was evaluated. The incorporation of microencapsulated powder (0.2
—0.4%) and oleogel (0.4 — 0.8%) helped maintain moisture content and texture, inhibited
total aerobic microbial growth, and maintained acceptable pH values in sausages after
12 days of storage.

Overall, the findings demonstrate that Red Cardinal grape by-products are a rich
source of phenolic and saponin compounds and can be valorized into functional products

for natural preservation applications in the food industry.

Keywords:  Bioactive compounds, extraction, grape by-products,

microencapsulation, Red Cardinal, sausage.
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MO DAU
Tinh cip thiét caa luan an

Cong nghiép san xuat ruou vang va nudc ép nho tao ra luong Ién cac phu pham
tir nho vai khoang 7 triéu tin mdi nam (Bordiga va cong su, 2019). Trong san xuit ruou
vang va nudc ép nho ¢ Viét Nam, mot lwong 16n phu pham nho (vo nho, canh va hat,
chiém khoang 15 — 20% tong khdi luong nho) khéng duoc st dung dan dén céc van dé
méi truong, ton that kinh té, va dac biét gay 1ang phi ngudn hop chat sinh hoc tu nhién
c6 gia tri cao nhu flavonoid, phenolic acid, anthocyanin, proanthocyanidin va tannin. O
cac nudc phét trién, phy pham nho dugc sir dung dé san xuat ethanol, cac axit hitu co
nhu tartaric acid, malic acid va citric acid. O Viét Nam, cu thé 1a ¢ tinh Ninh Thuan (nay
thugc tinh Khanh Hoa), phu pham nho hién nay dugc sir dung lam phan bén va thic an
chan nudi (cuu, dé).

Déi véi viéc thu hdi hop chét sinh hoc can k¥ thuat trich ly xanh bén viing va
thuong doi hoi stir dung cac dung méi GRAS (Generally Recognized As Safe — Thuong
dugc cdng nhan 12 an toan). Thong thudng, cic phuong phép trich ly truyén théng céc
hop chat phenolic, saponin la trich ran — 16ng, sir dung dung méi hitu co. Cac dung moi
nay c6 nhiéu nhugc diém nhu nguy co an toan, chat lwong san pham bi anh huéng do
t6n du dung méi va rii ro méi trudng. DES (Deep eutectic solvent — Dung mdi eutectic
sau) 1a mot dung mdi xanh tiém ning xuat hién trong nhitng nam qua. DES dugc ching
minh 14 c6 thé hoa tan cac chat chuyén hda phan cuc nhu cac hop chat phenolic nho vao
tuong tac lién két hydro duoc thiét 1ap gitta cac phan tir DES vai cac hop chat nay. Viéc
str dung DES con mang lai nhitng loi thé vé mit chi phi, don gian, 6n dinh va tinh linh
hoat. Bén canh muc tiéu st dung dung mdi an toan va hiéu qua hon thi cac nghién cuu
gan day ciing tap trung vao cac ki thuat trich ly hién dai. Trong do, trich ly c6 hd tro
enzyme (EAE — Enzyme assisted extraction) ciing 1a mot huéng nghién ciru bén viing.
Mot sb enzyme duoc bao céo cho thay kha ning phan hay vé nho mét cach hiéu qua
nhu cellulase, pectinase, tannase,... Ngoai ra, phuong phap trich ly c6 hd tro siéu &m
(UAE — Ultrasound assisted extraction) ciing duoc danh gia cao véi hiéu qua vé thoi
gian trich ly, tén it nang luong, hiéu qua trich ly ting dang ké nho kha ning ting qua

trinh khuéch tan dung méi vao bén trong nguyén liéu. Bén canh d6, hién nay cac nghién



clru so sanh cac phuong phép trich ly cac hop chét sinh hoc tir phu pham nho ¢6 hd tro
enzyme, c6 hd tro siéu am va sir dung DES van con han ché. Do d6, viéc phan tich thanh
phan, tan dung phu pham nho dé trich ly cac hop chat sinh hoc bang cac ky thuat tién
tién 12 mot huéng phat trién bén vitng caa hé théng san xuét rugu vang va nude ép nho.

Mot thach thuc 16n khi tng dung dich trich ly thuc vat trong thuc pham 12 nhiéu
hop chat phenolic va saponin c6 tinh 6n dinh thap va nhay cam véi cac tdc nhan moi
trrong nhu oxy, anh sang, nhiét do trong qua trinh bao quan, lam suy giam hoat tinh va
hiéu qua sir dung. Bé khic phuc, cdng nghé vi bao duoc ap dung do ky thuat don gian,
d& mé rong quy mé va hiéu qua bao vé cao. Viéc vi bao cac hop chét c6 hoat tinh sinh
hoc dugc trich ly tir phu pham nho 12 mét chién luge day hira hen dé khic phuc tinh
khong 6n dinh vén c6 caa ching va ting cuong kha nang ung dung cua chiing trong cac
san pham chtc nang. Hién nay, c6 nhiéu phuong phép vi bao khac nhau nhu sdy phun,
sdy thiang hoa, oleogel, giot tu,... Trong d6, vi bao thong qua siy phun dugc st dung
rong rai dé ting cudng d6 on dinh, kha dung sinh hoc va giai phéng mot cach c6 kiém
soat cac hop chat muc tiéu (Lopez-Astorga va cong su, 2025). Ngoai ra, siy phun con
c6 nhimng vu diém nhu sdy nhanh va kha ning mé rong quy mo. Nhiéu nghién ctiu gan
day, da c6 nhirng tién bo dang ké trong viéc lya chon vat liéu vo bao (Carra va cong su,
2022), t6i wu hoa quy trinh (Le va cong sy, 2025) va hiéu biét vé cac co ché giai phong
g6p phan ting cuong do 6n dinh va chic ning (LOpez-Astorga va cong su, 2025). Bén
canh sdy phun, vi bao bang oleogel ciing 14 mot phuong phap dugc nghién ciu nhiéu
trong thoi gian gan day do ¢6 nhiéu wu diém. DA c6 mot sé nghién ciru két hop dich trich
ly hop chat cé hoat tinh sinh hoc vao oleogel va cac hé nay dugc goi 1a oleogel hoat tinh
sinh hoc (Ferdaus va cong su, 2025). Cac hé thong nhu vay c6 thé tao diéu kién thuan
loi cho viéc vi bao cac hoat chat sinh hoc ua nude ciing nhu wa dau, cho phép mé rong
ring dung chtrc ning nhu chat bao quan tu nhién hozc thay thé chat béo trong thuc pham.

Déng cha ¥, hién nay ung dung sdy phun va oleogel dé vi bao dich trich tir phu
pham nho va&i DES van con han ché. Cac dic tinh ly hda riéng biét cua DES, chang han
nhu d6 nhét cao hon, do bay hoi thdp hon va do pH thay ddi so véi dung mdi thong
thuong, doi hoi mot phuong phép tiép can phu hop dé say phun hoic oleogel hda. Cac
thong s6 chinh anh hudng dén thanh cong caa qua trinh vi bao bao gom loai va ty I¢

giita cac loai vo bao, ty 18 16i: vo bao, ché d6 dong hda, nhiét do khong khi say dau vao



va tbc do dong nhap liéu (Jafari va cong su, 2023). Céc vat liéu vo bao pho bién nhu
maltodextrin (MD), gum arabic (GA), tinh bot bién tinh (MS), protein dau nanh isolate
(SPI) va whey protein isolate (WPI) thuong duoc st dung dé tao thanh ma tran bao vé
xung quanh cac hoat chat sinh hoc ¢ ngudn géc tir thue vat. Su két hop cua cac vat liéu
nay thudng gilp hiéu qua vi bao cao hon, khién ty I¢ giita cac thanh phan vé bao tro
thanh mot yéu t6 quan trong. Ngoai ra, nhiét do khong khi dau vao trong khoang tir 100
dén 180°C thuong duoc sir dung dé phil hop véi cac hop chat nhay nhiét trong qué trinh
say phun (Jafari va cong su, 2023). Ty Ié 16i: vo bao ciing phai duoc xac dinh dé dam
bao bao phu hoan toan vat liéu 18i, giam thiéu that thoat hop chat va giam tac dong dén
moi truong. Trong khi d6, d6i véi vi bao bang oleogel, cac yéu té nhu ty 1¢ giira cac
thanh phan trong cong thirc oleogel, ty 1& chat tao gel dau, nhiét do 1am mat 1a nhing
yéu t quan trong, duoc khao sat chu yéu trong cac nghién ciru vé oleogel dé vi bao cac
hop chat hoat tinh. Do d6, viéc khao sat cac yéu té chinh anh huéng c6 y nghia dén qué
trinh vi bao bing say phun va oleogel dich trich ly DES tir phu phdm nho Red Cardinal
la can thiét dé thu duoc bot vi bao va oleogel co6 ham luong phenolic va saponin cao,
dac tinh hoa ly thuan lgi cho trng dung.

Theo Grand View Research (2024), thi truong chat bao quan ty nhién toan cau
duogc dinh gia & mac 878,2 triéu d6 la My vao nam 2023. Toc do tang truong kép hang
nam du kién s& tang 1én 6,9% tir nam 2024 dén nam 2030. Nhu cau caa ngudi tiéu ding
d6i véi cac chat bao quan tu nhién ngay cang tang do y thic vé sirc khoe ngay cang cao,
nhu cau vé thuc pham nhan sach (clean label). i véi cac nén san pham dong vat nhu
xuc xich, thit vién va cha, chiing chira lwong dang ké nudc, chat béo va protein nén dé
bi oxy hda va hu hong do vi sinh vat. Bot siy phun va oleogel cac hop chat co hoat tinh
sinh hoc tir phu pham nho ¢4 tiém ning (ng dung nhu chit bao quan ty nhién trong céng
nghiép thyc pham. Tuy nhién, lua chon ty 1& bd sung bot vi bao hoic oleogel phi hop 12
diéu quan trong va can quan tdm dén nhing thay d6i vé pH, mau sic, két ciu bén canh
cac anh huong vé khang khuan va khang oxy hoa.

T nhitng van dé trén cho thay viéc tan dung phu pham nho dé trich ly cac hop
chat c6 hoat tinh sinh hoc bang cac k¥ thuat tién tién, vi bao cac hop chét nay, ciing nhu
danh gia tiém nang ung dung cta chiing nhu chat bao quan tu nhién dé kéo dai thoi han

bao quan cua san pham thuc pham 1a can thiét.



Muc tiéu luan an

Muc tiéu chung: Luan an nham thu hdi dugc cac hop chit c¢é hoat tinh sinh hoc
tir phu pham nho bang cac phuong phép trich ly tién tién va danh gia tiém ning tng
dung cac hop chat nay nhu chat bao quan ty nhién trong san pham xtc xich thanh tring.

Muc tiéu cu thé:

(1) Phan tich duoc thanh phan hda hoc, xac dinh duoc cac hop chat c6 hoat tinh sinh
hoc trong phu pham nho.

(2) Téiuu hda dugce didu kién trich ly cac hop chat ¢ hoat tinh sinh hoc tir phu pham
nho bang trich ly c6 hd trg siéu &m, trich ly c6 hd tro enzyme, trich ly két hop
siéu am — enzyme va trich ly bang hai loai DES khéc nhau.

(3) Xac dinh duoc cac thong so tdi uu cho quy trinh vi bao cac hop chat phenolic va
saponin tir phu pham nho bang sy phun va oleogel.

(4) Panh gia duoc tiém nang ang dung bot say phun va oleogel téi uru trong san pham
xuc xich thanh tring théng qua mot sé chi tiéu chat lwong (ham luong am, pH,
mau sac, két cau va vi sinh).

Y nghia khoa hoc va y nghia thuc tién

Y nghia khoa hoc: Két qua luan &n cung céap co so khoa hoc vé (i) t6i wu hod quy
trinh thu hoi cac hop chét c6 hoat tinh sinh hoc tir phu pham nho bang DES, va céc ky
thuat hd tro (enzyme, siéu am, két hop siéu 4m va enzyme), ddng thoi (ii) t6i wu quy
trinh vi bao bang phuong phap say phun va oleogel nham cai thién do 6n dinh va kha
nang tng dung cac hop chét hoat tinh. Cac két qua nghién ciru s& 1a nén tang khoa hoc
tham khao cho cac nghién ciu tiép theo vé khai thac cac hop chat phenolic, saponin tir
cac nguon phu pham phong phi khac cia Viét Nam theo hudng cong nghé xanh.

Y nghia thyc tién: Nghién ctru hudng dén viéc thu hdi va dinh hudng tng dung
cac hop chat cd hoat tinh sinh hoc tir phu pham nho trong thuc pham, gép phan giam
thiéu & nhidm mai truong tir phu pham ndng nghiép, dong thoi nang cao gia tri sir dung
phu pham nho tai cac co s, doanh nghiép ché bién rugu vang va nuéc ép nho theo dinh
huéng bén vitng va tuan hoan. Qua d6 gop phan gia ting gia tri kinh té cua qua nho va

chudi san xuat nho tai Viét Nam.



Chuong 1

TONG QUAN TAI LIEU

1.1 Tong quan vé nho va phu pham nho

Ho thyc vat Vitaceae bao gom rat nhiéu loai dugc phan nhém thanh 12 chi nhu
Vitis, Ampelocissus, Clematicissus, Parthenocissus (Virginia creeper), Ampelopsis, va
Cissus (kangaroo vine),... Chi Vitis bao gém hai phan chi 12 Vitis va Muscadinia (Creasy
va Creasy, 2018). Vitis vinifera la loai dugc st dung thdng dung trong nganh cong
nghiép rugu vang toan cau. Cé hai dang nho dwoc phan biét dua trén su khac biét vé
hinh théi cua ching. Mot 12 dang nho trong trot — V. vinifera subsp. vinifera (hoic sativa)
va hai la dang nho dai — V. vinifera subsp. silvestris (hoic sylvestris). Mot s6 giéng nho
d6 noi tiéng dé san xuét rwou vang nhu Cabernet Sauvignon, Merlot, Barbera, Pinot
noir, Shiraz, ... Cac giéng nho trang néi tiéng cé thé ké dén nhu Chardonnay, Chenin
blanc, Muller-Thurgau, Muscat blanc, Pinot gris, Pinot blanc, Sauvignon blanc,...
Trung Quéc, Uc, Han Quéc, Nhat Ban, New Zealand, Thai Lan, Viét Nam, Myanmar la
nhitng quédc gia c6 dién tich trong nho 16n trong khu vyc Chau A-Thai Binh Duong.
Tuy nhién, khéc véi cac qudc gia Pia Trung Hai, cac quéc gia khu vuc Chau A — Thai
Binh Duong (ngoai trir Uc) trong nho chu yéu 1a cac gidng nho tuoi danh cho tiéu thy
truc tiép (table grape) nhu gidng Niunai & Trung Quéc, gidng Red Cardinal ¢ Viét Nam,
giong nho Malaga va Cardinal ¢ Thai Lan, giéng Kyoho & Nhat Ban.

Chi nho Vitis vinifera L. tai Viét Nam gom c6 6 loai 1a V. labrusca, V. heyneana,
V. retordii, V. vinifera, V. balansana, V. flexuosa (Nguyén Thé Cuong, 2012). Ninh
Thuan (nay thugc tinh Khanh Hoa) 1a tinh c6 dién tich trong nho 16n nht tai Viét Nam.
Theo Cuyc Théng ké tinh Ninh Thuan (2023), dién tich tréng cay nho tai Ninh Thuan
nam 2022 1a 1.053 ha. San luong nho 1a 25.706 tan/ nam. Trong d6, Ninh Hai va Ninh
Phudc 12 hai huyén dan dau vé dién tich trong ciing nhu san lugng nho cia Ninh Thuan,
Hién Ninh Thuan cé 04 gidng nho an tuoi phd bién: nho dé (Red Cardinal), nho xanh
(NH01-48, NH01-152, NH04-102); va 01 gidng nho ruou (Shiraz). Trong d6, giéng nho



cha lyc cua tinh 1a Red Cardinal chiém 63,36%, NH01-48 chiém 30,76% (S& Néng
Nghiép va Phat Trién Néng Thén Tinh Ninh Thuan, 2023). Ngoai ra c6 mét s6 giéng
nho méi khac c6 trién vong ciing dang duoc thir nghiém.

Téng san lwong nho dung dé san xuit ruou vang nho va nudc ép chiém ty 16 khéa
16N (~52%) so vé6i cac nhom san pham con lai. Qué trinh san xuat nuéc ép va ruou vang
nho din dén viéc mot lwgng phu pham nho bao gom vé, hat, cudng va canh bj thai loai
ra moi truong. Thuc té, phu pham chinh caa qua trinh san xuat nudc ép nho va ruou
vang la vo, canh, va hat chiém khoang 20% tong khéi lwong nho (Bordiga va cong su,
2019). Thanh phan hda hoc cua phu pham nho khac nhau tuy thudc vao giéng nho, vi
tri dia ly, diéu kién trong, do chin. Khi nghién ctu vé phu pham nho, phan tich thanh
phan hda hoc 13 budc quan trong. Ham lugng protein trong vé nho chiém khoang 6,5 —
13,8%. Ham luong chét béo téng caa vo nho kha thap (1,1 — 8,5%). Tuy vao quy trinh
san xuat, ham luong am cua phu pham nho c6 thé dao dong Ién (7,0 — 19,9%). Ham
luong chat xo trong vo nho cao, chiém khoang 54,8%. Ham luong phenolic trong vo
nho den Cimin c¢6 thé dao dong tir 10,5 — 33,7 mg GAE (Aescin equivalent — duong
luong gallic acid)/100 mL dich trich (Alwazeer va cong su, 2026). So véi hat nho thi vo
nho phil hop dé sir dung cho trich ly cac hop chat phenolic va saponin, vi hat nho chira
nhiéu dau, d& bi oxy hoa do d6 han ché phan nao tng dung caa hop chat sau trich ly.

Két luan: C6 thé thiy rang qua trinh 1am ruou vang, nudc ép nho dan dén mot
lugng dang ké phu pham nho bi thai bo dit ra cac van dé vé xu ly, tiéu thu. Tai Viét
Nam, giéng nho Red Cardinal, dic biét 1a vé nho, 12 ngudn tiém ning cho cac nghién
ctru vé phu pham nho véi cac uu diém nhu dién tich va san lugng tréng Ién, nguon phu

pham 1on.

1.2 Céac hgp chit cd hoat tinh sinh hec trong phu pham nho

Phu pham nho con ¢6 ham lugng cac hop chét cé hoat tinh sinh hoc cao nhu
flavonoid, proanthocyanidin, tannin, saponin. Trai qua mot s qué trinh nghién, ép
nhung hoat tinh sinh hoc ciia cac hop chat trong phu pham nho khong bi thay doi dang
ké. Céc hop chat phenolic 1a cac hop chat quan trong cé trong phu pham nho. Hop chat
phenolic bao gdm maét hoac nhiéu nhém hydroxyl gan truc tiép vao mot hoac nhiéu vong
thom (Thomas, 2017). Céc hop chat phenolic thuong dugc phan loai 1a axit yéu do cac

nhoém phenol. B hoa tan cia hop chit phenolic trong nuéc phu thudc vao nhém



hydroxyl va nhém aryl. Cang nhiéu nhém hydroxyl, hop chit cang dé hoa tan trong
nuéc. Cac hop chit phenolic don gian thudng dé hoa tan trong nudc, trong khi cac hop
chat phenolic bac cao hon thi khong tan trong nuéc (Thomas, 2017). Theo Brenes va
cong su (2016), cac hop chit phenolic duoc chia thanh hai nhém 1a nhitng phenolic c6
thé trich ly dugc bang dung méi hitu co/ nuéc (EPA — Extractable Phenolics) va nhiing
phenolic con lai goi 1a phenolic khdng thé trich ly (NEPA — Non-Extractable Phenolics).
EPA bao gom céc phenolic ¢ khéi lugng phan tir thap hoic trung binh (tir dimer dén
decamer) do d6 d& dang trich ly bing cac dung méi thong thudng. Trong khi d6, NEPA
cha yéu 1a cac phenolic lién két véi protein va polysaccharide caa ma tran thanh té bao.
Cac NEPA nay kho dugc trich ly bang enzyme hoic bang cac dung méi hitu co thong
thuang. Cach pho bién nhat dé tach cac hop chat nay 1a st dung céc phan tng thity phan
(thong thudng 14 axit) & nhiét 6 cao. Céc trich ly nay cho phép giai phong céc hop chit
phenolic gan véi ma tran thyc vat ma con gilp phan giai cac hop chat c6 khoi luong
phan tir cao thanh cac hop chat c6 cau tric don gian hon. Gidng nho Red Cardinal c6
ham luong cac hop chat phenolic cao. Theo Mitié va cong su (2012), ham luong
polyphenol téng, anthocyanin téng va flavonoid tong trong nho Cardinal lan luot la
142,32; 44,80 va 59,46 mg/100g nho. Nghién ciu cho thay trong vo nho Cardinal co
chaa hop chat polyphenol nhu catechin, syringic acid, quercetin-galactoside, p-
coumaric acid, quercetin-glucoside, chlorogenic acid, quercetin-rhamnoside, caffeic
acid, ferulic acid, rutin (Topalovic va Mikulic-Petkovsek, 2010). Malvidin-3-O-
glucoside va peonidin-3-O-glucoside la cac thanh phan anthocyanin chinh dugc tim thay
trong gidng nho Cardinal. Quercetin 3-O-glucoside 1a hop chat flavonol chinh trong
dich trich vo nho Cardinal (Benmeziane va cong su, 2016).

Saponin bao gom céc thanh phan khong dudng va duong duoc goi la aglycone
va glycone, trong d6 aglycone bao gdm mot khung triterpenoid hoic steroid. Saponin
cling duoc béo cao 1a mét trong nhitng nhém hop chit quan trong va c6 ham luong dang
ké trong phu pham nho (Simchuer va cong sy, 2022). Tuy nhién, thanh phan saponin
don 1é trong nho van chua duoc nghién ciu nhiéu, chu yéu 1a dinh tinh saponin bang
cac phan ung hoa thyc vat hodc xac dinh ham luong tong. Saponin dé tan trong nuée co
tinh axit (pH 2,4) hoac dung moi nudc/ ethanol 50% (Fonseca va cong su, 2024).

Ethanol va methanol la cac dung mdi thdng dung dé trich ly saponin.



Cac hop chat phenolic, saponin la nhitng hop chat hoa thuc vat quan trong nhat
trong nho nho vao céac loi ich cho stc khoe. Trong dd, hoat tinh khang oxy hoa cua
polyphenol cha yéu la kha niang cho hydro tir cac nhom hydroxyl trén vong thom dé han
ché qua trinh oxy hoa gdc tu do cua chat béo va cac phan tir sinh hoc khac. Bén canh
d6, cac chat trich ly tir hat va vo nho da gitip cai thién su phuc hdi than cua chudt mac
bénh tiéu duong (Oueslati va cong su, 2016). Bong thai, kha niang séng s6t cua chudt
dugc ting cudng va sy di cin ctia cac té bao khdi u bi uc ché dang ké nho bo sung dich
trich vo nho trong ché d6 an (1,0 va 0,5 mg/ mL trong nuéc udng). Mot nghién ciru cho
thiy su két hop cua dich trich vo nho véi coenzyme Q10, luteolin va selen da cai thién
d6 dan hoi, kha niang san xuat nhon cua da dang ké (De Luca va cong sy, 2016). Dich
trich tir vo nho ciing da cho thay kha nang chéng lai nhiéu chung vi sinh vat nhu nam
chang vi khuan phan Iap tir nguoi (Pseudomonas aeruginosa, Proteus mirabilis,
Staphylococcus aureus, Bacillus subtilis, Escherichia coli) va 4 ching vi khuan chuan
(Proteus mirabilis ATCC 12453, Bacillus subtilis ATCC 6633, Escherichia coli ATCC
2592 va Staphylococcus aureus ATCC 25923) (Avdovié va cong su, 2025).

Két luan: Mac di vo nho da dugc cong nhan 1a mot nguon phong phi cac hop
chat phenolic va saponin véi tiém ning tng dung cao, cé4c tai liéu vé thanh phan hoa
hoc, ham luong cu thé cac hop chat hoat tinh nay trong voé nho Red Cardinal van con
han ché. Viéc phan tich, trich ly cac hop chat nay trong vé nho Red Cardinal gop phan
day manh kha nang (ng dung ciia chung vao cac linh vuc nhu thyc pham, my pham va

dugc pham.

1.3 Phwong phap trich ly cac hop chat ¢ hoat tinh sinh hoc c6 hd trg enzyme

Sy thu hdi cac hop chat phenolic, saponin bang phuong phép trich ly ¢6 hd trg
enzyme (EAE — Enzyme assisted extraction) c6 nhiéu loi ich nhu giam st dung dung
moi doc hai, phan hay sinh hoc, giam thoi gian trich ly. Su lua chon enzyme thich hop
cling nhu t6i wu hoa qua trinh 13 can thiét d&é thu duoc hiéu qua trich ly cao.

Loai va ham lwgng enzyme: Thanh té bao caa vo nho duoc tao thanh tir 30%
polysaccharides (cellulose, xyloglucanarabinan, galactan, xylan and mannan), 20%
pectin cé tinh axit (62% methyl ester hdéa), 15% proanthocyanidin khéng tan, va <5%
protein cau trdc (Lecas va Brillouet, 1994). Vi vay, trong sé cac enzyme ttng dung trong

nghién ctiu thay phan phu pham thuc vat thi enzyme cellulase va pectinase 1a dugc sir



dung nhiéu nhat. Cac enzyme nay dugc thuong mai héa ¢ dang riéng 1é hoac két hop
nén tiém ning ¢ng dung & quy md cong nghiép cao. Enzyme cellulase va pectinase tir
nha cung cip Novozymes (Pan Mach) duoc tng dung nhiéu trong cac nghién cau thay
phan phu phiam (Arnous va Meyer, 2010). Cac enzyme cellulase, pectinase c6 kha ning
xUc tac qua trinh thay phan céc lién két trong polysaccharide cua thanh té bao thyc vat
do d6 c6 thé duoc sir dung dé pha huy cau tric thanh té bao.

MJi loai enzyme s& ¢ hiéu qua thuy phan khac nhau ddi véi co chat cu thé.
Pectinase phé& v& hoic bién dbi pectin, pha v& tinh toan ven cua thanh té bao va hd tro
giai phong phenolic. Trong khi do, cellulase xuc tac thuy phan cac endo-1,4-p-D-
glycoside trong cellulose. Viéc két hop hai loai enzyme pectinase va cellulase s& gitp
tang hiéu qua trong viéc trich ly cac hop chat muc tiéu tir phu pham nho. Nghién cuu
cuia Arnous va Meyer (2010) da cho thay qué trinh thay phan vé nho Merlot va Cabernet
Sauvignon bang enzyme pectinase va cellulase c6 thé gilp giai phong anthocyanin,
flavonol (rutin va quercetin), phenolic acid (hydroxybenzoic acid va hydroxycinnamic
acid). Maier va cong su (2008) st dung hdon hop enzyme cellulase va pectinase (ty ¢
1:2) thu dugc ham luong hop chat phenolic tét nhat sau 2 gio xtr Iy, st dung luong
enzyme 4.500 mg/kg (tinh theo chat khd) & nhiét do 40°C va pH 4,0. Hiéu suat thu hoi
c6 thé dat 91,9; 92,4 va 63,6% ddi vai phenolic acid, flavonoid khdng anthocyanin va
anthocyanin. Thong thuong, viéc taing ham lugng enzyme c6 tac dung trong viéc giai
phong céc hop chat phenolic. Tuy nhién, viéc ting ham luong enzyme qua cao s& khong
con tac dung va co thé dan dén khéng hiéu qua vé mat kinh té (Arnous va Meyer, 2010).

Nhiét @ thiy phan: Thong thuong, phan &ng thay phan bang enzyme bj anh
huong dang ké bai nhiét d6. Boi khi sy ting nhiét dé cua phan tng khong ty 18 thuan
Vi toe do tang cua phan tng thay phan bang enzyme. Phan ung chi ting toc d6 ¢ mot
gidi han caa nhiét o cu thé. Toc do thay phan bang enzyme s& giam néu nhiét do vuot
qua muc gigi han d6. Nhiét d6 twong tng vai toe ¢ phan tng enzyme dat cao nhét duoc
goi 1a nhiét @6 t6i vu. Nhiét d6 hoat dong téi wu cua mot enzyme phu thudce nhiéu vao
mot s6 yéu té nhu sy c6 mit cia co chét, cac chat bao vé, kim loai va pH. Nhiét do thay
phan qué cao s& lam giam manh hoat tinh ctia enzyme do gay bién tinh protein. Khoang
nhiét d6 thay phan cua cac loai enzyme thuong mai pho bién thuong khong vuot quéa

60°C. Nhiét do t6i vu cho qué trinh trich ly phenolic tir hat nho st dung enzyme



pectinase 1a 48°C (Stambuk va cong su, 2016). Nhiét d6 cua qua trinh thuy phan cé anh
huong co ¥ nghia dén cac hop chat muc tiéu can trich ly. Arnous va Meyer (2010) cho
rang nhiét do 1a yéu té chinh khién anthocyanin bi phan hay trong qué trinh xa 1y vo
nho biang enzyme trong 6 gid thiy phan. Do d6, nhiét do sir dung trong qué trinh thay
phan enzyme can phai phu hop véi enzyme va hoat chat sinh hoc can trich ly.

pH thiy phan: pH cia méi truedng thuy phan thuong anh hudng dén mue d6 ion
hoa cua co chit, enzyme va dic biét anh huong dén do bén cua enzyme. Chinh vi thé
pH c6 anh hudng dén phan tng cua enzyme. Nhiéu enzyme hoat dong rat manh & pH
trung tinh. Tuy nhién ciing c6 nhiéu enzyme hoat dong & pH axit yéu. Mot sb khéc lai
hoat d6ng manh & pH kiém va axit. Trén thuc té, viéc diéu chinh pH 6n dinh trong suét
qué trinh thay phan 1a kho khan. Pa sb cac nghién ctru ung dung enzyme dé thiy phan
thudng diéu chinh pH caia hdn hop ban dau vé pH tdi wu cho enzyme dé dat duoc hiéu
qua trich ly tét (Maier va cong su, 2008). Pectinase c6 thé cho hiéu qua trich ly cac hop
chat tir hat nho cao nhat & diéu kién pH 3,5 (Stambuk va cong su, 2016).

Thoi gian thiy phan: Bit dau giai doan thiy phén, toc do thiy phan xay ra
nhanh, tuy nhién nong d6 co chat s& giam theo thoi gian trong khi nong d6 san pham
cang ting, hoic sy bat hoat enzyme sau qué trinh xtr ly dai thi téc d6 giai phong cac chat
s& khong ting. Trong nghién ciru cua Stambuk va cong sy (2016), thoi gian thiy phan
t6i wu hat nho bang pectinase 1a 2 gio 43 phat. Trong nhiéu truong hop, viéc xu ly
enzyme & thoi gian dai khong lam ting toc d6 thuy phan, nguoc lai s& ¢6 anh hudng xau
dén hiéu suat thu hoi do cac hop chat muc tiéu bi mat. Hon nira, viéc xir Iy enzyme kéo
dai ciing s& ¢ nhitng anh hudng tiéu cuc dén anthocyanin tir vé nho. Nghién ciu cua
Tomaz va cong su (2016) cho thay thoi gian trich ly anthocyanin, flavonol glycosides
va flavan-3-ols tir vo nho bang enzyme pectinase thich hop 1a 3 gid. Do d6, thoi gian
trich ly dai hon c6 thé din dén su suy giam dang ké ham luong hop chat myc tiéu.

CAc yéu t6 khac: Bén canh cac yéu té ké trén, dién tich tiép xuc ciing thic day
hiéu qua cia qua trinh thay phan. Néu tang dién tich tiép xdc giira enzyme va co chat s&
tao diéu kién thuan loi cho qua trinh thay phan. Viéc giam kich thudc caa phu phém nho
cling c6 tac dong tich cuc dén viéc thu hoi phenolic. Ngoai ra, phan @ng enzyme khéc
nhau con phu thudc vao loai phy pham, gidng nho. Montibeller va cong su (2019) da

chi ra rang viéc sir dung enzyme pectinase khong anh huong dang ké dén viéc thu hoi
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anthocyanin tir nho Petit Verdot. Diéu ndy c6 thé xay ra bai trong mot sé trudng hop,

nho da duoc xir Iy bang enzyme trong qua trinh ché bién, thuong véi pectinase.

1.4 Phwong phap trich ly cac hop chat c6 hoat tinh sinh hoc ¢ hd tro siéu am

Theo McClements (1995), hai loai song siéu am dugc (ng dung chinh trong thuc
pham: (1) S6ng siéu am tan s6 cao (2 MHz dén 10 MHz) va ning luong thap, (2) S6ng
siéu &m tan s6 thap (20 kHz dén 100 kHz) va ning lugng cao. SOng siéu &m tan s cao,
nang luong thap thudng dugc st dung trong chuan doan, do do day, phat hién cac tap
chat trong san pham, do tbc d6 dong chay, xac dinh thanh phan, xac dinh kich thuéc hat.
Song siéu &m tan sé thap, ning lugng cao thudong duoc ap dung dé day nhanh céc phan
rng oxy hda, tc ché enzyme, tiéu diét vi sinh vat trong thuc pham, va hd trg qua trinh
trich ly. Phan Ion cac nghién ciu vé song siéu am tan sé thap thuong ap dung tan sb
song trong khoang 20 — 40 kHz. Ngoai ra, viéc &p dung siéu am dé hd tro trich ly céc
hop chét tir cac nguon nguyeén lidu thuc vat da dugc nghién ciu rong rai. Anh huong
cua siéu am trong dung mai trich ly chu yéu 1a do hién twong xam thuc (cavitation
phenomena) (Rostagno va Prado, 2022). Séng siéu &m gay ra su dich chuyén theo chiéu
doc cua cac phan tir tao thanh dung moi. Trong chu trinh nén cua siéu am, cac phan tir
nay bi bat ra khoi vi tri ban dau va va cham véi cac phan tir xung quanh. Nguoc lai, cac
phén tir s€ bi kéo ra xa nhau trong giai doan keo gidn (rarefaction phase). Luc hit gitra
cac phan tr nay tao ra cac bong bdong bot dugc hinh thanh tir cac khi hoa tan. Theo thoi
gian, kich thuéc cua cac bong bong khi dat dén ti han ching s& va. Nhiét do va ap suat
cua bong bong khi tai thoi diém v cé thé 1én dén 5000°K va 5000 atm. Ching tao ra
cac diém nong c6 kha ning ting téc do phan ung ciia mdi truong. Ngoai ra, khi nhiing
bong bong nay sup d6 trén bé mat nguyén liéu ran, 4p suat va nhiét do cao dugc giai
phong sé tao ra cac tia siéu nho va song xung kich huéng vao bé mit ran. Cc tia siéu
nhé nay cung vai nhiét d6 va ap suét cao da gip pha hay thanh té bao va giai phong cac
hop chét hoat tinh sinh hoc vao méi trudng trich ly (Rostagno va Prado, 2022).

Trich ly ¢6 hd trg siéu am (UAE — Ultrasound assisted extraction) da duoc phat
trién va ting dung hiéu qua cho nhiéu nguyén liéu thuc pham vai kha ning thu hoi cac
hop chat cao. Cac hop chét cé hoat tinh sinh hoc trong trai cay, rau qua, thao mac, gia
vi va phu pham dugc trich ly thanh céng bang si dung siéu &m. Goltz va cong sy (2018)

d3 nghién ctu (ng dung siéu am trong trich ly cd thé 1am ting tong lwong hop chat
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phenolic thu hdi tir cdy Macela Ién 6,1 1an va kha ning khang oxy hoa 1én 3,4 1an so Vi
trich ly théng thuong. Avdovié va cong su (2025) trich ly cac hop chat phenolic trong
v6 nho Marselan va Shiraz bang phuong phap trich ly c6 hd tro siéu am trong dung mai
ethanol, ethyl acetate va nuéc. Két qua cho thiy dung mdi ethanol 50%, ty 1& dung mai:
nguyén liéu 1a 10:1 (v/w) cho hiéu qua trich ly cao nhat. Dich trich c6 TPC la 11,6 mg
GAE/g dich. Stanek-Wandzel va cong sy (2025) di str dung phuong phép trich ly c6 hd
trg két hop enzyme (pectinase, cellulase va hemicellulase) va siéu am dé thu hoi hop
chat phenolic. Phuong phap két hop dic biét hiéu qua trong viéc trich ly phenolic acid
(ferulic acid, caffeic acid, gallic acid va p-coumaric acid) va flavonoid (kaempferol,
luteolin, quercetin, vanillin va trans-resveratrol) va anthocyanin.

Hiéu qua trich ly c6 hd tro siéu am ting 1én nho tac dong 1am thay doi, gay ra su
pha v, ton thuong té bao cua cac nguyén liu thyc vat. Cau tric mé caa nguyén lidu
thd bao quanh hop chat can trich ly 1a yéu té chinh tac dong dén hiéu qua cua ky thuat
UAE. Khi cac thanh phan mong muén dinh vi trong cé4c tuyén bé mit (surface glands)
ciia md nguyén liéu thi nguyén lidu c6 thé dugc kich thich bang &ng suét siéu 4m tuong
d6i nhe dé giai phong cac thanh phan nay (Toma va cong sy, 2001). Trong khi d6, cac
mo noi cac thanh phan mong mudn nam trong té bao, viéc giam kich thudc nguyén liéu
dé t6i da hoa dién tich bé mit tiép xac trude khi siéu am 1a rat quan trong dé dat duoc
qua trinh trich ly hiéu qua. Dién tich tiép xtc Ion gitta dung méi va cac hat nguyén liéu
s& tao diéu kién cho viéc trich ly cac hop chat phenolic. Vinatoru (2001) d chi ra rang
viéc 1am kho nguyén lidu c6 thé cai thién hiéu qua trich ly nho vao kha ning treong né
va ngam nuéc cua nguyén lieu khd, gay ra sy mo rong cac 16 trong thanh té bao. Cac
tham sb niang lugng siéu 4m ciing anh huong dén trich ly. Ngoai ra, qua trinh trich ly
xay ra trong dung mdi nén ty I&¢ nguyén liéu: dung méi, loai dung méi, nhiét d6 va thoi
gian siéu &m anh huong khdng chi dén nang suat trich ly ma con anh huong dén thanh
phan cua dich trich dugc. Diédu kién tdi wu cho trich ly c6 hd tro siéu &m cd thé khac biét
tly thudc vao loai dung méi ciing nhu nguyén lidu. Theo Wang va cong su (2016), diéu
kién trich ly ¢ hd tro siéu am thich hop cho viét quat, anh dao 1a 30°C, 20 phit, dung
moi ethanol 70%, trong khi diéu kién phi hop cho vo 1é d6 1a 30°C, 60 pht sir dung

dung méi ethanol 60%.
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1.5 Phwong phap trich ly cac hop chat c6 hoat tinh sinh hec bang dung mai eutectic
sau

DES dang duoc quan tim nhu dung mdi tiém ning thay thé cac dung méi hitu co
doc hai trong trich ly. DES lan dau tién dugc cong bd bai Abbott va cong sy (2003) khi
ghi nhan su suy giam diém nong chay sau bat thuong ¢ thanh phan eutectic cua chat
nhan lién két hydro (HBA — Hydrogen bond acceptor) va chét cho lién két hydro (HBD
— Hydrogen bond donor). Khi két hop 1 choline chloride (diém néng chay, Tm ~ 302°C)
véi 2 ure (Tm = 133°C) s& hinh thanh hdn hop eutectic 1a chat long & nhiét dd phong (Tm
~ 12°C) (Azizi va cong sy, 2013), duoc thé hién trong Hinh 1.1.

0
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Hinh 1.1. Chuan bi DES tir choline chloride va urea

Cac hé DES tao thanh bang cach két hop HBA (mudi v co nhu quaternary
ammonium, tetralkylammonium hodc phosphonium; amino acid nhu 1a alanine, proline,
glycine, betain) véi HBD (axit hitu co, alcohol, amide va carbohydrate) (Dai va cong
su, 2013; Liu va cong su, 2018). Hién nay, chuan bi DES tap trung vao ba phuong phap
chinh: (1) Phuong phap lam bay hoi chan khong (Dai va cong sy, 2013): hoa tan cac
thanh phan trong nudc va lam bay hoi bang ¢ quay ¢ 50°C, chat long thu duoc duoc
dat trong binh hit am dén khi dat khdi lugng khong do6i; (2) Phuong phép gia nhiét: hdn
hop céac thanh phan va nudc duoc cho vao binh ¢ nap, khuay va dun néng (thuong la
80 — 90°C) trong bé cach thay hoic trén may khudy cé gia nhiét (30 — 90 phut) cho dén
khi tao thanh chat long trong sudt (Dai va cong su, 2013); (3) Phuong phap dong kho
(Gutiérrez va cong sy, 2009): cac thanh phan duoc tron theo ty & & nhiét 6 nhat dinh
dé thu duoc dung dich sau d6 dugce déng kho. Tuy theo ban chit cia cac hop chat ma
lya chon phuong phap chuan bi DES véi nhiing thay d6i phu hop vé thoi gian gia nhiét,
nhiét do. Trong d6, phwong phap gia nhiét duoc st dung phd bién dé chuan bi DES vi

dé thyc hién, nhanh va yéu cau thiét bi don gian. Cac nghién ciru vé tng dung DES trong
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trich ly hop chat phenolic tir nhiéu ngudn nguyén liéu thuc vat da nhan duoc rat nhiéu
s chi y. Co ché don gian héa cua qua trinh hoa tan hop chat phenolic trong DES tao
thanh tir choline chloride duoc thé hién trong Hinh 1.2 (Lu va Liu, 2022).
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Hinh 1.2. Co ché don gian héa caa qué trinh hoa tan hop chat phenolic trong DES
tao thanh tir choline chloride

DES cho thay hiéu qua trich ly cac hop chét polyphenol vuot troi so véi cac dung
moi nudc, methanol, ethanol (Lakka va cong sy, 2019). Trong khi d6, s6 lugng nghién
ctru tng dung DES trong trich ly cé4c terpenes van con han ché, chi mot sé nghién ciu
da dugc cong bd nhu trich ly terpene trilactones tir 14 bach qua Ginkgo Biloba (Su va
cong su, 2017), trich ly terpenes tir séau loai gia vi (qué, thi 1a Ai Cap, thi 13, dinh huong,
hing tay va nhuc dau khau) (Triaux va cong su, 2020). Ngoai viéc mang lai hiéu qua
trich ly cao, hoat tinh khang khuan cua cac dich trich c6 thé duogc cai thién nho vao hoat
tinh cua cac hop chat tao thanh DES nhu dugc dé cap trong nghién ctu cua Akbar va
cong su (2023). Cac DES tao thanh tr methyl-trioctylammonium chloride, glycerol,
fructose cho thay hoat tinh khang khuan phé rong va diét khuan cao nhat di véi vi
khuan gram dwong (Staphylococcus aureus, Streptococcus pyogenes, Bacillus cereus va
Streptococcus pneumoniae) va vi khuan gram am (Klebsiella pneumoniae, Serratia
marcescens, Escherichia coli K1 va Pseudomonas aeruginosa). Cac thong sb quan trong
can duoc xem xét dén khi st dung DES nhu mot dung méi pht hop trich ly cac hop chat
cd hoat tinh sinh hoc thuc vat 13 loai va ty 1& cac thanh phan DES, ty 1& nguyén liéu dung
mai, nhiét do trich ly, ham luong nuéc bod sung va thoi gian trich ly (Ali va cong su,
2019; Jiménez-Salcedo va cong su, 2025). Khi so sanh gitta choline chloride, betaine,

proline déng vai trd nhu HBA thi cac DES goc choline chloride han ché su phan hiy
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proanthocyanidin trong qué trinh trich ly phu pham nho (Neto va cong su, 2021). Han
ché 16n nhat cia dung moi DES 1a d6 nhét cua chung kha cao va do d6 mot luong nuéc
thich hop (20 — 50%) thudng duoc bd sung vao hdn hop eutectic nay (Jiménez-Salcedo
va cong su, 2025). Sy hién dién cua nudc ¢ ham lugng nhat dinh khong chi lam giam
d6 nhét ma con tao ra cac twong tac gitta cAc phan tir nhu lién hét hydro hoic lién két
ion va hinh thanh mang lué6i lién két hydro c6 trat ty cao hon (Liu va cong sy, 2018)
nhung van gitr cac dic tinh cua ching. Theo Jiménez-Salcedo va cong su (2025) ham
lwong nude khoang 20% 1a t6i wu dé trich ly anthocyanin tir vo nho d6 bang choline
chloride: glycerol va choline chloride: axit oxalic. Him luong nuéc cang it thi su sap
Xép bac cao hon hinh thanh trong ma tran cau tric din dén d6 phan cuc cao hon cua
DES. Néu ham lugng nudc qué cao cac phan tir chat tan s& bi pha lodng va do d6 gian
dd pha caa hé s& chuyén thanh pha dung dich thay vi pha eutectic.

Ty 1é thanh phan chinh quan trong ddi véi viéc tao hé DES va hiém khi vuot qua
ty 18 1:6 (w/w) (Liu va cong su, 2018). Viéc sir dung loai thanh phan DES dé trich ly
con tuy thudc vao loai nguyén liéu. Nghién ciru ctia Athanasiadis va cong sy (2022) cho
thay DES tao thanh tir proline: glycerol: citric acid cho hiéu qua thu hoi polyphenol tong
tir phu pham nho d6 va 14 olive tét hon so véi khi trich ly biang nuéc hoic ethanol 60%.
Tuy nhién, hiéu qua trich ly cac thanh phan riéng lé tir phu pham nho bang DES s& tot
hon so véi khi 4p dung trén 14 olive. Trong khi d6, nghién ctru cua Balan va cong su
(2025) cho thay DES tao thanh tir choline chloride: lactic acid (ty 18 1:2, w/w) lai cho
hiéu qua trich ly thap hon so véi dung méi ethanol 70% khi sir dung dé trich hop chat
phenolic tir phy pham nho do giéng Feteasca Neagra va Merlot. Ngoai ra, qué trinh trich
ly trong thoi gian dai hoic trong diéu kién nhiét do cao khdng phii hop vai cac hop chat
c6 hoat tinh sinh hoc muc tiéu vi c¢é thé lam thay di cau tric hoa hoc cua cac hop chat
nay. Nhiét o trong cac nghién ctu vé trich ly phu pham nho dao dong khé Ion tir 25 —
100°C. Tuy nhién, dé phi hop hon véi dic tinh nhay cam véi nhiét do cua hop chat
phenolic, nhiét do trich ly toi wu nén gidi han khong vugt qua 70°C. Theo Baron va cong
su (2021), mac du hiéu qua trich ly c¢6 xu hudng tang khi tang nhiét do trich ly, nhung
cac hoat tinh khac cua dich trich nhu DPPH (2,2-diphenyl-1-picrylhydrazyl) déu s&
giam. Gia tri ICso DPPH cua dich trich phu pham voé nho do dat cao nhat ¢ nhiét do trich

ly 70°C. Do d6, nhiét 6 va thoi gian trich ly téi vu nén dugc khao sét.
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Két luan: Viéc trich ly cac hop chét phenolic va saponin tir nguén nguyén liéu
thue vat noi chung, ciing nhu phu pham nho Red Cardinal néi riéng, bang cac ky thuat
nhu ¢ hd trg enzyme, siéu &m hoic sir dung DES du kién 1a cac phuong phép trich ly
xanh méi day hira hen thay thé cho cac dung méi hitu co truyén théng. Dé hiéu qua thu
hoi cao, diéu kién trich ly can duoc téi wu héa nhim dat ham lwong phenolic,
proanthocyanidin va saponin trong dich trich cao nhit. Dich trich sau d6 can duoc danh
gid cac hoat tinh khang oxy hoa, khang khuan ciing nhu ham luong cac hop chat

phenolic, saponin dé du doan cac (rng dung phi hop trong cac nghién ctu tiép theo.
1.6 Téng quan vé vi bao

Cac hop chat c6 hoat tinh sinh hoc théng thuong rat dé bi oxy hoa trong diéu kién
bao quan dudi anh huong caa dd am va anh sang. Ngoai ra, cac hop chat nay c6 do tan
tuong d6i han ché. Do d6 viéc str dung cac hop chét co hoat tinh sinh hoc & dang vi bao
c6 thé gop phan tang tinh 6n dinh cho cac hop chat sinh hoc; tranh duoc sy hinh thanh
hop chat c6 hai va khdng mong muédn do su thay doi hda hoc trong thai gian bao quan;
va cd thé han ché mét s6 thudc tinh cam quan khdng mong mudn (Dias va cong su,
2017). Cong nghé vi bao 1a k§ thuat bao goi cac chat long, ran vao trong mot 16p vo bao
va chi giai phong cac chat ra ngoai trong mot sé diéu kién nhét dinh. Cac dang hat c6
thé thu duoc bao gom hinh cau don gian véi 16p phu dong déu, hat I8i c6 hinh dang
khéng déu, 16i dugc nhing trong hdn hop chat mang, mot sb 18i riéng biét trong cling

mot vién nang va cac vién nang siéu nho vai nhiéu 16p vo (Hinh 1.3) (Baker, 2012).

00

Pon gian Hon hop chitmang  Hén hop vién nang siéu nho

Nhiéu 16i riéng biét L ¢6 hinh dang khong déu

Hinh 1.3. Hinh thai cua céc loai hat vi bao
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Nhin chung, qué trinh vi bao bao gom 2 buéc: phan b cac hop chat can bao vé
vao hé nhii trong, hydrogel hoic liposomes va sau d6 loai bo nuéc khoi san pham bing
ky thuat say phun, sdy thing hoa hodc dong két tinh, ... (Fang va Bhandari, 2010). Trong
d6, sy phun 1a phuong phap vi bao phé bién, kinh té va c6 thé &p dung & quy mé cong
nghiép. Trén thuc té, nhiéu nghién ctru da bao cao rang cong nghé vi bao bang say phun
1a hiéu qua trong viéc bao g6i cac hop chét ¢ hoat tinh sinh hoc trich ly tir thuc vt nhu
gac (Kha va cong su, 2010), nho (Tsali va Goula, 2018).

1.6.1 Téng quan vé vi bao bang phwong phap siy phun

1.6.1.1 Qué trinh va thiét bj say

Say phun 1a phuong phap sdy truyén thong nham chuyén doi nguyén liéu tir trang
thai long hoac huyén phu thanh dang bt min bang cach phun hdn hop vao khéng khi
néng. Théng qua dé, dung dich long hoidc huyén phu dugc chuyén doi thanh cac hat vi
mo dang bot va do do gitp cai thién kha ning bao quan va van chuyén, va mang lai loi
ich kinh té. Bdi véi tng dung trong ky thuat vi bao, nguyén liéu st dung c6 thé & nhiéu
dang nhu dung dich, huyén phu, nhii twong hoac bot nhdo. Thong thuong, hdn hop vat
liéu 16i va chat mang duoc chuan bj san, sau d6 dua qua voi phun ctia may sy phun dé
tao thanh cac hat swong mu. Khi gap khong khi néng, dung méi trong hon hgp bay hoi,
con chat mang s& dong ran, hinh thanh 16p vé bao quanh vat liéu 16i. Cac vién nang dang
bot cudi ciing sé tich tu va roi xudng day budng sy (Fang va Bhandari, 2010).

Nhin chung, co ché siy bao gom ba giai doan chinh: chuyén d6i nguyén liéu sang
dang swong mu, két hop swong mu véi dong khi nong dé thyuc hién siy va tach san pham
bot ra khoi dong khi sy (Santos va cong sy, 2018). Qua trinh say phun bat dau bang
viéc phan tan nguyén liéu thong qua viéc giam sirc cang bé mit. Pay 1a budc then chot
dé dam bao sy hiéu qua cho cac giai doan tiép theo, tao diéu kién cho qua trinh bay hoi
am, dan dén su hinh thanh cac hat bot khé mot cach thuan loi (Gharsallaoui va cong su,
2007). Qué trinh phan tan nguyén liéu thuong duogc thuc hién bang cach sir dung ning
lwogng ap suat, ly tam, tinh dién hozc siéu am. Thiét bi phun suwong c6 thé trang bi céc
loai ¢au phun khéac nhau nhu dia quay, dau phun thuy hec hoic khi nén (Gharsallaoui va
cong su, 2007). Viéc lva chon loai dau phun thich hop cha yéu dua trén dic tinh cua
dung dich nguyén liéu ban dau va cac yéu cau cu thé vé hinh dang, cau tric va kich

thugc cua hat bot vi bao mong muén. Khi nguy@n liéu dugc chuyén hoa thanh dang
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swong mu, qua trinh sdy phun chuyén sang giai doan két hop swong mu véi dong khi
néng. Trong giai doan ndy, cac hat swong mu tiép xUc véi dong khi sdy, ddn dén su béc
hoi ham lwong 4m va khién ching bién d6i thanh céc hat bot khoé.

Sau khi cac hat bot kho duoc hinh thanh, can thuc hién quy trinh tach dé thu hoi
ching khoi dong khi say. Qua trinh tach nay bao gom hai giai doan: phan tich so cap va
phan tach thtr cip. O giai doan phan tach so cp, cac hat c6 mat d6 cao sé& ling xubng
day hinh nén cua budng siy va dugc thu hoi tai day. Tiép dén, trong giai doan phan tach
thr cap, cac hat nhé hon hodc min hon duoc chuyén sang cac thiét bi tach riéng biét dé
loai bo khoi khi am. Nhiing thiét bi thuong duoc st dung gém may tach 16¢ xody, bo
loc thi va bo loc bui tinh dién. Hiéu suat ciia mdi thiét bi s& khac nhau va duoc lya chon

dua trén kich thuéc cua hat va dic tinh san pham mong muén.
1.6.1.2 CAc yéu té dnh hwéng dén qua trinh vi bao bang sdy phun

% Thanh phan 16i va vé bao

Dich truéc sdy cua say phun thuong bao gém cac thanh phan khac nhau. Mai
thanh phan cua hé dich co céc tinh chat vat ly, héa hoc va chirc ning khac nhau tao nén
su da dang vé tinh chat hda hoc, vat Iy, dinh dudng va cam quan caa cac san pham thyc
pham. Su khéac nhau vé thanh phan s& dan dén tinh chat cua céc 16p hap thu bé mit, pha
nuéc, pha dau ciing khac nhau. Cé thé n6i thanh phan cua hé dich trudc siy hay thanh
phan cua cac pha trong hé dich truéc say cd vai trd quan trong ddi vai su 6n dinh cua
hé. Dich trich tir phu pham nho bao gém céc thanh phan chinh 1a hop chat phenolic,
saponin va proanthocyanidin. C4c hop chét nay déu khdng 6n dinh, dé bj phan huy ciing
la nguy@én nhan chinh dan dén kha nang @ng dung thap.

Chon loai v6 bao thich hop 1a yéu té rat quan trong truéc khi sy phun. Vo bao
phai 1a loai khong doc hai, do hit am thap, khéng c6 hoic ¢ mui nhe, gia thanh ré, dé
kiém dé c6 thé ¢ing dung trong duoc pham, thuc pham ¢ quy md cong nghiép. Ngoai ra,
vat liéu vo bao phai dam bao dugc cac tiéu chi nhu cung cap kha ning bao vé cho thanh
phan 13i, c6 do hoa tan trong nudc cao cing véi kha ning tao mang tét. Ngay nay, cac
loai v6 bao trong k¥ thuat vi bao rit da dang, cd thé tir cac polymer cé khéi lwong phan
tr cao nhu tinh bot, tinh bot bién tinh, protein dén cac polymer c6 khi lugng phan tir
thap nhu cyclodextrin, maltodextrin. Mdi loai vat liéu vo bao s& c6 cac wu diém va

khuyét diém khac nhau. Do d6, cac loai vo bao ndy nén két hop véi nhau tiy vao loai
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hop chat c¢d hoat tinh sinh hoc I8i cAn dwoc vi bao, nham han ché nhiing dic tinh khéng
mong mudn va cai thién hiéu qua vi bao. Vi viéc két hop céac loai vo bao thi hiéu suat
thu hoi va hiéu qua vi bao hop chit 15i ting 1én. HAn hop vo bao thuong bao gom
polymer nhu maltodextrin, tinh bot véi bd sung chat nhii hoa nhu gum hoic protein.
Ngoai ta, su lién két giita vo bao va hop chét can vi bao trong qué trinh siy can dugc
xem xét tly vao eng dung mong muén caa bt thu duoc.

Maltodextrin 1a san pham thiaty phan tinh bot, gdm a-D-glucose lién két véi nhau
cha yéu thdng qua lién két o-(1 - 4) glucoside. D6 hoa tan cao trong mai trudng nudc,
tao dung dich d6 nhét thap, khong mau ¢ dang dung dich, gia thanh thap I1a nhitng wu
diém cua maltodextrin khi ung dung lam vat liéu vo bao trong qua trinh vi bao.
Maltodextrin 12 vé bao don 1é pho bién nhat va hiéu qua vi bao hop chét phenolic va
anthocyanidin cao so véi cac loai vo bao nhu gum arabic, tinh bot san (Murali va cong
su, 2015). Sy phun dich trich thu dugc tir phu pham nho bang maltodextrin c6 kha nang
lwu giit anthocyanin 1én dén 88,36 — 97,35%. Bén canh d6, bot vi bao c6 ham lwgng am
thap, do hat am thap, do hoa tan cao va mau sic 6n dinh (Souza va cong su, 2015).
Polymer nhu maltodextrin dan dén su hinh thanh nhanh chong vo bao giup ting hiéu
qua vi bao.

Phuong phap sy phun st dung két hop gum arabic va maltodextrin cho thay hiéu
qua gitr lai anthocyanin cao hon so va4i st dung riéng Ié maltodextrin (Burin va cong su,
2011). Hiéu qua cua vi bao bang gum arabic lién quan dén cau triic ciia n6 — chat phan
nhanh cao, c6 lwong nho protein lién két cong héa tri véi carbohydrate gidp hinh thanh
mang tot, cho phép vi bao hiéu qua céc phan tir (Kuck va Norefia, 2016). Cac hop chat
phenolic trong cau triic c6 nhom hydroxyl cé thé tao lién két hydro véi protein, do do
hdn hop maltodextrin, whey protein isolate hodc protein dau nanh ciing cho thay hiéu
qua trong viéc vi bao cac hop chat phenolic. Whey protein isolate bao gém ba thanh
phan chinh 14 p-lactoglobulin, a- lactalbumin va bovine serum albumi thé hién kha niang
tao mang tot (Sliwinski va cong su, 2003). Ngoai ra, whey protein islolate ciing tao ra
hé dich 6n dinh dang ké, 1a yéu té quan trong cho muc dich vi bao nhu trinh bay thao
luan trén. Ngoai yéu té thanh phan vo bao, ty 18 vo bao va 15i cling dong vai trd quan
trong trong qua trinh vi bao. Thong thudng, hiéu suat vi bao ting khi tang dan ty I¢ vo

bao va 16i. Luong phenolic cao dan dén ham lwong phenolic & bé mit bot cao va hiéu
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qua vi bao thip. Hon nira, & ty 18 vo bao thap thi vat liéu vo bao khong du dé che pha

hoan toan céc thanh phan 16i va dan dén hiéu qua vi bao céc hop chat phenolic giam.

< Pong hoa

Kich thudc cua cac giot phan tan c6 anh hudng dén su 6n dinh cua dich trude say
phun. Kich thuéc cua cac giot phan tan phu thudc vao cac didu kién ddong hda. Cac
phuong phap dong hoa ning lwong cao tao ra cac giot I6n hon so véi phuong phap dong
héa nang lugng thap. Trong qua trinh dong héa ning luong cao, may ddng hda toc do
cao hiéu qua hon may ddng hoa siéu 4m dé chuan bi dich tir dau huéng dwong (Yildirim
va cong su, 2017). Nhung ciing c¢6 nghién ciru chi ra rang ca nhii twong duoc diéu ché
bang may khuiy va may dong héa siéu 4m déu cho d6 on dinh tét trong thoi gian bao
quan 30 ngay & nhiét do phong trong diéu kién t6i vu (Niknam va cong sy, 2022). Thong
thuong, khi ap suit dong hoa tang, kich thudc cua cac giot giam. Tuy nhién, sau d6 néu
tiép tuc ting ap suat dong hoa, kich thudc giot s& ting Ién. Viéc ap dung qua mic qua
trinh ddng hoa ning luong cao s& tac dong dén nhirng thay doi vé cau trdc cua protein
nhu thity phén, bién tinh, keo tu va ling dong cua cac giot. P6 ciing 1a nguyén nhan gay
méat 6n dinh hé dich do &p suat va nhiét do cao trong qué trinh déng hda (McClements
va cong su, 2022). Bong hda 1a mot qua trinh cuc ky phuc tap, doi hoi phai tdi vu hoa
diéu kién doéng hoa dé ngan chan viéc xir Iy qua muc 1am giam d6 on dinh cua hé nhii

tuong, tang chi phi va giam hiéu suat nang luong (McClements va cong su, 2022).
% Say va cac thong sé say

Say thuong duoc ap dung dé loai bo nudc khoi dung dich vi bao. Say phun va
say thang hoa 1a hai phuong phap phé bién nhat. Mdi phuong phap say c6 wu va nhuoc
diém riéng. Siy thing hoa thuong van hanh tai nhiét do thap nén han ché qua trinh oxy
héa nhung dong thoi ciing hinh thanh cac 16 trong hat vi bao do sy thing hoa ctia nuéc
dan dén sy that thoat. Bén canh do6, phuong phéap nay co chi phi cao trong cac k¥ thuat
sdy. Trong khi d6, sy bay hoi nhanh chdng cta nuéc do nhiét do siy cao cua phuong
phap sdy phun gidp hinh thanh bé mit khd, bao vé cac thanh phan 16i bén trong (Kuck
va Norefia, 2016). So d6 qué trinh vi bao bang siy phun dugc thé hién trong Hinh 1.4,
Phuong phap sdy phun van dugc sir dung phd bién dé vi bao vi hiéu qua vi bao cao, thoi

han st dung kéo dai ddi véi bot thu dugc, chi phi van hanh thap, cong nghé tiét kiem
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nang lwong va quy trinh nhanh chong (Assadpour va Jafari, 2019). Qué trinh vi bao bang
say phun gitp chuyén nguyén liéu thanh dang bot c6 d6 6n dinh cao hon, giam chi phi
bao quan va van chuyén ciing nhu gitup viéc (ng dung dugc dé dang hon. Ngoai ra, sdy
phun phi hop véi cac nguyén liéu nhay cam véi nhiét nhu hop chét phenolic,
anthocyanin vi thoi gian tiép xuc ngan véi nhiét d6 cao. Tuy nhién, hiéu qua cua qua
trinh say phun bi anh huéng dang ké boi thoi gian sy va nhiét do siy. Do do, toi wu

diéu kién cua qua trinh say phun la can thiét khi 4p dung say phun dé vi bao hop chit c6
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Hinh 1.4. So d6 qua trinh vi bao bang sy phun

Quaé trinh vi bao bang sy phun c6 thé duoc toi wu hoa theo hai hudng: (1) téi wu
c4c yéu t6 anh hudng dén d6 6n dinh dich trude say phun; (2) téi wu hoa cac ché do sy
phun. Céc yéu té quan trong khi téi wu hoa sy phun 1a nhiét do siy dau vao va dau ra,
téc do dong nhap liéu. Nhiéu nghién ciru duoc cong bd cho thay hiéu qua vi bao ciing
nhu hiéu suat thu hdi bi anh hudong déang ké bai cac théng sb trén. Nghién ciu caa Tsali
va Goula (2018) cho thay hiéu qua vi bao noi chung tang khi nhiét do khdng khi dau
vao tang. Tuy nhién, khi nhiét do siy qua cao trén 180°C thi s& gay nén tinh trang bi pha
v ctia cac thanh vo bao, 1am ting t6n that cac hop chat hoat tinh (Tsali va Goula, 2018).
Viéc ting nhiét do sdy dau vao qué cao s& lam giam céc hop chét c6 hoat tinh sinh hoc

do sy phan huy nhiét va oxy héa. Nguoc lai, nhiét do khong khi dau vao thap thi bot thu
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héi duoc c6 ham lwong 4m cao va dinh, dan dén hiéu suét thu hdi thap (Kha va cong su,
2010). Téc d6 dong nhap liéu s& tac dong dén hiéu qua caa qua trinh siy phun. Ty 1& thu
hoi bot s& giam khi toc do dong nhap liéu tang & cung nhiét d6 khong khi dau vao do do
dinh caa san pham. Téc d6 dong nhap liéu cao 1am viéc loai bo 4m khong hiéu qua vi
lwgng nhiét cung cap cho mdi mL nguyén liéu thap. Ghandehari Yazdi va cong su (2021)
cho rang khi ting tdc d6 cua dong nguyén liéu tir 7 18n 13 mL/ phdt s& 1am giam hiéu
qua vi bao hop chat phenolic khoang 10%. Tac dong tiéu cuc cua viéc ting toc do dong

nhap liéu nguyén nhan cé thé do qué trinh truyén nhiét va truyén khdi chdm hon.
1.6.2 Téng quan vé vi bao bang phwong phap tao oleogel

1.6.2.1 Téng quan vé oleogel
Oleogel la gel ban ran duogc tao ra bang cach bao boc lwong 16n dau, véi mang
ludi tinh thé ba chiéu tao ra boi mot chat tao gel dau & nong do nhat dinh (Hinh 1.5).
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protein/wax
Hinh 1.5. Quy trinh chuan bi oleogel

Ngudn: Parmar va cong su (2022)
Loai chat tao gel dau va ky thuat tao gel dau dugc sir dung anh huéng truc tiép
dén cac dic tinh cua oleogel duoc tao thanh (Sabet va cong su, 2024). Hai thanh phan
chinh tham gia vao qué trinh tao gel dau 12 hé dau nén can duoc bao boc va mét chit tao
gel dau. Céac chat tao gel dau phd bién nhét dugc str dung trong cong nghiép thuc pham
bao gom sép, phospholipid, alcohol hoic este cua axit béo, phytosterol va etylcellulose.
Hai phuong phap tao oleogel phd bién 1a phwong phap gian tiép va truc tiép (Pinto va
cong su, 2021). Phuong phap gian tiép lién quan dén viéc str dung dung mai hoic cac
cong doan bo sung dé tao diéu kién thuan loi cho quéa trinh tao gel bao gdm phuong

phép dya trén khudn nhii tvong hai pha hoac khudn bot, phwong phap trao doi ion. Mat
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khac, phuong phép truc tiép bao gdbm viéc lam tan chay chét tao gel dau trong dau va
tao thanh oleogel thong qua twong tac vat ly trong qua trinh lam mét. Phuong phap gian
tiép thuong dan dén céc cong thic phic tap hon. Phuong phap nay thudng sit dung k¥
thuat dong kho hodc trao ddi dung moéi dé loai bo hoic thay thé nudc dé hinh thanh
oleogel. Phuong phap gian tiép wu diém hon phuong phap truc tiép trong viéc giam
nong d6 cua chit tao gel trong hé oleogel thanh pham. Tuy nhién, quy trinh phuc tap
ctiia phuong phap gian tiép da thuc sy han ché quy mé tng dung cua né trong cong
nghiép thuc pham. Trong khi d6, cau tric oleogel tao thanh tir phwong phap truc tiép
dugc xay dung trén mot mang ludi cac chét tao gel, gidp han ché dong chay cua dau

long. Phuong phap truc tiép don gian, hiéu qua va giit lai cac dac tinh ty nhién caa dau.

1.6.2.2 Vi bao cac hgp chat c6 hogt tinh sinh hec bang oleogel

Vi nang héa dua trén oleogel la mét phuong phap mai, tan dung cac dac tinh
riéng biét cua oleogel ban ran dé giir hiéu qua cac hop chat cé hoat tinh sinh hoc. Quy
trinh bao gém viéc gia nhiét hon hop dau va chat tao gel dau trén diém ndéng chay cua
chat tao gel dé dat duoc sy hoa tron hoan toan, sau d6 lam mat c6 kiém soat dé tao thanh
mang ludi ba chiéu on dinh. Sau khi hinh thanh gel, cac hop chat cé hoat tinh sinh hoc
c6 thé dugc dua vao bang cach tron truc tiép trong budc lam mat hoic bang cach phan
tan trudc trong mot phan nho dau dé tang cudng do hoa tan va tinh déng nhat. Cac dic
diém vé cau tric va két ciu cua oleogel dugc diéu chinh bang cach thay d6i mot sé yéu
t6 nhu loai chat tao gel, thanh phan pha dau va diéu kién xir Iy dé téi vu hoa hiéu qua vi
bao (Pinto va cong su, 2021). Mac du cd tinh linh hoat, oleogel c6 kha nang twong thich
han ché véi cac hé thong thuc pham dang nude. Dé khic phuc han ché nay, oleogel co
thé duoc sir dung trong nhil twong dugc san xuat bang cac ky thuat nhii héa thong
thuong, chang han nhu dong héa tc do cao (Mao va cong su, 2020). Sy tich hop giira
oleogel hoa va nhil twong hda mo rong tiém nang va tinh tng dung cua oleogel trong
cdng nghiép thuc pham, cho phép phét trién san pham mai véi ham luong chat béo thap
hon. Hon nita, cac hé thong nhu vay c6 thé tao diéu kién thuan loi cho viéc vi bao cac
hoat chét sinh hoc rra nuéc cling nhu wa dau, cho phép mé rong cac tng dung chirc nang
nhu chat thay thé chat béo trong thuc pham. Viéc két hop cac hop chat hoat tinh sinh
hoc vao oleogel gilp tao thanh cac oleogel hoat tinh sinh hoc (Ferdaus va cong su, 2025).

Hién nay, chua c6 nghién ctiru nao vé eng dung oleogel trong vi bao dich trich tir phu
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pham nho. Tuy nhién, khdng phai tat ca cac dich trich ly cac hop chat cé hoat tinh sinh
hoc déu twong thich véi hé oleogel, do d6 can lya chon dung mdi hay loai dich trich phu
hop véi hé oleogel. Ngoai ra, su phan b6 khong dong déu cac hop chét sinh hoc trong
ma tran oleogel, ndng do chat tao gel dau, téc do 1am mat, loai dau ciing c6 kha ning
anh hudng dén dic tinh luu bién va hiéu qua vi bao bang oleogel.

Két luan: Vi bao bing phuong phap sy phun va oleogel 1a phi hop véi dich
trich phu pham nho. Téi vu diéu kién cua qué trinh vi bao 1a can thiét khi 4p dung sy
phun va oleogel dé vi bao hop chat c6 hoat tinh sinh hoc trong dich trich ly nham thu
duoc hiéu suat thu hdi cao nhat. Bot sdy phun va oleogel t6i wu can danh gia cac dic
tinh khang oxy hoa, khang khuan ciing nhu céc tinh chat dic trung ctia ching dé cho

thay dugc tiém nang ctia chung nhu chat bao quan tu nhién trong thuc pham.

1.7 Ung dung céac hep chit c6 hoat tinh sinh hoc nhw chit bao quan tw nhién

An toan thuyc pham va phuong phap sach trong ché bién thuc pham ludn 1a vu
tién hang dau thu hat cac nha nghién ciru va nha dau tu. Cac nha san xuét céng nghiép
dang tim kiém cac giai phap dé thay thé chat bao quan hda hoc, nang cao gia tri san
pham va thé hién trach nhiém cia cong ty d6i vai sic khoe khach hang. Hién nay, mot
s6 chat bao quan tu nhién da xuat hién trén thi truong nhu Proallium DMC 1a hop chat
khang khuan tir toi va hanh dé str dung trong nudc sbt va dua chua; JS-PV J FIX 20404
la chét trich ly tir hat budi dé sir dung nhu chat bao quan tu nhién trong cac san pham
thit, banh va mi; dich trich tir tre moso Takeguard™ (Takexlabo, Osaka, Nhat Ban)
(Chibane va cong su, 2019). Du kién trong twong lai viéc st dung chat bao quan ty nhién
s& ngay cang tang dan vi nhu cau cua thi truong (Chibane va cong su, 2019). Theo
Antony va Narayanaswamy (2026), thi truong chat bao quan ty nhién chiém khoang
32,3% trong thi truong chat bao quan thuc pham, bao gom céc acid hitu co, dich trich
thuc vat, chat khang oxy hda ty nhién va cac hop chat tir qué trinh 1én men. Trong do,
dich trich thuc vat chiém khoang 20 — 25% cua thi truong chat bao quan tu nhién.

Trén thuc té, sy phat trién caa vi sinh vat va qué trinh oxy héa c6 thé bi tc ché
boi mot sé dich trich thuc vat nhu tinh dau, curcumin, protein, anthocyanin, flavonoid,
polyphenol. Trong d6, cac hop chat phenolic kha phd bién trong ty nhién nhu phenolic
acid, diterpene phenol, flavonoid dic biét hiéu qua trong viéc uc ché hoic ngan chan su

phét trién vi sinh vat, 1am cham cac phan @ng oxy hda trong thuc pham (Beya va cong
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su, 2021). Ngay cang nhiéu cac bao cao cho thay hiéu qua cua viéc tng dung dich trich
ly thd hoic dang vi bao céc hop chat c6 hoat tinh sinh hoc tir nguon phu pham thyc vat
trong viéc duy tri d6 an toan va cai thién chét lugng cua san pham thuc pham nhu kem
(Cam va cong su, 2014), xuc xich (Tran va cong su, 2020; Zhang va cong su, 2017),
banh (Kaderides va cong su, 2020) va nudc trai cdy (Thakur va Thakur, 2020). Cac hoat
tinh cua hop chét sinh hoc néi chung va phenolic ndi riéng trén san pham thuc pham bj
anh huong boi loai thuc pham, ty 1¢ bd sung, ham lugng chat béo, nuéc, protein cua
thuc pham (Chibane va cong su, 2019), diéu kién ché bién va loai chiét xuat (dich trich
thd hodc vi bao) dugc (rng dung (Kaderides va cong su, 2020). Nén san pham dwgc chon
ing dung 1a yéu t6 then chét trong viéc danh gia hiéu qua cia viéc bd sung cac hop chat
trich ly duoc tir c4c ngudn thuc vat. Cac dic tinh ciia kem, hoat tinh ¢ ché a-glucosidase
va khang oxy hda duoc cai thién thong qua bo sung phenolic tir vo qua leu. Bén canh
d6, san pham bo sung bot vi bao phenolic ciing cho thdy kha nang dugc thi truong chap
nhan théng qua viéc danh gia cam quan (Cam va cong su, 2014). Kaderides va cong su
(2020) b sung bét dich trich vo qua luu dugc vi bao bang chat bao goi tir phy pham
cam vao trong banh giup hoat tinh khang oxy hoa ctia banh dugc cai thién mot cach
dang ké so vé6i banh ddi ching. Ngoai ra, banh bd sung bot vi bao ciing c6 d6 on dinh
cao vé chi s6 oxy hoa dau. Theo Kaderides va cong sy (2020), mic du dich trich thd
gitip tang cac thong sb mau ciia banh, hop chat phenolic trong banh b sung dich trich
thd vo qua lyu bi phan hity nhanh hon so véi bo sung hat vi bao trong sudt qué trinh
nuéng va bao quan. Tuy nhién, mic do chap nhan cam quan cua ca hai loai banh van
tuong ddi cao (>70%). Vi vay, xem xét tng dung cua ca bot vi bao va oleogel la can
thiét dé danh gia dugc kha nang cua ting loai trén nén thuc pham cu thé.

Déi véi cac nén san pham dong vat nhu xuc xich, thit vién, cha, chiing chira luong
dang ké nudc, chat béo va protein nén dé bi oxy hoa va hu hong do vi sinh vat. Do do,
nhu cau vé chat khang oxy hoa ty nhién nhu dich trich cac hop chat hoat tinh tir cac
ngudn phu pham thuc vat ngay cang ting, duoc chang minh qua sé luong céc nghién
ctu gan day (Afoakwah va cong su, 2015; Aykim-Dinger va cong sy, 2021; Zhang va
cong su, 2017). Bot dich trich tir cu cai duong dugc str dung trong san xuat xuc xich 1én
men va x(c xich thanh tring nham thay thé chat tao mau carmine. Bén canh anh huong

tich cuc dén mau sic caa xdc xich, bot dich trich cu cai dwdng con gidp cai thién chi sb
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oxy héa dau TBARS, 1am ting ham lugng phenolic tong sb, betalain va hoat tinh khang
oxy hoa cua xuc xich (Aykm-Dinger va cong su, 2021). Tuong tu, bot atisd gitp lam
giam that thoat khi nau (cooking loss), ting ham lugng 4m, ting cuong do on dinh oxy
hoa va dic tinh khang khuan cua xdc xich (Afoakwah va cong sy, 2015). Sy suy giam
két cau va qua trinh oxy hoa trong xuc xich duoc b sung dich trich dinh huong bi cham
lai khi so v&i mau ddi chitng ¢ diéu kién bao quan 4°C trong 21 ngay (Zhang va cong
su, 2017). C6 thé thay, xtc xich 1a nén thuc pham c6 tiém ning dé wng dung bot vi bao
hay oleogel tir dich trich thuc vat. Tuy nhién, can luu y 13 da sb cac san pham xdc xich
duoc lua chon irng dung la loai thanh trung (Aykin-Dinger va cong su, 2021) hoac khong
xt ly nhiét (Boeira va cong su, 2020; Tran va cong su, 2020) dé tranh anh huong cua
nhiét do dén céc tinh chat cua dich trich thuc vat. Xét vé mat cam quan, bd sung 2% bot
dich trich hay 5% dich trich cu cai dudng van dam bao vé gia tri cam quan tong thé cua
xuc xich thanh pham (Aykin-Dinger va cong su, 2021). Ty 1 bo sung bot vi bao atisd
cd thé 1én dén 9% gilp hoat tinh khang oxy hoa trong san pham tang cao (Afoakwah va
cong sy, 2015). Do do, ty Ié bo sung dich trich khong vuot qua 2% va ddi vai bot vi bao
12 10% dugc chizng minh ¢d thé phii hop cho cac san pham &ng dung (Aykin-Dinger va
cong su, 2021; Thakur va Thakur, 2020; Zhang va céng su, 2017).

Két luan: Cac san pham vi bao dich trich tir cac nguon phu pham thyc vat néi
chung va phu pham nho nai riéng cé tiém ning &ng dung trong thuc pham, dic biét 1a
nhu chat bao quan ty nhién trong xuc xich thanh tring, nho vao hoat tinh khang oxy
hoa, khang khuan cta cac hop chét hoat tinh sinh hoc. Tuy nhién, lya chon ty 18 bo sung
bot vi bao hay oleogel phi hop 14 diéu quan trong va can quan tdm dén nhiing thay doi
vé mot s6 chi tiéu chat lwong nhu pH, ham luong am, két ciu bén canh céc thay do6i vé

vi sinh vat.

1.8 Tong quan veé toi wu héa trong cong nghiép thuc pham

T6i wu hoa dé cap dén viéc cai thién hiéu suat cua mot hé théng, mot quy trinh
hodc mét san pham dé cé dugc két qua tét nhat (co thé 1a ti da hoic téi thiéu). Theo
truyén thng, cac thi nghiém thudng duoc thuc hién bang cach khao sat su anh huéng
ctia mot yéu td tai mot thoi diém trong thuc nghiém. Nhuoe diém chinh caa dang thi
nghiém nay Ia khong thé hién cac tuong tac giita cac bién dugc nghién ctru. Mot nhugc

diém khac cua thi nghiém mot yéu té 1a tang s6 lwong thi nghiém can thiét, dan dén ting
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thoi gian va chi phi ciing nhu lang phi nguyén liéu, hda chat. Bé khac phuc van dé nay,
viéc toi wu héa cac quy trinh dd duoc thuc hién bang cach sir dung cac ki thuat thong
ké da bién. Trong s6 céc ky thuat thong ké da bién, tdi vu hoa bang phuong phap bé mit
dap ung (Response surface methodology — RSM) 1a dugc sir dung phd bién nhat. Mot
s6 giai doan trong viéc ap dung RSM nhu mot ki thuat toi uu hoa nhu sau: (1) Lya chon
cac bién doc 1ap c6 anh huéng y nghia dén qua trinh théng qua cac thi nghiém sang loc
dua trén muc tiéu cua nghién ctru va kinh nghiém cta nguoi nghién cau; (2) Lua chon
md hinh thiét ké thi nghiém; (3) Ma hda cac mirc cua bién; (4) Thuc hién céc thi nghiém
theo ma tran thi nghiém da bé tri; (5) Xt 1y théng ké vé toan hoc cua dit liéu thuc nghiém
thu dugc dua trén sy phi hop cua ham da thuc va (6) Xac dinh diéu kién téi uvu (Bezerra
va cong su, 2008). Lwa chon md hinh thiét ké thi nghiém 1a budc quan trong. Dé xac
dinh diém tai han (i da, t6i thiéu hoac yén), mot phuong trinh hdi quy da thirc bac hai
dua trén dir liéu thuc nghiém dugc mo ta nhu sau (Bezerra va cong su, 2008):
Y =By + T BiXy + Tisi BuXi! + T BuyXi X+ €

Trong d6: Y 1a dap ang, Po 1a hé sb tu do hodc chan md hinh (model intercept),
Bi, Bii va Bij 1an luot 12 hé s6 hdi quy cho céc anh hudng tuyén tinh, bac hai va tuong tac
ciia mo hinh, Xi va X; 1a cac yéu td, k 1a s6 luong cac yéu td, € 1a sai s6 ngau nhién.

Mot s thiét ké thi nghiém duoc sir dung trong RSM 1a Box-Behnken, thiét ké
phdi hop c6 tam (CCD — Central Composite Design), ma tran Doehlert, thiét ké giai thira
day du. Cac thiét ké nay khac nhau vé diém tha nghiém, s6 mac cho bién va sé lan thi
nghiém. Phuong phap bé mit dap ung véi thiét ké CCD cho thay kha nang tot trong viéc
t6i uu qua trinh trich ly va vi bao cac hop chat tir phu pham nho. Thiét ké phéi hop c6
tam c6 cac dac diém: (i) s6 thi nghiém theo N = k2 + 2k + cp, trong d6 k 13 s6 yéu té va
cp 12 56 1an 1ap cua diém tam:; (ii) gia tri a phu thudc vao sb luong bién va co thé duoc
tinh bang céng thirc a = 2K -P¥4: (jii) tat ca cac yéu td dugc nghién ciru trong nam muc
(-a, -1, 0, +1, +a); (iv) Thiét ké CCD duoc xem la c6 tinh cau khi tit ca nghiém thic
(trir nghiém thirc tam) nam trén mot mat cau trong khdng gian yéu té da duoc ma hoa.

Trong qua trinh trich ly cac hop chat c6 hoat tinh sinh hoc, c6 nhiéu yéu tb anh
huong dén dap tng bao gém thoi gian, nhiét o, ndng do dung médi, ty 1 dung moi:
nguyeén lidu. Mot sb cac yéu té dic trung khac nhu mirc niang lugng siéu &m trong trudng

hop trich ly bing siéu &m hay ty 16 HBA: HBD, ty 1& nuéc bo sung néu trich ly bang
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dung moi eutectic sau. Trong khi d6, qua trinh vi bao s& chiu anh huang béi cac yéu th
nhu ty 18 18i: v6 bao, loai vo bao. Tat ca cac yéu td déu c6 anh huong riéng 1é, nhung
diéu can thiét 1a phai biét dugc tac dong twong tac cua chung dé hiéu rd toan bo quy
trinh. Diéu kién trich ly phenolic tir vo nho bang CO,-H; siéu t6i han duoc xac dinh 1a
80 bar, 60°C va 5 phdt, thong qua sir dung phuong phap bé mat dap tng vai thiét ké
CCD (Alwazeer va cong su, 2026). Déi vai vi bao, Hasani va cong su (2025) da tdi vu
hoa cac diéu kién vi bao polyphenol tir phu pham nho bing vo bao maltodextrin két hop
gum tir hat hing qué ngot bao gom 12,129% maltodextrin, 0,5% gum tir hat hing qué
ngot va nhiét 46 dau vao 1a 177,22°C.

Két luan: Viéc ap dung phuong phap bé mit dap tng trong tdi vu hoa cac quy
trinh trich ly va vi bao cac hop chat trich ly duoc tir phu pham trong cong nghiép thyc
pham ngay cang phd bién va cho thay hiéu qua cao. Tuy nhién, dé sir dung phuong phap
nay trong ti wu hoéa, mot loat cac budc can dugc tudn thi can than. Diéu can thiét 1a

phai c6 dua ra duoc nhiing lua chon yéu té va khoang khao sat chinh xac.
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Chuong 2

VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Nguyén vat li¢u

2.1.1 Phu pham nho

Phu pham nho sau céng doan ép lay dich cua qua trinh ché bién nudc ép duoc
thu gom tir Cong ty Trach nhiém hiru han san xuat thuong mai dich vy Ba Moi, Tinh
Ninh Thuan, Viét Nam (Phu luc 1.1, Hinh PL 1.1). Nho duoc trong theo tiéu chuan
VietGAP. Phu phiam nho bao gom voé (69,6 + 3,0%), hat (19,9 + 2,9%) va canh (10,5 +
2,2%). Phy pham nho sau khi thu gom tai cong ty s& dugc van chuyén vé Khoa Cong
Nghé Hoa Hoc va Thuc Pham, Trudng Pai hoc Néng Lam Thanh phé H6 Chi Minh.
Phu pham nho duoc xu Iy bang cach loai bo canh, hat. Vo nho sau d6 s& dugc siy bom
nhiét trong 12 gio, ¢ nhiét d6 35°C dén ham luong am nguyén liéu dat dudi 10%. Mat
d6 say mau 1a 3,0 kg/m?, toc d6 gi6 1a 1,8 m/s (Phu luc 1.4). Vo nho khd sé& duogc xay
min, ray bang may lic sang ray (Jisico, Han Qudc) véi kich thudce 16 sang 0,5 mm. Bot

v6 nho dugc déng goi hit chan khong, bao quan & nhiét do -18 °C dén khi sir dung.

2.1.2 Hoa chat, enzyme, phu gia, phu liéu

Hoa chét dinh tinh cac nhom chat: Acetic acid (99,7%), sulfuric acid (95%),
chloroform (99%), sodium hydroxide, hydrochloric acid (35%), sodium carbonate
(99%), copper (I1) sulfate, iodine (99%) dugc mua tir cong ty Duksan (Han Quéc).
Potassium sodium L-tartrate tetrahydrate, iron (I11) chloride (99%), lead acetate
(99,5%), gelatine, naphthol, copper (1) acetate va 2,4,6-trinitrophenol (picric acid) dugc
mua tir cdng ty Xilong (Trung Quéc). Kali iodide (99%) dugc mua tir cdng ty Duchefa
(Ha Lan).

Hoa chat trich ly: Choline chloride (>99%, Himedia, An D9), citric acid (2-
hydroxypropane-1,2,3-tricarboxylic acid) (99,5%, Xilong, Trung Quéc), malic acid (2-
hydroxybutandioic acid) (Isegen, Nam Phi), lactic acid (2-hydroxypropanoic acid) (85,5
—90%, Xilong, Trung Quéc), glycerol (propane-1,2,3-triol) (99%, Xilong, Trung Qudc),
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ethylene glycol (Ethane-1,2-diol) (99,5%, Xilong, Trung Qudc), 1-4 butanediol (butane-
1,4-diol) (99%, Xilong, Trung Qudc).

Hoa chat phan tich ham lwong phenolic, saponin va proanthocyanidin: Folin-
Ciocalteu (Himedia, An D6); vanillin (>98%, Himedia, An D¢); methanol (99,8%,
Fisher, Hoa Ky), ethanol (99,8%, Fisher, Hoa Ky), acetonitrile (99,8%, Fisher, Hoa Ky),
formic acid (99%, Fisher, Hoa Ky).

Chat chuan: Epicatechin (98%, Sigma-Aldrich, Hoa Ky), catechin (> 96%,
Thermo Fisher Scientific, Anh), myricetin (96%, Cool Chemistry, Trung Quéc), rutin
(88,5%) va kaempferol (98,9%) (Vién kiém nghiém thuéc Thanh phé H6 Chi Minh,
Viét Nam), aescin (> 95%, Sigma-Aldrich, Hoa Ky), gallic acid (98%) va quercetin
(98%) (Himedia, An D9).

Enzyme: Celluclast 1.5 L (Novozyme, Pan Mach) c6 hoat luc 700 EGU/g, pH
hoat dong 3,4 — 5,5, nhiét d6 hoat dong 30 — 55°C, ty trong 1,22 g/mL. Pectinex Ultra
SP-L (Novozyme, Pan Mach) c6 hoat luc 3800 PGNU/mL, pH hoat déng 3,5 — 4,5,
nhiét do hoat dong 15 — 55°C, ty trong 1,16 g/mL.

Nguyén liéu, phu gia st dung vi bao bang say phun: Maltodextrin (DE 15 — 20,
Trung Quéc), gum arabic (Phép), tinh bot bién tinh (Neo Foodtech, Viét Nam), whey
protein isolate (Bluetech Ingredients Ltd, Viét Nam), protein dau nanh isolate (Sandong
Yuxin, Trung Qudc).

Nguyén liéu, phu gia tao oleogel: Dau huéng duong (SFO) (Simply, Cong ty
TNHH Dau thuc vat Calofic, Viét Nam), sap ong (BW — Beeswax) cua Cong ty TNHH
Cong nghé Sinh hoc Henan Fumei (Trung Qudc), glycerol monostearate (GMS) va chat
nhl hoa Finamul 90 (F90) (tén khac la Distilled Monoglycerides (DMG) - Mono va
Diglyceride cua axit béo) tir cong ty Fine Organic Industries Limited (An D9).

Chat bao quan: Bot dich trich so ri (Verdad powder AC34, Corbion, Ha Lan),

nisin (Amtech Biotech, Trung Qudc).

2.1.3 Thiét bi va dung cu

Danh sach may va thiét bi st dung trong nghién ctiru duoc liét ké trong Bang 2.1.
Dung cu thi nghiém: dung cu thay tinh (cc, dng nghiém, pipette, dng dong, binh tam
giac, cuvette), micropipette, gidy loc, dau tuyp, ging tay cao su, loc syringe sac ky PTFE

0,45 pm, vial sac ky mau nau 1,5 mL, 6ng ly tam 15 mL, sang (15 sang 0,5 mm).

30



Bang 2.1. Danh sach may va thiét bi st dung trong nghién ctu

STT Tén Hang san xuat Nuwoc san
xuat
1 May lic sang ray Jisico Han Quéc
2  Céan phan tich PA3202 Ohaus Hoa Ky
3  Can phan tich CPA-324S Sartorius buc
4 May LC-MS ExionLCTM - X500R QTOF AB Sciex Hoa Ky
5 Lonung ELF 11/6 Carbolite Anh
6  Cot Hypersil GOLD 150 x 2,1; 3u Thermo Scientific Hoa Ky
7  May HPLC SPD-20A Shimadzu Hoa Ky
8  Cot Inertsil ODS — 3 (4,6 x 250 mm, ¢ hat GL Science Nhat Ban
4 um)
9 May UV-Vis Agilent 8453 Agilent technologies  Hoa Ky
10 May say am hong ngoai MX-50 A&D Nhat Ban
11  May siéu @m dang thanh UP50H Hielscher buc
12 Bé 6n nhiét WNB 14 Memmert puc
13 May khudy tir c6 gia nhiét RSM02HS Phoenix Puc
14 May ly tdm lanh Universal 320R Hettich buc
15 May say phun L-8i Ohkawara Kakohki ~ Nhat Ban
16 May ddng héa SHG-15A ScilLab Han Quéc
17 Kinh hién vi dién tir quét phét xa truong Hitachi Nhat Ban
dién to FESEM S4800 + May phu E1045 Pt
18 May do hoat @6 nudc Aqualab Series 3 Decagon Devices Hoa Ky
19  May do nhiu xa tia X dé ban D2 Phaser Bruker Puc
20  May phan tich nhiét quét vi sai DSC300 NETZSCH buc
Caliris Select
21 May quang pho hong ngoai bién do6i Fourier Agilent Hoa Ky
FTIR Cary 630 Technologies
22 May do kich thudc hat bang nhiéu xa laser Beckman Coulter Hoa Ky
LS 13 320
23 Kinh hién vi phan cuc DM 2500P va Leica Puc
camera lanh DFC450
24  May do luu bién DX2TRVKBO Brookfield Hoa Ky
25 May do luu bién DV2TLVCJ0 Brookfield Hoa Ky
26 May phan tich két ciu Z1.0 Zwick/Roell Puc
27 May do mau CR-400 Konica Minolta Nhat Ban
28 May pH H198194 Hanna Viét Nam

2.2 Phwong phap nghién ciru

Noi dung nghién ctru caa luan n dugc thé hién trong Hinh 2.1. Luan &n bao gom

bdn ndi dung chinh 1a (1) Phan tich thanh phan héa hoc, cac hop chét hoat tinh sinh hoc

trong phu pham nho, (2) Trich ly hop chét c6 hoat tinh sinh hoc bang phuong phap trich

ly c6 hd trg enzyme, trich ly c6 hd tro siéu am, trich ly ¢ hd trg két hop siéu am —
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enzyme va trich ly bang hai loai dung méi eutectic sau, (3) Vi bao cac hop chat hoat tinh
trong dich trich bang phuong phap siy phun va oleogel, (4) Panh gia kha ning ung dung

bot say phun va oleogel téi wu trong san pham xuc xich thanh tring.

Phu pham nho
N¢i dung 1:

Pinh tinh va B

dinh uon S4y bom nhiét —Thanh phan hoa
cé'c hop .Ch%t ¥ hoc, hoa thuc vat
; N R A px . R < —UHPLC-QTOF-
Phén tich thanh phan hda hoc, hoa thyc vat MS/MS
— v 1 ~TPC, TSC, PAC
[ e A T
| Trlgzh ly ;rrich ly Téi wu héa Téiwuhéa | |
Noi dung 2: || bang bang EAE trich ly trich ly |
Trich Iy hop |l v v bing DES 1 bing DES 2 | |
chat c6 hoat || T(:Si uu hoa trich ly |
tinh sinh hoc || bang UAE + EAE l |
| v v |

—Phan tich hop
chét don I¢
~ —Khang oxi hda,
khang khuan

Dich ti vu
DES 2

Dich tdi wu
DES 1

Noi dung 3: —TPC, TSC, PAC
Vibaocac | N ™ _
hop chét c6 | ,
hoat tinh | Say phun Tao oleogel
sinh hoc A A —_
—bac tinh
Bot vi bao Oleogel Ilfhhéanngg l?ﬁﬂér;\oa’
Néi dung 4: [—Ham luong am, pH
Danh gia , . i —Tong vi sinh vat
kha ning Ung dung trong xc xich thanh trung J hidu khi
ung dung —Mau sic
—Két cau

Hinh 2.1. Cac ndi dung nghién cuiru cua luan an

UAE: Trich ly c6 ho tro siéu am, EAE: Trich ly c6 h tro enzyme, DES: Dung moi eutectic sau.
TPC, TSC va PAC lan lwot la ham lwong phenolic tong, saponin tong va proanthocyanidin.
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2.2.1 N@i dung 1: Phan tich thanh phan héa hec, cac hep chat cé hoat tinh sinh hec
trong phu pham nho

2.2.1.1 Phan tich thanh phdn hoa hec phu phdm nho

Bo6t phu phiam nho dugc dinh lwgng thanh phan héa hoc bao gém ham lwong am,
carbohydrate, protein, chat béo, tro. Ham luong tong cac hop chat (TPC — Total phenolic
content — Ham lwgng phenolic tong, TSC — Total saponin content — Ham lwong saponin
tong, PAC — Proanthocyanidin content — Ham lugng proanthocyanidin) dugc dinh luong
bang phuong phap quang phd (May UV-Vis Agilent 8453, Agilent technologies, Hoa
Ky). Bot phu pham nho duoc trich ly bang ethanol 50%, nhiét d6 50°C, ty 1& dung méi:
nguyén liéu 1a 15:1 (v/w) va thoi gian trich ly 1a 2 gio (Nguyen va cong su, 2023).

2.2.1.2 Pinh tinh va dinh lweng cac hep chdt c6 hogt tinh sinh hec trong phu pham
nho
Bot phu pham nho s& duge dinh tinh cac nhém chat bang cac phép thir hoa thyc
vat dugc thé hién trong Bang 2.2.
Bang 2.2. Cac phép thir hda thuc vat dé dinh tinh cac nhoém chat trong phu pham nho

STT  Nhoém chit Phép thir Tai ligu tham khao
1 Alkaloid Hager Mukherjee (2019)
Wagner
Glycoside Keller-Kiliani Yadav va Agarwala (2011)
Flavonoid Kiém Pandey va Tripathi (2014)
Chi acetate Tyagi va Agarwal (2017)
4  Tannin Gelatine Shaikh va Patil (2020)
Braymer Akter va cong su (2018)
5  Saponin Foam Pandey va Tripathi (2014)
Frothing Shaikh va Patil (2020)
Phytosterol Libermann-Burchard Pandey va Tripathi (2014)
Diterpenoid Pdng acetate Pandey va Tripathi (2014)
Carbohydrate Fehling Yadav va cong su (2014
Molisch Elzagheid (2018)

Mot sé hop chét phenolic va saponin don 1é ¢6 trong phu pham nho s& duoc dinh
danh bing sic ky long khéi phé hai 1an (Liquid chromatography-mass spectrometry —
LC-MS/MS).
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2.2.2 N@i dung 2: To6i wu héa quy trinh trich ly cac hop chat ¢ hoat tinh sinh hec
tir phu pham nho
Quy trinh trich ly cac hop chat c6 hoat tinh sinh hoc tir phu pham nho duoc thé

hién trong Hinh 2.2.

HBA, HBD

Dung dich dém
natri acetate

Gia nhiét
A A 4 A +
Phéitron |-l »|  Phditron Phdi tron Bao quan

4 l A
Chinh pH Chinh pH Sieu am @
_ATr|Ach ly bang Trich ly bang TrIC.fl IyAbéng > Phéi tron Phéi tron <
Siéu am + Enzyme enzyme Siéu am # #
. . Trich | i
Bat hoat enzyme Bat hoat enzyme y Trichly
v v ‘ v
Ly tam Ly tam Ly tam Ly tam Ly tam

Dich trich
UAE+EAE

‘ i ¢
Hinh 2.2. Quy trinh trich ly cac hop chét c6 hoat tinh sinh hoc tir phu pham nho
bang cac phuong phap khac nhau

UAE+EAE: Trich ly ¢6 hé tro ket hop siéu am va enzyme, EAE: Trich ly ¢6 hd troenzyme, UAE: Trich
ly ¢6 ho tro siéu am, DES: Dung méi eutectic sau.

2.2.2.1 Toi wu héa quy trinh trich ly cac hep chdt ¢ hoat tinh sinh hoc tie phu phdm

nho bang phwong phdp két hop siéu am va enzyme

% Khdo sét anh hwéng ciia cac yéu té dén quy trinh trich ly c6 hé tre enzyme
Can 5 g bot phu pham nho vao binh thay tinh, thém dung dich dém sodium acetate
pH 4,5 theo ty I& dung mdi: nguyén liéu khao sat (8:1, 10:1, 12:1 va 14:1 (v/w)), khudy

déu hdn hop. HANn hop duoc chinh pH bang acetic acid va natri hydroxide thuc pham.
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Tiép dén, gia nhiét hdn hop dén nhiét do khao sat (40, 50 va 60°C) bang bé 6n nhiét
WNB 14 (Memmert, Buc). Sau do, enzyme dugc thém vao theo ham Iuwong duoc khao
sat khac nhau. Hon hop duoc khudy déu ¢ toc do khudy 200 vong/ phit trong suét thoi
gian thay phan (60, 120, 180 va 240 phut). Sau khi két thic thay phan, tién hanh vé hoat
enzyme bang céch gia nhiét & 85°C trong 5 phut trong bé diéu nhiét. Tiép theo, hdn hop
duoc 1am ngudi nhanh. Han hop sau d6 duoc ly tdm tdc d6 4.000 vong/ phat (15 phut)
bang may ly tdm lanh Universal 320R (Hettich, Birc). Dich trich ly & bén trén dugc thu
hoi va phan tich chi tiéu TPC, TSC va PAC.

+ Xdc dinh dnh hweng cia loai enzyme dén khd néng trich ly cdc hop chit
trong bt phu phdm nho

Thi nghiém bé tri hoan toan ngau nhién, 1 yéu t (3 lan Iap lai). Trong do, yéu tb
thi nghiém 1a loai enzyme (pectinase, cellulase, két hop enzyme) (Stambuk va cong su,
2016; Le va Le, 2012) .

Yéu t6 c¢b dinh: Ham luong cellulase 14 U/g va pectinase 76 U/g, ty 1¢ dung méi:
nguyeén liéu (10:1 v/iw), nhiét do trich ly (50°C), thoi gian trich ly (120 phat) (Stambuk
va cong su, 2016; Le va Le, 2012), pH thuy phan 4,5.

+ Xdc dinh danh hwéng ciia ham lwong enzyme dén khd néing trich ly cdc hop
chdt trong bgt phu pham nho
Thi nghiém dugc bd tri hoan toan ngau nhién 2 yéu té vai 3 1an lap lai. Yéu to
thi nghiém la ham lugng enzyme cellulase (14, 28, 42 va 56 U/g) va ham lugng enzyme
pectinase (76 va 152 U/g) (Stambuk va cong sy, 2016; Le va Le, 2012).
Yéu t6 ¢ dinh: Loai enzyme duoc chon tir thi nghiém khao sat trudc, ty Ié dung
moi: nguyén liéu (10:1 v/w), nhiét do trich ly (50°C) trong 120 phat, pH thuy phan 4,5.

+ Khdo sat anh hwéng cia ty 1¢ dung moi: nguyén ligu dén khd néng trich ly
cac hgp chdt trong bgt phu pham nho
Thi nghiém bé tri hoan toan ngau nhién, 1 yéu t (3 1an lap lai). Yéu té thi nghiém
1a ty 1€ dung mdi: nguyén li¢u (8:1, 10:1, 12:1 va 14:1 v/w).
Yéu té ¢6 dinh: Loai enzyme, ham lwong enzyme dwoc chon tir cac thi nghiém
khao sat trudc, nhiét do trich ly (50°C) trong 120 phdt, pH thuy phan 4,5.
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+ Khdo sat anh hweng cia nhige dg trich ly dén khd néng trich ly cdc hop chat
trong bt phu phdm nho
Thi nghiém bé tri hoan toan ngau nhién, 1 yéu té (3 lan lap lai). Yéu té thi nghiém
la nhiét dé trich ly (40, 50 va 60°C).
Yéu t6 ¢b dinh: Loai enzyme, ham lugng enzyme va ty 1é dung méi: nguyén lidu

duogc chon tir thi nghiém khao sat trudce, thoi gian (120 phat), pH thay phan 4,5.

+ Khdo sat dnh hweéng cia thei gian trich ly dén khd néng trich ly cdc hop
chdt trong bgt phu phdm nho
Thi nghiém b tri hoan toan ngau nhién, 1 yéu tb (3 1an lap lai). Yéu té thi nghiém
la thoi gian trich ly (60, 120, 180 va 240 phat) (Tomaz va cong su, 2016).
Yéu t6 cb dinh: Loai enzyme, ham luong enzyme, ty & dung mdi: nguyén liéu,

nhiét do trich ly dugc chon tir cac thi nghiém khao sat truéc, pH thay phén 4,5.

% Khdo sat anh hwéng ciia cac yéu té dén quy trinh trich ly c6 hé tro siéu am

Bo6t phu pham nho (5 g) dugc phéi tron voi nude cat theo ty 16 khao sat (8:1, 10:1,
12:1, 14:1 va 16:1 v/w), diing may khuay hén hop trong 5 phat. Tién hanh siéu am theo
cac muc nang luong siéu am khac nhau (0, 9, 12, 15 va 18 WI/g) trong cac khoang thoi
gian khao sat (5, 10 va 15 phat), sir dung may siéu am dang thanh UP50H (Hielscher,
Puc). Sau khi trich ly, miu duoc ly tdm 4.000 vong/ phat (15 pht) bang may ly tam
lanh Universal 320R (Hettich, Btc), sau d6 dich trich ly bén trén duoc thu hdi cho phan
tich cac chi tiéu TPC, TSC va PAC.

+ Khdo sat sw dnh hwéng ciia Mikc ndang lwong siéu am dén khd ndang trich ly
cac hgp chdt trong bgt phu pham nho
Thi nghiém b tri hoan toan ngau nhién, 1 yéu t6 (3 1an lap lai). Yéu té thi nghiém
la mite ning lugng siéu am (0, 9, 12, 15 va 18 W/g) (Le va Le, 2012).
Yéu té ¢b dinh: Thoi gian siéu am 10 phut, ty 1é dung mdi: nguyén liéu 1a 10:1
v/w, thoi gian trich ly 60 phat, nhiét d6 trich ly 50°C.
+ Khdo sat sw dnh hweng cia thoi gian siéu am dén khd néng trich ly cdc hop
chdt trong bgt phu phdm nho
Thi nghiém bé tri hoan toan ngau nhién, 1 yéu té (3 lan I3p lai). Trong d6, yéu té
thi nghiém la thoi gian siéu &m (5, 10 va 15 phat) (Le va Le, 2012).
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Yéu té cb dinh: Mirc nang luong siéu am duoc chon tir thi nghiém khao sat trudc,

ty 1€ dung moi: nguyén liéu la 10:1 v/w, nhiét do trich ly 50°C trong 60 phut.

+ Khdo sat sw dnh hwéng cia ty 1¢ dung mdi: nguyén lidu dén khd nding trich
ly cac hgp chdt trong bgt phu phdm nho
Thi nghiém bé tri hoan toan ngau nhién, 1 yéu té (3 lan lap lai). Yéu té thi nghiém
la ty Ié dung méi: nguyén liéu (8:1, 10:1, 12:1, 14:1 va 16:1 v/w) (Avdovi¢ va cong su,
2025).
Yéu té ¢b dinh: Muc nang lwong va thoi gian siéu 4m dugc chon tir cac thi nghiém

khao sat truedc, nhiét do trich ly 50°C trong 60 phut.

+ Khdo sat sw dnh hwong cia thoi gian trich ly dén khd ndng trich ly cdc hop
chdt trong bt phu phdm nho
Thi nghiém bé tri hoan toan ngau nhién, 1 yéu té (3 lan lap lai). Yéu té thi nghiém
la thoi gian trich ly (20, 30, 40, 50 phut).
Yéu té ¢d dinh: Mirc nang lugng va thoi gian siéu am, ty 1& dung méi: nguyén

liéu dugc chon tir cac thi nghiém khao sat trudc, nhiét d6 trich ly 50°C.

% Téi wu héa quy trinh trich ly bang phwong phdp két hep siéu am va enzyme

Tién hanh so sanh cac phuong phap don 1¢ (EAE hoic UAE) véi cac phuong
phap két hop 1a U-EAE (Combined ultrasound—enzyme—assisted extraction — Trich ly
c6 hd tro két hop siéu am — enzyme) va E-UAE (Combined enzyme—ultrasound—assisted
extraction — Trich ly ¢ hd tro két hop enzyme — siéu &m) dé xac dinh dugc phuong
phap trich ly c6 hiéu qua cao nhat. Trong d6, U-EAE duoc thuc hién bang cach thay
phan bot phu pham nho truéc khi siéu @am. U-EAE duoc tién hanh bang cach cho mau
bot phu pham nho tiép xuc véi tac dong cia siéu am trude khi &p dung enzyme.

Sau do, phuong phap bé mit dap ung (RSM — Response Surface Methodology)
duogc &p dung dé ti wru hoa thong sé trich ly bang phuong phap dugc lya chon tir thi
nghiém so sénh. Dya trén két qua phan tich cac chi tidu va phan tich théng k&, tién hanh
lya chon khoang gi4 tri thich hop cuia cac yéu té c6 anh hudng c6 ¥ nghia vé mat théng
ké, tién hanh téi wu hoa cac diéu kién trich ly dé dat ham luong cac hop chat muc tiéu
(TPC, TSC va PAC) thu hdi dugc cao.
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M0 hinh da thirc bac hai dugc trinh bay nhu sau: Y = ap + a1X1 + a2Xz + asXs +

a12X1X2 + a13X1 X3 + a23X2X3 + a11X12 + a22X2? + a33X3?

2.2.2.2 Toi wu héa quy trinh trich ly cac hep chdt ¢ hoat tinh sinh hoc tie phu phdm
nho bang DES

% Khdo sat anh hwéng ciia cac yéu té dén quy trinh trich ly bang DES

+ Khdo sat dnh hwéng cia logi DES dén kha néng trich ly cdc hop chdt trong
bt phu phdm nho

Dung dich DES duoc chuan bi véi HBA (choline chloride) va cac HBD khéc
nhau (citric acid, lactic acid, malic acid, glycerol, ethylene glycol, 1,4-butanediol). Cac
hdn hop duoc khudy & 80°C trong 1,5 gid bang may khudy tir ¢ gia nhiét RSM02HS
(Phoenix, Puc) cho dén khi thu duoc chat long khdng mau, trong suét va dong nhat.
Dich trich ly thu duoc tir quy trinh trich ly bang cac DES khac nhau duoc phan tich dé
xac dinh dugc hai loai DES phu hop cho cac muc dich ttng dung khac nhau. Cac chi tiéu

danh gia bao gdbm TPC, TSC, PAC.
Thi nghiém b tri hoan toan ngau nhién 1 yéu to, 3 1an lap lai, yéu té thi nghiém
Ia loai DES (choline chloride: citric acid (ChCI-CA) (2:1, w/w), choline chloride: malic
acid (ChCI-MA) (1:1, w/w), choline chloride: lactic acid (ChCI-LA) (1:2, w/w), choline
chloride: glycerol (ChCI-Gly) (1:2, w/w), choline chloride: 1,4-butanediol (ChCI-1,4
But) (1:2, w/w), choline chloride: ethylene glycol (ChCI-EG) (1:2, w/w), choline
chloride: glycerol: citric acid (ChCI-Gly-CA) (1:1:1, w/w/w), choline chloride: glycerol:
malic acid (ChCI-Gly-MA) (1:1:1, w/w/w), choline chloride:glycerol: lactic acid (ChClI-
Gly-LA) (1:1:1, w/w/w)) (Ali va cong su, 2019; Lin va cong su, 2022; Lu va Liu, 2022).
Yéu t cd dinh: ham luong nude (30%), ty 1é dung mdi: nguyén liéu (20:1 viw),

nhiét do trich ly 30°C trong 90 phdt.

+ Khdo sat dnh hwéng cia ty 1¢ HBA: HBD dén khd néng trich ly cdc hop
chdt trong bgt phu phdm nho
Thi nghiém b tri hoan toan ngau nhién, 1 yéu t6 (3 1an lap lai). Yéu té thi nghiém
la ty 16 HBA: HBD. Cac muc caa yéu té (Lin va cong sy, 2022; Lu va Liu, 2022):
- Choline chloride: lactic acid (1:1, 2:1, 1:2 va 1:3 w/w), hoic
- Choline chloride: glycerol: citric acid (1:2:1, 1:1:2, 2:1:1 va 1:1:1 w/w/w)
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Yéu té ¢ dinh: Loai DES chon tir thi nghiém khao sat trudc, ham luong nude

(30%), ty 1€ dung mdi: nguyén liéu la 20:1 v/w, nhiét do trich ly 30°C trong 90 phut.

+ Khdo sat dnh hwéng ciia ham lwong nwéc dén kha néng trich ly cdc hop
chdt trong bgt phu phdm nho
Thi nghiém bé tri hoan toan ngau nhién, 1 yéu té (3 lan I3p lai). Trong dé, yéu té
thi nghiém la ham lwong nudc.
Cac mirc cia yéu td (Lin va cong su, 2022):
- Dbi véi DES tir choline chloride: lactic acid: Ham lwong nudc 1a 10, 15, 20,
25, 30 va 35%.
- Pdi véi DES tir choline chloride: glycerol: citric acid: Ham luong nudc 1a
25, 30, 35 va 40% .
Yéu tb ¢ dinh: Loai DES, ty 16 HBD: HBA duoc chon tir cac thi nghiém truéc,
ty 1€ dung moi: nguyén liéu (20:1 v/w), nhiét do trich ly 30°C trong 90 phut.

+ Khdo sét dnh hwéng cia ty 1é dung moi: nguyén ligu dén khd néng trich ly
cac hep chdt trong bt phu pham nho
Thi nghiém b tri hoan toan ngau nhién, 1 yéu té (3 lan lap lai). Yéu té thi nghiém
la ty 1€ dung m6i: nguyén liéu (15:1 — 30:1, v/w) (Lin va cong su, 2022)
Yéu té ¢6 dinh: Loai DES, ty 1¢ HBD: HBA, ham luong nudc dugc chon tir cac
thi nghiém trudc, ty 1€ dung méi: nguyén liéu la 20:1 (v/w), nhiét d6 trich ly 30°C trong
90 phut.

+ Khdo sat dnh hwéng ciia nhigt dg trich ly @én khd ndng trich ly cdc hop chat
trong bgt phu pham nho
Thi nghiém b tri hoan toan ngau nhién, 1 yéu t6 (3 1an lap lai). Yéu té thi nghiém
la nhiét @6 trich ly (30, 40, 50, 60 va 70°C) (Lin va cong su, 2022).
Yéu t ¢6 dinh: : Loai DES, ty 16 HBD: HBA, ham luong nuéc, ty 18 dung méi:
nguyén liéu da dugc chon tur cac thi nghiém trudc, thoi gian trich ly (90 phat).
+ Khdo sat dnh hweéng cia thei gian trich ly dén khd néng trich ly cdc hop
chdt trong bgt phu phdm nho
Thi nghiém b tri hoan toan ngau nhién, 1 yéu t6 (3 1an lap lai). Yéu té thi nghiém

Ia thoi gian trich ly.
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Cac muc cua yéu té:

- Dbi voi DES tir choline chloride: lactic acid: Thoi gian trich ly 12 60; 90; 120
va 150 phut.

- Ddi voi DES tir choline chloride: glycerol: citric acid: Thoi gian trich ly 1a
90; 120, 150 va 180 phdat.

Yéu té ¢b dinh: Loai DES, ty 16 HBD: HBA, ham luong nuéc, ty 1& dung méi:

nguyén liéu, nhiét do trich ly dugc chon tir cac thi nghiém khao sat trudc.

% Téi wu héa quy trinh trich Iy bang DES dura trén choline chloride va lactic acid

Str dung RSM dé t6i vu hod diéu kién trich ly bang DES. Dua trén két qua phan
tich céc chi tiéu va phan tich thng ké, tién hanh luya chon khoang gi tri thich hop cua
c4c yéu t6 anh hudng c6 ¥ nghia thong ké, tién hanh ti uu hoa cac diéu kién trich ly dé
dat ham luong céc hop chat muc tiéu thu hdi duoc cao. M6 hinh da thuc bac hai duoc
trinh bay nhu sau: Y = ap + a1X1 + a2X2 + asX3 + a12X1Xz2 + a13X1X3 + 223X X3 + a11X12
+ a22X2? + azXs?

Chi tiéu danh gia: TPC, TSC, PAC, hop chat c6 hoat tinh sinh hoc don 1¢, kha
niang khang khuan (duong kinh vong khang khuan va nong d6 ¢c ché tdi thiéu
(Minimum Inhibitory Concentration — MIC)), kha nang khang oxy hoa (ABTS — 2,2-
azinobis [acid 3-ethylbenzothiazoline-6-sulfonic] va DPPH - 2,2-diphenyl-1-
picrylhydrazyl) cua dich trich téi wu.

% Téi wu héa quy trinh trich ly bang DES duea trén choline chloride, glycerol va

citric acid

Str dung RSM dé t6i wu hoa diéu kién trich ly bang DES tao thanh tir choline
chloride, glycerol va citric acid. Dya trén két qua phan tich cac chi tiéu khao st va phan
tich thong k&, tién hanh lya chon khoang gia tri thich hop cua céc yéu té anh huong c6
y nghia thong ké. Sau d6, tdi wu hoa cac diéu Kién trich ly dé dat ham luong cac hop
chat muc tiéu thu hdi duoc cao. M6 hinh da thirc bac hai duoc trinh bay nhu sau: Y = ao
+a1X1 + a2Xz + asXsz + a12X1 Xz + a13X1 X3 + a23X2 X3 + a11X1? + a22X2? + azzXs?

Chi tiéu danh gia: TPC, TSC, PAC, hop chat cé hoat tinh sinh hoc don 1¢, kha
nang khang khuan (duong kinh vong khang khuan va néng do tc ché toi thiéu), kha
nang khang oxy héa (ABTS va DPPH) cua dich trich t6i uu.
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2.2.3 N@i dung 3: Vi bao cac hgp chat cd hoat tinh sinh hec trong phu pham nho

Dich trich ly cac hop chét c6 hoat tinh sinh hoc dwoc vi bao bang hai phuong
phap khac nhau 12 siy phun va tao oleogel, twong @ng véi hai loai dich trich thu nhan
duogc tir qué trinh trich ly ti wu st dung hai loai DES khac nhau l1a choline chloride:

lactic acid va choline chloride: glycerol: citric acid.
2.2.3.1 Vi bao cé&c hep chdt c6 hogt tinh sinh hegc trong phu pham nho bang sdy phun

Quy trinh vi bao hgp chat c6 hoat tinh sinh hoc trong dich trich ly tir DES tao
thanh tir choline chloride: lactic acid bang say phun dugc thé hién trong Hinh 2.3.

<% Khdo sat anh hwéng ciia cac yéu té dén quy trinh vi bao bang say phun
Chuan bj DES: Dung méi eutectic sdu dung dé trich ly bot phu pham nho 1a
choline cloride va lactic acid véi ty 18 1:2 (w/w), 20 % nuéc. Cac chat duoc can vao coc
thay tinh theo ty 1é phd hop. Han hop duoc khudy va gia nhiét & 80°C. Sau 90 phit, thu

dugc hdn hop dung mai long, trong subt va dong nhat (Nguyen va cong su, 2023).

e DXvomo D
eLoai vo bao (MD, MD-

GA, MD-MS, MD-SPI,
) MD-WPI)
Phoi tron 1 — Ty 1¢ 16i: vo bao (1:3, 1:4,

1:5, 1:6, w/w)
o Ty I¢ gitra cac loai vo bao
) (1:2,1:1, 2:1, 3:1, wiw)
Phoi tron 2 Dich vo bao —

Dich trich ly
(Choline chloride:
lactic acid) *

péng hoa e Toc d6 (8.100, 10.800 vong/pht)
T o Thoi gian dong héa (5, 10, 15 phut)

Say phun

e Nhiét do khong khi say dau vao (140 — 180°C)
e Tbc do dong nhap liéu (15 — 45 mL/phut)

Bot vi bao

Hinh 2.3. Quy trinh vi bao dich trich ly bang siy phun
*Djch trich ly toi wu véi DES tao thanh tir choline chloride va lactic acid. DES: Dung méi eutectic sau,

MD: maltodextrin, MD-GA: maltodextrin — gum arabic, MD-MS: maltodextrin — tinh bét bién tinh, MD-
SPI: maltodextrin — protein ddu nanh isolate, MD-WPI: maltodextrin — whey protein isolate.
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Chuan bi vo bao: Cac loai vo bao dugc lya chon khao sét (Loai vo bao bao gom
maltodextrin (MD); maltodextrin: soy protein isolate (MD-SPI) (7:1, w/w) (Rosenberg
va cong su, 2016); maltodextrin: gum arabic (MD-GA) (1:2, w/w) (Nguyen va cong su,
2017); maltodextrin: whey protein isolate (MD-WPI) (9:1, w/w) (Shi va cong su, 2013);
maltodextrin: tinh bot bién tinh (MD-MS) (10:1, w/w) (Cano-Higuita va cong su,
2015)), ty ¢ gitta cac loai vo bao (1:2, 1:1, 2:1, va 3:1 (w/w)), ndng d6 vat chat kho cb
dinh & muc 40%. Tién hanh can tirng loai vo bao vao hii thuy tinh. Khudy déu hén hop
v6 bao va nudc cat bang diia thuy tinh. Hn hop sau d6 dwogc o trong bé 6n nhiét WNB
14 (Memmert, Buc) ¢ 60°C trong khoang 120 phut.

Phéi tron 2: Thuc hién phdi tron dich trich ly va dich vo bao theo ty 18 khao sét
(1:3, 1:4, 1:5, va 1:6, w/w).

DPong héa: Sau d6, hdn hop duoc dong hda bang may SHG-15A (ScilLab, Han
Qudc) & cac ché do dong hoa khao sat bao gom thoi gian dong hoa (5, 10 va 15 phit) va
tbc d6 ddng hoa (8.100 va 10.800 vong/phut). Sau cung thu duoc hdn hop dong nhit c6
dang long goi 1a dich truéc siy. Dich truéc siy duoc tién hanh phan tich céac chi tiéu
ham lugng am, TPC, TSC va PAC.

Say phun: Dich trudc sdy duoc tién hanh sy phun tai Cong ty TNHH Cong Nghé
Mr. Chi (Thanh phd H6 Chi Minh, Viét Nam) bang may sy phun L-8i (Ohkawara
Kakohki, Nhat Ban) véi nhiét ¢ khdng khi siy dau vao khéac nhau (140, 150, 160, 170
va 180°C), toc d6 dong nhap liéu khao sat 15 — 45 mL/phdt. Toc do quay cua dau phun
(automizer) ¢ dinh 1a 18.000 vong/phdt va ap suat 1a 1,55 kPa. Bot vi bao duoc bao
quan trong tui zip hai mat nhém, 6 tdi hat am, han kin miéng tdi va dugc phan tich cac
chi tiéu ham lwong am, hiéu qua vi bao, hiéu suat thu hdi, hoat do nuéc, hinh thai hat

bot vi bao.

+ Khdo sat anh hwéng cia logi vé bao dén qua trinh vi bao bang sdy phun

Thi nghiém bé tri hoan toan ngau nhién, 1 yéu té (3 Ian lip lai). Trong dé, yéu té
thi nghiém: Loai vo bao (maltodextrin; maltodextrin: soy protein isolate (MD-SPI) (7:1,
w/w) (Rosenberg va cong su, 2016); maltodextrin: gum arabic (MD-GA) (1:2, w/w)
(Nguyen va cong su, 2017); maltodextrin: whey protein isolate (MD-WPI) (9:1, w/w)
(Shi va cong sy, 2013); maltodextrin: tinh bot bién tinh (MD-MS) (10:1, w/w) (Cano-
Higuita va cong su, 2015)).
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Yéu t6 c¢b dinh: Nong d6 vat chat kho (40%), ty 1é 16i: vo bao (1:5, w/w), nhiét
d6 khong khi siy dau vao (170°C), toc do dong nhap liéu (15 mL/phat), toe d6 dong hoa
8.100 vong/phdt, thoi gian dong hda 10 phut,

Chi tiéu danh gia: Ham luong am, hiéu qua vi bao, hiéu suét thu hoi, hoat do
nudc, nhidu xa tia X (X-ray Diffraction Analysis — XRD), phd nhiét luong quét vi sai
(Differential Scanning Calorimetry — DSC), quang phd hdng ngoai bién ddi Fourier
(Fourier Transform Infrared Spectroscopy — FTIR), phan b kich thudc hat, hinh thai

hat bot vi bao.

+ Khdo sat dnh hweéng cia ty 1é 18i: vé bao dén qua trinh vi bao bang sdy phun

Thi nghiém bé tri hoan toan ngau nhién, 1 yéu té (3 1an Iap lai). Yéu td thi nghiém:
Ty 1€ 16i: vo bao (1:3, 1:4, 1:5 va 1:6 (w/w)).

Yéu t6 cb dinh: Loai vo bao chon tir thi nghiém truéc, ndong do vat chat kho
(40%), téc do dong nhap lidu (15 mL/phat), nhiét do khong khi say dau vao (170°C),
tdc d6 ddng hoa 8.100 vong/phdt, thoi gian dong hda 10 phdt.

+ Khdo sat dnh hwéng cia ty 1¢ gida cac logi vé bao dén qua trinh vi bao bang
sdy phun
Thi nghiém b tri hoan toan ngau nhién, 1 yéu tb (3 1an lap lai). Yéu té thi nghiém:
Ty 1€ gitra cac loai vo bao (1:2, 1:1, 2:1 va 3:1 (w/w)) (Nguyen va cong su, 2017).
Yéu t6 ¢b dinh: Loai vo bao, ty 18 18i: vo bao chon tir cac thi nghiém truéc, ndng
d6 vat chat kho (40%), toc do dong nhap lidu (15 mL/phat), nhiét 6 khdng khi siy dau
vao (170°C), toc do dong hda 8.100 vong/phut, thoi gian dong hoa 10 phuit.

+ Khdo sét dnh hwéng cia téc dé va thoi gian dong hoa dén qua trinh vi bao
bang say phun
Thi nghiém b tri hoan toan ngau nhién 2 yéu t6 (3 1an lap lai). Yéu td thi nghiem:
Téc d6 ddng hoa (8.100 va 10.800 vong/phut) va thoi gian ddng hoa (5, 10 va 15 pht)
Yéu t ¢b dinh: Loai vo bao, ty 1¢ 18i: vo bao, ty 1é giira cac loai vo bao chon tir
c4c thi nghiém khao sat trudc, ndng do vat chat kho (40%), nhiét do khong khi say dau
vao (170°C), toc d6 dong nhap liéu (15 mL/phat).

+ Khdo sat anh hwéng cia nhiét dé khong khi sdy dau vao dén qua trinh vi

bao bang sdy phun
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Thi nghiém bé tri hoan toan ngiu nhién, 1 yéu té (3 lan Iap lai). Yéu t6 thi
nghiém: Nhiét d6 khdng khi siy dau vao (140, 150, 160, 170 va 180°C) (Decker va cong
su, 2024).

Yéu t6 cb dinh: Loai vo bao, ty 1¢ I8i: vé bao, ty 18 giira cac loai vo bao, toc do
va thoi gian dong hda chon tir cac thi nghiém trude, ndng do vat chat kho (40%), toc do
dong nhap liéu (15 mL/phat).

+ Khdo sat anh hwéng cia téc dé dong nhdp ligu dén qué trinh vi bao bang
sdy phun
Thi nghiém b tri hoan toan ngau nhién, 1 yéu t6 (3 lan Iap lai). Yéu tb thi
nghiém: Téc do dong nhap liéu (15, 20, 25, 30, 35, 40, 45 mL/phdt)
Yéu té ¢6 dinh: Loai vo bao, ty & 18i: vo bao, ty 1é gitra cac loai vo bao chon tur
cac thi nghiém khao sat trude, nong do vat chat kho (40%), téc d6 va thoi gian ddng

hoa, nhiét do khong khi sy dau vao chon tir cac thi nghiém khao sat truée.

% Téi wu héa diéu kién sdy phun

Str dung RSM t6i uu hoa diéu kién say phun dich trich ly bang dung méi DES.
Dua trén két qua phan tich cac chi tiéu khao séat va phan tich théng ké, tién hanh lva
chon khoang gia tri thich hop cua cac yéu td téc d6 bom nhap liéu va nhiét do khong khi
say dau vao nham thu duoc bot say phun ¢6 ham luong hop chat myc tiéu cao. Md hinh
da thuc bac hai duoc trinh bay nhu sau: Y = ag + a1X1 + a2X2 + a12X1 X2 + a11.X1? + az0X2?

Chi tiéu danh gia: Hiéu qua vi bao va hiéu suat thu hoi; kha nang khang khuan
(ndng d6 uc ché téi thiéu va dudng kinh vong khang khuan) va kha ning khang oxy hoa
(ABTS va DPPH) cua bot say phun téi wu.

2.2.3.2 Vi bao cac hgp chdt c6 hoat tinh sinh hgc trong phu phdm nho bang oleogel
Qua trinh vi bao hop chat c6 hoat tinh sinh hoc trong dich trich DES tao thanh tir
choline chloride: glycerol: citric acid bang oleogel dugc thé hién trong Hinh 2.4. Qué
trinh tao oleogel dya trén nghién ciru cia Jeong va Oh (2024) c6 chinh sira. Hon hop
chat tao gel dau bao gébm sép ong va Finamul 90 (1:1, w/w) hoic sép ong va glycerol
monostearate (1:3 w/w). Chiing duoc hoa tan trong dau huéng dwong véi cac ty 16 khac
nhau & nhiét d6 90°C trong 15 phat. Hon hop dugc khuay tron o toe do 260 vong/phat

trong 5 phat va thu duoc dich trong sudt. Dirng gia nhiét va ding khuay tron dén khi

44



nhiét @6 hdn hop giam xudng 60°C. Nhanh chéng thém dich trich ly phu pham nho
(30%) vao hdn hop va khudy lién tuc 10 phat & tbe d6 390 vong/phat. Hn hop dugc
lam mét & céc nhiét do khac nhau (5, 15 va 25°C) dé tao oleogel. Sau d6, cac mau oleogel
duoc str dung dé phan tich chi tiéu bao gom kha ning lién két dau, hiéu suét thu hoi

TPC, mau sic, d6 nhét, hinh anh phan tich bang kinh hién vi anh sang phan cuc.

— Cong thuc oleogel

— Ty lé¢ BW: F90 (1:1, 2:1, 1:2
wiw)

— Ty & chat tao gel dau (5, 10,
15%)

Dau huéng duong,

; ) Dich trich ly
chat tao gel dau

(Choline chloride:
glycerol: citric acid)*

Nhigt d6 90°C, 15 phit [ Gia nhiet
Nhiét 46 60°C Ha nhict
v
Phéi tron
Nhiét do lam mét (5, 15, 25°C) } Lam mat

Oleogel

Hinh 2.4. Quy trinh vi bao dich trich ly bang oleogel

*Djch trich ly téi wu véi DES tgo thanh ti choline chloride, glycerol va citric acid.
DES: Dung mdi eutectic sau, BW: Sap ong, F90: Chat nhii héa Finamul 90.

% Khdo sét dnh hwéng ciia cac yéu té dén qua trinh tgo oleogel tzr dich trich ly

+ Khdo sat anh hwéng cua logi chdt tgo gel ddu dén qua trinh tgo oleogel

Thi nghiém b tri hoan toan ngau nhién, 1 yéu tb (3 1an lap lai). Yéu té thi nghiém:
Loai chat tao gel dau bao gom BW: GMS (1:3 w/w) va BW: F90 (1:1 w/w) (Jeong va
Oh, 2024; Lopez-Gonzélez va cong su, 2024).

Yéu té ¢ dinh: Ty 1é dau 60%, ty Ié dich trich ly 30%, nhiét d6 hoa tan 90°C
trong 15 phdt.

+ Khdo sat dnh hwéng cia ty 18 thanh phan chdt tao gel dau dén qua trinh tgo

oleogel

Thi nghiém b tri hoan toan ngau nhién, 1 yéu tb (3 1an lap lai). Yéu té thi nghiém:

Ty 1€ BW: F90 (1:1, 2:1 va 1:2 w/w).
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Yéu té ¢6 dinh: Cong thirc oleogel chon tir thi nghiém khao sat céng thire, nhiét
d6 hoa tan 90°C trong 15 phut, ty 18 dau 60%, ty ¢ dich trich ly 30%.

+ Khdo st anh hwéng caa ty 1é chat tao gel ddu dén qua trinh tgo oleogel

Thi nghiém b tri hoan toan ngau nhién, 1 yéu té (3 1an lap lai). Yéu t6 thi nghiém:
Ty lé chét tao gel dau (5, 10 va 15%, w/w)

Yéu t cb dinh: Cong thuc oleogel chon tir thi nghiém khao sat cong thirc, nhiét
d6 hoa tan 90°C trong 15 pht, ty I& dau 60%, ty Ié dich trich ly 30%, ty I1é BW: F90
chon tir thi nghiém khao sat ty 16 BW: F90.

+ Khdo sat anh hwéng cia nhigr dé 1am mat dén qua trinh tgo oleogel

Thi nghiém bé tri hoan toan ngau nhién, 1 yéu té (3 1an Iap lai). Yéu td thi nghiém:
Nhiét do 1am mat (5, 15 va 25°C).

Yéu té ¢6 dinh: Cong thirc oleogel chon tir thi nghiém khao sat céng thic, nhiét
d6 hoa tan 90°C trong 15 pht, ty Ié dau 60%, ty Ié dich trich ly 30%, ty I¢ BW: F90
chon tir thi nghiém khao sat ty 16 BW: F90, ty 18 chat tao gel dau chon tir thi nghiém

khao sat ty 1¢ chat tao gel dau.

% Téi wu héa quy trinh tao oleogel
Str dung RSM dé téi wu hoa quy trinh tao oleogel tir dich trich ly phu pham nho
bang DES tao thanh tir choline chloride: glycerol: citric acid. Dua trén két qua phan tich
c4c chi tiéu va phan tich théng ke, tién hanh lya chon khoang gia tri thich hop cua céc
yéu t6 ty 16 BW: F90 va ty 1¢ chat tao gel dau nham thu duoc oleogel 6 ham luong hop
chat TPC cao va kha nang lién két dau tot. M6 hinh da thirc bac hai duoc trinh bay nhu
sau: Y = ap + a1Xy + a2Xz + a11X1? + azX2? + a12X1 Xz

Chi tiéu danh gia: Kha niang lién két dau (OBC), hiéu suat thu hoi hop chat.

2.2.4 Nbi dung 4: Panh gia kha niing ing dung bt say phun va oleogel téi wu trong
san pham xuc xich thanh tring

Quy trinh thi nghiém danh gia kha ning @ng dung cua bot sdy phun va oleogel
trong xuc xich thanh triing duoc thé hién trong Hinh 2.5. Quy trinh san xuat x(c xich
dua trén mo ta cua Heinz va Hautzinger (2007). Cac nguyén li¢u dugc can theo cong
thire thir nghiém: Thit heo 50%; m& heo 25%; protein dau nanh 2,2%; tinh bot bién tinh
3%; mubi 2,2%; bot toi 0,6%; duong 0,5%:; tiéu 0,2%:; nhuc dau khau 0,5%:; bot girng
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0,2%; bot ngo 0,5%; bot ngot 0,1%, nude da 15%. Thit nac va md heo dong lanh sé
dugc xay thd. Sau do, thit nac va m& heo tiép tuc duoc xay tao nhii twong véi cac loai
gia vi, nguyén phu liéu, phu gia va nuéc d4 dé tao hdn hop nhii twong. Bot siy phun
(0,2 — 0,8%) hoic oleogel (0,4 va 0,8%) hoic nisin (0,002%) hoic chat bao quan tu
nhién tir bot so ri (0,4%) duoc bod sung trong cong doan xay nhil twong. Cac ty 1& bot
say phun va oleogel bb sung dugc tinh toan dwa trén néng do uc ché téi thiéu (MIC)
dugc xac dinh trong cac thi nghiém vé danh gia tinh chat caa bot say phun va oleogel
t61 vu sau khi t6i uvu hoa qua trinh vi bao bang siy phun va oleogel (Xem muc 3.3.1.2
va 3.3.2.2). Ty Ié bot so ri tir nha cung cip khdng c6 muc st dung khuyén cdo do d6
chon ty 1& 0,4% & muc trung binh so véi bot siy phun va oleogel. Trong khi, ty 18 nisin
(0,002%) dya trén Thong tu 24/2019/TT-BYT (Quy dinh quan ly va st dung phu gia
thie pham) (80% so véi mie quy dinh sir dung tdi da 25 mg/kg).

@ Bot sdy phun — Ty 1& bot sdy phun (%)
hoac oleogel — Ty I¢ oleogel (%)

Xay tho
v

Xay nhil tuong

v
Vé boc collagen, DPinh hinh

?2,5cm ¥

Thanh trung
v

Lam ngudi
v

bong g6i chan khong

L

Nhiét o 4°C Bdo quan

Gia vi, hguyén
phu liéu, phu gia

A
4

Nhiét do: 95°C,
Thot gian: 20 phut

Hinh 2.5. Quy trinh &ng dung bt siy phun va oleogel trong san pham xuc xich
Nhiét d6 nhii twong can dugc duy tri dudi 12°C. Nhil twong sau d6 duoc dinh
hinh bang cach nhdi vao voé boc collagen (dwong kinh 2,5 cm). San pham dugc thanh
tring & 95°C trong 20 phut dén khi dat nhiét do tam 75°C trong 15 phuat. Xtc xich duoc

lam nguoi, dong goi hit chan khong, duoc bao quan & 4°C dé theo ddi sy thay do6i cua
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cac chi tiéu phan tich bao gém ham luong am, pH, tong sé vi sinh vat hiéu khi, mau sac,

két cAu.

2.2.4.1 Khdo sét dnh hweéng ciia vigc bé sung bét sd@y phun dén mét sé chi tieu chat
lwong xuc xich thanh trang theo thei gian

Thi nghiém b tri hoan toan ngau nhién, 2 yéu té (3 1an lap lai). Yéu t6 thi nghiém:
Chat bao quan (bot sy phun & cac ty 16 0,2; 0,4; 0,6 va 0,8% w/w; nisin 0,002%; chat
bao quan ty nhién tir so ri 0,4% va khéng bo sung chat bao quan), thoi gian bao quan
0, 2,5,7,9va 12 ngay).

Yéu té ¢b dinh: Nhiét do bao quan 4°C, quy trinh ché bién xdc xich theo Hinh
2.5, thanh trung ¢ 95°C trong 20 phdt.

2.2.4.2 Khdo sat anh hwéng cia ty 18 oleogel dén mét sé chi tiéu chdt lweng xUc xich
thanh trang

Thi nghiém bé tri hoan toan ngau nhién, 2 yéu té (3 1an Iap lai). Yéu td thi nghiém:
Ty 1€ oleogel (0,4; 0,8% va 1,2% wi/w), thoi gian bao quan (0, 2, 5, 7, 9 va 12 ngay).

Yéu té ¢o dinh: Nhiét do bao quan 4°C, quy trinh ché bién xdc xich theo Hinh
2.5, thanh trung ¢ 95°C trong 20 phdt.
2.3 Phwong phap phan tich va xir Iy s6 ligu
2.3.1 Phwong phap phan tich

Céac phuong phap phan tich cac chi tiéu dugc thé hién trong Bang 2.3.

Bang 2.3. Phuong phap phan tich cac chi tiéu

STT Phén tich Phuong phap Tai liéu tham khao
1 Dinhtinh cdc nhém Phan ng Hager, Wagner, Keller- Mukherjee (2019),
chat Kiliani, kiém, chi acetate, gelatine, Yadav va Agarwala

Braymer, tao bot (Foam, Frothing), (2011), Shaikh va

Libermann-Burchard, ddng acetate, Patil (2020), Akter

Fehling, Molisch va cong su (2018),

Elzagheid (2018).
2 Dinhtinh cac hop chit M4y LC-MS ExionLCTM - X500R

don 1¢& QTOF (AB Sciex, Hoa Ky)

3 Hamluwong am (Ww%) May sidy am hong ngoai MX-50
(A&D, Nhat Ban) va phuong phap
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STT Phén tich Phwong phap Tai liéu tham khao
say den khoi lugng khong doi ¢
105°C
4 Ham lugng tro (dw%) Nung ¢ nhiét do 550°C bang 10 nung Nielsen (1998)
ELF 11/6 (Carbolite, Anh)
5 Protein tong (dw%) TCVN 8134:2009 (1SO 937:1978)
6  Ham luong chét béo Trich Soxhlet Nielsen (1998)
(dw%o)
7  Ham luong Tinh tir protein, tro, chat béo va am
carbohydrate (dw%)
8  Ham lugng phenolic Phuong phap quang phd véi thudc thir - Skulcova va cong sy
tong (mg GAE/g DW)  Folin-Ciocalteu ¢ buéc song 765 nm ~ (2018)
9  Ham lugng saponin Phuong phap quang phd véi thuéc thir  Tan va cong su
tong (mg AE/g DW) vanillin- H2SO4 & budc séng 560 nm  (2014)
10 Ham lugng Phuong phap quang pho véi thudc thir - Li va cong su (2006)
proanthocyanidin (mg  vanillin- HCI ¢ budc song 500 nm
CE/g DW)
11  Dinh lugng cac hop Sic ky long hiéu nang cao (HPLC) Kammerer va cong
chat c6 hoat tinh sinh bang may SPD-20A (Shimadzu, Hoa su (2004)
hoc don 1é (ug/g DW)  Ky)
12 Hoat tinh khang khuan ~ Puong kinh vong khang khuan (mm), Sarwar va cong su
nong d6 wc ché tdi thiéu (uL/mL d6i (2018), Balouiri va
véi dich trich ly, mg/mL d6i vai bot/  cong su (2016)
oleogel) dbi véi Escherichia coli
ATCC 8739, Salmonella
typhimurium ATCC 14028, Bacillus
subtilis ATCC 6633 va
Staphylococcus aureus ATCC 6538.
13 Hoat tinh khang oxy Gid tri ICso (uL/mL ddi vai dich trich  Koztowska va cong

hba

ly, mg/mL dbi véi bot/ oleogel) biéu
thi nong d6 mau can thiét dé wc ché
dugc 50% goc te do DPPH hoic
ABTS
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STT

Phan tich

Phwong phap

Tai ligu tham khao

14

15

16

17

18

19

20

21

22

23

24

25

Hiéu suat thu hoi hop
chat (%)

Hiéu qua vi bao (%)

Hoat do nuéc (aw)

Nhiéu xa tia X

Nhiét quét vi sai

Hinh thai hat bot

Quang phd hong ngoai
bién doi Fourier

Phan bé kich thuéc hat
bot

Puong dang nhiét hap

phy 4m
Do hoa tan caa bot (%)
CAu trdc vi mo cua

oleogel
Do nhét dich trich (cP)

Ham luong TPC, TSC va PAC trong
bot sdy phun so véi ham lwgng TPC,
TSC va PAC trong dich trudc say

Ty I phan trim hop chit c6 hoat tinh
sinh hoc duoc vi bao thanh cong trong
cac hat bot

May do hoat d6 nudc Aqualab Series
3 (Decagon Devices, Hoa Ky)

30 kV va 10 mA, birc xa Cu Ka (A =
0,154060 nm), pham vi 26 tir 5°-40°,
tdc d6 quét 4° mdi phut va budc 0,02°.
Khong khi dong (100 mL/phat), gia
nhiét tr 30°C dén 400°C (téc do
10°C/ phut).

Anh chyp vi md & cac do phong dai
khéc nhau bang kinh hién vi dién ta
quét (SEM) phat xa truong dién tir
FESEM S4800 (Hitachi, Nhat Ban).
Phé tir 650 — 4.000 cm™* (46 phan giai
4 cm™) véi 32 lan quét.

May LS 13 320 (Beckman Coulter,
Hoa Ky)
Phuong trinh Guggenheim—
Anderson—de (GAB) va
Brunauer-Emmett-Teller (BET)

Do hoa tan (%) dugc tinh bang % bot

Boer

hoa tan

Kinh hién vi phan cyc DM 2500P va
camera lanh DFC450 (Leica, Buc).
May do luu bién DV2TLVCIO
(Brookfield, Hoa Ky), téc do 100
vong/phut, dau do CP-40.
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Dang va cong su
(2024)

Perkovi¢ va cong su
(2024), Vu va cong
su (2023)

Frank va cong su

(2021)

Negrao-Murakami

va cong su (2016)

Janiszewska-Turak

va cong su (2022)

Al-Muhtaseb va

cong su (2002)

Hadree va cong su
(2023)



STT

Phan tich

Phwong phap

Tai ligu tham khao

26

27

28

29

30

31

Do nhat oleogel (Pa.s)

Kha nang lién két dau
(%)

Két cAu cua xUc xich

Téng vi sinh vat hiéu
khi, E. coli, Coliform
(log cfu/g)

Mau sic

pH

May do Iuu bien DX2TRVKBO
(Brookfield, Hoa Ky), téc do 1
vong/phit, dau do V-74.

Phuong phép ly tam

Phuong phédp TPA (Texture Profile
Analysis) va may phan tich két cau
Z1.0. (Zwick/Roell, buc).

Str dung dia dém petrifilm va Tiéu
chuan quéc gia TCVN 9977:2013,
TCVN 9975:2013.

Mdy do mau CR-400 (Konica
Minolta, Nhat Ban) sir dung hé mau
CIE L*a*b*

May pH H198194 (Hanna, Viét Nam)

Meng va cong su
(2019)

TCVN 9977:2013,
TCVN 9975:2013

Mokrzycki va Tatol
(2011)

2.3.2 Phwong phap thu thap sé liéu va xir ly théng ké

S6 lidu thu duogc tir cac thi nghiém khao sat va ti vu hoa dugc xir Iy thong ké

bang phan mém JMP 13.0 (JMP Statistical Discovery LLC, USA). Su khéc biét giira

C4c gid tri trung binh dugc kiém dinh bang phan tich phuong sai mét yéu té hoic da yéu

t6 tuy theo thiét ké thi nghiém, két hop véi phép thir Tukey HSD ¢ murc ¥ nghia 5% (P

< 0,05). Két qua sé liéu duoc trinh bay bang gia tri trung binh + d6 léch chuan.
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Chuong 3
KET QUA NGHIEN CUU VA THAO LUAN

3.1 Néi dung 1: Thanh phan hda hec va cac hep chit cé hoat tinh sinh hec trong
phu pham nho
3.1.1 Thanh phan héa hoc cia phu pham nho

Thanh phan hda hoc caa bot phu pham nho Red Cardinal dugc thé hién trong
Bang 3.1. Tuong tu VGi cc ngudn phu pham thuc vat khac, bot phu pham nho ciing bao

gom cac thanh phan hoa hoc co ban nhu tro, protein, chat béo, am va carbohydrate.

Bang 3.1. Thanh phan héa hoc cua bot phu pham nho

Ham lwong am  Carbohydrate Protein Tro Chit béo
(WW9%) (dw%%) (dwo%) (dw9%) (dw9%)
7,22 +0,38 80,87 + 0,05 7,23+£0,20 6,67 +0,15 5,23 +0,07

WWY%: phdn trdm theo co sé wét, dw%: phan tram theo co sé kho.

Carbohydrate 1a thanh phan hoa hoc chiém ham luong 16n nhat trong bot phu
pham nho (khoang 80% theo co so khd). Tiép theo lan luot 12 protein, tro va chat béo.
Cac yéu t6 nhu gidng, phuong phap trong, ving trong, cling nhu quy trinh 1am ruou s&
tac dong dén thanh phan hda hoc cua phu pham nho. Carbohydrate trong thuc pham rat
quan trong, khong chi 1a ngudn cung cip ning lugng ma con la thanh phan gép phan tao
nén két cau. Thanh té bao ctia vo nho duoc tao thanh tir 30% polysaccharide, 20% pectin
cd tinh axit, 15% proanthocyanidin khéng tan va <5% protein cau tric (Lecas va
Brillouet, 1994). Do d6, khi nghién cixu vé trich ly hop chat tir phu pham nho viéc phan
hity thanh té bao véi thanh phan carbohydrate cao dé trich ly cac hop chat vao dung moi
la mot van dé c6 y nghia quan trong. Bén canh d6, ham lugng am cia phu pham tuoi
tuong dbi cao (87,80 + 0,31%). Dé bao quan duoc phu pham nho lau dai cho viéc trich

ly, eng dung thi can ap dung cac bién phéap bao quan nhu dong lanh, siy.
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3.1.2 Két qua dinh tinh va dinh lweng cac hop chat c6 hoat tinh sinh hoc trong phu
pham nho

Phan tich dinh tinh c&c nhém chét c6 trong dich trich phu pham nho bang phan
ting hoa hoc di duoc thuc hién. Két qua dinh tinh dwoc trinh bay trong Bang 3.2. Cac
nhém chat c6 trong dich trich ly tir phu pham nho nhu glycoside, flavonoid, tannin,

saponin, phytosterol, diterpenoid, carbohydrate.

Bang 3.2. Két qua dinh tinh cac nhém héa thyuc vat trong bot phu pham nho

Nhém chit Phép thir Mikc dd phan {ng

Alkaloid Hager +
Wagner +

Glycoside Kellar- Kiliani ++
Flavonoid Kiém ++
Lead acetate ++

Tannin Gelatine ++
Braymer ++

Saponin Foam +
Frothing +

Phytosterol Libermann-Buchard +
Diterpenoid DPong acetate ++
Carbohydrate Fehling ++
Molisch ++

++ Phdn ung duong tinh r6, + Phdn vung duong tinh

Phu pham nho Red Cardinal chira ham lwong cac hop chat glycoside, flavonoid,
tanin, diterpenoid, carbohdrate cao. Alkaloid c6 tac dung tt cho sic khoe nhu tac dung
lam diu con hen cta ephedrin, tic dung giam dau cua morphin va tac dung chéng ung
thu cua galanthamine noi tiéng hiru ich vé mat 1am sang trong diéu tri bénh Alzheimer
(Moraes-Cerdeira va cong sy, 1997). Terpenoid cho thay hoat tinh cao nhu khang khuan
(Latayada va cong su, 2017), chdng ton thuong té bao gan (Hu va cong sy, 2022). C6
thé trich ly terpenoid tir nguyén lidu tho theo hai budc: dau tién, cac hop chat duoc tach
ra biang dung méi phan cuc nhu acetone, methanol trong nudc va ethanol trong nudc.
Sau d6, cac hop chat it phan cuc hon dugc trich ly bang cach sir dung hexan, chloroform
va etyl axetate (Ludwiczuk va cong su, 2017). Phenolic 1a nhém hop chat dang duoc
quan tdm v&i cac hoat tinh ndi troi. Do hoa tan caa cac hop chat phenolic phu thudc vao

nhém hydroxyl. Cang nhiéu nhém hydroxyl thi cang dé hoa tan trong nudc (Zeb, 2021).
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Cac hop chat phenolic don gian thudng hoa tan trong nudéc, trong khi cac hop chat
phenolic cao hon kh6 hoa tan trong nude. Mot s6 hop chét phenolic chi ¢é thé hoa tan
trong cac dung méi hitu co. Nguoc lai, mot s6 hop chat phenolic & dang polyme khéng
hoa tan (Taiz va Zeiger, 2002). C6 thé thay rang khdng cé quy trinh chung nao phi hop
dé trich ly tat ca cac hop chat phenolic hoic mot nhém cu thé trong nguyén liéu thuc
vat. Do d6, viéc xéac dinh c&c yéu t6 anh huong y nghia va tdi vu hoa qua trinh trich ly
thu hoi cac hop chat hoat tinh tir phu pham nho 1a can thiét dé thu dugc hiéu qua trich
ly cao nhat.

Két qua dinh danh so bo cac hop chét sinh hoc don 1¢ trong phu pham nho duoc
thé hién qua sic ky 6 ion tong (TIC) (Phu luc 1.2) va Bang 3.3.

Bang 3.3. Két qua dinh danh cac hop chat c6 hoat tinh sinh hoc
trong bot phu pham nho bang LC-MS/MS

Thoi , Cong  Khéi lwong [M-H]"
STT gian luu Hop chat du doan thac phan tir (m/2)
(phat) phéan tir (g/mol)
Flavonoid

1 7,64 Procyanidin B2 CsoH26012  578,1416  577,1307
2 7,95 (+)-Catechin CisH140s  290,0786  289,0702
3 8,36 Flavanomarein C21H20011  450,1155  449,1072
4 9,47 Quercitrin Ca1H20011  448,0999 447,0918
5 10,66  Neochlorogenic acid C16H1809  354,0945  353,1449
6 10,77  Procyanidin B1 CaoH26012 578,1416 577,1308
7 10,88 Procyanidin C1 CssH3s018  866,2046  865,1940
8 10,91  (-)-Catechin CisH140s  290,0786  289,0704
9 11,12 Hyperoside Co1H20012  464,0948  463,0864
10 11,25  Astilbin C21H2011  450,1155  449,1066
11 11,32 Nepetin 7-glucoside CxoH2012, 478,1104 477,1030
12 11,51  Engeletin C21H2010 434,1206 433,1127
13 11,87  3'4'5,7-Tetrahydroxy-3- CisH1207  316,0579  315,0496

methoxyflavone (quercetin

3-methyl ether hoac

isorhamnetin)
14 12,34 Kaempferol CisH100s 286,0474  285,0397
15 12,39  Quercetin CisH1007  302,0423  301,0339
16 12,51  3,4'-Dimethoxy- Ci7H140O7  330,0735  329,0299

3,5,7'trihydroxyflavone
17 13,05 Naringenin CisH1205  272,0681 271,0603
18 13,66  3,5-Dihydroxy-4,6,7' CisH1607  344,0891  343,0445

trimethoxyflavone
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Thoi Ccong  Khdi lwong

STT gian luu Hop chit du doan thac phan ti [Iz/ri:lll_zl)]
(phat) phéan tir (g/mol)

19 14,75 Pinocembrin CisH1204  256,0732  255,0658
20 18,60  Vitexin 4-O-glucoside Co7H30015 594,1575 593,271
Phenolic acid
21 11,03 Syringic acid CoH100s  198,0525 197,1298
22 7,69 Caftaric acid CisH1209  312,0477  311,0407
23 8,98 Ethyl gallate CoH100s5  198,0525 197,0451
24 11,75 Ethyl syringate CuH10s  226,0837  225,1494
25 4,28 Gallic acid C7HesOs 170,0213  169,0145
26 7,42 Protocatechuic acid-O- CisH1609  316,0789  315,0715

hexoside

27 7,44 Protocatechuic acid C7HsO4 154,0264  153,0203

28 10,39 4-Hydroxybenzoic acid C7He0O3 138,0315 137,0253
Lignan

29 11,66 (-)-Secoisolariciresinol C20H20s  362,1722  361.1647

30 14,41 Honokiol CisH1s02  266,1302  265,1423
Saponin

31 15,22 Maslinic acid CsoH4s04  472,3540 471,3449

32 18,99 Oleanolic acid CsoH4s03  456,3591  455,3499

Stilbenoid
33 12,12 Resveratrol CisH1203  228,0783  227,0714

Két qua cho thay sy hién dién cta 33 hop chét don 1é ¢6 hoat tinh sinh hoc thudc
cac nhom chat khac nhau. Nhitng hop chat phét hién duoc trong dich trich phu pham
nho Red Cardinal Ia nhitng hop chat phenolic phé bién. Procyanidin, neochlorogenic
acid, isorhamnetin, catechin, quercetin, ethyl gallate, gallic acid, kaempferol,
resveratrol, protocatechuic acid da dugc xac dinh trong cac nghién ctu vé phu pham
nho, c6 thé tim thay trong nhiéu gidng nho ciing nhu cac bo phan khac nhau caa nho
nhu vo, hat, cudng (Milingié va cong sy, 2021; Topalovic va Mikulic-Petkovsek, 2010).
Trong d6, catechin 14 thanh phan flavan-3-ols chii yéu trong vo nho. Procyanidin B1 dai
dién cho dimer caa nho trong giai doan dau cua qua trinh phét trién. Trong khi d6
procyanidin B2 lai dac trung ¢ giai doan sau (Freitas va Glories, 1999). Engeletin
(dihydrokaempferol 3-rhamnoside) va astilbin (dihydroquercetin 3-rhamnoside) tur lau
d3 duoc phan 1ap tir v qua nho ciing nhu dich trich tir nhiéu loai vé nho, c6 anh huéng
dén su d6i mau trong qua trinh ché bién san pham (Trousdale va Singleton, 1983), dong

thoi dong vai tro nhu 13 tac nhan chdng viém tiém nang (Huang va cong sy, 2011).
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Ngoai ra, tim phenolic acid ciing d4 dugc xac dinh trong phu pham nho Red
Cardinal. C4c nghién ctu truée day ciing dia céng bd vé viéc xac dinh va dinh lwong
phenolic acid, chang han nhu gallic acid, protocatechuic, syringic va ellagic, trong trich
ly tir nho (Moreira va cong su, 2018). Phenolic acid c6 nhiéu trong cac phu pham néng
nghiép va duoc cdng nhan vi cac hoat tinh sinh hoc da dang cua ching, bao gém cac
dic tinh bao vé gan, khang oxy héa, chdng viém, khang khuan, bao vé tim, chéng ung
thu, chéng tiéu duong va bao vé than kinh (Saibabu va cong su, 2015).
Secoisolariciresinol va honokiol 1 hai lignan hoat tinh sinh hoc. Mét trong nhirng nguén
lignan d6 la ruou vang. Nghién ciru khac da xac dinh 6 loai lignan khac nhau dugc tim
thiy trong nguyén liéu nho trong d6 co secoisolariciresinol (Dadakova va cong su,
2021). Hai saponin, maslinic acid va oleanolic acid, da duoc dinh tinh trong phu pham
nho. Hai saponin nay c6 nhiéu trong thanh phan caa vo cac loai trai ciy khac nhau nhu
6 liu. Oleanolic acid c6 thé 1am giam cing thang oxy hda va ton thuong oxy hoa ddi voi
DNA trong té bao biéu md & nguoi, hoat dong nhu mot tic nhan phong ngira hda hoc
va ic ché dugc sy ting sinh cia té bao ung thu xam 1an cao & ngudi (Sanchez-Quesada
va cong su, 2015). Stilbenoid, bao gom resveratrol, ciing da duoc tim thay trong phu
pham nho va duoc béo céo trong cac nghién ciu trude ddy (Duarte va cong su, 2021).
Trong s6 cac stilbenoid, resveratrol duoc nghién ciu rong réi nhat, lién quan dén hoat
dong chdng lai cac bénh tim mach, ung thu va bénh thoai hoa than kinh.

Két qua Bang 3.4 thé hién bot phu pham nho chira ham luong tong cac hop chat
cd hoat tinh sinh hoc twong ddi cao. Ham lwgng cac hop chat cao hon so véi két qua
trong nghién ctru cua Miti¢ va cong su (2012) xac dinh TPC cua nho Cardinal 1a 142,32
+ 1,55 mg GAE/100g nho tuoi, tuong tng khoang 7,1 mg GAE/g DW. C6 thé su khéc
biét do diéu kién trich ly khac nhau, nghién ctu cua Miti¢ va cong sy (2012) sir dung

methanol, con trong luan an nay sir dung ethanol 50%.

Bang 3.4. Ham luwong tong cac hop chét ¢ hoat tinh sinh hoc cua bot phu pham nho

TPC TSC PAC
Chi tiéu
(mg GAE/g DW)  (mg AE/g DW) (mg CE/g DW)
Ham luong hop chat 27,51 + 0,41 70,65 + 1,05 9,60 + 0,21

GAE: Puong lirong gallic acid, AE: Puwong lwong aescin, CE: Puong lrong catechin, DW: Vit chat
kho
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Tur nhitng két qua trén cho thay qua qua trinh nghién ép, trong phu pham nho van
chira ham lwong tong cac hop chat c¢é hoat tinh sinh hoc nhu saponin, cac hop chat
phenolic dang ké. Viéc dinh danh va dinh luong cac hop chét trong phu pham nho cung
cap dit liéu vé thanh phan cac hop chit cé hoat tinh sinh hoc cua phu pham nho. Két qua
dinh tinh ciing 1am ndi bat 1&n rang phu pham nho 1a mot nguyén liéu ddi dao céac hop
chat don 1¢ c6 hoat tinh sinh hoc c6 gia tri. Do d6, viéc trich ly va tng dung cac hop

chat nay vao cac linh vic nhu thuc pham, dugc pham 1 can thiét va tiém ning cao.

3.2 Néi dung 2: Téi wu hoéa diéu kién trich ly cac hgp chat cd hoat tinh sinh hec tir

phu pham nho
3.2.1 T6i wu héa diéu kién trich ly bing phwong phap két hop siéu am va enzyme

3.2.1.1 Anh hwéng ciia cac yéu té dén quy trinh trich ly c6 hé tro enzyme

Két qua cho thay loai enzyme, ham lwong enzyme, nhiét do va thai gian trich ly,
ty I¢ dung méi: nguyén lidu c6 anh hudong dang ké dén hiéu qua trich ly cac hop chat c6
hoat tinh sinh hoc tir phu pham nho ¢6 hd trg enzyme (Phu luc 11.1). Trong d, trich ly
c6 hd tro bang enzyme cellulase (14 U/g) va enzyme pectinase (76 U/g) két hop cho
hiéu qua trich ly phenolic tong, saponin tong va proanthocyanidin cao hon so véi mau
d6i chung khéng co sir dung enzyme hoc st dung enzyme riéng Ié (Hinh PL 11.1). Khi
tang ham luong enzyme cellulase (14 — 56 U/g) va pectinase (76 — 152 U/g) thi su két
hop hai enzyme véi ty I¢ 28 U/g enzyme cellulase va 76 U/g enzyme pectinase cho ham
lugng cac hop chat muc tiéu thu hdi dugc cao hon so vai cac mau con lai (Bang PL
11.1). Bon ty I dung méi: nguyén liéu khac nhau (8:1, 10:1, 12:1 va 14:1 v/w) da duoc
khao sat, tong cac hop chat muc tiéu co xu hudng ting thém 26,6% khi tang ty & dung
mai: nguyén liéu tir 8:1 (v/w) Ién 10:1 (v/w). Tuy nhién, khi tiép tuc ting ty I¢ dung mai:
nguyén liéu 1én dén 12:1 va 14:1 (v/w) thi téng ham lwong cac hoat chat s& giam (Hinh
PL 11.2). Nhu vay, ty 1é dung méi: nguyén liéu 10:1 (v/w) la phi hop. Cac hop chat c6
hoat tinh sinh hoc trong dich trich cia bot phu pham nho c6 xu huéng ting khi nhiét do
tang tir 40°C dén 50°C va giam khi nhiét d6 tang 1én dén 60°C (Hinh PL 11.3). Két qua
nghién ctru nay co ban cho thy nhiét do 50°C phl hop dé thuc hién thi nghiém tiép theo
vé thoi gian trich ly. Khi thay doi thoi gian trich ly, TPC, TSC va PAC c6 xu hudng ting
khi trich ly tir 60 phat dén 120 phut va sau d6 giam dan khi tang thoi gian trich ly Ién
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180 phut va 240 phut, va su khac biét nay co ¥ nghia thong ké & do tin cay 95% (P <
0,05) (Hinh PL 11.4).

T6m lai, trich ly c6 hd tro bang enzyme cellulase (28 U/g) va enzyme pectinase
(76 U/g) két hop cho hiéu qua trich ly cao cac hop chét trong dich trich cua bét phu
pham nho (phenolic téng, saponin tong va proanthocyanidin) véi ty 1é dung méi: nguyén
liéu la 10:1 (v/w), trich ly nhiét d6 50°C, thoi gian 120 phut.

3.2.1.2 Anh hwéng ciia cac yéu té dén quy trinh trich ly c6 hé tre siéu am

Két qua khao séat cho thiy mirc ning luong siéu am, thoi gian siéu am, ty 1¢ dung
mdi: nguyén lidu, thoi gian va nhiét do trich ly ¢ anh huéng dang ké dén hiéu qua trich
ly cac hop chit cé hoat tinh sinh hoc tir phu pham nho ¢6 hd tro siéu am (Phu luc 111.1).
Khi tang mrc nang lugng siéu am tir 0 W/g 1én 15 W/g thi TPC, TSC va PAC tang 1én
thém khoang 19,3%, 19,8% va 10%. Khi tiép tuc ting muc nang luong siéu am lén 18
W/g thi TPC, TSC thu dugc déu giam (Hinh PL 111.1). Vi vay, mic ning luong siéu
am 15 W/g dugc chon dé tién hanh thi nghiém tiép theo. Trong khi dé, thi thoi gian siéu
am tang tur 5 1én 10 phat thi TPC, TSC va PAC tang thém khoang 10,5%, 5,3% va
13,7%. Khi thoi gian siéu am tiép tuc ting 1én dén 15 phut thi TPC, TSC va PAC déu
¢6 xu hudng giam (Hinh PL 111.2).

Khi tang ty 1€ dung mdi: nguyén li¢u tur 8:1 1én 14:1 (v/w) thi TPC, TSC va PAC
déu c6 xu hudng ting sau d6 giam khi tiép tuc tang ty 1& dung mdi: nguyén liéu 1én 16:1
(v/w) (Hinh PL 111.3). Do do, ty I¢ nguyén li¢u va dung mdi 14:1 (v/w) la phu hop véi
nguyén liéu phu pham nho va duoc chon dé tién hanh thi nghiém tiép theo. Tuy nhién
khi thay doi thoi gian trich ly giam tir 50 xuéng 30 phut thi TPC va TSC khong c6 su
khac biét c6 ¥ nghia thong k&, trong khi PAC khéc biét ¢ y nghia thong ké gitra cac
mau vai thoi gian trich ly khac nhau. Khi thai gian trich ly tiép tuc giam xuéng con 20
phut thi ham lwong cac hop chat muc tiéu khéc biét c6 ¥ nghia thong ké o do tin cay
95% (P < 0,05) (Hinh PL 111.4).

Tong hop cac két qua trén, thong s thich hop cho trich ly phu pham nho ¢ hd
tro siéu am la mirc nang lugng siéu &m 15 W/g, thoi gian siéu am la 10 phut, thoi gian

trich ly 30 phat va ty I¢ dung méi va nguyén liéu la 14:1 (viw).
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3.2.1.3 Toi wu héa qud trinh trich ly két hop siéu Am va enzyme

% S0 sanh hiéu qua trich ly giira ciAc phwong phap trich ly don 1é va két hop
Nghién ctru di so sanh ham lwong cac hop chat muc tiéu duoc trich ly bing
enzyme (EAE), siéu am (UAE) va céc két hop cua ching bao gdm enzyme — siéu &m
(E-UAE) va siéu am — enzyme (U-EAE). Két qua cho thay tac dong déng ké cua cac
phuong phap trich ly khéng chi 1én TPC, TSC va PAC ma con 1én ham lugng cac hop
chat phenolic riéng 1é trong cac dich trich ly (Hinh 3.1 va Bang 3.5).

OoTPC @TSC BPAC
A

w w
o ol
1 )

Ham lugng (mg/g DW)
N
ol

20 A
15 A
b
10 A
5 m
0 . . |
UAE E-UAE
Phuong phap trich ly

Hinh 3.1. Hiéu qua trich ly TPC, TSC va PAC bing cac phuong phap khac nhau

EAE, UAE, E-UAE, U-EAE lan luot la phwong phdp trich ly véi swe hé tro enzyme, siéu am, enzyme —
siéu Am, siéu Am — enzyme. DW: vt chat khd

Pon vi ciia TPC (ham lrong phenolic tong) la mg dwrong lwong gallic acid/g vdt chat khé.

Pon vi ciia TSC (ham lirong saponin tong) la mg dwong lirong aescin/g vat chat khd.

Pon vi ciia PAC (ham lwong proanthocyanidin) la mg dwong heong catechin/g vat chat kh.

Trong cling mét chi tiéu, chiz cai khac nhau (a, b, ¢,...) thé hién khac biét c6 Y nghia thong ké (P < 0,05).

Hinh 3.1 cho thay cac phuong phap két hop E-UAE va U-EAE thé hién TPC,
TSC va PAC cao hon dang ké khi so sanh véi cac phuong phap don 1é UAE va EAE.
TSC trong dich trich tir E-UAE cao nhat & mirc 30,81 + 1,24 mg AE/g DW, trong khi
U-EAE thé hién hiéu qua trich ly cao d6i véi TPC & mic 10,75 + 0,45 mg GAE/g DW.
Khong cé su khac biét co y nghia vé hiéu qua trich ly PAC giita E-UAE va U-EAE, voi
PAC lan luot 12 3,13 + 0,24 va 3,03 = 0,09 mg CE/g DW GP. Viéc &p dung U-EAE da

lam ting dang ké hiéu qua trich ly rutin, gallic acid va catechin (Bang 3.5). Hiéu qua
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trich ly gallic acid tir U-EAE cao hon tir 2 dén 2,6 l1an so véi UAE, EAE va E-UAE.
Nhitng két qua cua nghién ciru nay phi hop véi béo céo cua Hoang va cong su (2023),
chang minh rang két hop phuong phap trich ly hiéu qua hon dang ké so véi phuong
phap don 1& trong viéc thu hdi cac hop chat c6 hoat tinh sinh hoc.

Bang 3.5. Ham luong céc hop chat phenolic don 16 thu hdi dugc

bang cac phuong phap trich ly

}(Ij‘;‘glg‘\-’/\r}? EAE UAE E-UAE U-EAE
Gallic acid 17,60°+ 0,81  14,36°+044  16,61°+0,24  38,40°+ 0,63
Catechin 32,70+ 0,98 2335¢+058 27,22°+0,85  41,13%%0,55
Rutin 36,33°+1,79 2990°+1,39  30,08°+0,69 40,45+ 1,97

EAE, UAE, E-UAE, U-EAE lan leot la phwong phap trich ly véi sy hé tro enzyme, siéu am, enzyme —
siéu am, siéu am — enzyme. DW: vt chat kho. , )
Trong cung mgt hang, chéz céi khac nhau (a, b, c, ...) the hi¢n khac biét cé y nghia thong ké (P < 0,05).

Tuong tu, Stanek-Wandzel va cong su (2025) ciing da st dung phuong phap trich
ly ¢ hd trg két hop enzyme (cellulase, pectinase va hemicellulase) va siéu 4m dé thu
hoi hop chat phenolic (phenolic acid, flavonoid va anthocyanin) trong vo nho do va nho
trang. Viéc thu hdi cac hop chét co hoat tinh sinh hoc tiang 1én khi st dung phwong phap
két hop chu yéu Ia do hiéu qua cua enzyme pectinase va cellulase két hop véi siéu am.
Enzyme thiic day qué trinh phan hay cau tric té bao, tir d6 giai phong cac hop chat c6
hoat tinh sinh hoc lién két v&i chat nén thyc vat va 1am ting hiéu qua trich ly (Batista va
cong sy, 2023). Siéu am giup tang cuong kha nang tham thau cia dung moi vao mo thyc
vat. Nghién ctru cua Goltz va cong su (2018) ciing ap dung siéu 4m dé trich ly va lam

tang luong phenolic thu hodi dugc tir cdy Macela 1én 6,1 1an so véi trich ly thong thuong.
% T6i wu héa quy trinh trich ly bang phwong phap két hop siéu am - enzyme

Duya trén két qua cua cac thi nghiém mot yéu té (Phu luc 11.1 va Phu luc 111.1)
va két qua so sanh két hop cac phuong phap, RSM véi CCD di duoc trién khai dé toi
wu héa cac théng sé qua trinh trich ly cac hop chat muyc tiéu tir phu phim nho bang
phuong phap két hop enzyme va siéu am. Cac pham vi t6i wu dé trich ly dugc thiét 1ap
la ty 1€ dung mdi: nguyén liéu la 8:1 — 12:1 v/w (X1), nhiét do trich ly 1a 40 — 60°C (X2)
va thoi gian trich ly la 60 — 180 phut (X3). TPC, TSC va PAC dugc xac dinh la cac chi
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tiéu sir dung dé danh gia hiéu qua trich ly (Bang 3.6). Bang 3.7 trinh bay ham luong cac
hop chit muc tiéu trong phu pham nho thu dwgc & cac diéu kién trich ly khac nhau.
Bang 3.6. Mtrc d6 ma hoa cua cac bién doc lap cho thiét ké CCD

trong trich ly bang siéu am — enzyme

<z Ki Cic mirc ciia yéu to
Yéu to ‘n
hiu -1682 -1 0 +1  +1,682
Ty 1€ dung moi: nguyén liéu (viw) X1 6,6 8,0 10,0 12,0 13,4
Nhiét do trich ly (°C) X2 33,2 400 500 60,0 66,8
Thaoi gian trich ly (phat) X3 19,1 60,0 120,0 180,0 220,9

Bang 3.7. Ma tran yéu té ma héa trong trich ly bang siéu &m — enzyme

Yéu to Dap ung
Tylé dung Nhiétdo Thoigian TPC TSC PAC
moi: nguyén  trich ly trich ly (mg GAE/g (mgAE/g (mgCE/g

liéu (v/w) (°C) (phut) DW) DW) DW)
1 6,6 50,0 120,0 11,13 37,26 4,12
2 8,0 40,0 60,0 10,67 37,85 4,21
3 8,0 40,0 180,0 10,17 34,63 4,28
4 8,0 60,0 60,0 11,51 42,52 5,03
5 8,0 60,0 180,0 11,47 38,41 5,33
6 10,0 33,2 120,0 7,77 29,73 3,11
7 10,0 50,0 19,1 11,46 34,09 3,87
8 10,0 50,0 120,0 12,98 41,09 4,80
9 10,0 50,0 120,0 12,83 40,80 4,82
10 10,0 50,0 120,0 13,08 41,81 4,59
11 10,0 50,0 220,9 11,36 35,34 4,53
12 10,0 66,8 120,0 11,84 41,05 4,82
13 12,0 40,0 60,0 9,09 24,09 3,70
14 12,0 40,0 180,0 9,25 29,47 3,65
15 12,0 60,0 60,0 11,93 36,85 5,36
16 12,0 60,0 180,0 12,75 40,63 5,07
17 13,4 50,0 120,0 11,53 35,48 4,70

TPC, TSCva PAC ldn hegt la ham hrong phenolic tong, saponin tong va proanthocyanidin. GAE: Puong
luong gallic acid, AE: Puong luong aescin, CE: Puong lwong catechin, DW: vdt chat kh

Bang 3.8 tom tat cac hé s6 hdi quy wdc tinh cho céc chi tiéu, bao gom y nghia
cua cac hé s nay trong cac md hinh bé mit dap tng, cung véi cac gia tri R?, gia tri P
lack of fit va gia tri P ctia phuong trinh hoi quy. C4c anh hudng tuyén tinh, twong tac va
bac 2 cua cac yéu t thoi gian va nhiét do trich ly va ty 1é dung mdi: nguyén liéu ciing
dugc thé hién trong Bang 3.8. Qua Bang 3.8 va gia tri R? 1an luot 12 0,989; 0,952; 0,826
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ta ¢ thé két luan rang phuong trinh hoi quy ¢6 mirc d6 twong thich khé cao ¢ do tin cay
95%. Phan tich thong ké d3 x4c nhan y nghia cta cac mé hinh, duoc chirng minh biang
cac hé sé hdi quy c6 ¥ nghia thong ké (P < 0,05) va Lack of fit 1a khong c6 y nghia thong
ké (giatri P 14 0,2151 ddi véi TPC; 0,0676 d6i véi TSC va 0,0718 dbi voi PAC), khang
dinh tinh hiéu qua caa cac md hinh trong viéc minh hoa méi quan hé gitra cac diéu kién
trich ly va ham lugng cac hop chét c6 hoat tinh sinh hoc thu dugc.

Bang 3.8. Hé sb va gia tri P cua cac yéu td trong trich ly bing siéu am — enzyme

~ _TPC (mg GAE/g DW) TSC (mg AE/g DW) PAC (mg CE/g DW)
Tham so Hé s Hé s6 Hé sb

v Gia tri P re Gia tri P A Gia tri P
hoi quy i hoi quy j hoi quy j

Hang s6 12,950 <0,0001 41,206  <0,0001 4,711 <0,0001
X1 -0,009 0,8861 -1,856 0,0047 -0,007 0,9496
X2 1,121 <0,0001 3,764 <0,0001 0,572 0,0011
X3 0,021 0,7418 0,287 0,5471 0,083 0,4626
X1X2 0,525 0,0003 1,934 0,0139 0,150 0,3205
X1X3 0,189 0,0470 2,063 0,0103 -0,090 0,5421
X2X3 0,139 0,1200 -0,312 0,6156 -0,002 0,9866
X1? -0,546 <0,0001 -1,627 0,0140 -0,023 0,8542
X2 -1,085 <0,0001 -1,974 0,0056 -0,180 0,1712
X3 -0,517 0,0001 -2,214 0,0031 -0,096 0,4428
R2 0,989 <0,0001 0,952 0,0008 0,826 0,0495
Lack of fit 0,2151 0,0676 0,0718

TPC, TSCva PAC lan hiegt la ham hrong phenolic tong, saponin tong va proanthocyanidin. GAE: Puong
luong gallic acid, AE: Puong luwong aescin, CE: Puong luwong catechin, DW: Vdt chat kh

Céc md hinh bac hai cho TPC, TSC va PAC thu hdi duoc thé hién trong phuong
trinh (1) — (3). Céc phuong trinh da thirc bac hai nay duoc sir dung dé t6i wu hoa:
Y1 = 12,950 + 1,121X, + 0525X,X, + 0,189X,X; — 0,546 X7 - 1,085X7

—0,517X2 (1)
Yo = 41,206 — 1,856 X,+ 3,764X, + 1,934X,X, + 2,063X,X; — 1,627X2 —

1,974X2 — 2,214X2 )
Ys= 4,711 + 0,572X, ©)

Trong dé: X1 biéu thi ty 1& dung méi: nguyén liéu (v/w), Xz biéu thi nhiét do trich
ly (°C) va X3 biéu thi thoi gian trich ly (phat). Y1, Y2 va Y3 twong Gng lan luot véi TPC
(mg GAE/g DW), TSC (mg AE/g DW) va PAC (mg CE/g DW).

Biéu d6 duong ddng mirc va bé mat dap wng da minh hoa méi quan hé gitra céc
bién doc lap va dap ung dugc thé hién trong Hinh 3.2, Hinh 3.3 va Hinh 3.4. Nhiét do
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va ty & dung méi: nguyén liéu c6 anh huong dén TPC, TSC va PAC thu hdi duoc. Khi
cac yéu td nay cang ting thi hiéu qua thu hdi cang ting, nhung dén mot mac nhat dinh
(nhiét @6 > 60°C, thoi gian > 125 phut hodc ty 1€ dung méi: nguyén liéu > 10,5:1 (v/w))
néu tiép tuc ting cac yéu té thi ham lwong cac hop chat cé xu hudng giam. Trong do,

nhiét d6 1a théng sé quan trong nhat anh huéng dén TPC, TSC va PAC.

Ty 1&
°C) Y€ dung MO nguyen |
650 v 12 , ! yen féll o,
0 (V/w
9

-
nhiét do\
;e 50

)

TPC (mg GAE/g DW)
TSC (mg AE/g DW)
TSC (vi-\g AE/g DW) }

TPC (mg GAE/g DW)

13 -
TV 18 dyp,

PAC (mg CE/g DW)
PAC (mg CE/g DW)

N ——— S
3 P i ~—— —
. ~— — 4 4S8 g5

Ty la du,‘ TR R o
'9 méi; Nguyén jia, (‘/ ' hiet 4ot =
v/w)

€
Hinh 3.2. M6 hinh bé mat dap @ng va duong ddng muc cua (A) TPC, (B) TSC,
va (C) PAC chiu anh huong cua nhiét do va ty 1€ dung méi: nguyén liéu trong
phuong phap U-EAE

U-EAE: Trich ly co hé trokét hop siéu am va enzyme. TPC, TSC va PAC lan liot la ham heong phenolic
tong, saponin tong va proanthocyanidin. GAE: Duong liwong gallic acid, AE: Duong lwong aescin, CE:
Duong luong catechin. DW: vt chat kho.
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Hinh 3.3. M6 hinh bé mat dap @ng va duong ddng muc cua (A) TPC, (B) TSC,

va (C) PAC chiju anh huong cua thoi gian va ty 1¢ dung moi: nguyén liéu trong
phuong phap U-EAE

U-EAE: Trichly co hé trokét hop siéu am va enzyme. TPC, TSC va PAC lan Lot la ham leong phenolic
tong, saponin téng va proanthocyanidin. GAE: Duong liwong gallic acid, AE: Duong liwong aescin, CE:
Duong luong catechin. DW: vt chat khd
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Hinh 3.4. M6 hinh bé mat dap ang va duong ddng muc cua (A) TPC, (B) TSC, va (C)

PAC chiu anh huong cua nhiét d6 va thoi gian trich ly trong phuong phap U-EAE

U-EAE: Trichly c6 hé trokét hop siéu am va enzyme. TPC, TSC va PAC lan liot la ham heong phenolic
tong, saponin tong va proanthocyanidin. GAE: Duong liwong gallic acid, AE: Duong liwong aescin, CE:
Duong luong catechin. DW: vt chat khb

Hinh 3.5 trinh bay cac diéu kién téi wu dé trich ly cac hop chat phenolic, saponin,
proanthocyanidin tir phu pham nho bang phuong phap két hop siéu &m — enzyme, ciing
VGi céc gia tri dap ting du doan va thuc nghiém. Cac diéu kién tdi wu da xac dinh bao
gom ty 18 dung mdi: nguyén liéu 1a 10,5:1 (v/w), nhiét do trich ly 56°C, thoi gian trich
ly 125 phdt.

65

w 'S
a 3

TSC (mg AE/g DW)



Z
B il = s s e
ur 1228348 49 it "“‘m\ /’ S AT
3 120029, = 0 | & = / <
g 1356311 12 P o
5 11 /
&
10
50
g 45 H
D 425139 e B o pen /—‘.\\
< (404039, 4 / g e = | 0
£ 446239) S
o 3525
vl
=
EN]
i
g
a
85012 e | B e | S T A ot ]
S 451461 e = | :
£ 5510741 4- =
2 3
g
2
g L R B B BR 2 2 5 X e ol
= i .
25 Ty I& dung mar;
Mhigt 45 (*C) Thoi gian (phith nguyen ligu (viw)

Hinh 3.5. M hinh du doan TPC, TSC va PAC thu héi dugc trong diéu kién trich ly
t6i wu bang phuong phap trich ly c6 hd tro két hop siéu &m — enzyme
TPC, TSC va PAC lan lwot la ham heong phenolic téng, saponin téng va proanthocyanidin.
Véi diéu kién trich ly nay, két qua xtr Iy s6 liéu thong ké cho thay gia tri du doan
va thuc nghiém khac biét khong co ¥ nghia thong ké (P < 0,05) (Bang 3.9).
Bang 3.9. Két qua tham tra giira md hinh va thi nghiém thuc té

trong phuong phép trich ly két hop siéu am — enzyme

TPC TSC PAC
(mg GAE/g DW) (mg AE/g DW) (mg CE/g DW)

Du doan Thi nghiém Du doan Thinghiém  Dudoan  Thi nghiém

13,282+ 0,28 13,22+ 0,03 42,51*+ 2,11 40,63*+1,26 5,01°+0,50 4,96+ 0,07

TPC, TSC va PAC lan hegt la ham hrong phenolic tong, saponin tong va proanthocyanidin. GAE: Puong
lwong gallic acid, AE: Duong luong aescin, CE: Duong luong catechin, DW: vat chat kho
Trong cung mét chi tiéu, chiz cai khac nhau (a, b, c, ...) thé hién khac biéz cé y nghia thong ké (P < 0,05).

Ty 1& dung méi: nguyén liéu téi wu trong nghién ciru ndy gan twong duong voi
trong bao céo ciia Avdovié va cong su (2025) ciing st dung siéu am dé trich ly hop chat
phenolic tir vo nho Marselan va Shiraz. Thoi gian trich ly nay ngan hon so voi nghién
ctru dugc bao cdo bai Tomaz va cong su (2016), thaoi gian trich ly anthocyanin, flavonol
glycoside va flavan-3-ols tir vo nho bing enzyme pectinase 1a 3 gio. Nguyén nhan c6

thé giai thich do hiéu qua cua viéc két hop hai loai enzyme va tac dong cua siéu am gidp
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rat ngan thoi gian trich ly cac hop chat tir phu pham nho. Nhiét o thay phan 56°C la
phu hop cho céc loai enzyme. Nhiét d6 t6i wu cao hon so véi nhiét do duoc sir dung dé
thu hoéi phenolic tir hat nho véi trich ly ¢é hd trg enzyme pectinase 1a 48°C (Stambuk va
cong su, 2016).

3.2.2 T6i wu héa diéu kién trich ly cac hep chat c6 hoat tinh sinh hoc tir phu pham
nho bing DES
< Anh hwéng cia loai DES dén qua trinh trich ly bang DES

Mai loai DES c6 dic tinh ly hoa khac nhau dan dén hiéu qua trich ly khac nhau.
Do d6, dbi véi qué trinh trich ly cac hop chat c6 hoat tinh sinh hoc, viéc lua chon loai
DES phu hop véi nguyén liéu thé va hop chat muc tiéu cu thé 1a mot trong nhitng yéu
t6 quan trong nhat. Trong nghién ctu nay, tic dong caa chin loai DES dbi vai qua trinh
trich ly cac hop chét c6 hoat tinh sinh hoc tir phu phdm nho d3 duoc nghién cau, két qua
thé hi¢n & Hinh 3.6.

90 ~ A BTPC BTSC BPAC
80 -
70 -
60 -
50
40
30
20
10
0

Ham luong (mg/g DW)
A O

Loai DES

Hinh 3.6. Anh huang cua loai DES dén hiéu qua trich ly

DES: Dung mdi eutectic sau, ChCl: Choline chloride, CA: Citric acid, LA: Lactic acid, MA: Malic acid,
Gly: Glycerol, EG: Ethylene glycol; 1,4 But: 1,4-Butanediol. TPC, TSC va PAC lan luot 16 ham luong
phenolic téng, saponin tong va proanthocyanidin. GAE: Puong lwong gallic acid, AE: Puong hrong
aescin, CE: DPuong lwong catechin. DW: vdt chat kho.

Trong cuing mét chi tiéu, chiz cai khac nhau (a, b, ¢, ...) thé hién khac biét c6 y nghia thong ké (P < 0,05).
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Két qua cho thay su khéc biét co y nghia théng ké vé hiéu qua caa cac dung mdi
dé trich ly cac hop chat cé hoat tinh sinh hoc tir phu pham nho (P < 0,05). Trong sé céc
loai DES, loai tong hop dwa trén choline chloride va lactic acid (ChCI-LA) cho hiéu qua
trich ly cao nhat. Biéu nay thé hién rd trong tong ham luong trich ly, dat 131,99 + 0,97
mg/g DW, bao gém TPC, TSC va PAC lan luot 1a 36,19 + 0,55 mg GAE/g DW, 82,30
+ 1,03 mg AE/g DW va 13,49 = 0,24 mg CE/g DW. Céc gia tri nay cao hon so vdi cac
gia tri thu duoc vai hai dung mai con lai va khéc biét co ¥ nghia thong ké (P < 0,05).
Theo Palos-Hernandez va cong su (2025), hé¢ ChCI-LA véi ty 1€ 1:2 (w/w) la dung moi
thich hop nhit cho viéc trich ly anthocyanin va flavonol. Nhin chung, hiéu qua trich ly
tong thé cao nhit 1a monocarboxylic acid (lactic acid), tiép theo 1a dicarboxylic acid
(malic acid) va cubi cing la tricarboxylic acid (citric acid). Cac nghién ctu trudc day
cling xac nhan hiéu suit trich ly cac hop chat c6 hoat tinh sinh hoc str dung ChCI-LA
cao hon so vdi ChCI-MA va ChCI-CA (Palos-Hernandez va cong su, 2025). Nghién
ctru khéc cling chi ra rang dbi vai DES dya trén axit, khi ciu tric phan ti cua HBD c6
nhiéu nhém hydroxyl (OH) va/hoic carboxyl (COOH), kha niang thu hoi cac hop chat
muc tiéu bi giam (Almeida Pontes va cong su, 2021). Viéc them mot nhém OH vao cau
trdc cua axit ¢6 thé dan dén nang suat trich ly thiap hon va cac hop chat phenolic duoc
vu tién trich ly bang DES duya trén axit c6 ba hoic bon nguyén tir cacbon trong chudi
alkyl caa chung (Vieira va cong su, 2018).

Bén canh do, trong qué trinh trich ly ran — long, d6 nhét cua dung mai rat quan
trong ddi véi tng dung thyc té. Bang 3.10 thé hién do nhét cua cac dung méi tao thanh
tir cac loai DES khac nhau. ChCI-LA cho hiéu suat trich ly cao hon ChCl-MA va ChCl-
CA c6 thé 12 do sy khéc biét vé do nhét caa chiing. DES c6 nhiéu nhém hydroxyl (OH),
nhém carboxyl (COOH) trong cau trdic phan tir s& c6 d6 nhét cao hon. Theo Crespo va
cong su (2018), d6 nhét giam khi s6 lugng nhdm chuac giam do dé citric acid c6 do nhat
cao hon, tiép theo 1a malic acid, sau d6 1a lactic acid. P nhét cao cua ChCI-MA va
ChCI-CA s& han ché tinh di dong caa cac hop chat muc tiéu bén trong DES, lam giam
hiéu qua trich ly. Do d6, DES duoc tong hop boi choline chloride va lactic acid c6 do
nhét thap nhat va phi hop hon dé trich ly hop chat ¢6 hoat tinh sinh hoc tir phu pham
nho so véi ChCI-MA va ChCI-CA. Viéc bo sung glycerol vao hé dung mai sé 1am ting
d6 nhét cua ChCI-Gly-LA so vaoi ChCI-LA.
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Bang 3.10. B nhét cua céc loai DES khac nhau

Do nhot (cP)

Loai DES

(6630 £ 2°C)
ChCI-Glycerol (1:2) 1,52+ 0,01
ChCI-EG (1:2) 0,52 + 0,01
ChCI-1,4 But (1:2) 1,13+£0,01
ChCI-CA (2:1) 3,08 0,78
ChCI-LA (1:2) 0,50 £ 0,01
ChCI-MA (1:1) 2,64 £0,36
ChCI-Gly-CA (1:1:1) 3,07+£0,78
ChCI-Gly-LA (1:1:1) 0,84 + 0,01
ChCI-Gly-MA (1:1:1) 2,19+ 0,04

DES: dung méi eutectic séu, ChCI: choline chloride, CA: citric acid, LA: lactic acid, MA: malic acid,
Gly: glycerol, EG: ethylene glycol; 1,4 But: 1,4-Butanediol.

Nhin chung, ba loai DES cho hiéu qua trich ly cao nhat lan luot 1a ChCI-LA,
ChCI-MA va ChCI-Gly-CA. Trong d6, ChCI-LA cho hiéu qua trich ly cao va d6 nhot
dich trich thap. ChCI-LA s& phil hop vai cac cong doan xu ly tiép theo can dich trich c6
d6 nhét thap, khéng giir 4m vi du nhu siy phun, dong két tinh, siy thing hoa. Nguoc
lai, ChCI-Gly-CA cho hiéu qua trich ly cao twong d6i nhung trong thanh phan c6
glycerol nén c6 do nhét kha cao, gilp gitt am va s& phd hop cho cac tng dung lam
oleogel, nhii twong. Do d6, ChCI-LA va ChCI-Gly-CA dugc lua chon dé téi wu hoa quy
trinh trich ly cho hai dinh huéng ung dung khéac nhau dua trén dic diém caa dich trich.
3.2.2.1 Téi wu héa quy trinh trich ly bang DES tgo thanh tir choline chloride va lactic
acid

% Anh hwéng ciia mét sé yéu té dén qua trinh trich ly bing DES tao thanh tir
choline chloride va lactic acid

Mot s yéu té anh huong dén qua trinh trich ly bang DES tao thanh tir choline
chloride va lactic acid da duoc khao sét, bao gom ty 16 HBA: HBD, ty 1¢ nudc b sung,
ty 1€ dung méi: nguyén liéu, nhiét d6 va thoi gian trich ly (Phu luc 1V.1.1). Trong do,
hiéu qua trich ly tang theo ty 16 HBA: HBD tir 2:1 dén 1:2 (w/w). (Hinh PL 1V.1). Hiéu
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qua trich ly giam khi ty 1& choline chloride: lactic acid thay doi tir 1:2 dén 1:3 (w/w).
Déi vé6i anh huéng cua ty 16 nudc, két qua cho thdy rang ham lwong phenolic, saponin
va proanthocyanidin trich ly dugc tang theo ty 1¢ nude tang thém vao ChCI-LA tir 10%
dén 20% (Hinh PL 1V.2). Tuy nhién, ham lwgng cac hop chit muc tiéu lién tuc giam
khi ham lugng nuéc trong ChCI-LA tiép tuc ting hon 20%. D4i voi anh huong cua ty
I¢ dung moi: nguyén liéu (15:1, 20:1, 25:1 va 30:1 w/w) thi ty I¢ 25:1 (w/w) cho hiéu
qua trich ly cao nhat, duoc ching minh ¢ ham lwong TPC, TSC va PAC cao nhat (Hinh
PL I1V.3). Khi thé tich dung méi tiép tuc ting dén ty 1& dung mdi: nguyén liéu 1a 30:1
w/w, tong ham luong cac hop chat c6 hoat tinh sinh hoc giam. Ngoai ra, qué trinh gia
nhiét lam ting kha ning thu hoi céc hop chat phenolic, véi hau hét qua trinh trich ly dién
ra & nhiét do trén 40°C. Pang chi ¥, ham luong hop chét tang dang ké khi nhiét do ting
tir 50°C Ién 70°C. Tuy nhién, chi quan sat thdy mot su gia ting nhe khi nhiét d6 ting tir
60°C Ién 70°C (Hinh PL 1V.4). Khi thay d6i thoi gian trich ly, ham lugng hop chat muc
tiéu tang dang ké khi thoi gian kéo dai tir 60 phat 18n 120 phat (Hinh PL 1V.5).

% Toi wu héa diéu kién trich ly bang DES tao thanh tir choline chloride va
lactic acid
Dua trén két qua thi nghiém don, cac pham vi téi wu dé trich ly duoc thiét lap Ia
ty I¢ dung moi: nguyén liéu 1a 20:1 — 25:1 v/w (X1), nhiét d6 trich ly 1a 60 — 70°C (X2)
va thai gian trich ly 13 90 — 120 pht (Xs). TPC, TSC vi PAC duoc xac dinh Ia cac chi
tiéu dé danh gia hiéu qua trich ly (Bang 3.11).
Bang 3.11. Mtic d6 ma hoa cua céc bién doc 1ap cho thiét ké CCD trong trich ly

bang DES tao thanh tir choline chloride va lactic acid

Ki C4c mirc ciia yéu to

hiéu -1,682 -1 0 +1  +1,682

Yéu to

Ty 1€ dung moi: nguyén liéu (viw) X: 183 20,0 225 250 @ 26,7
Nhiét d6 trich ly (°C) X2 57 60 65 70 73

Thoi gian trich ly (phat) X3 80 90 105 120 130

Bang 3.12 trinh bay ham lwong hop chat cé hoat tinh sinh hoc trong phu pham
nho, véi TPC, TSC va PAC thu duoc dao dong lan luot tir 51,36 mg GAE/g DW dén
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84,36 mg GAE/g DW; 111,49 mg AE/g DW dén 166,24 mg AE/g DW va 22,57 mg
CE/g DW dén 31,13 mg CE/g DW.
Bang 3.12. Ma tran yéu t6 ma hoa trong t6i wu hoa diéu kién trich ly bang DES

tao thanh tir choline chloride va lactic acid

Yéu t6 Dap wrng
A . 2 (mg GAE/g (mg AE/g (mg CE/g
nguyén trich  trich ly DW) DW) DW)
liéu (v/iw) |y (°C) (phut)
1 18,3 65 105 51,36+0,54 111,49+£150 2257+0,20
2 20,0 60 90 55,74+£0,99 120,40+196 22,94+0,18
3 20,0 60 120 60,96 +0,22 128,10+1,32 24,68 0,07
4 20,0 70 90 64,33+£0,14 119,71+184 2452+0,19
5 20,0 70 120 66,03+0,31 150,24+2,18 27,78+0,18
6 22,5 57 105 65,11+0,66 11752+1,69 2530+£0,20
7 22,5 65 80 61,99+045 133,79+106 27,21+0,19
8 22,5 65 105 70,69+0,19 166,04+1,36 28,60+ 0,20
9 22,5 65 105 68,72+0,84 160,01+0,70 28,90 +0,08
10 22,5 65 105 69,44 +0,47 15955+0,70 27,70%0,08
11 22,5 65 130 71,40+0,85 154,11+£0,36 29,96 £0,19
12 22,5 73 105 84,36 +0,26 166,24+1,67 31,13+0,14
13 25,0 60 90 63,49+0,11 138,49+0,46 2591+0,79
14 25,0 60 120 71,78+0,33 150,99+1,58 29,60 £0,50
15 25,0 70 90 71,98+0,24 150,75+1,63 30,18+0,48
16 25,0 70 120 81,28+0,78 166,11+1,63 30,51+0,08
17 26,7 65 105 72,40+045 156,01+0,46 30,33+0,08

TPC, TSC va PAC lan heot la ham luong phenolic tong, saponin tong va proanthocyanidin.; GAE:
Duong lwong gallic acid, AE: Puong luong aescin, CE: Puong lwong catechin; DW: vt chat kho.

Bang 3.13 tom tat cac hé sé hdi quy udce tinh cho céc chi tiéu, trong d6 ¥ nghia
cua cac hé sé nay trong cac md hinh bé mat dap ung, gia tri R?, gia tri P lack of fit va
gia tri P ciia phuong trinh hoi quy ciing duoc thé hién. Phan tich thong ké cho thay y
nghia ctia cac mé hinh, duoc xac nhan bang céc hé s hdi quy c6 ¥ nghia thong ké (P <
0,05) va gid tri Lack of fit 1a khong c6 ¥ nghia thong ké (P > 0,05) cho tit ca cac mo
hinh. Hon nita, Bang 3.13 ciing trinh bay chi tiét c4c anh huong tuyén tinh, tuong tac
va bac hai cua nhiét dg, thoi gian trich ly va ty 1é dung méi: nguyén liéu déi voi tirng
dap (ing. Cac hé sb co gia tri P < 0,05 duoc xem 1a ¢6 ¥ nghia, chung minh anh hudng
c6 dang ké cua cac bién twong tng.

Cac muc tuyén tinh cua ty 1é dung moi: nguyén liéu, nhiét do va thoi gian trich
ly c6 anh huéng tich cuc dén TPC, TSC va PAC. Trong khi d6, hau hét cac mirc bac hai
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déu thé hién tac dong tiéu cuc dén cac chi tiéu, ngoai trir nhiét do trich ly. Poi véi TPC,
thoi gian véi muc bac hai khdng cho thiy tac dong dang ké dén hiéu qua trich ly (P >
0,05). T4t ca cac muc bac hai khi xét chi tiéu TSC déu c6 ¥ nghia théng ké (P < 0,05),
tuong tu dbi voi PAC cac muc bac hai caa ty 16 dung mdi: nguyén liéu ciing c¢6 ¥ nghia
thdng ké (P < 0,05). Cac murc twong tac giita ba yéu té khéng chimg minh dugc ¥ nghia
théng ké ddi véi hiéu qua trich ly (P > 0,05).

Bang 3.13. Hé sb va gié tri P cia cac yéu t6 trong toi wu hoa diéu kién trich ly

bang DES tao thanh tir choline chloride va lactic acid

TPC (mg GAE/g DW) TSC (mg AE/g DW) PAC (mg CE/g DW)

thamso HEso  Giigip M0 Giagip  MESO Gigggp
hoi quy i hoi quy j hoi quy ’

Hang s 69,71 <0,0001 161,56 <0,0001 28,47 <0,0001
X1 5,63 <0,0001 11,92 0,0006 2,15 <0,0001
X2 4,76 <0,0001 9,66 0,0023 1,46 0,0010
X3 2,97 0,0006 7,37 0,0085 1,00 0,0072
X1X2 0,54 0,4368 0,74 0,7881 0,06 0,8629
X1X3 1,33 0,0817 -1,30 0,6401 -0,12 0,7358
X2X3 -0,31 0,6472 3,21 0,2655 -0,23 0,5308
X1? -2,94 0,0011 -9,29 0,0041 -0,85 0,0231
X2? 1,76 0,0211 -7,01 0,0226 -0,26 0,4409
Xa? -1,26 0,0589 -5,76 0,0376 -0,09 0,7610
R? 0,98 <0,0001 0,93 0,0028 0,94 0,0014
Lack of fit 0,1934 0,1581 0,2620

TPC, TSC va PAC lan Lot la ham hwong phenolic téng, saponin tong va proanthocyanidin. GAE: Duong
luong gallic acid, AE: Puong luong aescin, CE: Puong lwong catechin, DW: vt chat kho.

Phan tich thong ké da xac nhan do chinh xéac cua cac md hinh bé mat dap ang,
dugc phan anh théng qua céc gia tri R 1a 0,98 ddi véi TPC, 0,93 ddi voi TSC va 0,94
d6i voi PAC. Céc gia tri P cua Lack of fit (gia tri P 12 0,1934 d6i voi TPC, 0,1581 doi
v6i TSC va 0,2620 ddi véi PAC) da xac nhan thém cac mo hinh 1a ph hop, khang dinh
tinh hiéu qua cua chang trong viéc minh hoa méi quan hé gitta cac diéu kién trich ly va
c4c chi tiéu TPC, TSC va PAC thu dugc. Nhitng két qua nay chi ra rang cac mé hinh da
thire bac hai biéu dién mét cach co hiéu qua tac dong cua cac thdng sb trich ly 1én cac
dap g, cung cap nhitng hiéu biét quan trong dé t6i uu hoa cac quy trinh trich ly cua
TPC, TSC va PAC tir phu pham nho.
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Céac md hinh bac hai cho TPC, TSC va PAC duoc thé hién trong phuong trinh
(4), (5) va (6). Cac phuong trinh da thirc bac hai nay duoc st dung dé tdi vu hoa:

Y1=69,71 +5,63X, +4,76X, +2,97X; —2,94X% + 1,76X?% (4)
Y, =161,56 + 11,92X, + 9,66X, +7,37X; —9,29X2 — 7,01X2 — 5,762 (5)
Y3 = 28,47 + 2,15X, + 1,46X, + 1,00X; — 0,85X2 (6)

Trong d6 X1 biéu thi ty 1é dung méi: nguyén liéu, Xz biéu thi nhiét d6 trich ly, Xs
biéu thi thoi gian trich ly va Y1, Y2 va Y3 tuong tng véi TPC, TSC va PAC thu duoc.

Biéu d6 duong ddong mirc va bé mat dap timg da minh hoa méi quan hé gitra céc
bién doc lap va dap ung. Hinh 3.7, Hinh 3.8 va Hinh 3.9 cho thiy cach TPC, TSC va
PAC thay ddi theo sy thay ddi cia ba yéu td, nhin chung cho thay sy gia ting cac hop
chat nay khi nhiét do, thoi gian trich ly va ty Ié dung méi: nguyén liéu cao hon. Hinh
3.7 1am noi bat tic dong dang ké cua nhiét do trich ly va ty 1é dung mai: nguyén liéu doi
v6i TPC, TSC va PAC. Két qua cho thay TPC, TSC va PAC ting khi nhiét d6 va ty I¢
dung mai tang. Tuy nhién, nhiét do hoac ty Ié dung mdi quéa cao co thé dan dén giam
TSC nhanh hon. Hinh 3.7 cho thay san luong TPC ting khi ty 1é dung madi trén nguyén
licu va nhiét do trich ly cao hon nhung bat dau giam nhe khi vuot qué ty 1¢ dung mai:
nguyén ligu 1a 25:1 (v/w). Tuong tu nhu vay, tac dong cua ty I¢ dung moi: nguyén li¢u
va nhiét do trich ly d6i véi PAC ciing theo cung xu huéng nhu TPC. Nguyén nhan co
thé 1a do nhiét do cao hon lam ting d6 hoa tan cua cac hop chat phenolic va
proanthocyanidin, do d6 tao diéu kién giai phong ching khoi ma tran thuc vat. Cac
nghién ctu trude day da ching minh tuong ty, cho thay nhiét d6 ciing véi ty 1é dung
mai: nguyén liéu ting gitp cai thién hiéu qua thu hoi TPC (Bui va cong su, 2024). Doi
v6i TSC, su gia ting ban dau da duoc quan sat thay khi nhiét do va ty Ié dung moi:
nguyén li¢u tang. Tuy nhién, su suy giam TSC da dugc ghi nhan khi ty 1€ dung mdi trén
nguyeén liéu vuot quéa 25:1 (v/w) va nhiét do vuot qua 70°C. Piéu nay cho thay rang cac

diéu kién khic nghiét c6 thé gay ra su phan hay nhiét hoic mat saponin trong trich ly.
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Hinh 3.7. M6 hinh bé mat dap ung va duong dong muc cia (A) TPC, (B) TSC va (C)

PAC chiu anh huong cua ty 1é dung mdi: nguy@n liéu va nhiét do trong trich ly bang
DES tao thanh tir choline chloride va lactic acid

TPC, TSC va PAC lan hegt la ham luong phenolic tong, saponin tong va proanthocyanidin. GAE: Puong
luong gallic acid, AE: Puong luong aescin, CE: Puong lwong catechin, DW: vt chat kho.

Thoi gian trich ly ciing quan trong trong viéc tac dong dén hiéu qua trich ly TPC,
TSC va PAC tir phu pham nho. Nhu thé hién trong Hinh 3.8, viéc tang thoi gian trich
va ty 1& dung mdi: nguyén liéu ban dau thuc day sy gia ting TPC, TSC va PAC trudc

khi dan dén sy suy giam.
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Hinh 3.8. M6 hinh bé mit dap tng va duong déng muc cua (A) TPC, (B) TSC va

(C) PAC chiju anh hudng cuaa thoi gian trich ly va ty 1€ dung mdi: nguyén liéu
trong trich ly bang DES tao thanh tir choline chloride va lactic acid

DES: dung mdi eutectic sdu. TPC, TSC va PAC lan luwot la ham hrong phenolic tong, saponin téng va
proanthocyanidin. GAE: Puong luong gallic acid, AE: Duong luong aescin, CE: Duong lwong
catechin, DW: vt chat kho.

Tuong tu nhu vay, Hinh 3.9 chiing minh su twong tac gitta thoi gian va nhiét do
trich ly. Khi nhiét d6 cao va thoi gian trich ly kéo dai c6 thé ting cudng hiéu qua trich

ly TPC va PAC, nhung chiing lai anh huéng tiéu cuc dén TSC. Tac dong bac hai coa
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thoi gian trich ly 1a khong dang ké ddi véi TPC va PAC (P > 0,05) nhung lai dang ké
d6i v6i TSC (P <0,05).
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Hinh 3.9. M6 hinh bé mat dap tng va duong déng muc cua (A) TPC, (B) TSC va
(C) PAC chiju anh huéng cta nhiét do va thoi gian trich ly bang DES tao thanh tir

choline chloride va lactic acid

DES: dung mdi eutectic sdu. TPC, TSC va PAC lan luot la ham heong phenolic tong, saponin tong va
proanthocyanidin. GAE: Duong heong gallic acid, AE: Duong luong aescin, CE: Dwong luong
catechin, DW: vdt chat khd.

Hinh 3.8 va Hinh 3.9 cho thdy TSC bét dau giam khi thoi gian trich ly vuot qua
khoang 120 phut, trong khi TPC va PAC tiép tuc tang nhe. Phét hién nay cho thay thoi
gian trich ly téi uu dé téi da hoa kha ning thu hdi TSC ngén hon so véi cac hop chat

khac nhu phenolic ¢6 kha nang chdng lai nhiét do, oxy va anh sang tét hon. Thoi gian
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trich ly kéo dai dan dén su phan hiay dang ké cua saponin, trong khi cac hop chét khac
tiép tuc duoc khuéch tan vao dung méi, din dén nong do ting (Hoang, 2023). Cac nghién
ctru trude ddy, chang han nhu nghién ciru cia Bui va cong sy (2024), di chi ra rang
saponin khuéch tan vao dung méi nhanh hon cc hop chét phenolic. Do d6, viéc kéo dai
thoi gian trich ly vuot qua pham vi téi vu khong 1am ting dang ké san lwong TSC va
tham chi cé thé 1am giam ching do su phan hay nhiét hoic oxy hoa.

Hinh 3.10 trinh bay cac diéu kién tdi wu dé trich ly cac hop chat c¢d hoat tinh sinh
hoc tir phu pham nho, ciing véi céc gia tri dap ung du doan & cac diéu kién téi wu nay.
Céc diéu kién téi vu d3 xac dinh bao gdm ty 1& dung mdi: nguyén liéu 1a 25:1 (viw),
nhiét do trich ly la 70°C trong 118 phdt.
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Hinh 3.10. M@ hinh du doan TPC, TSC va PAC thu hdi duoc va diéu kién trich ly téi vu

cta phuong phap trich ly bang DES tao thanh tir choline chloride va lactic acid

TPC, TSC va PAC lan liot la ham lwong phenolic téng, saponin tong va proanthocyanidin.
DES: dung méi eutectic sau.

TPC, TSC va PAC thuc nghiém lan luot 12 81,90 + 1,06 mg GAE/g DW, 174,66
+ 2,87 mg AE/g DW va 31,13 + 0,50 mg CE/g DW. Su khé&c biét gitra cac gia tri du
doan va thyc nghiém d6i véi mdi dap tmg dugc chimg minh 1a khong c6 ¥ nghia thng
ké (P > 0,05) (Bang 3.14).
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Bang 3.14. Két qua tham tra gitta mo hinh va thi nghiém thuc té trong t6i uu hoa

diéu kién trich ly bang DES tao thanh tir choline chloride va lactic acid

TPC TSC PAC
(mg GAE/g DW) (mg AE/g DW) (mg CE/g DW)
Du doan Thi nghiém Du doan Thi nghiém Du doan Thi nghi€ém

81,974+ 3,36 81,90°+1,06 171,30+ 13,60 174,66°+2,87 31,53+ 1,79 31,13°+0,50

Trong cling mét chi tiéu, chiz cai khac nhau (a, b, ¢, ...) thé hién khac biét c6 y nghia théng ké (P <0,05)
DES: dung méi eutectic sau, DM: NL: dung mdi: nguyén liéu. TPC, TSC va PAC lan liot la ham heong
phenolic téng, saponin tong va proanthocyanidin. GAE: Puong lwong gallic acid, AE: Puong hrong
aescin, CE: Puong lwong catechin, DW: vdt chat kho

Nhin chung, mé hinh bé mit dap tng da dugc xac nhan 1a c6 thé dy doan TPC,
TSC va PAC trich ly tir phu pham nho dya trén théng sé ty 1é dung mai: nguyén liéu,
nhiét 6 va thoi gian trich ly. Biéu kién t6i vu nay khac véi nhiing két qua duoc béo cao
boi Athanasiadis va cong su (2022), di xac dinh cac diéu kién téi wu dé trich ly
polyphenol tir Vitis vinifera cv. Muscat st dung DES tong hop tir L-proline, glycerol va
citric acid ¢ nhiét d¢ 80°C va thoi gian 220 phit (Athanasiadis va cong su, 2022). Nguoc
lai, nhiét do toi uu xac dinh trong nghién ctiru nay cao hon nhiét d6 dé trich ly polyphenol
va anthocyanin tir phy pham viét quat bang céch st dung DES tir choline chloride va
1,4-butanediol (Zhang va cong sy, 2023). Tuong tw, nhiét 46 va thoi gian trich ly téi vu
(70°C va 118 phdt) déu cao hon so véi nhiét do va thoi gian t6i wu (60°C va 60 phut) dé
trich ly hop chét phenolic trong phu phim nho dé giéng Feteasci Neagra va Merlot
trong nghién cuu cua Balan va cong su (2025) cung dung mdi tir choline chloride va

lactic acid.

TSC thu hdi dugc mic du van thap hon so voi ham lugng saponin xac dinh dugc
trong nghién cau cua Simchuer va cong su (2022) thuc hién trén giéng nho dai
Ampelocissus martinii Planch. Tuy nhién, TPC dat dugc trong nghién ctru nay vuot troi
hon so voi cac nghién ciu trude day duoc tién hanh trén cac giéng nho khac
(Athanasiadis va cong sy, 2022; Milin¢i¢ va cong sy, 2021) cling nhu trén cung mot
gidng nho (Nguyen va cong su, 2023) véi loai DES khac tir choline chloride, citric acid
va glycerol. Dic biét, ham luong tong cac hop chat trich ly duoc bang phwong phap six
dung DES cao hon so v6i phwong phép trich ly ¢6 hd trg két hop siéu &m — enzyme. Tur

d6 c6 thé thay dugc hiéu qua trich ly cua DES. Kha niang hoa tan cac hop chat trong
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DES duoc giai thich theo hai ly thuyét chinh d6 1a (1) Ly thuyét 15 trong: Cu triic bén
trong cua DES tao thanh ma tran gidng nhu polymer va cac hop chit muc tiéu c6 thé
hoa tan vao 16 tréng cia mang ludi polymer. Khi ty I va thanh phan cia DES thay d6i,
kich thuéc va hinh dang cua cac 15 tréng trong ma tran thay déi dan dén cau trac caa
DES ciing thay doi; (2) Ly thuyét lién két: Cac chat hoa tan tro thanh mot phan caa ma
tran DES nho vao cac tuong tac nhu lién két hydro (Liu va cong su, 2018). DES c6 thé
hoa tan phenolic do d6 phan cuc va tuong tac héa hoc tuong tu. Tuong tac hydro gitta
DES va céc phenolic rit manh (manh hon so véi tan trong nuéc) va doéi khi vuot troi
hon céc luc tinh dién gitra polyphenol — polyphenol khac (Zhou va cong su, 2023). Cac
co ché nay giup ting cudng dang ké kha ning hoa tan cac hop chat phenolic va saponin
cuia DES. Bén canh d6, hiéu qua trich ly cua DES con duoc giai thich bang tac dong cua
né 18n thanh té bao cua nguyén liéu. Cac nguyén liéu duoc trich ly bang DES di cho
thay nhiéu 15 réng va vét niat Ion hon so véi qua trinh trich ly c6 hd tro siéu am riéng I¢
nho vao tac dong dn mon va su thAm nhap cua DES vao céu tric té bao théng qua cac

hinh SEM dugc béo cao trong nghién ciru cuia Wang va cong su (2023).

% Thanh phan hep chat phenolic, hoat tinh khang oxy hda va khang khuan

caa dich trich ly bing DES dwa trén choline chloride: lactic acid

Thanh phan hop chat ¢ hoat tinh sinh hoc don 1é trong dich trich téi uu

Dich trich thuc vat c6 thé chira hang traim hop chat ¢d hoat tinh sinh hoc riéng Ié
véi ham luong khac nhau. Viéc xac dinh cac hop chat cu thé trong dich trich cung cap
thong tin chi tiét vé hoat tinh sinh hoc cua dich trich, bao gém cac dic tinh khang khuan
va khang oxy hda. Trong luan &n nay, dich trich da dugc phan tich dé tim mot sé hop
chat c6 hoat tinh sinh hoc chinh ¢6 trong phu pham nho. Ham lugng cua cac hop chat
riéng & nay duoc trinh bay trong Bang 3.15. Cac két qua nay tuong tu véi cac nghién
ctu trude day da xac dinh phu pham nho 1a nguén phong phd cua nhiéu hop chat c6
hoat tinh sinh hoc khac nhau, bao gém catechin, epicatechin, gallic acid, kaempferol,
myricetin, quercetin va rutin (Caldas va cong su, 2018; Milin¢i¢ va cong su, 2021).

Theo Vaou va cong su (2022), su két hop cua cac hop chat khang khuan cé thé
tang cuong hoat tinh khang khuan tong thé cua dich trich dong thoi giam thiéu cac tac
dung khang cd hai tiém an. Ngoai ra, viéc sir dung két hop cac hop chét hoat tinh khang

khuan giGp giam doc tinh va tac dung phu, vi liéu thap hon c6 hiéu qua khi st dung ciing
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nhau so véi khi dung riéng 1¢é (Vaou va cong su, 2022). Phu pham nho Red Cardinal
chtra nhiéu hop chit cd hoat tinh sinh hoc da dang ¢ tiém ning dang ké dé nghién ctu
va uirng dung thém.

Bang 3.15. Ham luong mét sé hop chit phenolic don 1¢ trong dich trich ly bang DES

tao thanh tu choline chloride va lactic acid

Hop chét phenolic don 1é Ham lwong (ng/g DW)
Catechin 58,48 £ 0,80
Epicatechin 17,23 £2,74
Gallic acid 16,50 £ 0,13
Kaempferol 18,18 + 0,05
Myricetin 39,63+0,11
Quercetin 24,29 + 0,06
Rutin 55,42 £ 0,13

DES: dung méi eutectic sau, DW: vt chdt kho.

Nhu thé hién trong Bang 3.15, ham lwgng hop chat c6 hoat tinh sinh hoc trong
dich trich phu pham nho dugc phan tich dao dong tir 16,50 pg/g DW dén 58,48 pg/g
DW. Ham lugng quercetin, catechin, epicatechin va gallic acid trong diéu kién trich ly
t6i wu duoc xac dinh cao hon ham lugng duoc Milingié¢ va cong su (2021) béo céo trong
nghién ctu cia ho vé ba nho Prokupac, nhung thap hon néng do dugc quan sat thay
trong bao céo cua Caldas va cong su (2018). Tuy nhién, ham lugng kaempferol trong
phu pham nho Red Cardinal thap hon ham luong tim thay trong bd nho Prokupac
(Caldas va cong sy, 2018). Sy khéc biét nay cd thé 1a do giéng nho va phuong phép trich
ly khac nhau.

Cac nghién ctru di cong bd chi yéu str dung dung méi hiru co dé trich ly cac hop
chat tir bd nho, nhu methanol 80% (Milin¢i¢ va cong su, 2021) hoic ethanol 50%
(Caldas va cong su, 2018) trong khi nghién ciru nay sir dung DES bao gom choline
chloride va lactic acid. Trich ly bang DES dugc bao cdo la mang lai hiéu qua trich ly
cao hon so Vi cac dung moi thong thuong (Nguyen va cong su, 2023). Ngoai ra, DES
duoc tao ra tir sy két hop cua choline chloride va lactic acid cho thdy hiéu qua cao hon
trong viéc trich ly quercetin va kaempferol tir phu pham cua ciing mot gidng nho nhung
s dung DES duoc tao thanh tu choline, glycerol va citric acid (Nguyen va cong su,

2023). Dir lieu HPLC cung cip thong tin chi tiét cd gia tri vé cac hop chat cu thé duoc
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dinh lugng. Hon nira, diéu quan trong can nhan manh 1 dich trich chtza nhiéu hop chét
phenolic khac nhau, bing ching 1a TPC, TSC va PAC cao. Nhin chung, nhitng két qua
nay chi ra rang DES tong hop tir choline chloride va lactic acid c6 hiéu qua trong viéc

trich ly cac hop chat c6 hoat tinh sinh hoc don 1é tir phu pham nho.

Hoat tinh khang oxy héa, khang khuan cia dich trich tdi wu

Cac chit c6 ngudn gdc tir thuc vat ty nhién c6 dic tinh khang khuan da thu hat
dugc su quan tdm dang ké tir cac nha nghién ctu do tiém ning cia chiing nhu céc tac
nhan khang khuan thay thé. Dich trich thuc vat 12 ngudn phong pht cac hop chit cé hoat
tinh sinh hoc va tinh dau, gép phan tao nén tac dung khang khuan cua ching. Cac dic
tinh khang khuan caa dich trich phu pham nho tdi uu da dwoc kiém tra bang cach danh
gia duong kinh cua vong khang khuan va xac dinh MIC. Hon nita, hoat tinh khang khuan
cua dung mdi di dugc danh gia dé cung cap su so sanh véi dich trich toi wu. Két qua
cuia cac thir nghiém khang khuan nay duoc trinh bay trong Bang 3.16 va Bang 3.17.

Cac két qua trong Bang 3.16 ching minh sy gia ting ty 1é thuan vé duong kinh
ctia vong khang khuan khi thé tich dich trich va nong do hop chat c6 hoat tinh sinh hoc
tang. Cu thé, khi thé tich dich trich tang tir 10 pL Ién 40 pL, duong kinh viing e ché
d6i voi S. typhimurium ATCC 14028 ting déng k& tir 14,97 + 0,25 mm Ién 25,50 + 0,50
mm, cho thay sy ¢ ché vi khuan ting cao. Puong kinh ving uc ché tbi da 1a 25,50 +
0,50 mm, biéu thi hoat tinh khang khuan manh nhat, dugc ghi nhan ¢ 40 pl d6i véi S.
typhimurium ATCC 14028. Su khéc biét nay co y nghia thong ké (P < 0,05). Nguoc lai,
dich trich thé hién tac dung khang khuan thap nhat déi voi B. subtilis ATCC 6633, V4i
viing &c ché nho nhat do duogc 1a 10,00 + 0,20 mm. Di véi bat ky thé tich hodc nong
d6 hop chat cd hoat tinh sinh hoc nao, dich trich cho thy hiéu qua @c ché 16n nhat dbi
Véi S. typhimurium ATCC 14028, tiép theo Ia E. coli ATCC 8739 va S. aureus ATCC
6538, va cudi cuing l1a B. subtilis ATCC 6633. O thé tich dich trich 12 30 pL va 40 uL,
viing wc ché ddi vai E. coli ATCC 8739 va S. typhimurium ATCC 14028 I6n hon déng
ké so véi ving e ché d6i véi S. aureus ATCC 6538 va B. subtilis ATCC 6633. Puong
kinh vong khang khuan caa dung moi ciing ting theo ty I& vai thé tich sir dung. Khi thé
tich dung méi ting tir 10 pL Ién 40 pL, duong kinh ving &c ché ma rong tir 11,07 +
0,15 mm 1én 20,00 + 0,20 mm. Nhin chung, dung mdi thé hién hoat tinh tc ché 16n hon

d6i vai S. typhimurium ATCC 14028 so véi cac chung vi khuan khac, véi su khac biét
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nay co ¥ nghia thong ké (P < 0,05) & thé tich 40 pl. Tuy nhién, khdng giéng nhu dich
trich, dung méi khdng thé hién xu huéng tc ché nhat quan trén tat ca cac vi khuan duoc
thir nghiém.

Bang 3.16. Pudng kinh vong khang khuén cua dich trich ly bang DES

tao thanh tu choline chloride va lactic acid

Ham lrong hop chit

) Thé tich trong dich trich Puong kinh vong khing khuin (mm)
Miu dich
TPC* TSC* PAC* E. coli S. typhimurium  B. subtilis S. aureus
(L) (ng) (ng) (ng) ATCCB8739 ATCC 14028 ATCC6633 ATCC 6538
Dich trich t5i uu 10 85,91 183,22 32,66 12,20°¢+0,20 14,97'A+0,25 10,007P +0,20 13,0398 + 0,15
20 171,82 366,44 65,32 14,40°B+0,20 18,53~ +0,31 14,00%B + 0,20 14,007® + 0,20
30 257,73 549,65 97,99 20,47°B+0,31 23,23°A+0,38 16,37°P +0,32 19,43°C + 0,40
40 343,64 732,87 130,65 24,1728 +0,29 25,50°A+0,50 20,072P +0,31 21,07°¢+0,31
Dung moi 10 - - - 9,0098+£0,20 11,07"A+0,15 7,279¢+0,25 11,00"" + 0,20
20 - - - 12,208 +0,20 13,0094+0,20 12,27¢B+0,06 12,9794 + 0,06
30 - - - 16,539A+0,15 15,0078+0,50 13,47¢C+0,25 15,03°8 +0,15
40 - - - 19,00°B+0,20 20,0094 +0,20 14,50°P + 0,50 16,03¢¢ + 0,25
Khéng sinh 20 - - - 20,00°+0,20 27,000+0,20 19,972+0,12 28,002+ 0,20
chloramphenicol
(1 mg/mL)
Nuéc cat 20 - - -
- Khong xac dinh

* TPC, TSC va PAC lan luwot la ham lrong phenolic tong, ham lirong saponin tong va ham lwong
proanthocyanidin trong mai thé rich firong 1ing theo hang.

Trong cling mét cét, chiz cai khac nhau (a, b, ...) thé hién khac biét ¢6 y nghia théng ké (P < 0,05).
Trong cling mgt dong, c&c chi ci khac nhau (A, B,...) thé hién khac biét ¢6 y nghia, thong ké (P <0, 05)
DES: dung méi eutectic sau. TPC, TSC va PAC lan heot la ham lrong phenolic tong, saponin téng va
proanthocyanidin. Péi ching dm: Nudéc cdt. Poi chimg dwong: Khang sinh chloramphenicol.

Theo Zbakh va cong su (2012), hoat tinh khang khuan dugc phan loai theo dudng
kinh vong khang khuan nhu sau: khong c6 hoat tinh (dwong kinh tc ché < 10 mm), hoat
tinh thap (10-15 mm), hoat tinh trung binh (15-20 mm) va hoat tinh cao (> 20 mm).
Dua trén phan loai nay, céc dich trich cho thy hoat tinh khang khuan thap ¢ thé tich
thap hon véi dudng kinh vong khang khuan chua yéu tir 10 mm dén 15 mm dbi véi thé
tich 1020 pL (ngoai trir S. typhimurium ATCC 14028). O thé tich cao hon (3040 pL),
duong kinh vong khang khuan dao dong tir 16 mm dén 25 mm, thé hién kha ning khang
khuan tir muc trung binh dén cao. Dung méi cho thay hoat tinh khang khuan tir thap dén

trung binh, véi duong kinh vong khang khuan thuong duéi 20 mm. Nguoc lai, khang
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sinh tiéu chuan cho thay hoat tinh tc ché cao ddi véi tat ca cac chung vi khuan duoc thir
nghiém (duong kinh > 20 mm). Pang chu ¥, dich trich ti wu & thé tich 40 pL cho thay
kha ning trc ché dang ké dbi véi E. coli ATCC 8739 so véi chloramphenicol (P < 0,05).

Bang 3.17 cho thay ddi vai E. coli ATCC 8739, S. typhimurium ATCC 14028 va
S. aureus ATCC 6538, MIC cua dung mdi gip doi so vai dich trich, trong khi d6i Voi
B. subtilis ATCC 6633 cao hon nam lan.

Bang 3.17. Nong d6 trc ché tdi thiéu caa dich trich ly bang DES

tao thanh tir choline chloride va lactic acid

Dich trich t6i wu Dung mdi
Vi khuén MIC TPC* TSC*  PAC* MIC
(nL/mL) (n9) (n9) (no) (nL/mL)
E. coli ATCC 8739 2,5 21,48 45,80 8,17 5,0
S. typhimurium ATCC 14028 2,5 21,48 45,80 8,17 5,0
B. subtilis ATCC 6633 2,5 21,48 45,80 8,17 12,5
S. aureus ATCC 6538 2,5 21,48 45,80 8,17 5,0

Khang sinh chloramphenicol 0,2

MIC: néng dp irc ché toi thiéu. DES: dung mdi eutectic sau. 7
* TPC, TSC va PAC lan luogt la ham lwong phenolic tong, ham luong saponin tong va ham luong
proanthocyanidin trong moi nong do fiwong 1ng theo hang.

Nhitng két qua nay cho thay dich trich c¢6 tac dung ¢ ché manh hon dung méi.
Tuy nhién, ca dung méi va dich trich déu thé hién hoat tinh khang khuan thip hon so
vé6i chloramphenicol, ¢6 thé 1a do dic tinh khang khuan manh ciia cac loai khang sinh
chuan nhu chloramphenicol. Cac nghién ctu khéc trude ddy cho thay nhiéu yéu tb, bao
gom ham luong hop chat, nguyén liéu thd, dung mdi va chung vi khuan, c6 thé anh
huong dén hoat tinh khang khuan cuaa dich trich phenolic (Akbar va cong su, 2023;
Tafesh va cong sy, 2011). Hayek va cong su (2013) dé xuit rang tac dong cua cac hop
chat phenolic khac nhau tily theo nong do: & nong do thap hon, phenol lam thay doi hoat
tinh cua enzyme, trong khi & nong do cao hon, chung gy bién tinh protein. TPC cua
dich trich tdi wu trong luan an nay vuot troi hon so vdi cac nghién ciru trude day trén
cling giéng nho va céc giéng nho khac nhau (Milin¢i¢ va cong sy, 2021; Nguyen va

cong su, 2023; Skulcova va cong su, 2018).
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Két hop nhiéu hop chat (du 1a hop chét thuc vat hay tdng hop) mang lai lgi thé
hon so v&i cac hop chat don 1¢ do tac dung hiép dong cua ching, co thé khuéch dai hoat
tinh khang khuan va tao ra phan (ng manh hon so véi cac hop chat riéng 1é (Tafesh va
cong su, 2011; Vaou va cong su, 2022). Nhu thé hién trong Bang 3.16, dich trich phu
pham nho cho thay hiéu qua cao hon ddi véi vi khuan gram am so véi vi khuan gram
duong, phi hop véi phét hién cua Sanhueza va cong su (2014) di quan sat thy rang
dich trich b4 nho Cabernet Sauvignon c6 tac dung &c ché ting truéng manh hon ddi Voi
vi khuan gram am (E. coli ATCC 8739 va S. typhimurium). Trong mét sé truong hop,
vi khuan gram am biéu hién d6 nhay cam véi polyphenol cao hon so véi vi khuan gram
duong. Sau khi tiép xuc véi phenolic acid, cac té bao vi khuan gram am cd thé trai qua
cac thay doi dién tich bé mat, c6 kha nang gop phan lam ting tinh nhay cam caa ching
so vai vi khuan gram dwong. Ngoai ra, thanh té bao giau lipid cua thanh té bao vi khuan
gram am dé tuong tac v&i phenolic acid hon, 1am ting d6 nhay cam cia chung d6i Voi
cac hop chat nay (Borges va cong su, 2013). Nghién ctru ciia Ivanovié va cong su (2022)
da chitng minh rang loai DES anh hudng dén dic tinh khang khuan cua dich trich. DES
dwa trén choline chloride va lactic acid cho thay gia tri MIC thap nhat, twong quan vdi
hoat tinh khang khuan cao nhat, so véi cac cong thirc DES dura trén 1,4-butanediol, 1,2-
propanediol, fructose va uré.

Hoat tinh khang oxy hda cua dich trich phu pham nho t6i wu di duoc danh gia
trong luan an nay bang céach sir dung céc thir nghiém DPPH va ABTS. Céc thir nghiém
nay phd bién vi tinh don gian va téc do caa ching, khién ching phu hop dé sang loc
nhanh tiém niang khang oxy hda. Bang 3.18 trinh bay cac gia tri ICso cho kha ning don
g6c DPPH cua dich trich phu pham nho dugc do ¢ mirc 0,48 + 0,02 puL/mL, thap hon
dang ké so véi dung mdi 12 58,13 + 3,54 pL/mL cho thay dich trich khang oxy héa cao
hon. So sanh v&i gié tri ICso cua vitamin C, mot chat chuan khang oxy hoéa dugc st dung
rong rai, 1a 3,92 (ug/mL), cho thay hiéu luc khang oxy héa cao so véi dung mdi. Tuong
tu nhu vay, gia tri 1Cso ddi voi kha niang don géc ty do ABTS cua dich trich 12 0,26 +
0,01 pL/mL. Gia tri ICso d6i vai trolox trong phép thir ABTS 12 67,05 (ug/mL), cao hon
gia tri caa dich trich phu pham nho, cang nhan manh thém tiém nang khang oxy héa

manh cua dich trich.
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Bang 3.18. Hoat tinh khang oxy hoa cua dich trich ly bang DES

tao thanh tur choline chloride va lactic acid

q Dich trich t6i wu Dung mdi  Vitamin C  Trolox
tcl:: IC __ _TPC _ TSC _ PAC ICso I ICso
(uL/mL) (o) (o)  (no) (uL/mL)  (ng/mL)  (pg/mL)
DPPH 0,482 +0,02 4,08 8,70 1,55 58,13" + 3,54 3,92 n.a
ABTS 0,26+0,01 2,24 4,78 0,85 - n.a 67,05

- Khong xac dinh duwoc. n.a: Khéng ap dung

Trong cuing mgt dong, cac cha cai khac nhau (a, b,...) thé hién khac biét c6 y nghia thong ké (P <0,05).

ICso: 12 nong dg mau thir ma tai d6 mau thir sé ¢ hoat tinh stc ché duroc 50% sw oxy hoa do gac tw do.
DES: dung mdi eutectic sdu. TPC, TSC va PAC lan luwot la ham heong phenolic tong, saponin tong va
proanthocyanidin. DPPH: 2,2-diphenyl-1-picrylhydrazyl. ABTS: 2,2-azinobis [3-ethylbenzothiazoline-

6-sulfonic acid]

Hoat tinh khang oxy hoa, dugc phan loai theo gia tri 1Cso, thuong dugc chia thanh
ba muc: kha nang khang oxy hoéa cao (ICso < 50 pg/mL), kha nang khang oxy hoa vira
phai (ICso tir 50 dén 100 pg/mL) va kha ning khang oxy hoa thap (ICso > 200 pg/mL)
(Simirgiotis, 2013). Hoat tinh khang oxy hda cua polyphenol chu yéu 14 kha ning cho
hydro tir cac nhom hydroxyl trén vong thom dé han ché qua trinh oxy hoa géc tu do cua
chat béo va cac phan ti sinh hoc khéc. Dua trén cac phan loai nay, cac gia tri 1Cso thap
hon dang ké duoc quan sét thiy ddi véi dich trich phu phdam nho phan anh hoat tinh
khang oxy hoa cao dang ké ciia nd, cho thay tiém nang ang dung cta nd trong cac nganh
cdng nghiép thuc pham, duoc pham chice nang va my pham.

Dit liéu trong Bang 3.18 chang minh thém rang dich trich t6i vu thé hién hoat
tinh DPPH va ABTS I6n hon so v6i dung moi don 1€. Kha nang khang oxy hoa cua dich
trich nay, mac di thap hon cac chat chuan nhu quercetin (5,60 £ 0,35 pg/mL) va BHT
(16 + 0,54 pg/mL) (Benedec va cong su, 2013), nhung vuot troi hon dich trich methanol
cua bd nho Merlot (Untea va cong su, 2023). Két qua luan an ciing bao cdo rang tong
ham luong phenolic 12 81,90 + 1,06 mg GAE/g DW trong dich trich, cao hon déng ké
so voi ham luong dat dwoc bang methanol (21,05 + 0,47 mg GAE/g DW) (Untea va
cong su, 2023). Ngoai ra, cac gia tri ICso cho ca kha nang loai bo DPPH va ABTS trong
dich trich phu pham nho déu thap hon so vé&i cac gié tri tim thay trong cac ngudn thuc
vat khac (Koztowska va cong su, 2022). Palos-Hernandez va cong su (2025) ciing bao

céo rang cac dich trich phu pham nho bing DES tir choline chloride va lactic acid s& cho
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hoat tinh khang oxy héa, tac dung khang khuan cao nhd vao dung mai trich ly, khac biét
véi dich trich methanol. Do d6, hoat tinh khang oxy héa cao cua dich trich téi vu chu
yéu 1a do ham lugng hop chét cé hoat tinh sinh hoc phong phi cua n6, xac nhan thém

hiéu qua ctua phuong phap trich ly DES dugc stir dung trong luan an nay.

3.2.2.2 Téi wu héa quy trinh trich ly cac hep chdt cd hoat tinh sinh hoc tie phu phdm

nho bang DES dura trén choline chloride, glycerol va citric acid

< Anh hwéng cia mat so6 yéu té dén qua trinh trich ly bang DES tao thanh tir

choline chloride, glycerol va citric acid
Mot s6 yéu té anh huong qué trinh trich ly bang DES tao thanh tir choline chloride

va lactic acid da duoc khao sat, bao gom ty 16 HBA: HBD, ty 1é nuéc bd sung, ty 1é dung
mai: nguyén lidu, nhiét d6 va thoi gian trich ly (Phu luc 1V.1.2). Két qua cho thay TPC,
TSC va PAC c6 su thay ddi dang ké khi thay ddi ty 16 HBA hoic HBD trong DES. TPC,
TSC va PAC cao nhat ¢ ty 18 1:1:1 (w/w/w) ctiia ChCI-Gly-CA (Hinh PL 1V.6a). Ngoai
ra, két qua cho thay viéc bo sung 25% nude vao DES thic dy hé thong trich ly hop chat
c6 hoat tinh sinh hoc hi€éu qua hon, tuong tng voi TPC, TSC va PAC dat gia tri cao nhét
(Hinh PL I1V.6b). Ty 1¢ dung méi: nguyén liéu ciing anh hudng dang ké dén hiéu qua
trich ly. Trong nghién ctru ndy, ham luong cac hop chit co hoat tinh sinh hoc trich ly
duoc ting 1én cho dén ty 16 25:1 (v/w), sau d6 s& giam. TPC khong khac biét dang ké
gitta ty 18 20:1 va 25:1 (v/w). TSC dat gié tri t6i da & ty 1€ 25:1 (v/w) (Hinh PL IV.7a).
Ngoai ra, TPC va TSC dat cao nhat & 60°C va giam dan khi nhiét do trich ly cao hon.
Tuy nhién, hiéu qua trich ly & nhiét do 70°C van cao hon so v&i nhiét do 50°C (Hinh
PL IV.7b). Cac hop chét phenolic, saponin ting 1én khi kéo dai thoi gian trich ly, dat
cao nhat ¢ 150 phit twong tng véi TPC, TSC va PAC ting tir 25% 1én 33%, sau d6
giam dan. Kéo dai thoi gian 1én 180 phut ddn dén giam khoang 32% tong ham luong
hop chét ¢ hoat tinh sinh hoc (Hinh PL 1V.8).

% To6i wu hoa diéu kién trich ly cac hep chit cd hoat tinh sinh hec tir phu pham
nho bang DES dwa trén choline chloride, glycerol va lactic acid

Theo cac thi nghiém mat yéu td, cac pham vi thich hop nhat cho ty 1& dung méi:

nguyén liéu (X1: 20-25, v/w), nhiét d¢ trich ly (X2: 60-70°C) va thoi gian trich ly (Xa:
120-150 phat) da duoc xac dinh (Bang 3.19).
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Bang 3.19. Muc d6 ma hda cua cé4c bién doc lap cho thiét ké CCD trong tdi wu hoa

trich ly bang DES tao thanh tir choline chloride, glycerol va citric acid

., Ki Cac mirc cta yéu to
Yeéu to

hiéu -1,682 -1 0 +1  +1,682

Ty 1€ dung moi: nguyén liéu (viw) X1 18,3 200 225 250 26,7
Nhiét do trich ly (°C) X2 57 60 65 70 73

Thai gian trich ly (phat) Xs 110 120 135 150 160

Ham lugng hop chat phenolic va saponin trong phu pham nho dugc thé hién trong
Bang 3.20. TPC va TSC cua dich trich thu duoc thay doi tir 49,19 dén 70,16 mg GAE/qg
DW va tir 120,88 dén 170,58 mg AE/g DW.
Bang 3.20. Ma tran yéu t6 ma hoa trong t6i wu hoa diéu kién trich ly bang DES

tao thanh tir choline chloride, glycerol va citric acid

Yéu to Pap tng
STT X1 X2 X3 Y1 Y>
Ty l¢ DM: NL Nhi¢tdp Thoigian TPC TSC
(viw) (°C) (phut) (mg GAE/g DW) (mg AE/g DW)
1 18,3 65 135 52,52 + 0,12 138,77 £ 0,17
2 20 60 120 49,19 + 0,22 120,88 + 0,79
3 20 60 150 51,49 + 0,13 134,18 + 0,50
4 20 70 120 60,02 + 0,08 163,17 + 0,32
5 20 70 150 59,58 + 0,09 167,82 + 0,36
6 22,5 57 135 53,62 + 0,24 126,25 + 0,40
7 22,5 65 110 59,20 + 0,98 157,14 + 0,63
8 22,5 65 135 64,34 + 0,27 170,58 + 0,63
9 22,5 65 135 63,83 £ 0,13 169,62 + 0,63
10 22,5 65 135 63,37 £ 0,05 168,19 + 0,63
11 22,5 65 160 62,21 +£0,12 166,76 + 0,39
12 22,5 73 135 70,16 + 0,08 160,14 + 0,23
13 25 60 120 59,26 + 0,20 142,19 + 0,28
14 25 60 150 68,32 + 0,38 140,93 + 0,83
15 25 70 120 67,86 + 0,05 150,71 + 0,28
16 25 70 150 69,92 + 0,05 160,24 + 0,25
17 26,7 65 135 67,03 +0,16 152,12 + 0,30

DES: dung moi eutectic sau. TPC va TSC lan gt la ham hrong phenolic tong va saponin tong. GAE:
Puong luong gallic acid, AE: Puong lwong aescin, DW: vdt chat khé, DM: NL: dung méi: nguyén liéu.
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Két qua trinh bay trong Bang 3.21 bao gém hé s6 hoi quy cho cac dap ang cling
vé6i R? twong ng, gid tri P hdi quy, ¥ nghia cua cac hé sé trong RSM va gié tri P lack of
fit. Phan tich thong ké da x4c nhan y nghia téng thé cia RSM, duoc chitng minh bang
cac hé sb hdi quy co ¥ nghia va Lack of fit 1a khong c¢6 ¥ nghia théng ké (P > 0,05) trén
tat ca cac mo hinh. Bang 3.21 ciing minh hoa cic anh huong tuyén tinh, tuong tac va
bac hai cua cac yéu té I1én timg dap ung. Anh hudng tuyén tinh cua ty 16 dung mai:
nguyén liéu, nhiét d6 va thoi gian trich ly c6 tac dong tich cuc, trong khi muc bac hai
cua ty 1¢ dung mdi: nguyén liéu lai c6 tac dong tiéu cuc dén TSC va TPC thu dugc. Déi
véi trich ly TPC, cac hé sé bac hai cua nhiét do va thoi gian trich ly khéng cho thay tac
dong dang ké (P > 0,05). Tuwong ty nhu vy, cac hé sb twong tac cua tat ca cac bién
khong biéu hién tac dong dang ké (P > 0,05). Nguoc lai, d6i véi trich ly TSC, cac hé sé
bac hai cua tat ca cac bién déu c6 ¥ nghia théng ké (P < 0,05). Trong khi d6, cac hé sd
tuong tac cua thoi gian trich ly va ty 1€ dung méi: nguyén liéu, cling nhu nhiét do va

thoi gian trich ly, déu khong ¢ y nghia théng ké (P > 0,05).

Bang 3.21. Hé s6 va gié tri P ctia c4c yéu té trong toi uu hoa diéu kién trich ly

bang DES tao thanh tir choline chloride, glycerol va citric acid

TPC TSC
Tham sb (mg GAE/g DW) (mg AE/g DW)

H¢ 50 hdi quy GiatriP  Hésohdiquy  GiatriP
Hang s 63,826 169,513
X1 5,090 < 0,0001 2,231 0,0636
X2 4,237 < 0,0001 12,041 < 0,0001
X3 1,328 0,0177 3,117 0,0182
X1X2 -1,090 0,0928 -6,013 0,0027
X1X3 1,158 0,0777 -1,210 0,3912
X2X3 -1,218 0,0664 0,268 0,8456
X4 -1,398 0,0205 -8,617 0,0001
X2 -0,711 0,2044 -10,389 < 0,0001
X3? -1,085 0,0564 -2,815 0,0407
R? 0,975 < 0,0001 0,976 < 0,0001
Lack of fit 0,0656 0,0720

DES: dung moi eutectic sau. TPC va TSC ldn heot la ham hrong phenolic tong va saponin tong. GAE:
Duong lwong gallic acid, AE: Puong luong aescin, DW: vdt chat khd, DM: NL: dung méi: nguyén liéu.

Phan tich thdng k& nhan manh tinh chinh xac cua cac mé hinh bé mat dap tng,

Vi gia tri R? cao 13 0,975 d6i véi TPC va 0,976 d6i véi TSC. Cac gié tri nay chi ra rang
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hon 97% su thay ddi trong cac dap (ng c6 thé dugc giai thich bai céc yéu té duoc nghién
cuau la ty Ié¢ dung méi: nguyén liéu, thoi gian va nhiét d6 trich ly. Cac moé hinh da duoc
xé&c nhan thém bang viéc cac gié tri Lack of fit khong co ¥ nghia théng ké (gia tri P 1a
0,0656 d6i v6i TPC va 0,0720 dbi véi TSC), khang dinh tinh ddy du cua chdng trong
viéc mo ta mbi quan hé gitra cac diéu kién trich ly va ham lugng TPC va TSC dugc trich
ly. Do dé, nhitng két qua nay cho thiy cac mé hinh da thtc bac hai mé ta hiéu qua céc
tuong tac phuc tap giita cac diéu kién trich ly va ham luong céc hop chat, tir 6 cung
cap nhiing hiéu biét co gié tri dé toi uvu hoa cac quy trinh trich ly TPC va TSC. Dua trén
cac két qua duoc thé hién trong Bang 3.21, mé hinh bac hai cho TPC (Y1) va TSC (Y2)
dugc biéu dién 1an luot trong cac Phuong trinh (7) va (8). Cac phuong trinh da thirc bac

hai nay thuong duogc sir dung cho muc dich ti uu hoa:

Y; = 63,826 + 5,090X1 + 4,237X2 + 1,328Xs — 1,398X,2 7
Y2 = 169,513 + 12,041X; + 3,117Xs — 6,013X1X2 — 8,617X:2 — 10,389X2% —
2,815Xs? (8)

M&bi quan hé gitra cac yéu to va dap tmg da duoc thé hién bang cach sir dung bé
mat dap tng va biéu dé dudong dong muac. Hinh 3.11 cho thay sy thay doi ciia TPC va
TSC theo nhing thay ddi vé ty 1& dung mdi: nguyén liéu, nhiét do trich ly va thoi gian
trich ly. Nhin chung, TPC va TSC tang theo ty 1 dung moi: nguyén liéu, nhiét do va
thoi gian trich ly tang. Hinh 3.11-A1 va Hinh 3.11-B1 ching minh tac dong dang ké
cua nhiét o va ty 1& dung méi: nguyén lidu dén ham lugng saponin va hop chét phenolic.
Ham luong hop chét phenolic ting theo nhiét do va ty 1é dung méi: nguyén liéu ting.
Tuy nhién, ty Ié dung mdi: nguyén lidu hoc nhiét d6 qua cao co thé dan dén giam TSC.

Thoi gian trich ly cling c6 tac dong y nghia thong ké dén hiéu suét trich ly cua
TPC va TSC . Bé mit dap tng trong Hinh 3.11-A2 va Hinh 3.11-B2 cho thdy anh huéng
cua thoi gian trich ly va ty 1é dung méi: nguyén liéu dén cac dap tng. CO thé quan sat
thdy khi tang thoi gian trich ly va ty Ié dung méi: nguyén liéu, TSC va TPC ban dau
tang roi giam. Hon nira, ty 1&é dung mdi qua cao ma khong 1am ting dang ké hiéu suét
trich ly c6 thé din dén lang phi. Twong ty, Hinh 3.11-A3 va Hinh 3.11-B3 biéu thi bé
mat dap tng gitra nhiét do va thoi gian trich ly trén TPC va TSC. Can luu ¥ rang nhiét

d6 cao va thoi gian trich ly kéo dai co thé 1am giam TPC va TSC.
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Hinh 3.11. M6 hinh bé mit dap tmg va duong ddng muc caa (A) TPC va (B) TSC
chiu anh hudng cua cac yéu té trong trich ly bang DES tao thanh tir choline chloride,

glycerol va citric acid

DES: dung moi eutectic sau. TPC va TSC ldn hegt la ham hrong phenolic tong va saponin tong. GAE:
Duong luong gallic acid, AE: Puong luwong aescin, DW: vt chat kho.
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Dé dat dugc hiéu qua trich Iy TPC va TSC tbi da, viéc lua chon céc gia tri tham
s6 phu hop 1 rit quan trong. Ty 1é dung mdi: nguyén liéu 1a 23,6:1 (v/w), nhiét do trich
ly 1a 69°C trong 142 phit dugc xac dinh 1a cac thong sé trich ly téi wu (Hinh 3.12).
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Hinh 3.12. M6 hinh du doan TPC, TSC thu héi dwgc va diéu ki¢n toi uu cua
phuong phap trich ly bang DES tao thanh tir choline chloride, glycerol va citric acid

TPC, TSC va PAC lan luot la ham heong phenolic tong, saponin tong va proanthocyanidin. DES: dung
mOi eutectic sau.

Trong diéu kién téi wu, Bang 3.22 cho thay ca gia tri dap tng du doan va thuc
nghiém. Céc gia tri TPC, TSC va PAC trong diéu kién ti wu 1an luot 12 71,50 + 0,35
mg GAE/g DW; 175,01 + 0,62 mg AE/g DW va 29,25 + 0,08 mg CE/g DW. Céc diéu
kién trich ly ti uu nay thap hon vé thoi gian va nhiét d6 so véi cac diéu kién da dugc
béo cao trong cac nghién curu trude day.

Bang 3.22. Két qua tham tra gitta mo hinh va thi nghiém thuc té trong t6i uu hoa

diéu kién trich ly bang DES tao thanh tir choline chloride, glycerol va citric acid

TPC TSC
(mg GAE/g DW) (mg AE/g DW)
Du doan Thi nghiém Du doan Thi nghiém
68,512 + 3,03 71,502 + 0,35 170,392 £ 5,57 175,012 £ 0,62

DES: dung moi eutectic sau. TPC va TSC lan luot la ham hrong phenolic tong va saponin tong. GAE:
Duong luong gallic acid, AE: Puong lwong aescin, DW: vt chat kho. )
Trong cung mét chi tiéu, cac chir cai khac nhau thé hién si khac biét cé y nghia thong ké (P < 0,05)
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Athanasiadis va cong sy (2022) da dé xuat thoi gian toi wu 13 220 phit va nhiét
d6 1a 80°C dé trich ly polyphenol tir b4 nho bing L-proline, glycerol va citric acid.
Nguoc lai, nhiét d6 t6i wu trong nghién ciru ndy gan bang 63°C, nhu Zhang va cong su
(2023) di bao cao dé thu hdi polyphenol va anthocyanin tir ba viét quat sir dung choline
chloride: 1,4-butanediol. TPC trong diéu kién trich ly ti uu cao hon so véi két qua tir
cac nghién curu khac cua Athanasiadis va cong su (2022) va Milin¢i¢ va cong su (2021).
Déi vai mdi dap ung, su khéc biét gitra gié tri du doan va thuc nghiém duoc xac dinh 1a
khong co ¥ nghia thdng k&. Tém lai, md hinh bé mit dap tng du doan chinh xac TPC

va TSC theo ham s cua ty 1& dung méi: nguyén liéu, thoi gian va nhiét do trich ly.

% Thanh phan hep chat phenolic, hoat tinh khang oxy hoéa va khang khuan

caia dich trich ly bang DES dwa trén choline chloride: glycerol: citric acid

Thanh phan hop chat phenolic don 1é trong dich trich ly téi wu

Bang 3.23 cho thay dich trich ly bang DES tao thanh tir choline chloride:
glycerol: citric acid c¢é cac hgp chat phé bién nhu myricetin, rutin, catechin, epicatechin,
resveratrol, gallic acid, quercetin va kaempferol (Caldas va cong su, 2018; Milinci¢ va
cong su, 2021). Ham lugng hop chat phenolic riéng 1é trich ly dugc trong diéu kién ti
wu cao hon so véi dich trich DES tao thanh tir choline chloride: lactic acid nhung thap
hon so véi cac hop chat dugc trich ly bang ethanol nhu Caldas va cong su (2018) di bao
c40. Nguoc lai, nghién ciru cua Milinéi¢ va cong su (2021) cho thay ham lwong catechin,
gallic acid, quercetin, epicatechin va resveratrol trong nho Prokupac duoc trich ly bang

80% methanol va 0,1% HCI thap hon so véi luan an hién tai.

Bang 3.23. Pinh lugng cac hop chat phenolic don 1¢ trong dich trich DES

tao thanh tur choline chloride, glycerol va citric acid

Hop chat phenolic Ham lwong (ug/g DW)
Catechin 143,71 + 38,08
Epicatechin 113,16 + 18,70
Gallic acid 21,08 £ 0,35
Kaempferol 15,94 + 0,02
Myricetin 377,45 + 31,88
Quercetin 20,19 £ 0,02
Resveratrol 64,41 + 3,83
Rutin 235,98 + 14,75

DES: dung mdi eutectic sdu. DW: vt chat khd.
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Ham luong catechin va epicatechin trich ly tir phu pham nho Red Cardinal trong
diéu kién téi vu khac véi ham luong trich ly duoc & cac giéng nho khéc. Sy thay doi
ham lwong hop chat phenolic c6 thé xuat phét tir cac yéu té nhu giéng nho va céac bo
phan caa nho (hat va vo) (Dabeti¢ va cong su, 2020). Hon nira, viéc lua chon dung moi
va diéu kién trich ly anh huong dang ké dén hiéu qua trich ly. Pang chu ¥ 1a ham luong
hop chat phenolic riéng I¢ thu dugc trong didu kién trich ly t6i wu cao hon so véi ham
luong thu duogc tir cac thi nghiém don yéu té. Nhitng két qua nay nhan manh hiéu qua
cua tdi uu hoa diéu kién trich ly so vai cac thi nghiém don yéu td.

Hoat tinh khang oxy héa, khang khuin cia dich trich téi wu

Kha nang khang khuan va khang oxy hoa cua dich tbi wu thu duoc da duoc danh
gia, véi két qua duoc trinh bay trong Bang 3.24, Bang 3.25 va Bang 3.26.

Bang 3.24. Puong kinh vong khang khuan cua dich trich ly bang DES

tao thanh tur choline chloride, glycerol va citric acid

Ham | hop chat X x
am lweng hop ¢hd Pwong kinh vong khang khuan (mm)

Thé trong dich trich ly
Méiu tich
(uL) TPC* TSC* PAC* E. coli S. typhimurium B. subtilis S. aureus
(ng)  (ng)  (ug) ATCC 8739 ATCC 14028 ATCC 6633 ATCC 6538
Dich trich téi uu 20 144,7 3439 51,3 14,000+0,20 15,00®°+0,20 12,97®+0,21 16,47%°+0,06
30 217,0 5158 77,0 20,53*A+0,23 23,53*¥+0,15 20,47*4+0,15 22,978 +0,15
Dung moi 20 - - - 12,00+ 0,20 13,00+ 0,20 10,97+0,15 16,03% +0,21
30 - - - 17,03"®+0,21 15,47°€+0,15 16,03 +0,21 17,97°¢+0,15
Khang sinh 20 - - - 20,0044+ 0,20 27,004 +0,20 19,97%+0,12 28,00%+0,20
chloramphenicol
(1 mg/mL)
Nude cat 20 - - - - - - -

- Khong phat hién. DES: dung moi eutectic su. Poi chitng dm: Nuwdéc cat. Poi chitng dwong: Khing
sinh chloramphenicol.

* TPC, TSC va PAC lan luot 1a ham lirong phenolic téng, ham lrong saponin tong va ham lwong
proanthocyanidin trong mai thé tich tuwong g theo hang.

Trong cling mét cét, cac gid tri trung binh ¢6 chi cai khac nhau (a, b, ¢, ...) cho thay sw khac biét co y
nghia thong ké (P < 0,05) giira djch trich va dung moi & c&c thé tich khdc nhau (20 uL va 30 uL).
Trong cling mét cét, cc gid tri trung binh ¢ chir cai khac nhau (A, B, C, ...) cho thdy su khac biét c6
¥ nghia thong ké (P < 0,05) giiza dich trich (30 uL), dung méi (30 uL) va chloramphenicol (20 pL).
Trong cling mét cét, C4c gia tri trung binh c6 cac chi cai khac nhau (a, b, ¢, ...) cho thdy si khac biét
¢6 ¥ nghia thong ké (P < 0,05) giia dich trich (20 uL), dung méi (20 uL) va chloramphenicol (20 uL).
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Dit liéu Bang 3.24 ching minh hiéu qua cua dich trich téi vu dbi véi nhiéu ching
vi khuan, bao gém céc ching gram 4m va gram duong (S. aureus ATCC 6538, S.
typhimurium ATCC 14028, B. subtilis ATCC 6633, E. coli ATCC 8739). Ca dung moi
va dich trich ly déu thé hién tac dung khang khuan dang ké di véi vi khuan gram am
va gram duong da thir nghiém (P < 0,05). Kha nang khang khuan cia dung méi va dich
trich thay d6i theo ndng do twong (ng cua ching. Kha ning khang khuan cua dung moi
c6 thé 1a do su hién dién cua hop chit tao thanh DES, nhu Akbar va cong su (2023) da
ghi nhén, cac dic tinh khang khuan manh trong mét s6 ché pham DES. Ngoai ra, citric
acid c6 kha ning khang khuan ddi vai cac vi khuan E. coli ATCC 25293 va S. aureus
ATCC 25923 (Eliuz, 2020). Buong kinh caa vong khang khuan tang 18n khi thé tich caa
ca dung méi va trich ly tang tir 20 dén 30 pL. Theo Zbakh va cong su (2012), kha ning
khang khuan caa dung méi va dich trich & thé tich 20 puL dao dong tir thap (duong kinh
10-15 mm) dén trung binh (duong kinh 15-20 mm) d6i véi cac vi khuan da thi nghiém.
O thé tich 30 pL, dung mdi thé hién dic tinh khang khuan vira phai, trong khi dich trich
cho thay hiéu qua khang khuan cao (dudng kinh > 20 mm) d6i véi tat ca cac vi khuan.
Ngoai ra, duong kinh vong khang khuan cua dich trich 16n hon dang ké so véi dung moi
& tat ca cac thé tich duoc thir nghiém (P < 0,05). So véi chloramphenicol (ddi ching
duong), ca dich trich va dung méi déu thé hién duong kinh vong khang khuan nho hon
& thé tich 20 pL va 30 pL. Mic di vay, dich trich thé hién hoat tinh khang khuan cao
hon véi dudng kinh vong khang khuan 16n hon so véi dich trich tir bd nho Syrah va
Merlot bang chat long siéu téi han (Oliveira va cong su, 2013). Biéu nay lam ndi bat tac
dung khang khuan manh mé& cua céc hop chat dugc trich ly tir phu pham nho. Nhiing
phét hién nay tiép tuc cang cb cac bao cio trude day vé hiéu qua khang khuan cua cac
hop chét ¢ hoat tinh sinh hoc trong ba nho ciia Peixoto va cong su (2018).

Bang 3.25 trinh bay MIC cua dich trich ti wu va dung méi ddi véi bén chung vi
khuan. MIC cua dung mdi va dich trich khéc biét co y nghia thong ké (P < 0,05). Cu thé,
MIC cua dung mdi cao gap doi MIC cua dich trich dbi vai S. aureus ATCC 6538 va E.
coli ATCC 8739. Béi véi B. subtilis ATCC 6633 va S. typhimurium ATCC 14028, MIC
ctia dung mdi cao hon 1an lwot 1,25 lan va 3 lan so vai dich trich. Nhiing két qua nay
minh chang rang dich trich thé hién hoat tinh tc ché 16n hon dung méi. Tuy nhién, ca

dung mdi va dich trich déu c6 MIC cao hon dang ké so véi chloramphenicol. Két qua
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nay nam trong du doan, vi cac loai khang sinh nhu chloramphenicol thuong thé hién dic
tinh khang khuan manh.
Bang 3.25. Nong do trc ché tdi thiéu caa dich trich ly bang DES

tao thanh tur choline chloride, glycerol va citric acid

Dich trich téi wu Dung moi
Vi khuan MIC TPC* TSC* PAC*  MIC
(L/mL) (ug) (ug)  (ug)  (uL/mlL)
E. coli ATCC 8739 2,5 18,1 43,0 6,4 50
S. typhimurium ATCC 14028 2,5 18,1 43,0 6,4 7,5
B. subtilis ATCC 6633 10,0 72,3 1719 25,7 12,5
S. aureus ATCC 6538 2,5 18,1 43,0 6,4 5,0
Khang sinh chloramphenicol 0,2
(1 mg/mL)

MIC: Nong dg uic ché toi thiéu. DES: dung mdi eutectic sau. g
* TPC, TSC va PAC lan luogt la ham lwong phenolic tong, ham luong saponin téng va ham luong
proanthocyanidin trong moi thé tich twong 1ing theo hang.

Trong s6 cac ching vi khuan duoc thir nghiém, E. coli ATCC 8739, S.
typhimurium ATCC 14028 va S. aureus ATCC 6538 (MIC = 2,5 uL/mL) nhay cam hon
véi dich trich so vai B. subtilis ATCC 6633 (MIC la 10 uL/mL). Cac nghién ctru trudce
day ciing chi ra rang sy phat trién cua vi khuan c6 thé bi anh huang boi cac dich trich tur
nhiéu loai thuc vat khac nhau. Koztowska va cong su (2022) da béo céo rang dich trich
tia to dat c6 tac dung khang khuan d6i véi E. coli, trong khi dich trich cua Cistus incanus
L. va Rubus idaeus L. c6 hiéu qua chong lai Staphylococcus epidermidis,
Staphylococcus aureus. Su khac biét vé hoat tinh khang khuan cé thé khdng chi phu
thudc vao loai cdy cu thé dugc sir dung ma con phu thudc vao thanh phan va ty 18 cac
hop chat c6 hoat tinh sinh hoc trong d6. Ngoai ra, viéc lua chon dung méi trich ly 1a mot
yéu t6 thiét yéu anh hudong dén hiéu qua khang khuan cuaa dich trich.

Kha ning khang oxy hda cua dich trich trong diéu kién trich ly téi vu va dung
moi di duoc nghién ciu bang céac thir nghiém DPPH va ABTS (Bang 3.26). Nhin chung,
dich trich ti wu thé hién kha ning loai b géc tu do DPPH va ABTS cao. Hoat tinh
khang oxy hda cao hon duoc biéu thi bang gia tri 1Cso thap hon. Gi4 tri 1Cso cho kha
nang loai bo géc tu do DPPH khac biét dang ké giita trich ly va dung méi. Nhitng két
qua nay cho thay dich trich c6 kha niang loai bo goc tu do ABTS va DPPH cao hon dang
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ké so véi dung mdi. Két qua nay nhan manh rang cac hop chat cé hoat tinh sinh hoc
trong dich trich phu pham nho thé hién hoat tinh khang oxy hda manh. Ham lwong cac
hop chit c6 hoat tinh sinh hoc nay duoc liét ké trong Bang 3.23.

Bang 3.26. Hoat tinh khang oxy hda cua dich trich ly bang DES

tao thanh tur choline chloride, glycerol va citric acid

This Dich trich t6i wu Dung mdi
nahia 1Cso TPC* TSC* PAC* 1Cso
ghiém
(uL/mL) (n9) (n9) (n9) (uL/mL)
DPPH 0,93°+ 0,02 6,74 16,03 2,39 130,312 £ 3,71
ABTS 0,37+£0,10 2,67 6,35 0,95 -

ICso: 12 nong d6 mau thir ma tai d6 mau thir sé ¢ hogt tinh stc ché diroc 50% sw oxy héa do gac tir do.
DES: dung mbi eutectic sau. DPPH: 2,2-diphenyl-1-picrylhydrazyl. ABTS: 2,2-azinobis [3-
ethylbenzothiazoline-6-sulfonic acid] ) ]
* TPC, TSC va PAC lan luot la ham lwong phenolic tong, ham luong saponin téng va ham luong
proanthocyanidin trong moi nong d¢ twong 1ng theo hang.
Trong cing mét chi tiéu, cac chi cai khac nhau thé hién sw khac biér ¢é y nghia thong ké (P < 0,05)
Gia tri 1Cso cho kha ning loai bo goc tw do DPPH cua dich trich DES tir phu
phdam nho thip hon gia tri da bao cao dbi vai trich ly ethanol tir ha thu & tring
Streptocaulon juventas Merr. (Dai va cong su, 2015), 1am ndi bat kha nang khang oxy
héa manh mé cua dich trich bot phu pham nho. Ngoai ra, cac gia tri 1Cso ddi voi kha
ning loai bo ABTS va DPPH cua dich trich thdp hon so véi cac gia tri duoc bao cdo cho
mot so loai cay khac trong nghién ctru cia Koztowska va cong sy (2022), cho thay hoat
tinh khang oxy hda vuot troi caa dich trich tdi vu trong luan an nay. Trong mot nghién
ctru cua Benedec va cong su (2013), cac gia tri ICso ctia quercetin va BHT lan luot 12
5,60 + 0,35 pg/mL va 16 + 0,54 pg/mL. Mic du dich trich ly cho thay hoat tinh khang
oxy hoa thap hon cac chuin nay, nhung né van thé hién kha niang khang oxy héa cao
(ICso DPPH < 50 pg/mL) theo phuong phap phan loai cua Simirgiotis (2013).
3.2.3 Quy trinh trich ly cac hep chat c6 hoat tinh sinh hec tir phu pham nho bing
cac phwong phap khac nhau
Quy trinh trich ly cac hop chit c6 hoat tinh sinh hoc tir phu pham nho bing cac

phuong phap trich ly khac nhau dugc thé hién qua Hinh 3.13.
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Phu pham nho

y

Phéan tach

Hat, canh l T= 35°C’, t=12gio
: Mat d¢ say = 3,0 kg/m?

Say bom nhiét Toc do gid = 1,8 mis

Choline chloride:
lactic acid hoac Choline
Xay chloride: glycerol: citric
acid

<500 um Ray

Dung dich
dem natri Gia nhiét
acetate .
Bot phu pham nho v
Bao quan
Celliase 28015 ™) | (" e in ) | (i)
Pectinase 76 U/g
Phéi tron , ’ ,
(Dung mbi: nguyén Phoi tron Phoi tron Phoi tron
ligu=10,5:1 v/w) (Dung mdi: nguyén [« (Dung moi: nguyén (Dung méi: nguyeén liéu
+ liéu=10:1 v/iw) liu=14:1 viw) (v/w))
Siéu am
(15 Wi/g, 10 phat) A
v Siéu am v
Chinh pH 4,5 Chinh pH 4,5 (15 W/g/ 10 phit) Trich ly
v v
Trich ly Trich ly '
(56°C/125phat) | | (50°C/ 120 phut) Trich ly
e ¥ (50°C/ 30 phiit)
Bat hoat enzyme Bat hoat enzyme
(85 °C/ 5 phit) (85 °C/ 5 phit)
v v y
Ly tam Ly tam Ly tam Ly tam
(4.000 rpm/ 15 phit) (4.000 rpm/ 15 phit) (4.000 rpm/ 15 phut) (6.000 rpm/ 10 pht)

> <>

Hinh 3.13. Cac quy trinh trich ly ti wu cac hop chét c6 hoat tinh sinh hoc tir
phu pham nho
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Phan tach: Phy pham Red Cardinal sau cong doan ép Iy dich cia qua trinh ché
bién nuéc ép nho tai cong ty TNHH DV TM Ba Moi (Ninh Thuan, Viét Nam) duoc
phan tach bang cach loai bo canh, hat. Vo nho sau khi phan tach dugc bao quan dong
lanh & nhiét @6 -18°C.

Sdy bom nhiét: Vo nho sau d6 dugc sdy bang may sidy bom nhiét & nhiét do
35°C trong 12 gi¢r dén ham luong 4m nguyén liéu dat dudi 10%. Mat do sdy mau 1a 3,0
kg/m2. Téc d6 gid 1a 1,8 m/s. Vo nho sau khi siy kho duoc xay thanh bot va ray bang
may lic sang ray (Jisico, Han Quéc) véi kich thude ludi sang 0,5 mm. Sau do, bot phu
pham nho duoc déng goi hut chian khéng véi bao bi nhdm chan sang va bao quan ¢ nhiét
d6 -18°C dén khi st dung.

% Trich ly c6 hé trg enzyme: Bot phu pham nho dugc hoa tron vao dung dich dém
natri acetate theo ty I¢ dung moi: nguyén liéu 1a 10:1 (v/w). Hon hop duoc hiéu chinh
dé dat pH 4,5 bang acetic acid va natri hydroxide thuc pham. Tiép dén, gia nhiét hon
hop dén nhiét 6 50°C. Can enzyme (twong tng v4i ham lugng enzyme cellulase 12 28
U/g va ham lugng enzyme pectinase la 76 U/g) cho vao hon hgp mau, dung parafilm bit
kin miéng binh, lic déu va dem u & nhiét ¢6 50°C trong thoi gian 120 phat. Hon hop
dugc khudy déu trong subt thoi gian thiy phan. Sau khi két thic thoi gian thiy phan,
tién hanh vo hoat enzyme bang cach gia nhiét hdn hop & 85°C trong 5 phat trong bé on
nhiét WNB 14 (Memmert, Duc). Sau d6, hon hop dugc lam nguoi nhanh.

Ly tam: Mau sau khi xu ly enzyme dugc ly tam ¢ téc d6 4.000 vong/phut trong
15 phat bang may ly tdm lanh Universal 320R (Hettich, Puc). Dich trich ly ¢ bén trén
duogc thu hdi, bao quan trong chai thay tinh téi mau ¢ nhiét do -18°C dén khi str dung.

Dich trich ly: Véi cac diéu kién trich ly enzyme, dich trich thu duogc ¢6 ham
luong cac hop chat ¢é hoat tinh sinh hoc nhu sau:

Ham lugng phenolic tong: 9,70 + 0,43 mg GAE/g DW

Ham luong saponin tong: 31,73 + 1,17 mg AE/g DW

Ham lugng proanthocyanidin: 2,83 + 0,08 mg CE/g DW

< Trich ly c6 hd tro siéu &m: Bot phu pham nho duoc hoa tron vao nuéc theo ty
18 dung méi: nguyén liéu 1a 14:1 (v/w). Khuay hdn hop bang may khuay tir c6 gia nhiét
RSMO2HS (Phoenix, Bic) trong 5 phdt. Tién hanh siéu am & mic ning luong siéu am

15 W/g trong 10 phat. Hon hop sau dé duoc tiép tuc khudy déu trong 30 phat. H3n hop
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duoc gitr on dinh nhiét d6 ¢ 50°C bang bé 6n dinh nhiét trong subt qua trinh trich ly.
Sau d6, hon hop dugc 1am nguoi nhanh.

Ly tdm: Mau sau khi trich ly duoc ly thm & téc d6 4.000 vong/phut trong 15
phut. Dich trich ly ¢ bén trén dugc thu hoi, bao quan trong chai thuy tinh tdi mau ¢ nhiét
d6 -18°C dén khi st dung.

Dich trich ly: Véi cac diéu kién trich ly siéu am, dich trich thu duoc ¢6 ham lwong
cac hop chit c6 hoat tinh sinh hoc nhu sau:

Ham luong phenolic téng: 9,37 + 0,66 mg GAE/g DW

Ham luong saponin tong: 26,02 + 0,85 mg AE/g DW

Ham luong proanthocyanidin: 3,12 + 0,05 mg CE/g DW

% Trich ly c6 hd tro két hop siéu am — enzyme: Bot phu pham nho dugc hoa tron
vao dung dich dém natri acetate theo ty 1¢ dung méi: nguyén liéu 12 10,5:1 (v/w). Tién
hanh siéu &m & muc ning lugng siéu am 15 W/g trong 10 phat. Hon hop duoc hiéu
chinh dé dat pH 4,5 bang acetic acid va natri hydroxide thuc pham. Tiép dén, gia nhiét
hdn hop dén nhiét 6 56°C. Can enzyme (cellulase 12 28 U/g va pectinase 1a 76 U/g) cho
vao hén hop mau, dung parafilm bit kin miéng binh, lic déu va dem u & nhiét do 56°C
trong thoi gian 125 phat. Hon hop duoc khudy déu trong suét thoi gian thay phan. Sau
khi két thiic thoi gian thay phan, tién hanh vé hoat enzyme bang céach gia nhiét hdn hop
& 85 °C trong 5 phut trong bé on nhiét. Sau d6, hdn hop dugc 1am ngudi nhanh.

Ly tam: Mau sau khi trich ly duoc ly thm & toc @ 4.000 vong/phut trong 15 phut
bang may ly tam lanh Universal 320R (Hettich, Bic). Dich trich ly & bén trén duoc thu
hoi, bao quan trong chai thuy tinh t5i mau & nhiét do -18°C dén khi sir dung.

Dich trich ly: Véi cac diéu kién trich ly c6 hd tro két hop siéu am —enzyme, dich
trich thu duoc c6 ham lwong cac hop chat ¢6 hoat tinh sinh hoc nhu sau:

Ham lugng phenolic téng: 13,22 + 0,03 mg GAE/g DW

Ham luong saponin tong: 40,63 + 1,26 mg AE/g DW

Ham lugng proanthocyanidin: 4,96 + 0,07 mg CE/g DW.

% Trich ly DES:

— Choline chloride va lactic acid duoc tron véi ty 1€ 1:2 (w/w). Nudc dugc thém
vao hdn hop véi ty 1é 20%. HAn hop duoc gia nhiét ¢ nhiét do 80°C va khuay tron trong
1,5 gio dén khi tao thanh hdn hop trong sudt, ddng nhat. DES tao thanh duoc 1am ngudi
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va bao quan trong chai thaly tinh téi mau & nhiét d6 phong khoang 24 gio dén khi sir
dung. Bot phu phdm nho dugc hoa tron vao DES theo ty 16 dung méi: nguyén liéu 1a
25:1 (v/w). H3n hop dugc khudy déu tai 70°C trong 118 phut. Sau d6, hdn hop duoc
lam nguoi nhanh dén nhiét 46 mai truong.

— Choline chloride, glycerol va citric acid dugc tron vai ty 1€ 1:1:1 (w/w). Nudc
duoc thém vao hdn hop véi ty 18 25%. Han hop duoc gia nhiét & nhiét ¢ 80°C va khudy
tron trong 1,5 gior dén khi tao thanh hdn hop trong sudt, ddng nhat. DES tao thanh duoc
lam ngudi va bao quan trong chai thuy tinh t6i mau ¢ nhiét do phong khoang 24 gior dén
khi sir dung. Bot phu pham nho dugc hoa tron vao DES theo ty 18 dung méi: nguyén
liéu 14 23,6:1 (v/w). Han hop duoc khudy déu tai 69°C trong 142 phut. Sau dé, hdn hop
duoc 1am nguoi nhanh dén nhiét d6 moi trudng.

Ly tdm: Hon hop sau d6 dugc ly tam & téc d6 6.000 vong/phat trong 10 phit
bang may ly tam. Dich trich ly ¢ bén trén duoc thu hoi, bao quan trong chai thay tinh
t6i mau & nhiét do -18°C dén khi sir dung.

Dich trich ly:

— Véi cac diéu kién trich ly bang DES tir choline chloride va lactic acid da duoc
t61 uu hoa, dich trich tong thu duoc c6 ham lugng cac hoat chit nhu sau:

Ham lugng phenolic tong: 81,90 + 1,06 mg GAE/g DW

Ham luong saponin tong: 174,66 + 2,87 mg AE/g DW

Ham Iugng proanthocyanidin: 31,13 + 0,50 mg CE/g DW

— Véi cac diéu kién trich ly bang DES tir choline chloride, glycerol va citric acid
da dugc toi vu hoa, dich trich tong thu duoc ¢ ham lugng cac hoat chat nhu sau:

Ham lugng phenolic tong: 71,50 + 0,35 mg GAE/g DW

Ham luong saponin tong: 175,01 + 0,62 mg AE/g DW

Ham lugng proanthocyanidin: 29,25 + 0,08 mg CE/g DW

% K&ét luan chung:

Dua trén két qua xir ly théng ké (Phu luc 1V.4.), trong ba phuong phap trich ly
d3 duoc toi uvu hoa, phuwong phap trich ly bang hai loai DES cho hiéu qua cao trong viéc
thu hoi cac hop chat myc tiéu, twong tng véi TPC, TSC va PAC cao hon dang ké so véi
phuong phap trich ly c6 hd trg két hop siéu &m va enzyme. Phuong phép trich ly bang

dung moi eutectic sau tao thanh tir choline chloride va lactic acid cho TPC, TSC, PAC
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thu hdi cao nhat. TSC cua hai loai dich trich téi wu tir hai loai DES khac biét khdng c6
¥y nghia thdng k& (P > 0,05). B&n canh dé, dich trich téi wu tir hai loai DES khéc nhau
thé hién hoat tinh khang khuan cao trén ca bén dong vi khuan thir nghiém va kha nang
khang oxy hoa cao. Tuy nhién, cac hop chit hoat tinh sinh hoc & dang dich trich s& nhay
cam véi yéu té méi trudng nhu anh sang, nhiét d6. Do d6, hai loai dich trich ly téi vu tir
hai loai DES khac nhau duoc lya chon di duoc vi bao dé ting cuong do 6n dinh (Noi
dung 3). Dich trich vai dung méi tir choline chloride va lactic acid phi hop véi sdy phun
do d6 nhét thap, trong khi dich trich véi dung méi tir choline chloride, glycerol va citric
acid c6 do nhét khé cao phil hop hon véi vi bao bang oleogel.
3.3 N@i dung 3: Toi wu héa quy trinh vi bao cac hep chat c6 hoat tinh sinh hec
trong dich trich ly tir phu pham nho
3.3.1 Quy trinh vi bao cac hep chit c6 hoat tinh sinh hec trong dich trich ly tir dung
moi DES tao thanh tir choline chloride va lactic acid bang say phun
3.3.1.1 Téi wu héa quy trinh vi bao cdc hop chdt c6 hogt tinh sinh hec tir phu phdm
nho bang say phun

% Anh hwéng ciia mot sé yéu té dén qua trinh vi bao cac hop chat cé hoat tinh
sinh hec tir phu pham nho bing say phun

Trong nghién citu nay, céac loai vo bao khac nhau da duoc thir nghiém, bao géom

maltodextrin riéng 1é va két hop véi gum arabic, tinh bot bién tinh, protein dau nanh
isolate va whey protein isolate (Phu luc V.1). Khi MD duoc st dung riéng I¢ sé dat hi¢u
suat thu hoi cao nhat cho TPC va PAC (Hinh PL V.1.). Trong khi dé, hiéu qué vi bao
cao nhat d6i voi TPC, TSC va PAC dat dugc vai su két hop MD-GA (Hinh PL V.2)).
Mic di ¢ su thay doi, tit ca cac bot vi bao tir cac cong thirc vo bao déu duy tri gia tri
hoat 6 nuéc dudi 0,2 (Bang PL V.1.). Cac két qua XRD cho thiy bét vi bao véi cac
cong thire sir dung két hop céc loai vo bao (MD-GA, MD-MS, MD-SPI va MD-WPI)
tao ra c4c dinh rong hon va khuéch tan hon, cho thay mutc d6 vé dinh hinh cao hon so
Vi bot st dung vo bao MD riéng Ié (Hinh PL V.3.). Két qua FTIR hd tro viéc xac nhan
vi bao thanh cdng dich trich phu pham nho trong cic ma tran loai vo bao khac nhau
(Hinh PL V.4.). Bt MD-GA van duy tri 6n dinh nhiét hon so vai cac bot tir c4c loai vo
bao két hop khac khi phan tich DSC, khién chdng pht hop hon dé vi bao trong diéu kién
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say phun ¢ nhiét do dudi 180°C (Hinh PL V.5.). Két qua SEM cho thay tat ca cac mau
bot déu thé hién hinh thai hinh ciu dic trung cia bot sy (Hinh PL V.6.).

Khi thay dbi ty 18 16i: vo bao, hiéu suat thu hoi TPC cao nhat ¢ ty 18 12 1:4 (w/w).
Déi v6i TSC, khdng co su khac biét vé mit théng ké trong hiéu suat thu hdi giira cac ty
I¢ 18i: v6 bao khac nhau da thir nghiém (P > 0,05) (Hinh PL V.7.). Nguoc lai, hiéu qua
vi bao TPC cao nhét dat duoc 6 ty 1¢ 1:4 va 1:5 (w/w). Hiéu qua vi bao TSC van lubn &
murc cao (khoang 98%) trén cac ty 1€ 16i: vo bao la 1:4, 1:5 va 1.6 (w/w), khéng co su
khac biét c6 y nghia thdng ké (P > 0,05) (Hinh PL V.8.). Hoat d6 nudc cua bot duy tri
dué6i 0,2 (Bang PL V.2.). Két qua SEM cho thay & ty 1& 1:4 (w/w), bot ¢6 hinh cau véi
bé mat twong d6i nhan va kich thude ddng déu hon (Hinh PL V.9.). Khi khao sét vé ty
& gitta MD va GA, ty I& 2:1 va 3:1 (w/w) mang lai hiéu suat thu hoi cao nhét cho tat ca
cac hop chat (Hinh PL V.10.). Hiéu qua vi bao ddi v&i TPC cao nhat ¢ ty 18 1:1 (w/w),
theo sau la ty 1€ 2:1 (w/w) (Hinh PL V.11.). B6t vi bao theo ty 1€ MD-GA 1:2 (w/w) c0
bé mat nhan véi it vét nit hon (Hinh PL V.12.). Trong khi d6, nhiing thay di vé toc
d6 va thoi gian dong hoa khong anh huong dang ké dén ham lugng am, hoat d6 nuéc
(Bang PL V.6.) va hinh thai hat (Hinh PL V.15.), thi ché d6 dong hoa tac dong dang
ké dén hiéu suat thu héi (Bang PL V.4.), hiéu qua vi bao (Bang PL V.5.) va phan bd
kich thudc hat bot (Bang PL V.7.). Qué trinh dong hda o toc do 10.800 vong/phdt trong
10 phut tao ra sy can bang ph hop gitra viéc giam kich thudc hat va d6 6n dinh, tao ra
bot c6 phan bd kich thuéc hat hep, ¢o kich thudce 1y twong cho qua trinh say phun.

Hiéu suat thu hdi va hiéu qua vi bao ting dang ké khi nhiét do khong khi siy dau
vao tang tir 140°C 1én 160 — 170°C, giam khi nhiét d vuot quéa 180°C (Hinh PL V.16.
va Hinh PL V.17.). Mic di ham lwong am thay ddi, gia tri hoat d6 nuéc van lubn &
muc thap trong tat ca cac mau, khdng cé su khac biét dang ké vé mat théng ké (P > 0,05)
Va tat ca cac gia tri déu dudi 0,2 (Bang PL V.8.). Céc hat vi bao dugc tao thanh & nhiét
d6 say 160°C cho thay hinh thai dong déu, voi d6 tron twong ddi déu va bién dang toi
thiéu (Hinh PL V.18.). Tang toc d6 dong nhap liéu tir 15 I&én 35 mL/phat khong dan dén
su khéc biét co y nghia théng ké vé hiéu suat thu hdi TPC, TSC va PAC (Hinh PL
V.19.). Tuy nhién, hiéu qua vi bao giam khi toc d6 dong nhép liéu ting 1én dén 45
mL/phat (Hinh PL V.20.). Gia tri hoat d6 nudc van thay d6i, khong khac biét vé mat
théng ké (P > 0,05) va duy tri duéi 0,2 (Bang PL V.9.). Hat bot duoc tao ra & toc do
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dong nhap liéu tir 15 dén 35 mL/phat ddng nhat, hinh cau va phan 16n khong bi bién
dang véi bé mat nhan. Nép nhin bé mat va bién dang cau tric bit dau xuat hién & toc
d6 40 mL/pht, mac du cac hat khdng biéu hién vét nit nhin thay duoc (Hinh PL V.21.).
% Toi wu héa quy trinh vi bao cac hop chét c6 hoat tinh sinh hec tir phu pham
nho bing say phun
Dua trén két qua cua céc thi nghiém don (Phu luc V.1), c4c pham vi téi wu dé
say phun duoc thiét 1ap bao gdm nhiét do khong khi sdy dau vao la 150 — 170°C (X1) va
téc do dong nhap ligu 1a 30 — 40 mL/phdt (Xz). Hiéu suat thu hoi va hiéu qua vi bao
duoc xac dinh 1 cac chi tiéu chinh dé danh gia hiéu qua siy phun (Bang 3.27).
Bang 3.27. Muc d6 ma hda cua céc bién doc lap cho thiét ké CCD trong téi wu hoa

quy trinh vi bao bang say phun

Ki Céc mirc cia yéu to

hi¢u -1,414 -1 0 +1  +1,414

Yéu to

Nhiét ¢6 khoéng khi siy dauvao (°C) X 146 150 160 170 174

Tbc d6 dong nhap liéu (mL/phat) X2 28 30 35 40 42

Bang 3.28 trinh bay ma tran yéu t6 ma hda. Két qua cho thay hiéu suat thu hoi
va hiéu qua vi bao cac hop chét c6 hoat tinh sinh hoc tir dich trich ly phu pham nho thu
duoc dao dong lan luot tir 47,24% dén 87,64% va tir 91,06% dén 98,90%.

Bang 3.28. Ma tran yéu t6 ma hda trong téi wu hoa quy trinh vi bao bang say phun

Yéu to Dap ung

Nhiét d6  Toc dd
TT Kkhong khi dong nhap

EY EY EY EE EE EE
(TPC) (TSC) (PAC) (TPC) (TSC) (PAC)

siy dau liéu (mL/
(%) (%) (%) (%) (%) (%)

vao (°C) phat)

1 146 35 51,47 69,01 76,56 93,76 94,92 92,22
2 150 30 6056 7896 73,50 94,72 96,02 92,92
3 150 40 5391 67,24 7191 9429 9438 91,65
4 160 28 84,18 8594 80,21 97,58 98,73 93,82
5 160 35 86,17 87,64 8356 98,01 98,63 94,30

103



6 160
7 160
8 160
9 170
10 170
11 174

35
35
42
30
40
35

86,09
83,98
49,66
76,82
47,24
70,42

87,22 82,04
86,17 82,61
64,90 72,87
80,03 82,31
70,78 74,29
78,53 80,95

98,39
98,73
95,44
96,38
91,06
94,31

98,90 93,94
98,07 94,43
97,54 91,87
97,60 93,95
9594 91,22
96,39 92,79

EY(TPC), EY(TSC) va EY(PAC) lan heot 12 hiéu sudt thu hai phenolic, hi¢u suat thu hai saponin va hiéu
sudt thu hoi proanthocyanidin. EE(TPC), EE(TSC) va EE(PAC) lan lwot 14 hiéu qud vi bao phenolic,
hiéu qua vi bao saponin va hiéu quda vi bao proanthocyanidin.

Bang 3.29 tom tit cac hé sé hdi quy wéce tinh cho céc chi tidu va cac tac dong

tuyén tinh, twong tac va bac hai caa nhiét do khdng khi siy dau vao va téc d6 dong nhap

licu d6i vai timg dap ung.

Bang 3.29. Hé sb va gia tri P ciia cac yéu té trong toi uwu héa quy trinh say phun

o EY(TPC) EY(TSC) EY(PAC)
Youto  Hegso  igip HESO Giigip HESO i
hoi quy i hoi quy j hoi quy j
Hang s6 85,46 <0,0001 87,01 <0,0001 82,76 <0,0001
X1 4,56 0,0300 2,26 0,0274 2,19 0,0113
X2 -10,68 0,0009 -6,37 0,0003 -2,51 0,0065
X1 X2 -5,73 0,0437 0,62 0,5764 -1,61 0,0970
X4 -13,49 0,0007 -6,78 0,0006 -2,57 0,0124
X2? -10,45 0,0023 -5,94 0,0011 -3,70 0,0027
R? 0,96 0,0013 0,97 0,0008 0,94 0,0049
Lack of fit 0,0503 0,0794 0,1389
EE(TPC) EE(TSC) EE(PAC)
Yeuto o Hegso e HESO Giggp HESO i
hoi quy j hoi quy i hoi quy j
Hang s 98,39 <0,0001 9855  <0,0001 94,23  <0,0001
X1 -0,10 0,7689 0,66 0,0420 0,18 0,1402
X2 -1,10 0,0194 -0,63 0,0486 -0,85 0,0004
X1X2 -1,22 0,0445 -0,01 0,9888 -0,37 0,0498
X4 -2,50 0,0014 -1,70 0,0021 -0,93 0,0006
X2? -1,24 0,0248 -0,43 0,1961 -0,76 0,0015
R2 0,92 0,0077 0,91 0,0132 0,97 0,0009
Lack of fit 0,0912 0,2231 0,4399

EY(TPC), EY(TSC) va EY(PAC) lan liot 14 hiéu sudt thu hoi phenolic, hi¢u sudt thu hai saponin va hiéu
suat thu hei proanthocyanidin. EE(TPC), EE(TSC) va EE(PAC) lan lrot 12 hiéu qud vi bao phenolic,
hiéu qua vi bao saponin va hi¢u quda vi bao proanthocyanidin.
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Nhin chung, cac mirc tuyén tinh cua nhiét do khdng khi siy dau vao va téc do
dong nhap liéu c6 anh huong tich cuc dén hiéu suat thu hdi va hiéu qua vi bao TPC,
TSC va PAC. Ngoai trir, nhiét d6 khong khi siy dau vao tic dong khong c6 y nghia
thng ké ddi véi hiéu qua vi bao TPC va PAC (P > 0,05), nguoc lai toc d6 dong nhap
liéu c6 anh huong tiéu cuc dén hidu qua vi bao TPC va PAC. Trong khi d6, hau hét cac
muc bac hai déu thé hién tac dong tiéu cuc dén cac chi tiéu (P < 0,05), ngoai trir anh
huong bac hai cua toe do dong nhap liéu dén hiéu qua vi bao TSC 1a khong ¢ ¥ nghia
thng ké (P > 0,05). Cac mirc twong tac giita hai yéu t6 khong chirmg minh dwgc ¥ nghia
thng ké di vai hiéu suét va hiéu qua vi bao TSC, hiéu suat thu hdi PAC (P > 0,05).
Nguoc lai, cAc mirc twong tac giira hai yéu t6 déu anh huong c6 y nghia théng ké 1én
hiéu suat thu hoi, hiéu qua vi bao TPC va hiéu qua vi bao PAC (P < 0,05).

Cac mé hinh bac hai cho hiéu suét thu hdi va hiéu qua vi bao TPC, TSC va PAC
dugc thé hién trong phuong trinh (9) — (14). Cac phuong trinh da thtic bac hai nay duoc

str dung d¢é t6i wu hoa:

Y1 = 85,46 + 4,56X, — 10,68X, — 5,73X; X, — 13,49X2 — 10,45X2 (9)
Y, = 87,01 +2,26X, — 6,37X, — 6,78X2 — 5,942 (10)
Ys=82,76 + 2,19X, — 2,51X, — 2,57X2 — 3,70X2 (11)
Y4=98,39 - 1,10X, — 1,22X, X, — 2,50X2 — 1,24X2 (12)
Ys = 98,55 + 0,66X, — 0,63X, — 1,70X2 (13)
Y6 = 94,23 + 0,18X, — 0,85X, — 0,37X, X, — 0,93X2 — 0,76X2 (14)

Trong d6: X1 biéu thi nhiét ¢6 khdng khi say dau vao, Xz biéu thi téc d6 dong
nhap liéu. Y1, Y2 va Y3 twong Gng véi hiéu suat thu hoi TPC, TSC va PAC. Ya, Ys va
Ys twong ung vai hiéu qua vi bao TPC, TSC va PAC.

Biéu d6 duong dong muc va bé miat dap ang trong Hinh 3.14 va Hinh 3.15 thé
hién mdi quan hé gitra cac yéu t6 va chi tiéu danh gia. Nhiét do siy dau vao va téc do
dong nhap liéu déu c6 anh huong déng ké dén dap ung. O nhiét do khong khi siy thap,
su bay hoi khong hiéu qua do d6 kha niang thu hdi cac hop chat sé ting khi nhiét do ting
dén khoang 162°C. Say & nhiét d6 cao s& cai thién sy truyén nhiét va truyén khéi ciing
nhu 1am giam su lang dong san pham trén thanh may siy. Bén canh dé, nhiét do sy cao
cling gitp hinh thanh nhanh cac 16p vo bao, ngan chin su that thoét cac hop chat hoat

tinh (Decker va cong su, 2024). Khi nhiét do khong khi say vuot qua mirc khoang 162°C
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EY(TPC) (%)

thi hiéu suat thu hoi va hiéu qua vi bao c&c hop chat s& giam. Nhiét do cao vugt mic co

thé phan hay cua cac hop chat muc tiéu din dén hiéu suat thu hdi hop chat giam.
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Hinh 3.14. M6 hinh bé mit dap ¢ng va duong ddng muc caa hiéu suat thu hoi (A)
TPC, (B) TSC va (C) PAC chiju anh hudng cua cac yéu té trong qué trinh siy phun

EY(TPC), EY(TSC) va EY(PAC) lan luot 1 hiéu sudt thu héi phenolic, hiéu sudt thu hoi saponin va hiéu
suat thu hoi proanthocyanidin.

Nghién ctru cta Silva va cong su (2013) bao cao xu hudng tuong tu, khi nhiét do
sdy tang tir 160 — 180°C thi hiéu qua luu gitr anthocyanin sé& bi giam. Dang va cong su

(2024) ciing cho thay nhiét do dau vao 157°C 1a phi hop dé say nhil tuong so ri voi Vo
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EE(TPC)

bao tir maltodextrin va gum arabic. Tuy nhién, Decker va cong su (2024) lai bao céo
rang nhiét do sy co thé chon & muc thip 140°C hoic trong nghién ciu cua (Perkovié
va cong su, 2024) nhiét d6 say co thé téi vu 1én dén 173,5°C cho say phun dich trich

phu pham nho. Sy khac biét vé& két qua c6 thé dén tir loai vo bao duoc sir dung, ciing

nhu sy twong tac véi cac yéu td khac.
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Hinh 3.15. M6 hinh bé mat dap tmg va duong d6ng muc cua hiéu qua vi bao (A) TPC,
(B) TSC va (C) PAC chiu anh huéng cua cac yéu tb trong qua trinh sy phun

EE(TPC), EE(TSC) va EE(PAC) lan Lot 12 hiéu qud vi bao phenolic, hiéu qud vi bao saponin va hiéu
qud vi bao proanthocyanidin.
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Hiéu qua cua qua trinh vi bao khong chi bi anh huong boi nhiét d6 sy ma thay
d6i dang ké theo toc d6 dong nhap liéu. Dya trén bé mat dap ang, co thé thay rang hiéu
qua vi bao va hiéu suat thu hdi s& giam néu tdc do dong nhap liéu vuot mac 32 mL/phdt.
Téc @6 dong nhap liéu cao dan dén sb lwong giot tao ra ting cao, lam gia ting sy va
cham giita cac hat, dan dén giam hiéu suit cua qua trinh say. Ngoai ra, ¢ téc d6 nhap
liéu cao, ham luong 4m bot s& cao hon so véi & tée d6 thip va bot co xu hudng tré nén
dinh thanh, tir d6 1am giam kha ning thu hdi bot (Le va cong su, 2025). Tc d6 dong
nhap liéu va nhiét 6 khdng khi siy dau vao cuing qua cao hoic qua thip déu lam giam
hiéu qua vi bao va hiéu suit thu hdi.

Hinh 3.16 trinh bay cac diéu kién téi wu dé sdy phun dich trich ly cac hop chat
c6 hoat tinh sinh hoc tir phu pham nho, bao gom nhiét do khong khi siy dau vao la
162°C va tdc @6 dong nhap liéu 1a 32 mL/phut.
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Hinh 3.16. M hinh dy doan hiéu suat thu hdi, hiéu qua vi bao va diéu kién tbi uu

ctia phuong phap vi bao bang sy phun
EY(TPC), EY(TSC) va EY(PAC) lan leot 12 hiéu sudt thu hai phenolic, hi¢u suat thu hoi saponin va hiéu
suat thu héi proanthocyanidin. EE(TPC), EE(TSC) va EE(PAC) lan lrot 12 hiéu qua vi bao phenolic,
hiéu qua vi bao saponin va hi¢u qua vi bao proanthocyanidin.

Cac gia tri dap tng du doan va thyc nghiém trong cac diéu kién tdi uvu nay dugc

trinh bay trong Bang 3.30 va Bang 3.31.
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Bang 3.30. Két qua tham tra gitta mo hinh va thi nghiém thuc té di voi
hiéu suat thu hdi cac hop chit

EY(TPC) EY(TSC) EY(PAC)

Dy doan  Thi nghi¢m Du doan Thinghiém  Dydoan  Thinghiém
89,172 +579 88,25°+1,00 88,80°+2,80 88,81°+1,50 83,61°+1,29 83,22°+1,08

Trong cling mgt chi tiéu, cc chir cai khac nhau thé hién su khac biéz cd y nghia thong ké (P < 0,05).
EY(TPC), EY(TSC) va EY(PAC) lan luot 1a hi¢u suat thu hoi phenolic, hi¢u suat thu hoi saponin va hi¢u
suat thu hoi proanthocyanidin.

Bang 3.31. Két qua tham tra gitta mo hinh va thi nghiém thuc té di voi
hiéu qua vi bao cac hop chat

EE(TPC) EE(TSC) EE(PAC)

Du doan Thi nghiém Du doan Thi nghiém Dy doan Thi nghiém
98,63%+ 1,24 98,48%+0,13 98,83°+0,92 98,69°+0,10 94,51°+0,38 94,59+ 0,25

Trong cling mgt chi tiéu, cc chit cai khac nhau thé hién su khac biéz cé y nghia thong ké (P < 0,05).
EE(TPC), EE(TSC) va EE(PAC) lan luot 14 hi¢u qua vi bao phenolic, hiéu qua vi bao saponin va hié¢u
qud vi bao proanthocyanidin.

Nhiét d6 sdy tdi vu trong nghién citu ndy thap hon so véi nhiét do say tbi wu
173,5°C trong nghién ctu ciia Perkovié¢ va cong su (2024) si dung dé say phun dich
trich phu pham nho véi vo bao tir whey protein. Tuy nhién, tc d6 bom téi wu cao hon
nhiéu so voi cac nghién ctiu caa Perkovié va cong su (2024) (7 mL/phat) &p dung trén
say phun dich trich nho. Nhiét do siy 162°C va toc d6 dong nhap liéu 32 mL/phut déu
thap hon gi4 tri t6i wu ghi nhan dwgc trong nghién ciru caa Hadree va cong su (2023) va
Hasani va cong su (2025). Nhiét o siy 189,9°C va téc d6 dong nhap liéu 0,63 mL/gidy
(37,8 mL/ph(it) 1a téi wu cho sdy phun dich trich vo lyu véi maltodextrin (Hadree va
cong su, 2023). Tuong tu, Vi bao polyphenol tir phu pham nho bang vo bao tir 12,129%
maltodextrin va 0,5% gum tir hat hding qué ngot thi nhiét do khong khi dau vao téi vu 1a
177,22°C (Hasani va cong su, 2025).

Hiéu suit thu hoi TPC, TSC va PAC thuc nghiém dat trén 83% va hiéu qua vi
bao TPC, TSC va PAC dat trén 94% cho thiy qua trinh vi bao hiéu qua. Sy khéc biét
giita cac gia tri thuc nghiém va du doan ddi voi mdi dap tmg duoc chiang minh la khéng
c¢6 ¥ nghia thong ké (P > 0,05). Cac nghién ciru trude day vé vi bao dich trich phu pham

nho bang siy phun ciing cho thay hiéu qua twong tu. Kuck va Norefia (2016) béo cao
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hiéu suat thu hdi phenolic va anthocyanin c6 thé dat tir 80,8 — 99,6% dbi véi dich trich
v6 nho Bordo véi vo bao két hop tir gum arabic, guar gum thay phan va polydextrose.
Hiéu sut thu hdi phenolic tir phu pham nho Agiorgitiko c6 thé dat 92,49% néu str dung
vo bao tir maltodextrin va protein sira (Tsali va Goula, 2018). Hiéu qua vi bao TPC
(98,50 £ 0,10%) trong nghién ctru nay tuong tu Véi cac nghién cuu vi bao dich trich phu
phdm nho véi vo bao tir gum arabic va gelatin véi hiéu qua vi bao dat 98,01%
(Martinovié va cong su, 2025). Két qua nghién ciu ndy lai cao hon so véi hiéu qua vi
bao phenolic dich trich ly phu pham nho Cabernet Sauvignon st dung whey protein dé
trong bao cao cua Perkovi¢ va cong su (2024). Hiéu qua vi bao khi sir dung whey protein
dé (ty I¢ 2,5) 12 95,5% & nhiét d6 173,5°C va téc do dong 7 mL/phat. Nhin chung, md
hinh bé mit dap tmg da duoc xac nhan 1a c6 thé du doan hiéu suat thu hdi va hiéu qua
vi bao TPC, TSC va PAC dich trich ly c&c hop chit c6 hoat tinh sinh hoc tir phu pham
nho dua trén thong sé nhiét do khong khi sy dau vao va téc dé dong nhap liéu.
3.3.1.2 Tinh chdt va hoat tinh sinh hoc cia bét sdy phun téi wu

Phan bd kich thwéc hat, SEM, @ hoa tan, ham lweng am va hoat do nwéc
ciia bt sdy phun & diéu kién téi wu

Ham lugng 4m, hoat d6 nudc, dd hoa tan, phan bd kich thudc hat, SEM cua bot

say phun t6i vu duoc thé hién trong Bang 3.32, Bang 3.33, Hinh 3.17 va Hinh 3.18.

Béing 3.32. Ham lwong am, hoat do nu6c va do hoa tan cua bot
say phun ¢ dieu ki¢n vi bao toi uu

Ham lwong am (%) Hoat d¢ nuéc Do hoa tan (%)

5,22 + 0,07 0,145 + 0,001 975+1,7

B6t vi bao toi ru ¢6 ham luong 4m 5,22 + 0,07%; hoat d6 nudc 0,146 + 0,003 va
d6 hoa tan 97,5 + 1,7% 1a phl hop cho san pham bot siy phun. Kich thudc hat trung
binh nho va déng déu. Puong kinh hat trong nghién citu ndy (2,92 — 36,24 um) gan Vi
két qua cua duong kinh hat vi bao dich trich phu pham nho véi vé bao tir casein/pectin
dugc Carra va cong su (2022) bao céo la dao dong trong khoang 1,28 — 41,75 um. Tuy
nhién, kich thudc hat bot van 16n hon so vai mot sé bao céo trude day vé say phun dich
trich ly phu pham nho. Bot sdy phun dich trich phu pham nho bang ethanol 50% véi

natri alginate, gum arabic, gelatin c6 duong kinh tir 2,38 — 4,29 um (Martinovi¢ va cong
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su, 2025). Buong kinh caa bt siy phun dich trich vé nho Bordo véi vé bao gum arabic,
polydextrose, guar gum thay phan khoang 4,8 — 14,3 um (Kuck va Norefia, 2016). Trong
qua trinh sdy phun, do nhét caa dich trude siy cang cao thi kich thuéc hat cang lén.
Dich trich ly tir DES c¢6 @6 nhét cao hon so vai dich trich tir cac dung moéi nhu ethanol
50% (Martinovi¢ va cong su, 2025), nudc (Decker va cong su, 2024; Kuck va Norefia,
2016) do d6 duong kinh hat twong ddi 16n hon.

Bang 3.33. Phan bé kich thudc hat bot say phun & diéu kién téi wu

Kich thwéc hat  Kich thwéc hat Phanbd kich Dio  Dsp Do
. Span
trung binh (um)  pho bién (um)  thwée (um)  (um) (um) (um)

12,05 9,37 292-36,24 555 10,65 20,80 1,43

D10: 10% lwong hat co kich thudc < 5,55 pum. D50: 50% luong hat co kich thuéc < 10,65 ym. D90:
90% heong hat cé kich thuée < 20,80 um. Span: Bé réng phdn bo twong doi.
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Hinh 3.17. Phan bd kich thudc hat bot sdy phun ¢ diéu kién t6i wu

$-4800 10.0kV 7.8mm x1.00k SE(M)

Hinh 3.18. Hinh SEM hat bot sdy phun & diéu kién téi vu

Hinh anh SEM cho thay hat bot vi bao sdy phun tron déu, bé mit hat khong nhin,

khéng co6 cac vét nit nhin thay duoc.
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P§ 4m can bang cia bt siy phun t6i wu

Tac dong cua d6 4m twong ddi can bang (ERH) cia moéi trudng dén do 6n dinh
ctia bot vi bao ti vu & nhiét &6 phong (25 + 2°C) duoc thé hién trong Hinh 3.19. Nhin
chung, & nhiét d6 khong doi, khi ERH ciia méi truong ting tir khoang 7,5% dén 84% thi
d6 am can bang cua bot cling tang. Tuy nhién, & ERH dudi 22% thi d6 am can bang cua
bot gan nhu khong thay d6i nhiéu, cho thiy do 6n dinh cua 6 am can biang & khoang
ERH nay. Trong khi d6, ERH trén 43% thi d6 4m can bing c6 xu hudéng ting nhanh
tuong (g véi do doc 16n cua duong cong, lién quan dén sy hap phu am. Két qua nay

cho thay cac mau bot vi bao téi vu khong nén luu trir & diéu kién ERH cao hon 43%.
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Hinh 3.19. Anh huéng cia ERH moi truong dén do am can bang cua bot sdy phun

EMC: Equilibrium Moisture Content — £ am can bang, ERH: Equilibrium Relative Humidity — B¢ am
twong doi can bang cua maoi truong.

Puong cong biéu didn méi quan hé giita d6 4m can bang va ERH méi truong 1a
duong dang nhiét hap phu loai 111. Két qua nay phi hop véi nhan dinh cua Al-Muhtaseb
va cong sy (2002) rang cac thuc pham giau thanh phan tan nhu duong — trong truong
hop nay la bot vi bao véi ham lugng maltodextrin cao, s€ co dac tinh loai I11 vi bi anh
hudng boi do hoa tan cia cac chat trong nudc.

Hai mé hinh toan hoc BET va GAB duoc sir dung nham md ta dudng dang nhiét
hap phu va dy doan d6 am don 16p cta bot vi bao (Bang 3.34). Theo phuong trinh BET,
d6 4m don 16p ctia bot vi bao tdi vu gin 5,444%, trong khi phuong trinh GAB du doan
d6 am don 16p 1 khoang 6,345. Két qua R? cho thay phuong trinh BET dy doan chinh
xac hon vé& do am don 16p cua bot vi bao, twong tng véi R? cao hon (R? = 0,978). Do

d6, dé dam bao do 6n dinh trong qua trinh bdo quan thi do am cua bot vi bao nén duoc
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duy tri gdn véi d6 am don 16p theo phuong trinh BET. Thuc té cho thdy do 4m ctia mau
bot vi bao (5,22%) 1a phi hop véi khuyén céo trén.
Bang 3.34. Thong s6 cia md hinh BET va GAB cho bot sdy phun tdi uu

Mo hinh Mo C K R2
BET 5,444 -79,938 - 0,978
GAB 6,345 37,957 1,966 0,928

BET: Brunauer-Emmett-Teller. GAB: Guggenheim-Anderson-de Boer. Mo: Dg am don 16p. Cva K la
hai théng so hap phu cua dac tinh hap phu cua bét.
Kha nang khang khuan caa bt vi bao toi uu

Puong kinh vong khang khuan va nong do trc ché to1 thi€u cua bot vi bao td1 uu

duogc thé hién trong Bang 3.35 va Bang 3.36.

Bang 3.35. Puong kinh vong khang khuan va MIC ciia bot siy phun t6i wu

_ Khéi Ham lwong hop chit )
The . Pwong kinh vong khang khuan (mm)
lwgng  trong bot say phun

Miu tich
bgt TPC* TSC* PAC* E.coli  S.typhimurium B.subtilis  S.aureus
(b (mg) (ng) (ng) (ng) ATCCB8739 ATCC 14028 ATCC 6633 ATCC 6538
Bot Séy phun 10 8 0,00i + 0,00 0,000+£0,00 0,000 +0,00 0,000 +0,00
t0i 20 16 11,22 77,72 3,64 3,13'+0,12 3,03 +0,21 3,63"+0,21 3,93"+0,12
30 24 22,44 15544 7,28 4,000+0,20 5,009+0,20 5,509+0,30 6,93¢+0,12
40 32 33,67 233,16 10,92 6,037+0,21 6,077+£0,23 9,139+0,47 7,00°+0,20
Khéng sinh 20 - 4489 310,88 14,56 20,00°+0,20 27,00°+0,20 19,97°+0,12 28,00%+ 0,20
chloramphenicol
(1 mg/mL)
Nudc cét 20 - - - - -
Miu - - - MIC (mg/mL)
Bot say phun ti vu 30 30 30 30

- Khéng xdc dinh. Déi chitng dm: Nudc cat. Poi chitng dwong: Khdng sinh chloramphenicol.

* TPC, TSC va PAC ldn lwot la ham lwong phenolic tong, ham lrong saponin tong va ham lwong
proanthocyanidin trong mai khéi lirong bét trrong 1ing theo hang.

Trong cuing mét bang, chir cai khac nhau (a, b, c,...) thé hién s khac biét c6 y nghia thong ké (P < 0,05).

Kha nang khang khuan ctia bot vi bao t6i wu thap hon so véi dich trich ly (Bang
3.16). Kha ning khang khuan cua dich trich s& gip khoang 3 1an so vdi bot siy phun
dua trén ham luong téng cic hop chit cling nhu duong kinh vong khang khuan. Néu

dua trén MIC thi kha nang khang khuan cua dich trich s& gap 4,6 1an so v6i bot vi bao.
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Ty 1& dich trich trong hdn hop bot vi bao chi chiém khoang 20% (ty 1¢ 15i: vo bao 1a 1:4
w/w), do d6 s& lam giam hoat tinh khang khuén so véi st dung dich trich ly tric tiép.

Gia tri MIC va ICso ctia bot vi bao tdi uu trong nghién ctru ndy cao hon so véi
bot vi bao tur dich trich vo dau phdng trong bdo cdo ctia Valle Calomeni va cOng su
(2017). Ham lugng chat mang trong bot vi bao phy pham nho cao hon nén lam giam
hiéu qua khang khi so sanh ciing mét lugng bot. Tuy nhién, bot vi bao phu phadm nho
van thé hién hoat tinh khang trén bdn ching khuén khac nhau, trong khi bot vo dau
phong khong thé hién tinh khang trén khuan Salmonella Enteritidis.

Bang 3.36. Hoat tinh khang oxy hoa cua bot siy phun tdi uu

Bot say phun tdi wu

Chi tiéu ICs0 TPC TSC PAC

(mg/mL) (n0) (n9) (no)
DPPH 3,47 +0,16 4,86 33,66 1,58
ABTS 2,28+ 0,16 3,19 22,10 1,03

ICs0: 12 nong dé mau thir ma tai dé mau thir sé c6 hogt tinh stc ché diroc 50% su oxy hda do gac tw do.
* TPC, TSC va PAC lan lwot la ham luong phenolic tong, ham heong saponin tong va ham lrong
proanthocyanidin trong mai nong dé tirong irng theo hang.

DPPH: 2,2-diphenyl-1-picrylhydrazyl. ABTS: 2,2-azinobis [3-ethylbenzothiazoline-6-sulfonic acid]

3.3.1.3 Quy trinh vi bao céac hep chdt cd hogt tinh sinh hec tir phu phdm nho bang
sdy phun

Quy trinh vi bao dich trich ly cac hop chat cd hoat tinh sinh hoc tir phu pham nho
bang siy phun duoc thé hién qua Hinh 3.20.

Chuan bi dung méi DES: DES dung dé trich ly bot phu pham nho 1a sy két hop
cua choline chloride va lactic acid theo ty 1& 1:2 (w/w), chira 20 % nudc. Tién hanh can
lan luot cac chat vao cdc thiy tinh theo ty 1é phi hop bang can ki thuat OHAUS 3202
(Hoa Ky), hdn hop duoc khudy ¢ 80°C trong 90 phut dén khi thu duwoc hdn hop dung
mdi dang long, trong sudt va déng nhat (Nguyen va cong su, 2023).

Phéi tron 1: Bot phu pham nho dugc phdi tron vaéi dung mdi DES theo ty 16 1:25
(w/w), hdn hop dugc khudy va gia nhiét & 70°C. Sau 118 phut, hdn hop dugc ly tam
bang may ly tam Universal 320R (Hettich, Pirc) & 6.000 vong/phut trong 10 phit. Qué
trinh ly tdm két thic hdn hop trong 6ng tach thanh hai phan, phan dich néi 1én trén, phan
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b3 lang dudi day 6ng. Thu phan dich noi phia trén. Két qua thu duoc sau qua trinh trich

ly 1a dich trich bot phu pham nho dang long. M6t phan dich trich dwgc phan tich céc chi

tiéu, phan con lai dugc bao quan trong diéu kién tranh séang, ¢ nhiét do -18°C cho cac

thi nghiém sy phun tiép theo.

B6t phu pham nho

Phéi tron 1

v

Choline chloride: lactic
acid=1:2 w/v, nuéc 20%

Trich ly
(T = 70°C, t= 118 phat)

Ty I¢ 16i: v6 bao
= 1:4 (wiw)

v

MD va GA

Ly tm
(6.000 vong/phat - 10 phat)

(2:1, wiw)

Phdi tron 2

v

Pong hoa

v

Say phun

Bot vi bao

Phdi tron

Dich vo bao

¢10.800 vong/ phat, 10 phat

o Nhiét do khdng khi say dau vao 162 °C
e Téc d6 dong nhap liéu 32 mL/phat

Hinh 3.20. Quy trinh vi bao tbi uu cac hop chat c¢é hoat tinh sinh hoc tir phu pham nho

bang say phun

Chuan bi vé bao: V6 bao maltodextrin, gum arabic duoc phdi tron theo ty 1é 2:1

(w/w) trong nudc, ndng do vat chat khd 40%. Tién hanh can ting loai vo bao vao hil
thity tinh bang can ky thuat OHAUS 3202 (Hoa Ky). Hoa tron vo bao voi nudc cat va

khudy déu bang diia thuy tinh, sau d6 u trong bé on nhiét WNB 14 (Memmert, Dic) &
60°C trong khoang 120 phdt, tao thanh hdn hop dong nhat.
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Phéi tron 2: Thyc hién phéi tron dich trich va dich vo bao theo ty 1¢ 1:4 (w/w).

Pong hoa: Sau d6, 500 mL hdn hop duoc ddng hoa bang may ddng héa Scilab
SHG-15A (Han Quéc) & tée o ddng hoa 10.800 vong/phut trong 10 phut. Sau cuing thu
dugc hdn hop ddng nhit goi 12 dich trudc say.

S4y phun: Dich trudc siy duoc tién hanh siy phun tai Cong ty TNHH Cong
Nghé Mr. Chi (Thanh phé Hd Chi Minh, Viét Nam), bing may say phun L-8i (Nhat
Ban) kiém soat nhiét d6 khong khi sy dau vao 162°C, téc do dong nhap liéu 32 mL/phdt.
Téc d6 quay cua dau phun (automizer) cé dinh 1a 18.000 vong/phdt va ap suit 1a 1,55
kPa. Thanh pham thu dwogc c6 dang bét, dugc bao quan trong tdi zip hai mat nhdm tranh

sang, bén trong c6 tai hat 4am va han kin miéng.

3.3.2 Quy trinh vi bao cac hep chit cé hoat tinh sinh hec trong dich trich ly tir dung

moi DES tao thanh tir choline chloride, glycerol va citric acid bang oleogel

3.3.2.1 Téi wu héa quy trinh Vi bao cac hep chdt cé hoat tinh sinh hec tr phu phdam

nho béang oleogel

% Anh hwéng ciia mot sé yéu té dén qua trinh vi bao cac hop chat cé hoat tinh
sinh hec tir phu pham nho bang oleogel

Mot s6 yéu td anh hudng dén qua trinh vi bao bang oleogel di duoc khao sat, bao
gom cong thic oleogel, ty 16 BW: F90, ty Ié chat tao gel dau, nhiét do 1am mat (Phu luc
VI.1). Oleogel tir BW: F90 cho thay hiéu suat thu hdi (80,52 + 2,37%), kha ning lién
két dau (84,32 + 0,43%) va d6 nhot cao hon so véi oleogel tir BW: GMS (Bang PL
VI.1.). Hinh anh oleogel dugc quan st bang kinh hién vi phan cuc cho thay ca hai cong
thize déu thé hién cac dic diém hinh thai twong doi giéng nhau (Hinh PL V1.2.). Tuy
nhién, & mau oleogel BW: GMS quan sat dugc sb lugng hat nhii twrong 16n nhiéu hon
so véi mau BW: F90. Do d6, cong thirc BW: F90 thé hién cac dic tinh hoa ly, vi ciu
tric ddng nhat va 6n dinh hon.

Oty 1e BW: F90 1a 1:1 (w/w), oleogel c6 d6 nhét thap nhat (Bang PL VI.2.). Khi
ty 16 BW: F9O0 tang 1én 2:1 (w/w), d6 cting cua gel ting, thé hién hiéu suat thu hdi hop
chat cao nhat. Kha niang lién két dau ting theo ham luong sap ong cao hon, dat cao nhat
gty 1& 2:1 (w/w). Hinh anh kinh hién vi phan cuc cho thay ¢ ty 16 2:1 (w/w), ham lugng
sap ong cao hon tao ra mot mang ludi céc giot day dic (Hinh PL VI1.4.). Khi thay doi
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ty 18 chat tao gel dau tir 5 — 15%, oleogel hinh thanh ciu trac dac va 6n dinh, dat hiéu
suit thu hoi cao nhat & ndng do 15% (Bang PL V1.3.). Kha ning lién két dau cua oleogel
dao dong tir 66,11% dén 96,50%, ting theo ty 1¢ chat tao gel dau cao hon. Ty Ié chat tao
gel dau cao hon (15%) tao ra mang ludi tinh thé day dac hon khi quan sat bang kinh
hién vi anh sang phan cuc (Hinh PL V1.6.).

Viéc ting nhiét d6 1am mat 1am giam hiéu suat thu hdi cac hop chit c6 hoat tinh
sinh hoc trong oleogel (Bang PL V1.4.). O 5°C, oleogel cho thay hiéu suat thu hoi va
kha ning lién két dau cao nhat. Hinh anh dudi kinh hién vi phan cuc cho thay rang ¢
5°C thi oleogel thé hién mang luéi tinh thé day dic, kich thudc céc giot twong dbi ddng
déu hon so véi hai nhiét do con lai (Hinh PL V1.8.).

% Toi wu héa quy trinh vi bao cac hop chat c6 hoat tinh sinh hec tir phu pham
nho biang oleogel

Ty 18 BW: F90 va ty I¢ chat tao gel dau duoc t6i uvu bang phuong phap bé mat
dap (g vai thiét ké phdi hop c6 tam CCD dua trén két qua tir cac thi nghiém khao sat
(Phu luc VI1.1.) nham xay dung md hinh bac hai dé du doan hiéu suat thu hoi TPC va
kha nang lién két dau cua oleogel. Cac pham vi t6i uwu bao gom ty 16 BW: F90 12 1,0 —
2,0% (X1) va ty 1¢ chat tao gel dau 1a 10,0 — 15,0% (X2) (Bang 3.37).

Bang 3.37. Muc d6 ma hda cua céac bién doc lap cho thiét ké CCD trong téi wu hoa

quy trinh tao oleogel

Cac mirc cia yéu to

Yéu to Ki hiéu
1,414 -1 0 +1  +1,414
Ty 1é BW: F90 (w/w) X1 0,8 1,0 15 20 2,2
Ty 1é chat tao gel dau (%) Xa 9,0 10,0 125 150 16,0

Hiéu suat thu hdi TPC va kha ning lién két dau cua oleogel dao dong trong
khoang lan luot 12 76,71 — 93,94% va 79,36 — 97,42% (Bang 3.38). Sy anh huong tuyén
tinh, twong tac va bac hai cua cac yéu to ty 16 BW: F90 va ty 1& chat tao gel dau ddi véi
hiéu suat thu hdi TPC va kha ning lién két dau dugc thé hién trong Bang 3.39. Hé sé
hdi quy udce tinh cho cac chi tiéu va y nghia ciia cac hé s6 nay trong md hinh bé mat dap
ng, gia tri R?, gia tri P cua Lack of fit va gia tri P cua phuong trinh hdi quy duoc trinh
bay trong Bang 3.39.
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Bang 3.38. Ma tran yéu t6 ma hoa trong téi wu hoa quy trinh tao oleogel

Yéu to Dap ung

TT Ty18BW:F90  Ty1&chiattao  Hiéu suit thu hdi Kha ning lién két

(wiw) gel diu (%) TPC (%) dau (%)
1 0,8 12,5 76,71 79,36
2 1,0 10,0 79,81 80,57
3 1,0 15,0 81,86 85,55
4 1,5 9,0 78,37 80,70
5 1,5 12,5 92,25 88,49
6 1,5 12,5 91,53 88,60
7 1,5 12,5 93,94 90,03
8 1,5 16,0 87,36 90,07
9 2,0 10,0 82,22 84,39
10 2,0 15,0 88,04 97,42
11 2,2 12,5 79,03 90,84

Bang 3.39. Hé s6 va gia tri P ciia cac yéu té trong toi uu hoa quy trinh tao oleogel

. Hiéu suat thu hdi TPC (%) Kha ning lién két dau (%)

yeuto Hé s6 hdi quy GiatriP  Hésohdiquy  GiatriP
Hang s 92,54 <0,0001 89,02 <0,0001
X1 1,49 0,1223 4,01 0,0006
X2 2,58 0,0237 3,93 0,0006
X1X2 0,94 0,4431 2,01 0,0400
X1? -6,75 0,0009 -1,53 0,0569
X2? -4,20 0,0073 -1,39 0,0761
R? 0,93 0,0059 0,96 0,0013
Lack of fit 0,1736 0,2004

Két qua thong ké cho thay céc hé sé hdi quy c¢6 ¥ nghia vé mit thong ké (P <
0,05) va gia tri Lack of fit khong c6 y nghia théng ké (P > 0,05) cho ca hai mé hinh.
Dua trén két qua Bang 3.39, cac phuong trinh da thirc bac hai cho hiéu suat thu hdi TPC
va kha ning lién két dau duoc thé hién trong phuong trinh (15) va (16):
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Y1 = 95,54 + 2,58X, — 6,75X2 — 4,20X2 (15)
Y. = 89,02 + 4,01X, + 3,93X, + 2,01X, X, (16)
Trong d6: X1 biéu thi ty 16 BW: F90, Xz biéu thi ty Ié chat tao gel dau. Y1 twong
rng Véi hiéu suat thu hdi TPC va Y2 twong tng vé6i kha nang lién két dau.
Bé mit dap tng va biéu db dudng dong mic minh hoa méi quan hé giira cac bién
doc lap va dap ang (Hinh 3.21 va Hinh 3.22).
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Hinh 3.21. M6 hinh bé mit dap (ng va duong ddng muc caa (A) hiéu suat thu hdi TPC
va (B) kha ning lién két dau cua oleogel chiu anh huong cua cac yéu to
TPC la ham heong phenolic tong, BW: Sap ong, F90: Chdt nhii héa Finamul 90.

Hinh 3.22 va Bang 3.40 trinh bay cac diéu kién tbi uu ciia quy trinh tao oleogel
tir dich trich ly cac hop chét hoat tinh sinh hoc bang DES tao thanh tir choline chloride,
glycerol va citric acid, cung véi cac gié tri dap tng du doan va thyc nghiém trong cac
diéu kién tbi uvu nay. Nhin chung, md hinh bé mat dap tmg da duoc xac nhan 1a co thé
du doan hiéu suat thu hdi TPC va kha ning lién két dau cua oleogel dich trich ly cac hop
chat c6 hoat tinh sinh hoc tir phu pham nho Red Cardinal dya trén théng sb ty 16 BW:
F90 (w/w) va ty 1¢ chit tao gel dau (%).
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Hinh 3.22. M hinh du doan hiéu suat thu hdi TPC, kha ning lién két dau
va diéu kién tbi wu ctia phuong phép vi bao bang oleogel
TPC la ham heong phenolic tong, BW: Sap ong, F90: Chdt nhii héa Finamul 90.
Bang 3.40. Két qua tham tra gitta mo hinh va thi nghiém thuc té d6i voi

hiéu suat thu hoi TPC va kha nang lién két dau cua oleogel tbi wu

Hiéu suét thu hdi TPC (%) Kha niing lién két dau (%)
Du doan Thi nghiém Du doan Thi nghiém
92,002 + 3,04 90,732 + 1,49 93,062 + 1,96 91,75% + 2,33

Trong cling mgt chi tiéu, cc chit cai khac nhau thé hién su khac biér cé y nghia thong ké (P < 0,05).
TPC la ham lwong phenolic tong, BW: Sap ong, F90: Chat nhii héa Finamul 90.

3.3.2.2 Tinh chdt va hoat tinh sinh hec cia oleogel téi wu

Két qua duong kinh vong khang khuan va nong do e ché téi thiéu cua oleogel
t6i wu duoc thé hién trong Bang 3.41 va Bang 3.42. Kha ning khang khuan cua oleogel
t6i wu thap hon so véi dich trich ly t6i uu do ty I& dich trich ly trong oleogel chiém
khoang 30% va that thoat TPC trong qué trinh tao oleogel, do d6 1am giam hoat tinh so
Vvé6i dich trich ly ban dau. Theo phan loai hoat tinh dua trén duong kinh vong khéang
khuan caa Zbakh va cong su (2012) thi hoat tinh khang khuan cua oleogel 1a thap hon
& cac muc thir nghiém, do do MIC cuia oleogel tuong trng ciing cao hon so véi dich trich

va bot siy phun.
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Biang 3.41. Puong kinh vong khang khuan va nong do tc ché téi thiéu cua oleogel t6i vu

Thé Khéi lwgng TPC trong Puong kinh vong khang khuin (mm)
Maiu tich  oleogel  oleogel * E. coli S. typhimurium  B. subtilis S. aureus
(uL) (mg) (ng) ATCC 8739 ATCC 14028 ATCC 6633 ATCC 6538
Oleogel tbi wu 10 6,67 9,74 - - - -
20 13,34 19,49 0,50'+0,10 4,00+ 0,17 - -
30 20,01 29,23  3,03Y+0,15 500°+0,20 2,47"+0,15 -

40 26,68 3897 4001020 8009+020  3,079%021 7,50¢+0,20
DMSO 40 - - - - - -

Khéng sinh 20 - - 20,00°+0,20 27,00°+0,20 19,97°+0,12 28,00+ 0,20
chloramphenicol
(12 mg/mL)
Mau MIC (mg/mL)
Oleogel 6i uu 87,64 60 60 60 60

- Khdng xdc dinh. MIC: Néng dg itc ché téi thiéu. Béi ching am: DMSO (Dimethyl sulfoxide). Ddi
ching duong: Khang sinh chloramphenicol.

* TPC la ham lwong phenolic tong trong mai khoi Liong oleogel frong g theo hang.

Trong cling mét bang, chiz cai khac nhau (a, b, c,...) thé hién s khac biét c6 y nghia thong ké (P < 0,05).

Tuong ty, hoat tinh khang oxy hoda cua oleogel cling giam so véi dich trich ly
nhung cao hon so véi bot siy phun, nguyén nhan cé thé do mét sé thanh phan hoat tinh
khang oxy hoa trong cong thirc oleogel nhu citric acid, sap ong.

Bang 3.42. Hoat tinh khang oxy héa cua oleogel téi vu

Oleogel t6i wu

Chi tic
rhed ICso (Mg/mL) TPC (ug)

DPPH 2,77+ 0,10 4,04

ABTS 1,84 + 0,01 2,68

ICs0: 1a Nong dg mau thir ma tai do mau thik sé ¢6 hogt tinh ic ché duroc 50% sir oxy hoa do goc tu do.
* TPC la ham luong phenolic tong trong moi nong do twong 1ing theo hang.

DPPH: 2,2-diphenyl-1-picrylhydrazyl. ABTS: 2,2-azinobis [3-ethylbenzothiazoline-6-sulfonic acid]
3.3.2.3 Quy trinh vi bao cac hep chdt c6 hoat tinh sinh hec tie phu pham nho bang
oleogel

Quy trinh vi bao dich trich ly cac hop chat ¢é hoat tinh sinh hoc tir phu pham nho

bang oleogel dugc thé hién qua Hinh 3.23.
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Dich trich ly
(Choline chloride:
glycerol: citric acid)

BW: F90 =1,7:1 wiw

) / Dau huéng duong,
Ty 1€ chat tao gel dau 14,3%

chat tao oleogel

Nhié¢t do 90°C, 15 phut Gia nhiét

Khuay tron

Nhiét d6 60°C Ha nhigét

Phdi tron <

Nhiét d6 lam mat 5°C Lam mat

Oleogel

Hinh 3.23. Quy trinh vi bao t4i wu cac hop chat phenolic trong dich trich ly
tir phu pham nho bang oleogel
BW: S&p ong, F90: Chdt nhii héa Finamul 90.

Hon hop sap ong va Finamul 90 (1,7 :1, w/w) duoc hoa tan trong dau hudng
duong & nhiét do 90°C trong 15 phut. Ty 18 chat tao gel dau 1a 14,3%. Hon hop duoc
khuay ¢ toc d6 260 vong/phut trong 5 phut dé thu dugc dung dich trong sudt. Ding gia
nhiét va dirng khuay tron cho dén khi nhiét do hdn hop giam xubng 60°C. Sau d6, nhanh
chéng thém dich trich ly phu pham nho (30%) vao hon hop va khudy lién tuc trong 10
phit & toe do 390 vong/phut. Hon hop duoc 1am ngudi ¢ nhiét do 5°C dé tao oleogel.

% K&ét luan chung:

Hai loai dich trich ly ti vu tir hai loai DES khac nhau duoc lva chon d3 dugc vi
bao bang hai phwong phéap khac nhau Ia sy phun va oleogel. Bot siy phun cé hiéu suat
thu hoi hop chat trén 83% va hiéu qua vi bao trén 94%. Trong khi d6, hiéu suat thu hoi

hop chit cua oleogel dat khoang 90% va kha ning lién két dau dat khoang 91%. Ca hai
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loai bot sdy phun va oleogel déu thé hién hoat tinh khang khuan va khang oxy héa phu

hop véi dinh huéng tng dung nhu chat bao quan ty nhién trong cdng nghiép thuc pham.

3.4 Ndi dung 4: Kha niing wng dung ciia bt sdy phun va oleogel tir dich trich Iy

phu pham nho vao san pham xuc xich thanh tring

3.4.1 Sw thay d6i ciia xUc xich thanh tring bé sung bét say phun trong qué trinh
bao quan

Noi dung ndy nham danh gia tiém ning (ng dung cua bot sdy phun nhu chat bao
quan tu nhién trong xuc xich thanh trung thdng qua viéc xac dinh sy tac dong cua viéc
bo sung bot say phun dén mot s chi tiéu chat lwong nhu ham lugng am, pH, vi sinh,

mau sic va két cau caa san pham xdc xich thanh tring.
< Ham lwong am

Trong bai ndy, ham luong 4m ban dau cua cadc mau xdc xich (60,01 — 61,77%)
khac biét khong co ¥ nghia thong ké (P > 0,05) cho thay su ¢6 dinh ham luong am ban
dau gitra cac mau. Viéc bd sung chat bao quan véi ham luong thap (duéi 1%) khong tac
dong dang ké dén ham lwong 4m ban dau. Tuy nhién, sy thay d6i cia ham luong am x(c

xich bi anh hudng dang ké bai thoi gian bao quan (Hinh 3.24).
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Hinh 3.24. Thay d6i ham lwong 4m cua xuc xich bd sung bot say phun, bot so ri
va nisin theo thoi gian bao quan

0 - 0,8%: Cac mau xic xich véi ty I¢ b sung bgt say phun tir 0 — 0,8%. So ri: Mdu xtc xich b sung
0,4% chat bao quan tu nhién tir so ri. Nisin: Mau xdc xich bé sung 0,002% nisin.
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Ham luwong am xtic xich c6 xu huéng giam dan theo thoi gian bao quan & tat ca
c4c mau va dat ham luong am thap nhat & ngay 12. Trong d6, mau bi mat am nhiéu nhat
la mau khdng bd sung chat bao quan (mét khoang 13,9%). Viéc mat am ting khi qua
trinh oxy hoa protein ting dan dén suy giam kha ning gitt nudc va tao gel caa protein

trong xuc xich.
% Chi tiéu pH

Sy thay d6i pH trong thoi gian bao quan cho thay sy anh huong cua viéc bd sung
chat bao quan (Hinh 3.25). Gia tri pH cua xuc xich dao dong tir 5,81 — 6,55. Trong do,
pH cua x(c xich khdng b sung chat bao quan va xuc xich bo sung nisin khac biét khong
¢ y nghia théng ké (P > 0,05), cho thay viéc bo sung nisin khong lam thay dbi pH cua
xuc xich. Nguoc lai, pH cta cac mau bo sung bot sy phun c6 xu huéng giam dan theo
su ting ty 18 bd sung. Gié tri pH cua xuc xich bo sung bét so ri cling thip hon dang ké

so v&i mau xdc xich khong bo sung (P < 0,05).
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Hinh 3.25. Thay d6i pH cua xdc xich bo sung bot sdy phun, bot so ri va nisin
theo thoi gian bao quan

0 — 0,8%: Cac mau xuc xich vdi ty 1é bé sung bét Say phun tir 0 — 0,8%. So ri: Mdu xUc xich bé sung
0,4% chat bao quan ti nhién tir so ri. Nisin: Mau xdc xich bé sung 0,002% nisin.

Trong qua trinh bao quan, pH cta cac mau xuc xich ting & ngay 2 co thé dén tur
nguyén nhan hinh thanh cac hop chét nito do qua trinh phan giai protein. Sau d6 pH
giam dan & nhitng ngay tiép theo khi tac dong cua cac vi khuan sinh lactic acid tich tu
manh hon tac dong cia cac hop chat nito din dén su giam pH (Feng va cong su, 2013).
Viéc duy tri pH gitp danh gia do 6n dinh xdc xich. Két qua cho thay pH cua cac mau
bd sung 0,2% va 0,4% bot sy phun ban dau c6 pH thip hon mau khéng bé sung tuy
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nhién pH chi thay d6i it trong qua trinh bao quén, trong khi 6 mau khdng b sung chat
bao quan c6 pH giam manh. Mau bd sung nisin, bot siy phun & ty 18 cao (0,6% va 0,8%)
va bot so ri co pH giam nhung bién do giam thap hon so véi mau khong bo sung chat
bao quan. Tuy nhién, cAc mau bd sung bot sy phun & ty 1& cao (0,6% va 0,8%) va bot
so ri van c6 pH thap hon so vai cac mau con lai.

Gia tri pH cua dung dich tir bot so ri theo cong bd cua nha cung cap 1a khoang
4.0 — 6.0 do @6 lam giam pH cta san pham xuc xich. Bot say phun ¢é thanh phan lactic
acid do d6 ciing c6 thé anh huéng phan nao dén pH cua xdc xich. Tuy nhién, gia tri pH
cuia cAc mau xUc xich van nim trong khoang pH duoc bdo céo trong nghién ctu cua
Aykim-Dincer va cong sy (2021) (5,85 — 6,51). Mot s6 nghién ctru ciing cho thay viéc
bd sung cac dich trich tir ca dén, huong théao, so ri ciing lam giam pH xuc xich (Aykin-
Dincer va cong su, 2021; Hoelscher va cong sy, 2024). Viéc ting pH & nhitng ngay cudi
ctia bao quan co thé do sy phat trién manh cua vi sinh vat. Vi sinh vat ting manh va bat
dau qua trinh san xuét protease, sir dung acid amin dé tang treang dan dén sy hinh thanh

cac amoniac va amin lam tang pH tr¢ lai (Boeira va cong su, 2020).
% Tong vi sinh vat hiéu khi

Tac dong cua viéc bd sung céc chat bao quan dén tong vi sinh vat hiéu khi trong

thoi gian bao quan dugc thé hién trong Hinh 3.26.
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Hinh 3.26. Thay ddi tong s6 vi sinh vat hiéu khi cua xdc xich bo sung bot sdy phun,
bdt so ri va nisin theo thoi gian bao quan

0 - 0,8%: Cac mau xtic xich véi ty I¢ bé sung bét sdy phun tur 0 — 0,8%. So' ri: Mdu xic xich bé sung
0,4% chat bao quan tw nhién tir so ri. Nisin: Mau xdc xich bé sung 0,002% nisin.
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C6 thé thay rang co6 su khac biét dang ké gitra cac mau xtc xich bd sung céc loai
va ty 18 chat bao quan khac nhau. Két qua vi sinh cho thdy cac mau xdc xich ban dau
déu c6 sé lugng vi sinh vat dat tiéu chuan TCVN 7049-2020 (E. coli < 5x10* cfu/g va
téng vi sinh vat hiéu khi < 5x10° cfu/g). T4t ca cAc mau ban dau va & cac mdc thoi gian
bao quan déu khong phét hién E. coli va Coliform. Tong vi sinh vat hiéu khi cao nhat ¢
mau cong thirc khong co chat bao quan va thap nhat trong mau sir dung nisin. Trong khi
d6, tong vi sinh vat hiéu khi giam dan khi tang ty 1 bo sung bot vi bao tir 0,2 dén 0,8%.
Mau bé sung bt so ri gitip giam tong vi sinh vat hiéu khi ban dau va hiéu qua tuong
duong voi mau bd sung 0,4% bot siy phun nhung van thip hon khi so sanh véi cac mau
bd sung bot sdy phun ¢ céc ty 18 tir 0,4% tro Ién.

Tong vi sinh vat hiéu khi tang dan theo thoi gian bao quan. Cac mau bo sung chét
bao quan ty nhién déu c6 tdc do ting cham hon so vi Mau cé chat bao quan. Trong do,
cac mau bd sung 0,6% va 0,8% bot say phun c6 tong so vi sinh vat ting thdp nhat lan
luot 1,8 va 1,7 log cfu/g. Mau bo sung bot so ri ¢6 toc d6 ting vi sinh vét (ting 2.6 log
cfu/g) cao hon tat ca cac mau bo sung bot say phun (1,7 — 2,5 log cfu/g). Mau bo sung
nisin 6 téc do tang sé lugng vi sinh vat hiéu khi cao sau 7 ngay bao quan, tuy nhién
van dudi muc gigi han. Xét vé thoi gian bao quan va dua trén chi tiéu tong vi sinh vat
hiéu khi thi mau khdng b6 sung chat bao quan c6 tong vi sinh vat hiéu khi vuot qua gioi
han chi sau 7 ngay bao quan. Cac mau bo sung bot sdy phun ty & 0,2% va mau bé sung
bot so ri ¢6 han bao quan tir 9 — dudi 12 ngay, trong khi cac mau con lai ¢6 thé bao quan
& thoi gian trén 12 ngay ¢ nhiét d6 lanh 4°C (theo TCVN 7049-2020).

Cac két qua ké trén lam noi bat vai trd cua bot say phun trong hiéu qua khang
khuan nho vao s hién dién caa cac hop chét ¢ hoat tinh sinh hoc trong bat. Nhin chung,
cac dich trich hodc bot tir cac nguyén liéu chira cac hop chét phenolic c6 tac dung tc
ché su phat trién caa vi sinh vat hiéu khi. Nhitng két qua nay phd hop véi nghién ciu
cuia mot sb tac gia da thay thé cac chat bao quan tong hop trong xdc xich (nitrit, nitrat,
BHT) bang cac dich trich hodc bot chira cac hop chat ¢d hoat tinh sinh hoc tir c4c nguyén
liéu tu nhién nhu dich trich la olive (Totaro va cong su, 2024), dich trich huong thao va
so ri (Hoelscher va cong su, 2024), bt tir ca Cac vu (Afoakwah va cong su, 2015). Bén

canh vai trd cua cac hop chat phenolic, gié tri pH thap hon cua cac mau bo sung bot siy
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phun dich trich phu pham nho va bét so ri (Hinh 3.25) ciing gitip ting cuong hiéu qua
khang khuan so véi cac mau khdng bd sung hoic bd sung nisin.
< Mau sic
Mau sic duoc xem 1a mét trong nhirng chi tiéu chat lwong quan trong cua san
pham xuc xich. Mau sic cua xdc xich bo sung cac loai chat bao quan khac nhau dugc
thé hién trong Bang 3.43.
Bang 3.43. Thay d6i mau sic cta xuc xich bd sung bot say phun, bot so ri va nisin

theo thoi gian bao quan

Thoi Miu
Chi gian bao
tieu  quén 0,0 0,2% 0,4% 0,6% 0,8% Bt so ri Nisin
(ngay)

L 0 7862%0,80 79,67 + 1,39 79,85+ 0,99 80,77 + 0,71 79,67 + 1,16 79,25 + 0,23 79,75 + 0,81
2 79,27+0,30 79,93 + 1,66 81,19 + 0,99 80,47 + 0,51 78,53 + 0,69 79,48 + 0,51 79,82 + 0,58
5  79,59+0,53 79,35+ 0,28 80,54 + 0,33 80,38 + 0,09 78,69 + 0,39 80,11 + 0,74 78,89 + 0,17
7 79,15+0,96 78,97 £ 0,29 81,14 + 0,82 81,29 + 0,74 80,93 + 0,69 80,81 + 0,18 80,63 0,72
9  79,68%0,34 79,49+ 0,18 81,11 + 0,58 81,88 + 0,57 79,75 + 0,72 80,94 + 0,73 79,85 + 0,99
12 80,95+0,64 79,92 + 1,85 81,34 + 0,80 78,99 + 0,75 79,30 + 1,06 81,44 + 0,29 78,47 + 0,03

o 0 232+024 231+0,06 214+0,14 211+0,08 219+0,17 2,35+0,23 2,37+0,11
2 186+0,12 237+0,03 2,16+0,04 2,06+0,08 1,87+005 1,66+0,54 1,88+0,03
5 212+006 234+0,12 217+0,17 194+0,07 216+0,02 2,13+0,08 2,12+0,12
7  216+0,05 2,33+0,09 2,00+0,13 2,03+0,07 2,12+011 2,27+0,27 2,39+0,40
9 1,99+010 241+0,05 1,81+0,09 187+0,02 192+0,20 1,54+0,14 2,21+0,13
12 157+005 234+0,06 1,73+0,04 165+0,06 1,65+0,10 1,71+0,08 2,25+0,06

b* 0 12,17+0,38 12,47+ 0,24 12,83+ 0,44 12,84 + 0,22 12,82 + 0,08 13,06 + 0,18 12,29 + 0,07
2 13,04+0,11 11,88+ 0,21 12,57 + 0,06 12,84 + 0,28 12,28 + 0,06 12,88 + 0,28 12,49 + 0,11
5 12,53+0,10 11,99 + 0,48 12,53 + 0,38 13,13 + 0,24 11,78 + 0,24 13,62 + 0,08 11,98 + 0,07
7 13,07+0,44 12,75+0,11 12,66 + 0,28 13,23 + 0,10 13,57 + 0,23 13,21 + 0,24 12,10 £ 0,35
9  13,23+0,38 12,57 + 0,95 13,02 + 0,28 13,20 + 0,55 11,81 + 0,27 13,15 + 0,35 12,83 + 0,44
12 12,72+0,34 12,61+ 0,42 13,81 + 0,23 13,23 + 0,53 12,27 + 1,18 13,67 + 0,08 13,29 + 0,02

AE 0
2 132%0,10 0,70+0,16 1,40+0,49 091+053 1,34+051 1,14+0,04 0,87 £0,24
5 1,15+056 1,19+0,39 1,41+051 0,70+0,39 154+0,76 1,19+0,63 1,10+0,63
7 182%058 146+0,37 137+0,28 1,22+0,28 1,51+069 1,64+0,30 1,33+0,68
9 1,88%027 1,33%0,58 165+0,78 124+0,31 1,74+0,49 1,89+056 1,54+0,40
12  256+044 204+060 1,91+051 192+048 2,05+0,40 2,38+0,25 1,67 +0,69

0 —0,8%: Cac mau xiic xich véi ty 1¢ bé sung bt sdy phun tir 0 — 0,8%. Bot sor ri: Mdu xtic xich bé sung
0,4% chat bao quan tu nhién te so ri. Nisin: Mau xdc xich bé sung 0,002% nisin.

Sy thay d6i cua gia tri L*, a*, b* va gia tri AE cho thay sy khac biét c6 ¥ nghia

théng ké gitra cac mau xtc xich (P < 0,05). Sy thay ddi gia tri L*, a* va b* trong thoi

gian bao quan ciia cac miu chua thé hién rd xu hudng cu thé. Cac mau bo sung chat bao

127



quan déu c6 gia tri L* cao hon so v&i mau xuc xich khéng bd sung ¢ thoi diém ban dau
nhung khac biét khong c6 ¥ nghia thong ké (P > 0,05). Gié tri a* ciia cAc mau xuc xich
tuong ddi 6n dinh trong 7 ngay va bat dau c¢6 xu hudng giam néu thai gian bao quan kéo
dai hon. Cac méu xdc xich bé sung 0,2% bot sdy phun va nisin c6 gia tri a* cao va twong
dbi 6n dinh trong qua trinh bao quan so vai cac mau con lai véi gia tri a* giam thap ¢
ngay 12. Gia tri b* tang 1én & nhitng ngay bao quan cudi. Su ting b* va giam a* c6 thé
lién quan dén qua trinh oxy hoa lam giam d6 do cua thit va ting cuong mau vang cua
san pham (Boeira va cong su, 2020). Gia tri AE cua x(c xich thé hién xu hudng ting
dan theo thoi gian bao quan & tat ca cac mau. Gia tri AE thé hién mic do khac biét vé
mau sic. Theo Mokrzycki va Tatol (2011), khi 2 < AE < 3,5 thi su khéc biét vé mau sic
c6 thé dugc nhan thay boi nhitng ngudi quan sat khdng cé kinh nghiém. Do dé, mau sac
ctia c&c mau xUc xich & ngay 12 da bat dau thé hién su khac biét rd so voi ngay bat dau
bao quan, tuy nhién cac mau b sung bot say phun va nisin c6 AE thap hon cac mau con
lai. C6 thé thiy rang cac mau bo sung chat bao quan gidp 1am cham qua trinh ting AE
so v&i mau khong bo sung chat bao quan. Cac chat bao quan ty nhién nhu bot sdy phun
tir dich trich phu pham nho hoic bot so i ¢6 hoat tinh khang oxy héa do dé han ché
phan nao su oxy hoa cac chat mau, giam anh huong dén mau sic cuaa xdc xich.

Mac di hoat tinh khang khuan va khang oxy hoa cua dich trich ly va bot vi bao
da dugc chung minh rd rét théng qua cac thi nghiém in vitro & muc 3.3.1.2 va 3.3.2.2,
luan &n hién mai ding lai & viéc danh gia tiém nang ¢ng dung cua ching trong san pham
xuc xich thanh triing théng qua maot sé chi tiéu chat luong co ban. Trén thyc té, phan
I6n cac nghién cau vé tng dung hop chat hoat tinh sinh hoc nhu chat bao quan ty nhién
van chii yéu duoc thuc hién & quy mé phong thi nghiém hoac trén cac hé mé hinh don
gian. Cac hé nay khéc biét dang ké so véi nén thuc pham thit phire tap, von chira protein,
chat béo, mudi va cac thanh phan phu gia khac, c6 kha ning anh huong dén sy ton tai,
kha nang chéng chiu véi diéu kién bét loi va mac do dé khang cua vi sinh vat trong xdc
xich thanh tring. Bén canh do6, ban than nén thuc pham ciing c6 thé chtra cac hop chat
noi sinh ¢6 hoat tinh khang khuan hoac khang oxy hoa, 1am cho viéc dién giai hiéu qua
bao quan cua cac hoat chat bo sung tré nén phac tap hon. Trong pham vi nghién ciu
nay, co ché tuong tac giita cac hop chét hoat tinh sinh hoc véi hé nhii twong thit, ciing

nhu mdi twong quan giita hidu qua in vitro va hiéu qua in situ, chua dugc phan tich mot
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cach chuyén sau. Do d6, day 1a mot hudng nghién ctiu tiém nang can tiép tuc duoc lam
rd trong cac nghién cau tiép theo, dic biét lién quan dén kha ning giai phong, phan bd,
d6 6n dinh va co ché tac dong cua cac hop chat hoat tinh sinh hoc trong nén thuc pham

phuc tap.
< Két cau
Két ciu la chi tiéu quan trong, anh hudng dén mic do chip nhan cua ngudi tidu

dung ddi véi san pham xuc xich. Két qua phan tich két cau cua xuc xich duoc bd sung

bot say phun, bt so ri va nisin duoc thé hién trong Hinh 3.27.
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Hinh 3.27. Thay d6i két cau xdc xich bd sung bot sdy phun, bot so ri va nisin

theo thoi gian bao quan

0-0,8: Céc mau xuc xich véi ty 1é bo sung bét say phun tir 0— 0,8%. So'ri: Mau xuc xich bé sung 0,4%
chat bao quan tw nhién tir so ri. Nisin: Mau xdc xich bo sung 0,002% nisin.

Nhin chung, viéc b6 sung bot say phun & cac ty 18 khac nhau, bot so ri hoic nisin
anh huong c6 y nghia théng ké dén két cau cua san pham xuc xich thanh trang (P <
0,05). O thoi diém ban dau, do cting, d6 dai ran va do6 dai ban ran caa xtc xich bo sung
chat bao quan déu ting so v6i mau dbi chitng khéng bd sung chat bao quan. Maltodextin
dugce xem nhu chét thay thé chat béo, c6 thé gitp giam hao hut khi niu va duy tri két
c4u, cam quan cua xuc xich (Crehan va cong sy, 2000). Do d6, bo sung bot siy phun
chira maltodextrin phan nao gitip ting cudng d6 cung cua xdc xich so véi mau khong
bd sung chat bao quan. Viéc ting do cing cua xtc xich ciing c¢6 thé lién quan dén pH
cua san pham. Do dan hoi cua cac mau xdc xich khong thé hién rd xu hudng thay doi
trong qué trinh bao quan, trong khi d6 dai ban ran, d6 dai rin va do cb két déu c6 xu
hudng giam nhe trong qué trinh bao quan. Theo thoi gian bao quan, cac chi tiéu chat
lwong vé két cau cua xuc xich c¢6 xu hudng giam trén tat ca cac mau. Protein bi oxy hoa

trong thoi gian bao quan s& anh huéng dén kha niang lién két nude cua ching, tir d6 tac
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dong dén két cau cua san pham. Tuy nhién, do dan hoi va do c¢b két cua xic xich khéc
biét khong c6 ¥ nghia thong ké khi xét trong cling mot mau trong suét thai gian bao
quan (P > 0,05). Viéc bd sung céc chat bao quan gidp duy tri két cau xdc xich trong thoi
gian bao quan & nhiét do lanh. Xu huéng nay ciing dwoc quan sat thiy ¢ san pham xtc
xich b6 sung chat bao quan tu nhién tir so ri, huong thao (Hoelscher va cong su, 2024).

Dua trén c4c phan tich trén cd thé két luan ring cac mau xdc xich bd sung bot
say phun nhu chét bao quan ty nhién gidp duy tri két cau, 1am cham su bién d6i mau sic
va dic biét han ché sy phat trién cua vi sinh vat hiéu khi tot hon nhiéu so véi mau khdng
bd sung chit bao quan trong qua trinh bao quan xuc xich. Tuy nhién, viéc bd sung bot
say phun & ty 1& cao cd thé anh hudng dén pH caa xac xich. Do d6, dé can bang hiéu
qua khang khuan va tinh chat hda Iy, bo sung bot siy phun trong khoang 0,2 — 0,4% la
phu hop gitp kéo dai thoi gian bao quan xdc xich.
3.4.2 Sw thay d6i cia xuc xich thanh tring bo sung oleogel trong qua trinh bo
quan

< Ham lwong am

Hinh 3.23 thé hién su thay doi caa ham luong am xdc xich theo thoi gian bao

quan. Ham lwong am xuc xich bé sung oleogel ban dau khoang 59,95 — 60,32% chénh

léch khdng nhiéu so véi xtc xich bd sung bot sdy phun (Hinh 3.28 va Phu luc VII1.1).
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Hinh 3.28. Thay d6i ham lwong 4m cua xuc xich bo sung oleogel
theo thoi gian bao quan

0 — 1,2: Cac mau xuc xich véi ty 16 bé sung oleogel tir 0 — 1,2%.
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Khi xét ty 16 mat am thi xdc xich bo sung oleogel cho hiéu qua tét hon, cu thé
xuc xich bo sung oleogel c6 ty 16 mat am (< 8,3%) thap hon so vai cAc mau xuc xich bd
sung bét sdy phun (11,61 — 13,9%). Oleogel tir dich trich DES véi céc thanh phan
glycerol gitp giit 4m, chat nhii hoa Finamul 90, sap ong gilp duy tri ham luwgng 4m cua
xuc xich tét hon so véi bot sdy phun, do d6 ham lugng am xuc xich bd sung oleogel s&

cd ty 16 mat 4m thip hon.
% Giatri pH

Viéc b sung oleogel c6 thanh phan citric acid ciing 1am giam dan pH xdc xich

theo sy tang ty 1& b6 sung oleogel (Hinh 3.29).
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Hinh 3.29. Thay d6i pH cua x(c xich bd sung oleogel theo thoi gian bao quan
0 — 1,2: Cac mau xuc xich véi ty 16 bé sung oleogel tir 0 — 1,2%.

Mau xtc xich bd sung 1,2% oleogel 1am giam pH tuy nhién trong thoi gian bao
quan thi pH xtc xich 6n dinh & muc khoang 5,9 — 6,0. Trong khi, pH céc mau x(c xich
bd sung 0,4% oleogel c6 xu hudng ting nhe vao ngdy 2 sau d6 giam dan twong tu Cac
mau xUc xich bo sung bot sdy phun theo thoi gian bao quan (Hinh 3.25).

< Tong vi sinh vat hiéu khi

Téng vi sinh vat hiéu khi caa xdc xich b sung oleogel & cac mébc thoi gian bao
quan duoc thé hién trong Hinh 3.30. Viéc b sung oleogel véi ty 18 0,4 — 1,2% gilp
giam dang ké luong vi sinh vat hiéu khi trong xtc xich thanh tring ban dau va sau 12
ngay bao quan & diéu kién lanh 4°C. Khi so sanh véi viéc bo sung bot say phun trén khia

canh tong sé vi sinh vat hiéu khi, bot sdy phun cho hiéu qua khang khuan cao hon trong
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nén san pham xdc xich. Téng sé vi sinh vat hiéu khi ban dau caa xuc xich ¢é b sung
oleogel (2,95 — 3,26 log cfu/g) cao hon so vdi xic xich bd sung bot say phun (2,14 —
2,89 log cfu/g) & cung ty & bd sung 0,4% hoic 0,8%.
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Hinh 3.30. Thay dbi tong vi sinh vat hiéu khi cua xtc xich bo sung oleogel
theo thoi gian bao quan
0 — 1,2: Cac mau xdc xich véi ty 16 bé sung oleogel tir 0 — 1,2%.

Néu xét vé mirc d6 tang vi sinh vat thi bo sung oleogel mang lai hiéu qué tot. Cu
thé, & clng ty 18 0,4% sau 12 ngay bao quan, sé luong vi sinh vat hiéu khi trong xuc
xich c6 bo sung oleogel ting thém 1,35 log cfu/g trong khi mau xuc xich bé sung bot
sdy phun ting thém 2,45 log cfu/g. Tuong tu, & cling ty 1& 0,8% sau 12 ngay bao quan,
téng sb vi sinh vat hiéu khi trong xuc xich ¢é b6 sung oleogel ting 1,23 log cfu/g trong
khi mau xuc xich bo sung bot sy phun tang 1,70 log cfu/g. Néu tiép tuc tang ty I& bo
sung oleogel Ién 1,2% thi s6 luong vi sinh vat hiéu khi trong xdc xich chi tang khoang
0,45 log cfu/g. Tuy nhién, b6 sung bot siy phun hay oleogel & 0,4 hoic 0,8% déu gidp
duy trinh tdng vi sinh vat hiéu khi dudi mirc quy dinh, dam bao dat chat luong an toan
vé mit vi sinh theo TCVN 7049-2020 sau 12 ngay bao quan va déu hiéu qua hon so véi
mau khong cé bd sung chit bao quan hoic bé sung bot so ri.

< Mau sic

Mau sac ciia xuc xich khac biét dang ké, thay doi theo ty 1é b6 sung oleogel va

theo thoi gian bao quan. Két qua mau sic caa xdc xich bo sung oleogel duoc thé hién

trong Bang 3.44. o sang L*, mau d6 a* va mau vang b* cua xuc xich bd sung oleogel
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¢6 xu huéng giam dan theo sy ting cua ty 1é bo sung oleogel va su ting cua thoi gian
bao quan, khac biét nay c6 ¥ nghia thong ké (P < 0,05). Nguyén nhan cd thé dén tir viéc

tang oleogel c6 mau hong do cua dich trich ly phu pham nho lam ting sic té do va giam

d6 sang ciia mau xdc xich thanh tring.

Bang 3.44. Thay d6i mau sic cta xic xich bo sung oleogel theo thoi gian bao quan

th Miu Thoi gian bao quan (ngay)
tiéu 0 2 5 7 9 12
0 7862+0,80 79,27+0,30 79,59+0,53 79,15+0,96 79,68+ 0,34 80,95+ 0,64
L * 04 7048+0,18 70,41+0,46 69,64+0,70 69,59+0,26 69,45+0,51 67,20+0,14
08 69,19+047 67,50+0,87 67,48+0,32 67,37 +0,64 67,52+0,96 66,39+ 1,02
1,2 68,07+0,44 66,17+0,99 67,30+0,64 66,10+ 0,63 66,03 +0,74 6592 +0,84
0 232+024 186+0,12 2,12+006 216+005 1,99+0,10 1,57+0,05
- 04 337+0,03 303+0,04 297+0,14 255+042 3,15+0,07 2,91+0,13
08 351+0,01 337+0,02 331+006 3,15+0,12 3,35+0,04 3,48+0,06
12 3,72+0,03 363+006 356+011 355+0,05 3,48+0,06 3,29+0,12
0 12,17+0,38 13,04+0,11 12,53+0,10 13,07+0,44 13,23+0,38 12,72+0,34
b* 04 10,03+0,17 10,33+0,34 10,83+0,61 10,82+0,16 10,66+0,11 11,09+ 0,12
0,8 10,21+0,12 10,26 +0,14 10,97+0,36 10,75+0,43 10,89+0,17 11,50+ 0,14
12 964+044 968+025 967+038 986+045 9,69+0,14 10,42+0,14
0 1,32+0,10 1,15+056 1,82+058 1,88+0,27 2,56+0,44
AE 0,4 0,70+£0,15 1,27+056 152+0,16 127+0,12 3,48+0,23
0,8 1,70+0,84 190+005 199+0,88 1,81+0,94 3,08+0,64
1,2 194+062 110+£055 202+105 2,09+0,83 2,36+0,62

0 — 1,2: Cac mau xuc xich véi ty 16 bé sung oleogel tir 0 — 1,2%.

Gia tri a* cua xuc xich bo sung oleogel cao hon va gia tri L* thip hon so véi xuc
xich bd sung bot sdy phun (Bang 3.43), vi bot siy phun c6 mau hdng nhat hon so véi
oleogel do d6 hiéu qua lam ting sic td do khong cao. Di vai chi tiéu AE, cac mau xuc
xich bo sung oleogel & ty 18 0,4% va 0,8% van duy tri AE thap hon 2 sau 9 ngay bao
quan lanh, trong khi mau b sung 1,2% c6 muc ting cao hon 2 chi sau 7 ngay bao quan.
Viéc bo sung oleogel & ty 18 cao 1am giam pH xtc xich va dudng nhu ¢6 thé anh huong
dén sy thay doi mau sic caa xdc xich dan dén viéc AE ting cao tuong tu nhu truong
hop caia xdc xich bo sung bot so ri. Do dé, néu xét chi tiéu AE thi chi nén bé sung oleogel

vao xuc xich ¢ ty 1€ 0,4% hoac 0,8%.
< Két cau

Viéc bo sung oleogel vao x(c xich anh hudng c6 y nghia thong ké dén két cau

cua xuc xich (P < 0,05), két qua dugc trinh bay trong Hinh 3.31. Nhin chung, oleogel

134



gip 1am giam d6 cang, giam d6 dai ban ran, ting do dan hoi, giam do dai ran so Voi
xuc xich bd sung bot say phun ¢ ciing ty 18 0,4% hozc 0,8%. Tuy nhién, d6 ¢ két va do
dan hoi cia mau xdc xich bo sung oleogel 6 ty 1é cao 1,2% c6 xu hudng giam manh hon
S0 Vi cac mau xuc xich con lai. Sy thay doi két ciu cla xtc xich so véi mau khong b
sung hoic ¢6 bd sung bot siy phun cho thay viéc thay thé oleogel tao thanh tir dau thuc
vat thay thé mot phan m& heo dong vat co thé anh huong dén két cau cua xtc xich. Xic
xich b sung oleogel & ty 18 1,2% c6 muc thay thé md heo cao hon cac mau xuc xich &
hai ty 18 con lai do d6 1am giam d6 c6 két va d6 dan hdi cua san pham.
65
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Hinh 3.31. Thay d6i két cau cua xuc xich bd sung oleogel theo thoi gian bao quan

0 — 1,2: Cac mau xuc xich véi ty 16 bé sung oleogel tir 0 — 1,2%.

Nguyén nhan khac 1am thay doi két cau cua xdc xich cd thé giai thich 1a duya trén
thanh phan cia oleogel twong ty nhu ¢ chi tiéu ham lugng am. Thanh phan glycerol,
Finamul 90, sap ong gop phan lam giam cac thong sb két cau cua xdc xich. Viéc duy tri
ham luwong am tét trong thoi gian bao quan gitp két cau caa xdc xich bo sung oleogel
mém hon. Tuy nhién, quan sat thuc té cho thiy xGc xich ¢ ba ty & bd sung van hinh
thanh hé gel tt, khdng c6 hién tuong tach m& trong qué trinh bao quan. Dua trén phan
tich mot s6 chi tiéu chat lwong cua xuc xich bé sung oleogel cé thé thay rang bo sung
0,4 — 0,8% oleogel c6 thé gitp duy tri ham lwong 4m va két cau, han ché sy phat trién
t6ng vi sinh vat hiéu khi va ¢am bao pH phd hop cho san pham x(c xich thanh triing sau
12 ngay bao quan.

Theo Thong tu 24/2019/TT-BYT quy dinh vé quan ly va sir dung phu gia thuc
pham, muc st dung tbi da cua glycerol, citric acid va lactic acid theo GMP. Trong mét
s6 san pham nhu thuc pham b sung cho tré dén 36 thang tudi thi mac sir dung toi da

danh cho lactic acid va citric acid lan luot 12 0,2 va 0,5%, hoic trong san phém nudc ép
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qua, nectar qua thi mac st dung téi da 1a 0,3 — 0,5%. Trong khi d6, ngudng dung nap
t6i da cua choline chloride theo quy dinh cua céc té chic qudc té 1a khoang 3.000 —
3.500 mg/ngay (Shim va Park, 2022). Thuc té, néu sir dung 0,8% oleogel thi lwgng
choline chloride, glycerol va citric acid c6 trong san pham la khoang 0,06%, con néu sir
dung 0,4% bot siy phun thi lugng choline chloride, lactic acid c6 trong san pham lan
lwot khoang 0,02% va 0,04%. Ham luong cua cac thanh phan DES trong san pham x(c
xich 1a thap hon rat nhiéu so véi gidi han téi da cho phép.

Két luan chung: Dua trén nghién ctu trén c6 thé két luan rang bot sy phun va
oleogel tir dich trich ly bing DES tir bot vé nho c6 tiém ning ¢ng dung nhu chat bao
quan tu nhién gitp duy tri két ciu, 1am cham su bién d6i mau sic va dic biét han ché sy
phét trién cua vi sinh vat hiéu khi t6t hon nhiéu so véi mau khdng bo sung chat bao quan
trong qué trinh bao quan xdc xich. Dé can bang hiéu qua khang khuan va tinh chét hoa
ly, ty 1& b sung bot sdy phun va oleogel thich hop gilp kéo dai thai gian bao quan xdc
xich thanh truing lan luot 12 0,2 — 0,4% va 0,4 — 0,8%.
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Chuwong 4

KET LUAN VA KIEN NGHI

4.1 Két luan

Luan an “Thu hoi cac hop chat c6 hoat tinh sinh hoc tir phu pham nho va ang
dung lam chat bao quan tu nhién” da trién khai theo chudi nghién ciu tir ddc trung
nguyeén liéu, t6i wu hoa trich ly theo hudng cdng nghé xanh, tao dang on dinh bang vi
bao, dén danh gia tiém ning cho dinh hudng tng dung trong san pham thit ché bién.

Trudc tién, luan an da thiét 1ap duoc co so dit liéu vé nguyén liéu bot phu pham
nho théng qua viéc dinh tinh duoc 8 nhém hda thuc vat, dinh danh 33 hop chat phenolic
don 1¢, ddng thoi xac dinh thanh phan hdéa hoc co ban, ham lugng cac nhdm hop chat
phenolic, saponin va proanthocyanidin.

Vé trich ly, luan an da t6i vu hoa va so sanh dugc cac phuong phép trich ly tién
tién nham nang cao hiéu qua thu hoi hoat chat. Khi két hop siéu &m va enzyme hiéu qua
thu hoi ting 1én dang ké so Vi hai phuong phap trich ly don 1é ¢6 hd trg siéu am hoac
c6 hd tro enzyme. Vi DES tur choline chloride: lactic acid (1:2, w/w) hoic DES tur
choline chloride: glycerol: citric acid (1:1:1, w/w), dich trich ly bang hai loai DES déu
¢6 TPC, TSC va PAC thu hdi cao va thé hién hoat tinh khang khuan véi MIC dao dong
2,5 - 10 pL/mL trén bén chiing vi khuan thir nghiém, dong thoi ¢ hoat tinh khang oxy
hoa theo DPPH va ABTS. Nhin chung, két qua cua hai hé DES cho thay kha nang khai
thac hiéu qua ngudn hoat chét tir phu pham nho theo huéng tiép can dung méi xanh,
d6ng thoi cung cap co sé khoa hoc cho dinh huéng tng dung bao quan thuc pham.

V& tao dang va 6n dinh hoat chét, luan 4n da t6i wu hoa théng sé hai cong nghé
vi bao nham ting tinh 6n dinh va kha nang tng dung caa dich trich DES. Déi véi vi bao
bang sdy phun dich trich DES tao thanh tir choline chloride va lactic acid, cac théng sé
t6i uu duoc xac 1ap gom vo bao maltodextrin két hop gum arabic (2:1, wiw), ty 1¢ 16i:
Vo 1 1:4 (w/w), ddng hoa 10.800 vong/phit trong 10 phut; diéu kién say phun téi uu
vé6i nhiét do khong khi sdy dau vao 162°C va téc do dong nhap liéu 32 mL/phdt. Trong
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diéu kién téi wu, bot siy phun cho hiéu suat thu hdi cac hop chat dat trén 83%, trong khi
hiéu qua vi bao dat trén 94%. Bot vi bao thu dugc ¢6 ham lwong am, hoat d6 nuéc, va
kich thudc trung binh phil hop cho dang bot siy phun dinh huéng ¢ng dung thyc pham.
Song song véi sdy phun, luan an da t6i wu hoa hé oleogel nhu mot dang mang hoat chat
theo huéng ma rong tng dung. Piéu kién tdi wu tao oleogel tir dich trich DES (choline
chloride, glycerol va citric acid) la: ty 1€ sap ong: Finamul 90 la 1,7:1 (w/w), ham lugng
chat tao gel dau 14,3%. Trong diéu Kién nay, oleogel dat kha niang lién két dau va hiéu
suit thu hoi hop chit trén 90%, cho thay tinh 6n dinh ciu tric va kha ning duy tri hoat
chat & muc cao, phu hop vdi vai trd hé mang chire ning.

V& tng dung trong xuc xich thanh tring, luan an cho thay rang ca bot vi bao say
phun va oleogel déu cé tiém ning (ng dung nhu chat bao quan ty nhién (on dinh vi sinh
va chat luong) véi ty 1& bo sung bot sy phun & mac 0,2 - 0,4% hoic ty 18 bo sung
oleogel 6 muc 0,4 - 0,8%.

Tong hop cac két qua cho thiy huéng tiép can tir ti wu trich ly xanh bang ky
thuat tién tién va DES dén on dinh hda bang vi bao va danh gia tiém nang ung dung
trong thuc pham c6 tinh kha thi, gop phan tao co sé khoa hoc cho dinh huéng phat trién
chat bao quan ty nhién tir phu pham néng nghiép theo dinh hudng kinh té tuan hoan va
gia tang gia tri.

4.2 Kién nghi

Pé hoan thién va mé rong tiém ning ung dung, trién khai quy md, luan an kién
nghi cc nghién ctru tiép theo:

a) Nghién ctru thoi han bao quan va co ché suy giam on dinh cta oleogel.

b) M@ rong nén thuc pham ung dung, dic biét cac hé nhil twong (mayonnaise, sot),
nham khai thac ddng thoi tiém ning thay thé chat béo va/hoic bao quan ty nhién
cua oleogel.

¢) Mo rong ang dung ché pham trong san pham my pham.

d) Nghién ciu quy md hoa (pilot/ scale-up) cho hai céng nghé vi bao bang say phun
va oleogel, d4nh gia tinh 1ap lai theo 16 va chuan hoa chat luong nguyén liéu phu
pham theo mbia vu/ ngudn cung.

e) Pénh gia so bd cam quan, do an toan, hiéu qua kinh té — moi trudng dé cung cb

tinh bén viing va tinh canh tranh cua giai phap trong thuc tién.
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PHU LUC I

Phan tich thanh phéan héa hec, cac hep chit cé hoat tinh sinh hec trong phu
pham nho

Phu luc I.1. Phu pham nho

Phu pham nho Canh Hat

Vo Bo6t phu pham
Hinh PL 1.1. Phy pham nho
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Phu luc I.2. Sic ky d6 ion tong (TIC) trong phan tich dinh danh cac hgp chat
trong dich trich ly phu pham nho

TIC from THAO_NTM_DEREP NEG.wiff2 (sample 1) - THAO_NTM_DEREP NEG, Experiment 1, -IDA TOF MS (100 - 2000)
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Hinh PL 1.2. Sac ky d6 ion tong

Bang PL 1.1. Céc hop chat du doan trong sic ky do ion téng

STT Hop chét du doan STT Hop chét dw doan
1 Procyanidin B2 18 3,5'-Dihydroxy-4,6,7'
trimethoxyflavone
2 (+)-Catechin 19 Pinocembrin
3 Flavanomarein 20 Vitexin 4-O-glucoside
4 Quercitrin 21 Syringic acid
5 Neochlorogenic acid 22 Caftaric acid
6 Procyanidin B1 23 Ethyl gallate
7 Procyanidin C1 24 Ethyl syringate
8 (-)-Catechin 25 Gallic acid
9 Hyperoside 26 Protocatechuic acid-O-
hexoside
10 Astilbin 27 Protocatechuic acid
11 Nepetin 7-glucoside 28 4-Hydroxybenzoic
12 Engeletin 29 (-)-Secoisolariciresinol
13 3',4',5,7-Tetrahydroxy-3- 30 Honokiol
methoxyflavone (quercetin 3-methyl
ether hoac isorhamnetin)
14 Kaempferol 31 Maslinic acid
15 Quercetin 32 Oleanolic acid
16 3,4'-Dimethoxy- 33 Resveratrol
3,5,7'trihydroxyflavone
17 Naringenin
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Phu luc 1.3. Phwong phap phén tich va xir ly so liéu

Phu luc 1.3.1. Phwong phap dinh tinh cac nhom chét

< Dinh tinh alkaloids

- Phan @ng Hager: 2 mL dich trich bang dung mdi dugc cho vao éng nghiém. Vai
giot thudc thr Hager dugc thém vao. Két tua vang xuat hién thé hién sy hién dién cua
alkaloid (Mukherjee, 2019).

- Phan &ng Wagner: Dich trich ly dung méi duoc thém vai giot thudc thir
Wagner. Su hinh thanh cua két tua nau/ d6 thé hién su hién dién cua alkaloids
(Mukherjee, 2019).

¢ Dinh tinh glycosides:

- Phan &ng Kellar-Kiliani: Dich trich duoc tron vai 2 mL acetic acid bang, bd
sung 1 — 2 giot dung dich FeCls 2%. Sau d6, 2 mL H2SOs dic dugc thém tur tir vao hon
hop. Vong mau nau do & giita cac pha cho thay sy c6 mat cua glycosides (Yadav va
Agarwala, 2011).

¢ Pinh tinh flavonoids:

- Phan Wng véi kiem (Alkaline Reagent test): Dung dich NaOH 10% duoc cho
vao 2 mL dich trich ly véi khoang 2 — 3 giot. Sau d6, 2 mL HCI lodng duoc b sung. Su
t6n tai cua flavonoid cho thay mot dung dich mau vang voi NaOH tro nén khéng mau
sau khi thém HCI loang (Pandey va Tripathi, 2014).

- Phan wng vei chi acetate (Lead acetate test): Vai giot dung dich chi acetate
20% duoc cho vao 2 mL dich trich ly. Két tua trang thé hién sy hién dién cua flavonoid
(Tyagi va Agarwal, 2017).

+« Pinh tinh tannins

- Phan @ng véi Gelatine: 2 — 3 giot gelatine 1% duoc thém vao éng nghiém c6
chtra 2 mL dich trich. Sy hinh thanh tua béng mau trang thé hién su hién dién caa tannin
(Shaikh va Patil, 2020).

- Phan &ng Braymer: 2 mL nuéc cat va 2 giot FeCls 5% duoc thém vao 6ng
nghiém chira 2 mL dich trich. Két taa mau xanh 14 thé hién sy hién dién caa tannin
(Akter va cong su, 2018).
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+ Dinh tinh saponins:

- Phan &ng tao bet (Foam test): 5 mL nuéc cit va 0,1 g Na2COs duoc thém vao
dng nghiém chaa 5 mL dich trich va Iic manh. Lép bot 6n dinh trong 15 phut cho thay
hién dién cuaa saponin (Pandey va Tripathi, 2014).

- Phan ing tao bt (Frothing test): 2 mL dich trich duoc thém vao dng nghiém
hoidc 6ng ly tdm c6 chia vach, dinh mirc dén 10 mL bang nudc cat. Huyén phi trong 6ng
duoc lic trong 15 phat. Mot 16p bot dai 2 cm cho thay su ¢ mat caa saponin (Shaikh
va Patil, 2020).

% Pinh tinh Phytosterols

- Phan itng Liebermann Burchard: 2 giot chloroform dwgc cho vao dng nghiém
chtra 2 mL dich trich bang ethanol, sau d6 loc dung dich. Tiép theo, 2 giot acetic acid
khan duoc bd sung; dun s6i sau d6 lam lanh. H2SO4 didc (2 mL) duwgc thém vao. Vong
mau nau cho thay su xuat hién cua phytosterol (Pandey va Tripathi, 2014).

 Dinh tinh Diterpenes

- Phan itng véi dong acetate (Copper acetate test): 2 mL dich trich, 3 giot dong
(IT) acetate 2% duoc thém vao 6ng nghiém. Dung dich doi mau xanh lyc bao thé hién
su hién dién cua diterpenes (emerald green) (Pandey va Tripathi, 2014).

¢ Pinh tinh carbohydrates:

- Phan wng Fehling: 1 mL dich trich ly, 1 mL Fehling’s A va 1 mL Fehling’s B
duoc thém vao 6ng nghiém, dun cach thuy 10 phat. Két taa do thé hién su hién dién cua
carbohydrate (YYadav va cong su, 2014)

- Phan @ng Molisch: 2 mL dich trich ly va 10 mL nudc cat duoc cho vao 6ng
nghiém, thém 2 giot dung dich thudc thir (0,4 g naphthol trong 2 mL ethanol). Ong
nghiém dugc dat nghiéng va thém tir tir 2 mL HSO4 dic xudng thanh dng nghiém. Sy
hinh thanh ciia vong mau tim ¢ duong giao nhau cho biét sy hién dién cua carbohydrate
(Elzagheid, 2018).

Phu luc 1.3.2. Pinh tinh cac hop chat c6 hoat tinh sinh hec

Bot phu pham nho duoc trich ly bang ethanol 50%, ty 1é dung méi: nguyén liéu
la 15:1 (v/w) va thoi gian trich ly 1a 2 gio. Hon hop duoc ly tim & 4.000 vong/pht trong
15 phut. Dich trich ly dugc loc bang dau loc syringe sic ky PTFE 0,45 pum. Dich trich

ly sau d6 duogc dinh tinh céc hop chit c6 hoat tinh sinh hoc don 1¢ bang mét hé théng

165



sac ky long khdi phd hai lan (Liquid Chromatography-Mass spectrometry/ Mass
spectrometry — LC-MS/MS) stir dung may LC-MS ExionLCTM - X500R QTOF (AB
Sciex, Hoa Ky) vai cot Hypersil GOLD 150 x 2,1 mm; 3um (Thermo Scientific, Hoa
Ky). Hé thdng sir dung dau do ESI, kiéu quét ion am, khao sat m/z tir 50 — 1000. Thé
tich tiém mau 12 2 L. Sir dung pha dong gom 0,1% formic acid trong nuéc (A) va 0,1%
formic acid trong acetonitrile (B). Chuong trinh phan tich bat dau véi 98% A (git trong
1 phat), tir 98 — 2% A (19 phat), 2% A (giir trong 5 phat).
Phu luc 1.3.3. Ham lwong 4m

Ham luong 4m duoc xac dinh bang méy say am hdng ngoai MX-50 (A&D, Nhat
Ban) va phuong phép siy dén khéi luong khong d6i ¢ 105°C, theo cong thuc:

Khéi lwong mau truéc siy—Khoi lwong miu sau khi sy

x 100

Ham luong 4m (wwo%) = .
ong ( ) Khéi lvgng mau trwédce khi siy

Phu luc 1.3.4. Ham lwong protein tong
Ham luong protein (dw%) dugc xac dinh bang phuong phap Kjeldahl tir ham
lugng nito theo TCVN 8134:2009 (ISO 937:1978).

Phu luc 1.3.5. Ham luwgng tro

Ham lugng tro (dw%) dugc xac dinh theo Nielsen (1998). Nung chén nung &
nhiét d6 550°C (1 gio) bang 16 nung ELF 11/6 (Carbolite, Anh), sau d6 ha nhiét va lam
ngudi trong binh hat am, xac dinh khéi lugng chén mi. Can khoang 5 — 10 g mau (da
xac dinh ham lugng 4m) vao chén nung, nung ¢ 550°C trong 12 — 18 gid. Tat 10 nung
va cho dén khi nhiét do ha thap hon 250°C. Sir dung kep dé chuyén chén nung vao trong

binh hit 4m, doi dén khi chén nung ngudi hoan toan trude khi cin va xac dinh mo.

Ham lugng tro (dw%) = % X 100
0

ma (g): khéi lugng chén nung ban dau
m2 (g): khéi lugng chén nung va mau sau khi nung
Mo (9): khdi lugng vat chat kho ban dau
Phu luc 1.3.6. Ham lwong chat béo tong
Ham luong chat béo tong (dw%%) dugc xac dinh theo Nielsen (1998). Siy kho

nguyén liéu dén khéi luong khong doi, nghién nhé néu nguyén lidu c6 kich thudc 16n.
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Can khoang 1 — 1,5 g nguyén liéu, cho vao tii gidy da dugc siy kho va xac dinh khoi
lwong. it thi gidy vao binh try chira mau. Binh chira mau duoc Iap vao binh cau va Iap
ong sinh han. Qua dau 6ng sinh han, dung phéu cho dung mai vao binh chira va binh
cau sao cho mot lwong dung moéi dd chay xudng binh cau va mét lugng trén binh chta
con du ngap mau. Dung bong lam nut dau dng sinh han. Mé nudc lanh vao ong sinh
han. M& cong tac nhiét va bat dau trich ly chit béo. Trich trong khoang 4 gid véi toc do
niam dén sau giot mdi gidy hoic khoang 16 gio véi toe do hai hoic ba giot mdi gidy cho
dén khi trich ly hoan toan hét chat béo. Thir bang céach Iy vai giot diethyl ether & cudi
dng syphon nho In gidy loc, dung méi bay hoi khong dé lai vét dau loang thi két thac.
Cho ether chay xudng binh cau. Lay tdi gidy ra, sdy ¢ 100°C dén khéi lugng khong dbi.
Lam nguoi trong binh hit am, can xac dinh khdi lugng m2. Ham luong chat béo dugc
xac dinh theo cong thuc:

1—mp

Ham lwong chét béo tdng (dw%) = mm— x 100%

Trong do:

ma (g): khdi lugng tui gidy va miu ban dau

m2 (g): khdi lugng tli gidy va mau sau khi trich chat béo va say kho
mo (g): khéi lugng vat chat khd ban dau

Phu luc 1.3.7. Ham lwgng carbohydrate
Carbohydrate tong dugc xac dinh bang cong thuc:
Ham lugng carbohydrate (dw%) = 100 — (mp — ma — my)
mp: ham lugng protein tong cua mau (dw%)
Ma: ham lugng tro ctia mau (dwo)

mi: ham lwong chat béo tong cia mau (dw%)

Phu luc 1.3.8. Ham lwong phenolic tong

Phuong phap xac dinh ham luong phenolic tong (TPC) duoc thuc hién theo
phuong phap ctia Skulcova va cong su (2018) cd chinh stra. Dich trich ly hodc dung dich
chuan (0,5 mL) dugc tron véi 0,5 mL dung dich Folin-Ciocalteau 10% va o 5 phit & &
nhiét ¢ phong, tiép theo bd sung 2,5 mL dung dich Na,COs 20%. Dung dich duoc lic
déu, u 1 gio (nhiét d6 phong) va do do hap thu & budc séng 765 nm bang may UV-Vis
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Agilent 8453 (Agilent technologies, Hoa Ky). Gallic acid duoc st dung 1a chat chuan
va ham luong phenolic tong dugc thé hién bang mg gallic acid trong duong trong don
vi khdi luong (mg GAE/g DW). Bdi vai bot say phun: bot dugc hoda tan véi nudc cat
(1:5, w/iw). Hon hop duoc ly thm 4.000 vong/ phat trong 10 phdt. Dich trong sau do
dugc phan tich tuong tu dich trich ly.

Phu luc 1.3.9. Ham lwong saponin tong

Phuong phép xac dinh ham lwgng saponin tong (TSC) theo phuong phap quang
phd (Tan va cong su, 2014). Dich trich (0,3 mL) duoc tron véi vanillin 8% (w/v) (0,3
mL) va sulphuric acid 72% (v/v) (3 mL). U hdn hop & nhiét d6 60°C trong 15 pht va
lam nguoi trong nudc d4 trong 10 phit. Sau do, thuc hién do d6 hap thu caa dung dich
& budc song 560 nm bang may UV-Vis Agilent 8453 (Agilent technologies, Hoa Ky).
Aescin duoc sir dung 1a chat chuan. Ham lwong saponin tong duoc thé hién bang mg
aescin tuong duong trong don vi khbi lugng (mg AE/g DW). Déi vai bot say phun: bot
dugc hoa tan véi nudc cat (1:5, wiw). Han hop duoc ly tam 4.000 vong/ phut trong 10
phut. Dich trong sau d6 dugc phan tich twong tu dich trich ly.

Phu luc 1.3.10. Ham lwgng proanthocyanidin

Phan tich ham luong proanthocyanidin tong (PAC) duoc tién hanh theo phuong
phép dua trén mo ta cua Li va cong su (2006). Dich trich (0,5 mL) dugc tron vai 0,3 mL
dung dich vanillin 4% (w/v) va 1,5 mL dung dich HCI 36%. Sau d6, hon hop dugc u 15
phut (nhiét do phong). Tiép theo, thuc hién do do hap thu & budc séng 500 nm bang may
UV-Vis Agilent 8453 (Agilent technologies, Hoa Ky). Catechin duoc str dung la chat
chuan. Trong d6, két qua dugc thé hién bang mg catechin tuong duong trong don vi
khéi lugng (mg CE/g DW). Déi véi bot sy phun: bot dugce hda tan voi nude cat (1:5,
w/w). Hon hop dugc ly tam 4.000 vong/ phat trong 10 phit. Dich trong sau d6 duoc
phan tich twong tu dich trich ly.

Phu luc 1.3.11. Pinh hrong c&c hop chat phenolic don 1é

Cac hop chat phenolic don 1¢ duoc phan tich bang sac ky long hiéu niang cao
(High-Performance Liquid Chromatography—HPLC) sir dung may HPLC SPD-20A
(Shimadzu, Nhat Ban). Dich trich ly t6i wu dugc pha lodng véi methanol & ty Ié 1:2

(v/v), sau d6 loc bang dau loc syringe sac ky PTFE 0,45 um. Viéc phan tach dugc thyc
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hién vai cot Inertsil ODS — 3 (4,6 x 250 mm, ¢& hat 4 um). Piéu kién phan tich twong
g Vvéi timng nhém hop chat ¢é hoat tinh sinh hoc theo phwong phap caa Kammerer va
cong su (2004) cd chinh stra. Cac pha dong duoc sir dung bao gom (A) formic acid 0,5%
va (B) acetonitrile 100%. Chuong trinh rtra giai: 0 — 25 phut, 10 — 30% B; 25 — 40 phdt,
30 — 40% B; 40 — 50 phut, 40 —50% B; 50 — 55 phut, 50 — 10% B; can bang 5 pht. Thé
tich mau 10 puL. Téc do dong dugc gitr & mic 1,0 mL/phat. Gallic acid, catechin,
epicatechin, myricetin va rutin dugc xac dinh & 280 nm, trong khi quercetin va

kaempferol dugc xac dinh & 360 nm. Phd chuan duoc trinh bay trong Phu luc 1V.3.

Phu luc 1.3.12. Hoat tinh khang khuén

Puong kinh vong khang khuan (mm) va nong do @c ché tdi thiéu da dugc phan
tich. Céc vi sinh vat muc tiéu duoc st dung dé danh gia hoat tinh khang khuan bao gom
Escherichia coli ATCC 8739, Salmonella typhimurium ATCC 14028, Bacillus subtilis
ATCC 6633 va Staphylococcus aureus ATCC 6538. Cac dich trich t6i vu va dung mai
& cac nong do khac nhau duoc hut vao cac giéng thach duong kinh 6 mm trén dia petri
da trai vi khuan thir nghiém. Chloramphenicol (20 pL & néng d6 1 mg/mL) 1a ddi ching
duong, trong khi nuéc cat duoc st dung lam ddi chang &m cho phan tich dich trich,
dung méi va bot siy phun thi DMSO 1am d6i chirng 4m cho phan tich oleogel. Pudng
kinh vong khang khuan duoc xac dinh sau khi 1 cac dia petri trong 24 gio & 37°C
(Sarwar va cong sy, 2018). Béi vai dich trich va dung mai thi cac thé tich duoc hit vao
mdi giéng 1a 10, 20, 30 va 40 uL. Bdi véi bot say phun thi thé tich dich pha duoc hit
vao mdi giéng 1a 10, 20, 30 va 40 pL (ndng d6 dich pha tir bot sy phun 12 800 mg/mL).
Déi vai oleogel thi thé tich dich pha dugc hat vao mdi giéng l1a 10, 20, 30 va 40 pL
(ndng dd dich tir oleogel 12 667 mg/mL.

Nong d6 uc ché téi thiéu (Minimum inhibitory concentration — MIC) da duoc
phan tich dwa trén phuong phap cua Balouiri va cong su (2016) c6 stra doi. Cac ndng do
khac nhau ciia mau duoc chuan bi va hat vao cac phién vi lugng 96 giéng. Mdi giéng
gom 150 pL méi trudng ¢6 vi khuan va 50 pL mau thir. Sau khi a & 37°C trong 16 — 24
gio, 20 L resazurin 0,01% da duoc thém vao mdi giéng. MIC duoc xac dinh bang cach
quan sat su khong d6i mau cua resazurin, cho thay nong do thip nhat Gc ché su phat

trién caa vi khuan. B4i véi dich trich va dung mai thi ndng d6 trong giéng thir 12 0,5 —
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25 uL/mL. Bdi vai bot siy phun thi ndng do trong giéng thr 12 20 — 100 mg/mL. Déi
véi oleogel thi ndng do trong giéng thir 1a 15 — 150 mg/mL.

Phu luc 1.3.13. Hoat tinh khang oxy hoa

Kha niang khang oxy hoa duogc xac dinh bang cac thir nghiém 2,2-diphenyl-1-
picrylhydrazyl (DPPH) va 2,2-azinobis [axit 3-ethylbenzothiazoline-6-sulfonic])
(ABTS) dua trén phuwong phéap cua Koztowska va cong su (2022) c6 sira doi. Kha ning
khang oxy héa dugc thé hién véi gié tri 1Cso, biéu thi nong do mau can thiét dé uc ché
dugc 50% goc tu do DPPH hoic ABTS.

Déi vi DPPH, 0,2 mL mau c6 nong do khac nhau duoc két hop véi DPPH 0,1
mM (1 mL) trong methanol va u 10 phdt (nhiét d6 phong). Do hap thu dung dich dwgc
do ¢ 517 nm. Pé danh gia hoat tinh don goc ABTS, dung dich gdc dugc chuan bi bang
cach phéi tron ABTS (2,6 mM) va kali persulfate (K2S20s) (7,4 mM) theo ty 18 1:1 (v/v)
va dé trong toi 12 gid (nhiét do phong). Dung dich gc duoc pha lodng véi nude dé dat
d6 hap thu 1,00 + 0,02 ¢ 734 nm trude khi phan tich. Sau d6, 1,0 mL méu duoc két hop
véi dung dich ABTS va u 15 pht (trong bong t6i). B hap thu cua hdn hop duge do &

budc séng 734 nm.
Phu luc 1.3.14. Hiéu suit thu hdi hep chat

Hiéu suat thu hdi (EY, %) duoc tinh toan dya trén ham luong cua TPC, TSC va
PAC trong bot say phun so véi ham lwong TPC, TSC va PAC trong dung dich truge khi
say phun. EY phan anh lugng hop chat c6 hoat tinh sinh hoc dugc giir lai sau quéa trinh
say phun va duoc tinh bang cong thirc sau (Dang va cong su, 2024):

Ham lugng cia hop chit hoat tinh sinh hoc trong bét

%100

EY (%) =

Ham lwong cia hop chét hoat tinh sinh hoc trong dich truéc sdy phun

Trong d6: Ham luwong cac hop chit c6 hoat tinh sinh hoc trong bot va trong dich
trich ly dugc phén tich nhu dugc mo ta trong cac Phu luc 1.3.8, Phu luc 1.3.9 va Phu luc
1.3.10.

Phu luc 1.3.15. Hiéu qua vi bao

Hiéu qua vi bao (EE, %) biéu thi ty 1¢ phan tram hop chat c6 hoat tinh sinh hoc
duoc vi bao thanh cdng trong céc hat bot, khéng bao gom céc hop chat duoc hap phu

trén bé mat hat bot. EE dugc xac dinh theo cac phuong phéap cta Perkovié¢ va cong su
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(2024) va Vu va cong su (2023). Cu thé, 1 g bot sdy phun dugc tron voi 3 mL ethanol
80% (w/v) trong dng nghiém, lic nhe va dé & nhiét d6 phong trong 1 phut dé trich céac
hop chat trén bé mit. Sau do6, hdn hop duoc loc bang dau loc mau PTFE 0,45 pm va
dich loc duoc phan tich TPC, TSC va PAC bang cac phuong phap duoc md ta trong cac
Phu luc 1.3.8, Phu luc 1.3.9 va Phu luc 1.3.10. Hiéu qua vi bao theo TPC (EE(TPC)),
TSC (EE(TSC)) va PAC (EE(PAC)) dugc tinh bing cac phwong trinh sau:

TPC — SPC

EE(TPC) (%) = ~" X 100
EE(TSC) (%) = TSCT;CSSC x 100

EE(PAC) (%) = == X 100

— TPC, TSC va PAC lan luot 1a ham luong téng phenolic (mg GAE/g DW), saponin
(mg AE/g DW) va proanthocyanidin (mg CE/g DW) trong bot vi bao, dugc phéan tich
theo phuong phap dugc mo ta & cac Phu luc 1.3.8, Phu luc 1.3.9 va Phu luc 1.3.10.

— SPC, SSC va SPAC lan Iuot 13 ham lugng TPC (mg GAE/g DW), TSC (mg AE/g
DW) va PAC (mg CE/g DW) trén bé mat cuaa hat vi bao.

Phu luc 1.3.16. Hoat d§ nwéc
Hoat d6 nudc (aw) cua miu dugc phan tich bang may do hoat d6 nuéc Aqualab

Series 3 (Decagon Devices, Hoa Ky) ¢ nhiét do moi truong.

Phu luc 1.3.17. Phan tich nhiéu xa tia X

Nhiéu xa tia X cta hat vi bao dugc tién hanh bang may do nhidu xa tia X dé ban
D2 Phaser (Bruker, Puc), hoat dong ¢ 30 kV va 10 mA. Mau duogc dit trong khoang
cta gia d& mau dia. Dit liéu nhiu xa dugc thu thap bang buc xa Cu Ka (A = 0,154060
nm) trong pham vi 20 tir 5°— 40°, véi toe d6 quét 4° mdi phit va budc 0,02°, theo phuong
phap do Frank va cong su (2021) mo ta. Dir liéu XRD duoc sir dung nham danh gia do

két tinh va to chirc cAu trdc cua bot vi bao.

Phu luc 1.3.18. Phan tich nhiét quét vi sai

K3 thuat quét nhiét vi sai dugc thuc hién dé danh gia cac tinh chat nhiét co thé
cé trong cac hat vi bao dua theo phuong phap ctia Negrao-Murakami va cong su (2016).
Puong cong DSC dugc ghi nhan bang may phan tich nhiét quét vi sai DSC300 Caliris
Select (NETZSCH, buc). Khoang 2 mg cia mdi mau dugc dit trong cac dia nhom va
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phan tich dudi ludng khdng khi tong hop dong (100 mL/phdt), véi toe d6 gia nhiét tir
30°C dén 400°C (tdc do 10°C/ phit). Hé théng DSC da duoc hiéu chuan trudc bang
indium. Cac biéu db nhiét thu duoc da duoc phan tich dé danh gia cac qua trinh chuyén

d6i nhiét nhu qua trinh chuyén d6i thay tinh, néng chay va phan huy.

Phu luc 1.3.19. Phan tich hinh thai hat bt

Hinh thai bé mat cua bot sdy phun dugc phan tich bang kinh hién vi dién tir quét
(Scanning electron microscope — SEM) phat xa truong dién tr FESEM S4800 (Hitachi,
Nhat Ban). Cac mau bot duoc géan trén cac mau nhdm bing bang dinh carbon dan dién.
May phu E1045 Pt (Hitachi, Nhat Ban) duoc st dung dé phu mot 16p mong bach kim
(Pt) 18n mau. Céc anh chup vi mé tiéu biéu duoc chup ¢ cac do phong dai khac nhau dé
hinh dung hinh thai bé mat hat bot.

Phu luc 1.3.20. Phan tich quang phé hong ngoai bién d6i Fourier
FTIR duoc do bang may quang pho hong ngoai bién doi Fourier FTIR Cary 630
(Agilent Technologies, Hoa Ky). Phé dugc ghi lai trong s6 song tir 650 — 4000 cm™ (d6

phan giai 4 cm™) véi 32 lan quét trén méi mau (Janiszewska-Turak va cong su, 2022).

Phu luc 1.3.21. Phan tich phan bé kich thuéc hat

Phan bé kich thudc hat bot vi bao dugce xac dinh bang may do kich thudc hat
bang nhiéu xa laser LS 13 320 (Beckman Coulter, Hoa Ky). Hat bot vi bao (0,88 g) duoc
phan tan trong 20 mL nudc khir ion va vortex. Sau dé, tién hanh do kich thudc hat trén
thiét bi.
Phu luc 1.3.22. Pwong ding nhiét hap phu am

Bot vi bao t6i wu (2 g) duoc dat trong cac binh hit am kin c6 chaa céc dung dich
mubi bdo hoa bao gom KCI, NaCl, K2COs, KOH va CH3COOK ¢ nhiét do phong 25 +
2°C trong tdi thiéu 20 ngay (Dang va cong su, 2024). Hoat do nude twong tng ghi nhan
tir 0,11 dén 0,90. Dit liéu do am can bang duoc ghi nhan va sir dung cac phuong trinh
Guggenheim—Anderson—de Boer (GAB) va Brunauer-Emmett-Teller (BET) dé du doan
(Al-Muhtaseb va cong su, 2002). Cong thirc cia phuong trinh GAB va BET lan luot 1a:

GAB: M= ottt
) (1 -Kay)(1 —Ka,, +CKay,)
BET: M= Hol1dw

1 —-aw)( —ay + Cay)
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Trong d6: M 1a d6 am, aw la hoat do nudc, Mo 1a ¢6 4m don 16p, C va K 13 hai
thong sé hap phu cua dic tinh hap phu cua bt trong phuong trinh GAB, C1 1 hang sb
lién quan dén nhiét lugng hap phu trong phuong trinh BET.

Phu luc 1.3.23. P$ hoa tan caa bt sdy phun

Tron 1 g bot sdy phun va 100 mL nudc cét trong e thuy tinh va khudy bing
may khudy tir RSM02HS (Phoenix, Btc) trong 3 phut. Sau d6, hdn hop duoc ly tim ¢
tbc d6 3.000 vong/phiat bang may ly tdm Universal 320R (Hettich, D) trong 5 phut.
L4y dich néi vao céc thay tinh kho va say khd & 105°C dén khdi luong khong dbi. Do
hoa tan (%) duoc tinh bang chénh léch khéi luong (Hadree va cong sy, 2023).

Phu luc 1.3.24. Phan tich kinh hién vi &nh sang phan cuc

Cau trtic vi mo cua oleogel duoc quan sat bang kinh hién vi phan cuc DM 2500P
(Leica, Puc). Khoang 20 pL oleogel duoc trai trén lam kinh va quan sat dudi kinh hién
vi. Hinh anh dugc ghi nhan vai d gamma 8.0 sir dung camera lanh DFC450 (Leica,
buc) két hop phan mém LAS v4.6 (Leica, Buc).

Phu luc 1.3.25. P9 nhoét caa dich trich ly
Do nhét (cP) cua dich trich ly dugc phén tich ¢ nhiét o phong s dung may do
lwu bién DV2TLVCJO (Brookfield, Hoa Ky) va dau do CP-40 ¢ tc d6 100 vong/phdit.

Dit liéu dugc ghi nhan bang phan mém chuyén dung Rheocal (Brookfield, Hoa Ky).

Phu luc 1.3.26. P9 nhoét caa oleogel

Do nhét (Pa.s) cua oleogel dugc phan tich ¢ nhiét @6 phong stir dung may do luu
bién DX2TRVKBO (Brookfield, Hoa Ky) két hop véi dau do dang vane V-74. Mau duoc
phan tich vai tée d6 quay 1a 1 vong/phut. Di liéu dugc ghi nhan bang phan mém chuyén
dung Rheocal (Brookfield, Hoa Ky).

Phu luc 1.3.27. Kha niing lién két diu caa oleogel (%)

Kha nang lién két dau cua oleogel duge phan tich theo phuong phap ly tim (Meng
va cong su, 2019). Oleogel (1 g) dugc can vao ong ly tdm 2 mL. Mau duoc ly tdm bang
may ly tam Universal 320R (Hettich, Btic) ¢ toc d6 6.000 vong/phdt trong 15 phit. Sau
d6, dng ly tim dugc Up trén gidy loc trong 10 phit nham loai bo lwong dau tach ra. Gia
tri OBC duoc tinh theo céng thuec:
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my — M3

OBC (%)= 1— Ik M-
m4 X% dau thém vao

Trong do:

m1: Khéi luong mau

m2: Téng khéi lugng cua dng ly tam va mau

ms: Khéi luong sau khi dau tach ra sau qué trinh ly tam

Phu luc 1.3.28. Phan tich két cdu ciia xuc xich

Phuong phap TPA (Texture Profile Analysis) dugc irng dung véi may phan tich
két cau Z1.0 (Zwick/Roell, Birc). Xuc xich sau khi bao quan & 4°C s& dugc dé ¢ nhiét
d6 phong trong 1 gid sau d6 cat thanh nhitng mau c6 duong kinh 2,5 cm, chiéu cao 2
cm va duoc nén bang mot dau do dang dia duong kinh 45 mm, téc do dau do trude khi
cham mau 1a 50 mm/pht. Tinh tir lac dau do cham mau khi gia tri luc nhan biét1a 1 N
Vi toe do cua dau do 12 60 mm/phat, nén dén 30% d6 day mau. Phan tich TPA sé& cho
két qua vé do cang (N), d6 dan hoi, d6 dai ban ran (N), d6 dai ran (N) va do ¢ két.

Phu luc 1.3.29. Tong vi sinh vat hiéu khi, E. coli, Coliform (log cfu/g)

Phuong phép cdy dua trén Tiéu chuan TCVN 9977:2013 vé dinh luong tong vi
sinh vat hiéu khi bang phuong phéap st dung dia dém petrifilm va Tiéu chuan TCVN
9975:2013 Thyc pham vé dinh lwong Escherichia coli va Coliform bing phuong phap

sir dung dia ¢ém petrifilm.

Phu luc 1.3.30. Chi tiéu mau sic

Mau sic duoc phan tich bang may CR-400 (Konica Minolta, Nhat Ban) st dung
hé mau CIE L*a*b*. L* dac trung cho do sang, gia tri a* tuong ng tir mau xanh 14 cay
dén mau do, gia tri b* twong (ng tir mau xanh da troi dén mau vang. Gia tri AE thé hién

su khéc biét vé mau sic duoc tinh toan (Mokrzycki va Tatol, 2011):

AE = /(AL")2 + (Aa*)? + (Ab*)2

Phu luc 1.3.31. Chi tiéu pH
Can 10 g xtic xich, ddng hda véi nudc cat theo ty 18 mau: nude = 1:9 (w/iv). Khudy
déu hdn hop, do pH bang may pH H198194 (Hanna, Viét Nam).
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Phu luc L.4. Két qua khao sat diéu kién say bom nhiét phu pham nho

% Anh hwéng ciaa nhiét dg sy dén qua trinh siy bom nhiét phu pham nho
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Hinh PL 1.3. Biéu d6 thay d6i ham luong 4m cua phu pham nho
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Hinh PL 1.4. Anh huéng caa nhiét do siy dén ham luong cac hop chat c6 hoat tinh

sinh hoc trong phu pham nho

Bang PL 1.2. Anh huong caa nhiét do say dén mau sic va do héa nau cua phu pham

nho
Nhiét d(’j * * *
°C) L a b Bl
30 56,452 + 0,82 4,01 + 0,28 14,76° + 0,22 35,02 + 0,68
35 56,402 + 0,86 4,372+ 0,06 14,80° + 0,31 35,63+ 1,16
40 55,442 + 1,63 3,99 + 0,12 15,572 + 0,24 37,732+ 1,55
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< Anh hwéng cia mat do say dén qua trinh siy bom nhiét phu pham nho
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Hinh PL 1.5. Biéu d6 thay d6i ham luong am caa phu pham nho & cac mat do say
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Hinh PL 1.6. Anh huéng cia mat o siy dén ham luogng cac hop chat c6 hoat tinh

sinh hoc trong phu pham nho

Bang PL 1.3. Anh hudéng cia mat do sdy dén mau sic va do hda nau cia phu pham nho

Mat dp say

(ka/m?) L* a* b* BI
3 57972+0,32 3,25°+0,20 1468°+044  32,812+164
5 5592°+0,32 358°+020 1421°+061  33,542+2,13
8 5580°+111 3,49°+011 14,64°+0,64  34,48%+2,31
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< Anh hwéng cia tdc do gié dén qua trinh say bom nhiét phu pham nho
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Hinh PL 1.7. Biéu do thay doi ham lugng am cia phu pham nho
& Cac toc d6 gid khac nhau
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S5 o o o

Ham lugng hop chét
o

Téc do gid (m/s)
Hinh PL 1.8. Anh huong cua téc do gié dén ham lwong céc hop chat ¢ hoat tinh

sinh hoc trong phu pham nho

Bang PL 1.4. Anh huong cua toc d6 gié dén mau sic va do hda nau cia phu pham nho

Toc dd gio

L* a* b* Bl
(m/s)
1,0 58,142+ 0,84 4,79°+0,16 14,832+0,15 35,032+ 1,35
1,8 58,032+ 0,69 4,86°+0,21 14,64°+0,60 34,75%+1,62
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PHU LUC II

Két qua khao sat anh hwéng cia cac yéu té dén qua trinh trich ly cac hep chat co

hoat tinh sinh hec tir phu pham nho c6 hd trg enzyme

Phu luc IL.1. Két qua khao sat dnh hwéng cia cac yéu té dén qué trinh trich ly co
hé tro enzyme

% Anh hwong cia logi enzyme dén hiéu qud trich ly

Nhin chung, lra chon loai enzyme phu hop cho qua trinh trich ly sé phu thudc
vao thanh phan cau tao cua nguyén lidu. Két qua phan tich thanh phan hoa hoc va dinh
tinh cac hop chat hoa thuc vat cho thay carbohydrate 12 thanh phan chiém ty 1é cao trong
bot phu pham nho (Bang 4.1 va Bang 4.2). Ngoai ra, vo nho dugc cau tao boi
polysaccharide, pectin va protein. Trong d6, thanh té bao ciia vo nho duoc tao thanh tix
30% polysaccharides (cellulose, xyloglucanarabinan, galactan, xylan and mannan), 20%
pectin 0 tinh axit (62% methyl ester hoa), 15% proanthocyanidin khong tan, va dudi
5% protein cau tric (Lecas va Brillouet, 1994). Cellulose va pectin chiém 30 — 40%
thanh phan polysaccharide cua té bao vo qua nho (Phan Cong Kién va cong su, 2021).
Pectin tap trung chu yéu ¢ thanh va cac phién giita cua thanh té bao va trong thanh té
bao thit qua tao thanh mét ma tran cung vai mang ludi cellulose va hemicellulose (Haile
va Ayele, 2022). Do d6, enzyme cellulase va enzyme pectinase 1a nhitng enzyme phd
bién duoc su dung dé hd tro qua trinh trich ly cac hop chat hoat tinh tir vo nho (Arnous
va Meyer, 2010; Drevelegka va Goula, 2020; Phan Céng Kién va cong su, 2021). Trong
nghién ctru ndy, hai enzyme cellulase va pectinase da duoc str dung dé danh gia su anh
huong cua loai enzyme 1én qué trinh trich ly cac hop chat c6 hoat tinh sinh hoc c6 trong
dich trich ctia bot phu pham nho nhu phenolic tong, saponin tong va proanthocyanidin.
Diéu kién trich ly bao gom pH 4,5, thoi gian trich ly 1 120 pht tai nhiét do o 50°C, ty
1& dung mai: nguyén liéu la 10:1 (v/w). Két qua anh hudng cia loai enzyme dén hiéu

qua trich ly dugc trinh bay qua Hinh PL 11.1.
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Hinh PL 11.1. Anh huong cua loai enzyme dén hiéu qua trich ly
Céc chiz cai khac nhau trong cling mét chi tiéu thé hién s khac biér ¢é y nghia thong
ké (P <0,05)

Két qua thi nghiém cho ta thay ham luong céc hoat chat sinh hoc sau khi trich ly
c6 su khac biét c6 y nghia gitta cac mau khong sir dung enzyme, sir dung enzyme don
I& va két hop hai loai enzyme. Trong d6, ham luong cac hop chét cé hoat tinh sinh hoc
trong dich trich ly c6 hd tro caa 2 loai enzyme két hop 1a cao nhat. Ham lugng tong cac
hoat chat sinh hoc & diéu kién sir dung enzyme két hop lan luot 1a TPC dat 8,87 mg
GAE/g DW, TSC dat 28,29 mg AE/g DW va PAC dat 2,66 mg CE/g DW. Ham luong
cac hop chat c6 hoat tinh sinh hoc c6 gia tri thap nhat khi trich ly khong c6 su hd trg cua
enzyme. TPC, TSC va TPC cua dich trich nay lan luot 13 5,892 mg GAE/g DW; 17,023
mg AE/g DW va 1,798 mg CE/g DW.

Ham luong c&c hop chat c6 hoat tinh sinh hoc trong dich trich ly duoc khi chi xu
1y enzyme cellulase (14 U/g) cao hon so véi viéc chi xtr Iy bang enzyme pectinase (76
U/g). Ché pham cellulase gidp trich ly cac hop chét sinh hoc nhiéu hon so véi pectinase
la 1,24 1an TPC, 1,20 lan TSC, khac biét co y nghia thong ké ¢ do tin cay 95% (P <
0,05). Nguyén Thi Hong Linh va cong su (2019) bo céo rang st dung enzyme cellulase
0,2% (w/w) trich ly hoat chat sinh hoc resveratrol tir day gim & nhiét ¢6 50°C sé& cho
hiéu qua cao hon so vai viéc khdng st dung enzyme. Drevelegka va Goula (2020) khi
nghién ciru qué trinh trich ly phenolic tir phu pham nho Agiorgitiko ciing da nhan thay
cellulase d3 lam ting ham lugng phenol thu hdi duoc tir phu pham nho cao hon so véi

pectinase. M6t nghién ctru trude day ciing bao cao rang cellulase va pectinase ¢é hiéu
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qua trén cac nguyén liéu thuc vat nhu vo nho. Arnous va Meyer (2010) da thuy phén vo
nho Merlot va Cabernet Sauvignon bing enzyme pectinase (5,5% E/S) va cellulase
(5,5% E/S) gitp giai phong anthocyanin, flavonol (rutin va quercetin), phenolic acid
(hydroxybenzoic acid va hydroxycinnamic acid). Twong tu, hai enzyme pectinase (600
U/g) va cellulase (400 U/g) duoc sir dung dong thoi s& giup ting hiéu suat trich ly chat
khé hoa tan ciing nhu cac hop chét polyphenol tir phu pham vé va thit qua ca phé (Tran
Thi Thu Tra va cong su, 2021).

Tir két qua thuc nghiém da cho thay su két hop cellulase va pectinase s& c6 hiéu
qua tét hon trong thury phan thanh té bao lam ting kha ning thu hdi ham lwong cac hop
chat nhu phenolic téng, saponin tong va proanthocyanidin tong vao dich trich so voi
khong st dung enzyme hoac su dung cac enzyme don 1. Trudc tién, enzyme cellulase
c6 tac dung thay phan cellulose, pha v& thanh té bao, va giai phong pectin. Sau do,
enzyme pectinase da phan hiy cac pectin lam ting mutc d6 hoa tan cia cac hop chat
polyphenol vao dich trich (Nadar va cong su, 2018). Do d6, két qua cua thi nghiém da
chi ra rang két hop hai loai enzyme mang lai ham luwong cac hop chat cé hoat tinh sinh

hoc cao nhat va phu hop dé tién hanh céc thi nghiém tiép theo.
% Anh hwong ciia ham lwong enzyme dén hiéu qua trich ly

Bén canh loai enzyme thi ham lugng enzyme ciing 1a mot trong nhitng yéu t anh
hudng dén hiéu qua ctia qué trinh trich ly. Dé danh gia anh huong ctia ham luong enzyme
dbi vai viéc trich ly cac hop chat ¢6 hoat tinh sinh hoc trong bot phu pham nho, céac ham
luong khac nhau caa enzyme cellulase (14, 28, 42 va 56 U/g) va enzyme pectinase (76
va 152 U/g) da dugc khao sat. Diéu kién trich ly ¢é dinh bao gom pH 4,5, thai gian trich
ly 12 120 phut tai nhiét d6 u 50°C, ty I¢ dung méi: nguyén liéu 1a 10:1 (v/w). Két qua thi
nghiém dugc thé hién trong Bang PL 11.1.

Dua vao két qua phan tich ham luong céc hoat chat sinh hoc c6 trong dich trich
khi két hop cac ham luong khac nhau cua hai loai enzym, c6 thé cho thay rang khi ting
ham luong enzyme cellulase tir 14 U/g Ién 42 U/g véi su két hop vai 76 Ulg enzyme
pectinase thi ham lugng TPC tang thém 12,7% tir 8,30 mg GAE/g DW Ién 9,36 mg
GAE/g DW, TSC tang thém 11,9% tur 28,87 mg AE/g DW lén 32,32 mg AE/g DW,
PAC tang 5,6% tir 2,66 mg CE/g DW 1én 2,81 mg CE/g DW. Theo Nadar va cong su
(2018), hdn hop cac enzyme thuy phan carbohydrate cd thé gitp ting kha nang pha vo
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thanh té bao va cac mang ludi luu giir phic tap, tao diéu kién cho viéc giai phong cac
hop chét phenolic. Do d6, khi ting ham luong enzyme thi toc d6 va hiéu suit cua qué
trinh trich ly cac hop chat tir nguyén liéu s& tang. Khi ham luong enzyme cellulase tiép
tuc ting 1én 56 U/g thi ham lwong c&c hop chit cd hoat tinh sinh hoc giam, khéc biét c6
¥ nghia théng ké (P < 0,05) v6i cac mau & ham luong cellulase thap hon (42 U/g). Trong
khi d6, ting ham lugng enzyme pectinase tir 76 U/g dén 152 U/g thi ham luong cac hop
chat c6 hoat tinh sinh hoc déu giam khi so sanh & ciing ham luong cellulase, khac biét
c¢6 y nghia thng ké (P < 0,05).

Bang PL 11.1. Anh huéng ctia ham luong enzyme dén TPC, TSC, PAC dich trich ly

Pectinase Cellulase TPC TSC PAC
(U/g) (U/g) (mg GAE/g DW) (mg AE/gDW) (mg CE/g DW)

76 14 8,30°+ 0,16 28,87° + 1,07 2,66° £ 0,10
28 9,14% + 0,24 30,842 + 0,98 2,802 + 0,03
42 9,36% + 0,36 32,322+ 1,10 2,812 + 0,06
56 8,59 + 0,44 28,98° + 0,94 2,718 + 0,03

152 14 8,49° + 0,49 28,41° + 0,75 2,77% + 0,05
28 7,569+ 0,48 26,14° + 1,29 2,38°+ 0,15
42 7,519+ 0,23 23,729+ 0,86 2,39°+ 0,09
56 8,45° + 0,51 25,42¢ + 1,23 2,713 + 0,09

Céc chir cai khac nhau trong cing mét chi tiéu thé hién sw khac biét ¢é y nghia thong
ké (P <0,05)
Ham lugng enzyme cellulase st dung trong nghién ctru nay (28 U/g) cao hon so

véi ham lugng duoc st dung trong nghién ctru cua Sabater va cong su (2018) la 10,1
U/g khi thay phén atis6. Tuy nhién, thoi gian trich ly trong nghién ctru cia Sabater va
cong su (2018) twong ddi dai (27,2 gio) va chi sir dung enzyme don. Nguoc lai, ham
luong enzyme cellulase trong nghién ciru nay lai thip hon so vai trong nghién ciu thyuc
hién thiy phan phu pham nho Syrah (188 U/g) (Meini va cong su, 2019). Su khéc biét
c6 thé dén tir su khac nhau vé nguyén liéu va nguon goc enzyme sir dung. Khi ting ham
luong enzyme va giir nguyén ham luong co chat thi ban dau van téc phan ung sé ting
do co chat van con. Nhung sau d6 mot thoi gian thi ham lugng enzyme dat dén mic bdo
hoa thi ltc d6 néu tiép tuc tang ham lugng enzyme thi van téc phan ang van khong doi

(Tran Thi Thu Tra va cong su, 2021), s& dan dén viéc lang phi enzyme trong san xuat
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tham chi 12 giam hiéu qua do sy ¢ ché nguoc lai qua trinh thay phan. Két qua nghién
ctru cua Tran Thi Thu Tra va cong su (2021) cho thiy khi ting ham lugng enzyme thi
hiéu suat trich ly cac hop chat phenolic tir vo va thit qua ca phé ting dén mot muc nhat
dinh, néu tiép tuc ting ham lwong enzyme cellulase thi hiéu suét trich ly khong thay dbi.
Trong khi d6, viéc tiép tuc ting ham lugng enzyme cellulase vuot 10,1 U/g s& lam giam
ham luong pectin thu hdi dwoc tir qua trinh thuy phan atisd (Sabater va cong su, 2018).
Verma va cong su (2014) ciing két luan rang viéc ting thém ndng d6 enzyme cellulase
qua muc (cao hon 420,94 U/g) s& khdng mang lai két qua tét hon khi trich ly polyphenol
tir 14 cay da hoa. Nhu vay, dua theo két qua trén thi sy két hop hai enzyme vai ty 16 28
U/g enzyme cellulase va 76 U/g enzyme pectinase cho ham luong cac hop chat ¢é hoat

tinh sinh hoc cao hon so véi cac mau con lai va phd hop tién hanh thi nghiém tiép theo.
% Anh hwéng cia ty 18 dung moi: nguyén liéu dén higu qua trich ly

Thong thuong, ty 1é dung méi: nguyén liéu c6 anh huong dang ké dén hiéu qua
trich ly cac hop chat muc tiéu. Pong luc cua qué trinh trich ly 1a su chénh léch nong do
cuia Cu tir & trong nguyén lidu va dung mdi. Chinh vi vay néu luong dung mai it s&
khong trich ly hét toan bo hoat chét trong nguyén lidéu nhung khi dung luong dung moi
qua nhiéu s& dan dén viéc tang tap chat trong dich trich. Do vay, xac dinh ty 1é dung moi
va nguyeén liéu pha hop la rat quan trong va can thiét. Bon ty 1é dung méi: nguyén liéu
khac nhau (8:1, 10:1, 12:1 va 14:1 v/w) da duoc &p dung dé khao sat anh huong dén qué
trinh trich ly cac hop chat c6 hoat tinh sinh hoc tir bot phu pham nho. Két qua thi nghiém
duogc thé hién trong Hinh PL 11.2.

Tong cac hop chat ¢ hoat tinh sinh hoc ¢6 xu hudng tang tir 34,768 lén 44,012
mg/g DW khi ting ty I& dung mai: nguyén liéu tir 8:1 (v/w) 1én 10:1 (v/w). Diéu nay
dugc giai thich rang khi luong dung méi: nguyén lidu o ty 1é 8:1 (v/w) khong du dé hoa
tan cac hop chat c6 hoat tinh sinh hoc ra khoi té bao. Ngoai ra, o ty Ié dung moi thap,
d6 nhét cua hdn hop cao, gay han ché viéc khéch tan cac hop chat muc tiéu vao dung
moi. Khi tang ty 18 dung mai thi tao su chénh léch nong do bén trong té bao va mai
truong, dan dén viéc trich ly céc hop chat dién ra nhanh chong hon. Bén canh dé, khi
tang ty 1é dung méi, viéc truyén khdi va thiic day sy di chuyén caa cac dong dung moi

mang theo cac chét hoa tan ra bén ngoai duoc dé dang hon (Baris va cong sy, 2023).
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Hinh PL 11.2. Anh huéng cua ty 1& dung méi: nguyén liéu dén hiéu qua trich ly

Céc chir cai khac nhau trong cing mét chi tiéu thé hién sw khac biét ¢é y nghia théng
ké (P <0,05)

Tuy nhién, khi tiép tuc tang ty 1& dung mdi: nguyén liéu 1én dén 14:1 (v/iw) thi
tong ham lwong cac hop chat c6 hoat tinh sinh hoc giam tir 44,01 mg/g DW xuéng 40,07
mg/g DW. Diéu nay duoc ly giai rang hop chat c6 hoat tinh sinh hoc ¢6 ham luong ¢6
dinh trong miu nén khi tang lvgng dung méi 1én qué nhiéu s& din dén su 13ng phi dung
moi nhung 1am cho hiéu suét trich ly khong ting. Dya vao két qua thi nghiém, ham
lugng tdng hop chat 6 hoat tinh sinh hoc tir dich trich dat cao nhat & ty 1& nguyén liéu:
dung moi la 10:1 (v/w) 1a 44,01 mg/g DW. Ty I¢ dung mdi: nguyén li¢u 10:1 (v/w) nay
cling twong ty vai nghién ctru cua Tran Thi Thu Tra va cong sy (2021) str dung enzyme
pectinase va cellulase dé thay phan vo va thit qua ca phé. Nhu vay ty 1& dung moéi:
nguyén liéu 10:1 (v/w) c6 ham lugng cac hop chat ¢é hoat tinh sinh hoc tét nhat so véi
c&c mau con lai va pht hop dé tién hanh thi nghiém tiép theo.

% Anh hwéng cia nhiét dg dén hiéu qua trich ly

Enzyme cellulase (28 U/g) va enzyme pectinase (76 U/g) duoc sir dung dé danh
gia anh hudng cua nhiét do trich ly dén hiéu qua trich ly cac hop chét c6 hoat tinh sinh
hoc trong dich trich ciia bot phu pham nho vai ty 1é dung méi: nguyén liéu ¢ 10:1 (viw),
thoi gian trich ly 120 phat. Két qua thi nghiém khao sat duoc thé hién trong Hinh PL
11.3.
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Hinh PL 11.3. Anh huéng cua nhiét do dén hiéu qua trich ly

Céc chir cai khac nhau trong cing mét chi tiéu thé hién sw khac biét ¢é y nghia théng
ké (P <0,05)

Cac hop chét cé hoat tinh sinh hoc trong dich trich caa bot phu pham nho c6 xu
huéng tang khi nhiét do ting tir 40°C dén 50°C va giam khi nhiét d6 ting 1én dén 60°C.
O nhiét do 50°C, dich trich ly c6 ham lugng cac hop chat c6 hoat tinh sinh hoc cao nhat
voi TPC, TSC va PAC lan luot 12 9,51 mg GAE/g DW; 32,01 mg AE/g DW va 2,83 mg
CE/g DW, khéc biét y nghia théng ké so véi cac mau con lai (P < 0,05). Khi nhiét 46
tang 1én dén 60°C thi ham lugng TPC giam 8,91%, TSC giam 10,76% va PAC giam
5,99%.

Trang thai can bang va téc do khuyéch tan dung mdi c6 thé bj anh huong boi
nhiét do trich ly. Khi nhiét do tang thi d6 nhot giam, lam tiang kha ning khuyéch tan va
xam nhap cua dung moi vao trong té bao, 1am ting kha niang hoa tan cta cac hop cht
sinh hoc (Tran Thi Thu Tra va cong su, 2021). Ham luong cac chat c6 hoat tinh sinh
hoc dat cao nhét tai 50°C phi hop véi diéu kién téi wu duoc khuyén nghi béi nha san
xuat Novozymes theo tiéu chuan ki thuat. Nhiét ¢6 anh huong rat 16n dén toc d6 phan
g giita enzyme va co chat. Nhiét do thip khong phat huy dwgc kha niang thuy phan
ctia enzyme nhung khi nhiét d6 qua cao thi toc do phan Gng cua enzyme s& giam dén
muc triét tiéu do anh huong cua nhiét do dén su bién tinh, bat hoat cua enzyme. Nhiét
d6 trich ly tét nhat trong nghién ctu ndy (50°C) thip hon so vé6i diéu kién khi trich ly
phenolic tir phu pham nho Agiorgitiko bang hdn hop enzyme pectinase va cellulase cua

Drevelegka va Goula (2020) véi nhiét do téi wu cho qué trinh nay 1a 56°C. Nguoc lai,
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nhiét do trich ly phenolic tir phu pham nho Syrah khi st dung két hop cellulase va
tannase trong nghién ctu cia Meini va cong su (2019) 1a 45°C. Két qua trong nghién
ctru ndy lai twong tu véi mot s6 nghién ciru trude day thuc hién trén cac loai nguyén ligu
thuc vat. Cu thé, Nguyén Thi Hong Linh va cong su (2019) trich ly hoat chat sinh hoc
resveratrol tir ddy gam bang enzyme cellulase & nhiét do 50°C. Trong mot nghién ciu
khac, viéc két hop enzyme cellulase va pectinase dé trich ly polyphenol tir vo va thit qua
ca phé ciing thu duoc hidu qua cao nhat khi u hdn hop ¢ 50°C (Tran Thi Thu Tra va
cong su, 2021). Su khéng nhat quan trong két qua gitra cac nghién ctu cé thé lién quan
dén ché pham enzyme duoc sir dung ciing nhu gidng nho dugc chon dé khao sat. Két
qua nghién ctru nay co ban cho thay nhiét d6 50°C phut hop dé thuc hién thi nghiém tiép
theo vé thoi gian trich ly.
% Anh hwéng cia thoi gian trich ly dén higu qud trich ly
Enzyme cellulase (28 U/g) va enzyme pectinase (76 U/g) dugc sir dung dé trich
ly cac hop chat c6 hoat tinh sinh hoc tir bot phu pham nho véi ty 1é dung mai: nguyén
liéu la 10:1 (v/w), nhiét do trich ly 50°C ¢ cac khoang thoi gian khac nhau (60, 120, 180
va 240 phat). Két qua dugc thé hién trong Hinh PL 11.4.
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Hinh PL 11.4. Anh huong thoi gian trich ly dén hiéu qua trich ly

Céc chir cai khac nhau trong cling mét chi tidu thé hién sir khac biés ¢é y nghia thong
ké (P <0,05)

Dua vao Hinh PL 11.4 va két qua xu ly théng ké cho thay thoi gian trich ly c6
anh huong dang ké dén hiéu qua caa qué trinh trich ly hoat chét sinh hoc tir phu pham

nho. Cac ham lugng hop chat c6 hoat tinh sinh hoc c6 xu hudng tang khi trich ly tir 60
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phat dén 120 phut va sau d6 giam dan khi ting thoi gian trich ly 18n 180 phit va 240
phut, va su khéac biét nay co ¥ nghia thong ké & do tin cay 95% (P < 0,05). Trong do,
ham luong cé&c chat cao nhat khi trich ly trong 120 phit véi TPC, TSC va PAC lan luot
129,70 mg GAE/g DW, 31,73 mg AE/g DW va 2,83 mg CE/g DW.

Thoi gian tiép xuc gitta enzyme va co chit déng vai trd quan trong dén mirc do
thuy phan, anh huéng dén viéc giai phong cac hoat chat sinh hoc sau bén trong té bao.
Diéu nay duogc thé hién rd khi thoi gian thuy phan ting tir 60 phat 1&n 120 pht, thi ham
luong cac hop chét cé hoat tinh sinh hoc tang 13,52% d6i voi TPC, 19,15% d6i véi TSC
va 4,57% d6i v6i PAC. Tuy nhién, khi ting thoi gian tir 120 pht I8n ti 180 phut va
240 phut thi luc nay ham luong cac hoat chat sinh hoc giam di do su thuy phan va thoéi
hoa céc hop chat sinh hoc trong thoi gian dai tai nhiét d6 cao. Mai va cong su (2013)
bao cao rang thoi gian thay phan 127 phat 1a téi wu cho qué trinh trich ly dau giau
carotenoid tir trai gac co su hd tro enzyme. Tuy nhién, trong mot nghién ctiu khac, thoi
gian trich ly c6 thé dai hon tuy thudc vao dic tinh nguyén liéu. Drevelegka va Goula
(2020) béo céo rang thoi gian ti wu trich ly phenolic tir phu pham nho ¢6 hd tro enzyme
pectinase va cellulase 1a khoang 150 phat. Néu tiép tuc kéo dai thoi gian trich ly hon
nira thi hiéu qua trich TPC s& giam do anh huong cua nhiét do. Mat khac, lugng enzyme
nhét dinh chi thay phan mot luong co chat dén mot thoi diém nhat dinh. Khi ham luong
co chat gan hét, hoat tinh khang oxy héa cua dich trich bat dau giam do bi oxy hoéa bai
moi trudng xung quanh va co thé 1am giam ham luong cac hoat chét sinh hoc nhu hop
chat phenolic. Chinh vi vay thoi gian trich ly 120 phut 1a thoi gian phi hop cho qua trinh

trich ly hop chat sinh hoc tir phu pham nho bang enzyme.
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Phu luc I1.2. Két qua

% S6 lidu va két qua xir Iy théng ké anh hwéng ciaa loai enzyme dén TPC, TSC,

xir 1y s6 liéu théng ké

.
A 2

~
A

PAC trich ly tir bgt phu pham nho c6 hd tre enzyme

Bang PL 11.2. Anh huéng cua loai enzyme dén TPC, TSC va PAC

trong trich ly c6 hd trg enzyme

L oai enzvme TPC TSC PAC
: y (mg GAE/g DW) (mg AE/gDW) (mg CE/g DW)
Déi chirng 5,89 +0,24 17,02 £ 0,88 1,80 + 0,06
Cellulase 7,70 £ 0,51 28,04 + 0,69 2,33+ 0,06
Pectinase 6,19 + 0,53 21,49 + 0,43 2,16 + 0,06
Cellulase + Pectinase 8,87 + 0,37 28,29 + 0,87 2,66 + 0,04
TPC

Summary of Fit
Rsquare 0.808346
Ad) Rsquare 0.888816
Root Mean Square Error 0.428553
gs::rgt!?:f?:rsseum Wagts) o 5[]9%2 Cnnnecting Letters Repnr‘t

F F Level Mean
Analysis of Variance Cellulast + Pectinex A 8.8698842

Sum of . Cellulast B 7.6968953
Source | DF_Sqres MesnSqare | Filaio Frob> F pecinex C 5185301
o 32 587703 01837 Control ¢ 58913839
C. Total 35 57.814047 Levels not connected by same letter are significantly different.
TSC

Summary of Fit
Rsquare 0.978721
Adj Rsquare 0.976726
Root Maan Square Error 0.730424
g;::rﬂt!?:f?:rsseum Wats) 23”7135%2 Cnnnecting Letters Repnrl:

Analysis of Variance

Sum of
Source DF Squares
Enzyme 3 B04.70084
Error 32 17.40502
C. Total 35 82219656
Summary of Fit
Resquare 0971448
Adj Rsquare 0.968771

Root Maan Square Error
Mean of Response
Cbservations (or Sum Wats)

Analysis of Variance

0.056426
2.236153
36

Sum of

Source DF
Enzyme 3
Error 32
C. Total 35

Squares
34664471
0.1018839
3.5683300

Mean Square

Mean Square

F Ratio Prob>F
268234 4005985 <.00017
0.547

F Ratio Prob> F
115548 362.9174
0.00318

Level Mean
Cellulast + Pectinex A 28.202348
Cellulast A 28.044105
Pectinex B 21.493767
Control C 17.022911

Levels not connected by same letter are significantly different.

Connecting Letters Report

Level Mean
Cellulast + Pectinex A 2.6584001
Cellulast B 2.3290590
Pectinex C 2.1595890
Control D 1.7975564

Levels not connected by same letter are significantly different.
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% Két qua xir ly thong ké anh hwéng cia ham lwong enzyme dén TPC, TSC,

PAC trich ly tir bdt phu pham nho c6 hd tre enzyme

Summary of Fit
RSquare 0.73721
RSquare Adj 0.708467
Root Mean Square Emor 0.388199
Mean of Response 8426667
Observations (or Sum Wagts) 72
Analysis of Variance

Sum of
Source DF Squares Mean Square  F Ratio
Model 7 27.056489 3.86521 25.6486
Error 64 9.6447T1 0.15070 Prob > F
C. Total 71 36.701200 <.0001*
Summary of Fit
RSquare 0.880295
RSquare Ad) 0.867202
Root Mean Square Ermor 1.043415
Mean of Response 28.08819
Cbservations (or Sum Wgts) 72
Analysis of Variance

Sum of
Source DF Squares MeanSquare  F Ratio
Model 751239927 73,1999 67.2351
Error 64  69.67780 1.0887 Prob> F
C. Total 71 58207707 <.0001"
Summary of Fit
RSquare 0.807375
RSquare Adj 0.786307
Root Mean Square Emor 0.0839M
Mean of Response 2635556
Observations (or Sum Wagts) 72
Analysis of Variance

Sum of
Source DF Squares MeanSquare  F Ratio
Model 7 1.8887356 0.269822 38.3217
Error 64 04506222 0.007041 Prob> F
C. Total 71 23393778 <.0001*

% S6 liéu va két qua xir Iy théng ké anh hwéng caa ty 1é dung moi: nguyén ligu

Level
4276 A
2876 AB
56,76 B
14,152
56,152
14,78
28,152
42,152

Level
4276 A
28,76 A
56,76 B
14,76 B
14152 B
28,152
56,152
42,152

Level
4276 A
2876 A
141532 A B
56,76 A B
56,132 A B
14,78 B
42,152
28,152

C
C

Least

Sq Mean
0.3544444
9.1388889
8.5977778
84911111
84533333
8.3066667
D 7.5633333
D 7.5077778

Least

Sq Mean
32322222
30.836667
25.983333
25.865556
25.410000
26140000
25424444
D 23723333

Least

Sq Mean
2.8066667
2.8055556
2.7722222
2711111
27111111
2.6644444
2.3922222
2.381111

dén TPC, TSC, PAC trich ly tir bgt phu pham nho c6 hd tre enzyme

Bang PL 11.3. Anh hudng cua ty 1& dung méi: nguyén liéu dén TPC, TSC va PAC

trong trich ly c6 hé tro enzyme

Ty Ié¢ dung moi:

nguyén liéu (v/w)

(mg GAE/g DW)

TSC

(mg AE/g DW)

PAC

(mg CE/g DW)

8:1

10:1
12:1
14:1

7,94 £ 0,49
9,46 +£ 0,44
9,49 £ 0,45
10,21 +£ 0,50

24,61+ 0,94
31,71+ 1,16
28,79 £ 1,05
26,57 + 1,42

2,22 +0,08
2,84+0,11
2,82+0,18
3,29 £ 0,05
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TPC

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Ermor
Mean of Response
Observations (or Sum Wagts)

Analysis of Variance

Source
Solvent-to-material ratio
Ermor

C. Total

TSC

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Ermor
Mean of Response
Observations (or Sum Wagts)

Analysis of Variance

Source
Sclvent-to-material ratio
Error

C. Total

PAC

Summary of Fit

Rsgquare

Adj Rsquare

Root Mean Square Ermor
Mean of Response
Observations (or Sum Wagts)

Analysis of Variance

Source
Solvent-to-material ratio
Ermor

C. Total

0.776405
0.755443
0.471636
9.275356

36

Sum of

DF Squares
3 24716800
32 7118080
35 31.534880

0.854231
0.840565
1.157211
27.91604

36

Sum of

DF Squares
3 251.12276
32 4285240
35 293.97316

0.923277
0.916084
0.116037
2.793889

36

Sum of

DF Squares
3 51840880
32 0.4308667
35 5.6158356

Mean Square
8.23887
0.22244

Mean Square
83.7076
1.2391

Mean Square

FRatio Prob> F
37.0386 <.0001*

F Ratio Prob > F
62.5086 0001

FRatio Prob> F

1.72833 128.3612

0.01346

Connecting Letters Report

Level Mean
141 A 10.211111
12:1 B 0492222
10:1 B 0461111
a1 C 7037773

Levels not connected by same letter are significantly different,

Connecting Letters Report

Level Mean
10:1 A 31.707778
12:1 B 28.784444
14:1 C 26.570000
a1 D 24.6053356

Levels not connected by same letter are significantly different.

Connecting Letters Report

Level Mean
141 A 3.2900000
10:1 B 2.8444444
12:1 B 2.61588889
a1 C 22222222

Levels not connected by same letter are significantly different,

% S6 liéu va két qua xir Iy thong ké anh hwéng caa nhiét do dén TPC, TSC,

PAC trich ly tir bgt phu pham nho c6 hd tre enzyme

Bang PL 11.4. Anh hudng cta nhiét do trich ly dén TPC, TSC va PAC

trong trich ly c6 hd tro enzyme

Nhiét 4 (°C) TPC TSC PAC
¢t ao (mg GAE/g DW) (mg AE/gDW)  (mg CE/g DW)
40 8,76 + 0,40 29,66 + 1,02 271+0,16
50 9,51 + 0,49 32,01 + 1,26 2,83 +0,09
60 8,67 +0,37 28,56 + 0,98 2,66 + 0,05

189



TPC

Summary of Fit

Rsquare 0.475566

Adj Rsquare 0.431863

Root Mean Square Error 0.42269

Mean of Response 8.978738

QObservations (or Sum Wagts) 27 .

Analysis of Variance Connecting Letters Report
Sum of Level Mean

Source DF Squares Mean Square F Ratio Prob> F 1’-513 A B 32155521[118

Temperature 2 3.5884360 194422 10.8818  0.0004° 60 B 8“5652331

Error 24 4.2880117 0.17867 '

C Total 26 81764480 Levels not connected by same letter are significantly different.

Summary of Fit

Rsquare 0.659418

Adj Rsquare 0.631036

Root Mean Square Error 1.095274

Mean of Response 30.07442

Cbservations (or Sum Wagts) 27 .

Analysis of Variance Connecting Letters Report
Sum of Level Mean

Source DF Squares Mean Square  F Ratio Prob> F 1’-513 A B gsgggi;;

Temperature 2 55743776 27.8719  23.2338  <.00017 50 B 28I551 028

Error 24 28791015 1.1996 '

C Total 26 84.534791 Levels not connected by same letter are significantly different.

Summary of Fit

Rsquare 0.3271948

Adj Rsquare 0.265443

Root Mean Square Error 0.100272

Mean of Response 2.733605

Observations (or Sum Wagts) 27 .

Analysis of Variance Connecting Letters Report
Sum of Level Mean

Source DF Squares Mean Square  F Ratio Prob> F 1’-513 i B 521219;_5?‘5?23

Temperature 2 0.13606635 0068033  35.6078 0.0004° 50 B 2“5600301

Error 24 0.28656855 0.011340 :

C. Total 26 0.42263490 Levels not connected by same letter are significantly different.

% S6 liéu va két qua xir ly théng ké anh hwéng caa thoi gian dén TPC, TSC,
PAC trich ly tir bgt phu pham nho c6 hd tre enzyme
Bang PL 11.5. Anh huéng cua thoi gian trich ly dén TPC, TSC va PAC

trong trich ly co6 hd tro enzyme

Thoi gian (pht) The IS¢ PAC
(mg GAE/g DW) (mg AE/gDW) (mg CE/g DW)
60 8,55 + 0,47 26,63 £ 0,89 2,70+0,11
120 9,70 £ 0,43 31,73+ 1,17 2,83+0,08
180 8,36 + 0,49 29,75+ 1,13 2,56 + 0,08
240 8,25 £ 0,69 29,36 £ 0,77 2,58 £0,12
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TPC

Summary of Fit
Rsquare 0.574191
Adj Rsguare 0.534271
Root Mean Square Error 0.53029
Mean of Response 8712345
Observations (or Sum Wagts) 36
Analysis of Variance

Sum of
Source DF Squares
Time 312134407
Error 32 5995649
C. Total 35  21.133056
Summary of Fit
Rsquare 0.786035
Adj Rsguare 0.765975
Root Mean Square Ermor 1.005875
Mean of Response 20.36876
Observations (or Sum Wgts) 36

Analysis of Variance

Sum of
Source DF Squares
Time 3 11894237
Error 32 3237713
C. Total 35 15131950
Summary of Fit
Rsquare 0.571414
Adj Rsguare 0531234
Root Mean Square Error 0.099092
Mean of Response 2.667531
Observations (or Sum Wgts) 36
Analysis of Variance

Sum of
Source DF Squares
Time 3 0.41893006
Error 32 031421712
C. Total 35 0.73314808

Mean Square
4.04480
0.28121

F Ratic Prob> F

Mean Square  F Ratic Prob> F

Mean Square  FRatio Prob> F

0.139644
0.009819

Connecting Letters Report

Level Mean
2 A 9.7007329
1 B 8.5453684
3 B 8.3569935
4 B 8.2462067

Levels not connected by same letter are significantly different.

Connecting Letters Report

Level Mean
2 A 31.732272
3 B 20751433
4 B 29358083
1 C 26633238

Levels not connected by same letter are significantly different.

Connecting Letters Report

Level Mean
2 A 2.8274018
1 AB 2.7030633
4 BC 2583184
3 € 2.5533302

Levels not connected by same letter are significantly different.
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PHU LUC I

Anh hwéng cia cac yéu té dén qua trinh trich ly cac hep chit co hoat tinh sinh

hoc tir phu pham nho c6 hd tro siéu am

Phu luc ITL.1. Két qua khao sat anh hwéng caa cac yéu té dén quéa trinh trich ly c6
hé tro siéu am

% Anh hwéng cia mirc nang lwong dén higu qua trich ly

Bo6t phu pham nho duoc tién hanh trich ly cac hop chat c6 hoat tinh sinh hoc bang
dung moi nuéce véi sy hd trg cuia siéu am tai cac ty 1é dung méi: nguyén lidu 1a 10:1 v/iw.
Thoi gian siéu am 10 phat véi cdc mirc nang luong siéu am khac nhau (0, 9, 12, 15 va
18 W/g). Nhiét do trich ly 50°C trong thoi gian 60 phit. Anh huong ciia mire nang luong
siéu am dén qua trinh trich ly cac hop chit trong phu pham nho duoc thé hién ¢ Hinh
PL I11.1.

OTPC BTSC =EPAC

N N
o o1
1 J

-
o
|

Ham luong (mg/g DW)
o o

o

12
Murc nang luong (W/g)
Hinh PL I11.1. Anh huéng ctia mirc nang lugng siéu am dén hiéu qua trich ly

Céc chir cai khac nhau trong ciing mét chi tiéu biéu thy s khac biét ¢é y nghia théng
ké (P <0,05)

Két qua phan tich thdng ké cho thay c6 su khac biét c6 ¥ nghia ké (P < 0,05) gitta
cac mau duoc xir Iy & cac mire ning lugng khac nhau & cac chi tiéu TPC, TSC, va PAC.
Diéu nay chtng té ring muc ning lwong siéu am ¢6 anh hudng dang ké dén qué trinh
pha v thanh té bao dé thu hdi TPC, TSC va PAC tir bot phu pham nho. Khi ting mirc
nang lugng siéu &m tr 0 W/g 1én 15 W/g thi TPC ting 1én tir 6,72 mg GAE/g DW lén
8,02 mg GAE/g DW, TSC tang lén tir 17,65 mg AE/g DW Ién 21,16 mg AE/g DW va
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PAC ting tir 2,21 mg CE/g DW 1én 2,43 mg CE/g DW. Khi tiép tuc ting mirc ning
lwong siéu 4m 1én 18 W/g thi TPC, TSC va PAC thu duoc déu giam va gia tri lan luot
14 7,30 mg GAE/g DW; 19,46 mg AE/g DW va 2,35 mg CE/g DW.

Nguyén nhan cua hién twong trén la khi tang mirc nang luong siéu am (0 — 15
W/g) thi lam gia tang hiéu ung cac bot khi xam thuc bi pha v&. Kich thudc bot khi ty 1€
thuan véi muc nang lugng cia song siéu am. Do do, khi kich thudc bot khi tang 1én thi
tac dong cua ching d6i véi sy phéa v ciing tang 1én. Sy pha v& céc bot khi gay ra su
phan manh, hinh thanh 13 rdng va tron lan 1am ting kha ning khuéch tan va nang cao
hiéu qua trich ly cac hop chét tir md (Maran va Priya, 2014). Khi ting muc ning luong
siéu am thi lyc thiy dong ciing tiang 1én din dén tang hiéu qua pha v& cac md (Samaram
va cong su, 2015). Tuy nhién, khi mirc nang lugng tang & mac cao, Sy gia tang nhiét do
cua dich c6 thé xay ra. O cudng do siéu am cao, su giam hiéu qua caa hiéu tng va bong
bong (collapses) do tac dong cua viéc ting nhiét do chi yéu 1a do viéc ting cudong do
tuong tac bong bong, ting ap suat hoi va giam stc cing bé mit (Dezhkunov, 2002).
Ngoai ra, 16p bot khi xam thuc duoc tap hop xung quanh dau do, can tro viéc truyén
nang luong vao mai truong trich ly (hiéu tng bdo hoa), 1am giam hiéu suat trich. Mc
nang luong siéu 4m cao ciing ¢ thé 1am suy giam hop chat ¢ hoat tinh sinh hoc l1am
giam hiéu suat. Mot s6 nghién cau ciing cho thady mat do siéu &m anh huéng téi hiéu
suét trich cac nguyén liéu nhu ba nam men (2,29 W/g) (Pham Thi Thuy Duong va cong
su, 2020), vé chanh day (1,5 W/g) (Nguyén Dinh Diing va cong su, 2018) va tréi so ri
(15 W/g) (Le va Le, 2012). Theo Le va Le (2012) ham lwong vitamin C va phenolic thu hoi
s& khong doi khi mirc nang lugng cao hon 15 W/g. Vi vay, mitc nang lugng siéu am 15 W/g

dugc chon dé tién hanh thi nghiém tiép theo.
% Anh hwong cia thoi gian siéu am dén higu qud trich ly

Bén canh mic ning luong thi thoi gian siéu am ciing 1a mot trong nhiing yéu té
c6 thé anh huong dén hiéu qua cta qué trinh trich ly ¢ hd tro siéu &m. Bot phu pham
nho dugc phdi tron voi nudce cat theo ty 18 dung méi: nguyén lidu 1a 10:1 v/w. Hon hop
duoc xtr ly véi mire nang luong siéu am 15 W/g ¢ cac thoi gian siéu am khac nhau (5,
10 va 15 phat). Nhiét @6 trich ly 50°C trong thoi gian 60 phit. Anh huong cua thoi gian
siéu am dén qua trinh trich ly cac hop chat cd hoat tinh sinh hoc tir phu pham nho duoc
thé hién & Hinh PL 111.2.
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Thoi gian si€éu am (phut)
Hinh PL 111.2. Anh huéng cua thoi gian siéu am dén hiéu qua trich ly

Céc chir cai khac nhau trong cling mét chi tiéu thé hién sie khac biét ¢é y nghia thong
ké (P <0,05)

Két qua phan tich théng ké cho thay c6 su khac biét co y nghia vé mit théng ké
(P <0,05) giita c4c nghiém thac ddi vai chi tiéu TPC, TSC va PAC, cho thay anh hudng
cua thoi gian siéu am dén qua trinh qué trinh pha v& thanh té bao dé thu hoi TPC, TSC
va PAC. Khi thoi gian siéu am tang tir 5 1én 10 phut thi TPC tang 1én tir 8,31 mg GAE/g
DW 1én 9,19 mg GAE/g DW, TSC tang lén tir 20,27 mg AE/g DW 1én 21,34 mg AE/g
DW va PAC tang 1én tir 2,19 mg CE/g DW Ién 2,49 mg CE/g DW. Khi thoi gian siéu
am tiép tuc tang 1én dén 15 phat thi TPC, TSC va PAC déu c6 xu huéng giam, lan luot
la 8,75%, 6,79% va 7,70%.

Khi thoi gian siéu am tang 1én thi thoi gian dé séng siéu 4m tac dong dén thanh
té bao cang dai va sé luong thanh té bao bi pha huy cang nhiéu. Ngoai ra, hién tuong
xam thuc va hiéu tng nhiét duoc tao ra trong qué trinh xur ly siéu &m vaéi thoi gian tang
s& lam tang sy tiép xdc cua hop chat muc tiéu véi dung méi trich ly. Tuy nhién, khi thoi
gian xir 1y siéu 4m duoc ting cao hon 10 phit, thi ham luong cac hop chat c6 hoat tinh
sinh hoc lai giam xuéng. Nguyén nhan la do ¢ thoi gian siéu &m cang dai séng siéu am
khong chi 1am v céc thanh té bao phu pham nho ma con tac dong 1én cau trlc cua cac
hop chat muyc tiéu gay ra sy pha haty cAu tric caa ching va 1am giam hiéu qua qua trinh
trich ly (Kumar va cong su, 2021). Bén canh do6, thoi gian siéu &m dai co thé tao ra cac
géc tu do, day nhanh qué trinh phan huy cac hop chat do kich hoat céc phan ung day
chuyén géc tu do (Nutter va cong su, 2021). Két qua nay tuong tu voi két qua cua

Nguyén Dinh Diing va cong su (2018) la thoi gian siéu &m 10 phdt thich hop cho trich
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ly polyphenol va anthocyanin tir vo chanh day. Do d6, trong thi nghiém nay, thoi gian

siéu &m 10 phut 12 phu hop chét cho trich ly cac hop chit tir phu pham nho.
% Anh hwéng cia ty 1& dung moi: nguyén liéu dén hiéu qua trich ly

Bot phu phdm nho duoc phdi tron véi nudce cat theo cac ty 16 dung méi: nguyén
liéu khac nhau (8:1 — 16:1 v/w). Hon hop duoc xir Iy véi mic ning luong siéu am 15
W/g & thoi gian siéu &m 10 phat. Nhiét do trich ly 50°C trong thai gian 60 phit. Anh
huong cua ty 18 va dung méi dén qua trinh trich ly céc hop chat c6 hoat tinh sinh hoc tir
phu pham nho dugc thé hién & Hinh PL 111.3.

_ 30 ~ ETPC MTSC EPAC
= .

A 25

en _

5 20

£ 15 |

on

£ 10 -

=

= .

S

T | | |

10:1 12:1 14:1
Ty 1¢ dung moéi: nguyén li€u (v/w)
Hinh PL 111.3. Anh huong cia ty 1é dung méi: nguyén liéu dén hiéu qua trich ly
Céc chir cai khac nhau trong cing mét chi tiéu thé hién sw khac biét ¢é y nghia théng

ké (P <0,05)

Két qua nghién ciru cho thay c6 su khéc biét co y nghia théng ké (P < 0,05) gitra
cac nghiém thuc ¢ céc ty 1€ dung moi: nguyén liéu khac nhau. Khi tang ty 1€ dung moi:
nguyén li¢u tang tir 8:1 1én 14:1 (v/w) thi TPC tang 1én tir 7,74 mg GAE/g DW 1én 9,24
mg GAE/g DW, TSC tang tir 18,96 mg AE/g DW Ién 26,87 mg AE/g DW va ham lugng
PAC ting tir 1,98 mg CE/g DW lén 3,15 mg CE/g DW. Khi tiép tuc ting ty I& dung moi:
nguyeén liéu lén 1:16 (v/w) thi TPC, TSC va PAC giam xudng dén lan luot 13 8,28 mg
GAE/g DW; 19,63 mg AE/g DW va 1,71 mg CE/g DW.

O ty Ié dung mdi: nguyén liéu thap (8:1 v/w), d6 nhat cia hdn hop trich ly cao.
Do nhét cao s& can tro hiéu tng xam thuc vi luc két dinh s& manh hon trong dung dich
¢6 d6 nhét cao hon. Khi ty 1€ dung moi: nguyén liéu tang (8:1 — 14:1 v/w), @6 nhot va

nong d6 cta hdn hop trich ly giam lam tang hiéu tng xam thuc. Sy chénh léch néng do
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chat tan cang cao thi kha niang khuéch tan va do hoa tan cua chat tan trong dung moi
cang tang, tir 46 lam tang hiéu qua qua trinh trich ly. Su gia ting dién tich tiép xdc gitra
nguyeén liéu va dung méi ciing 1am ting hiéu qua trich ly. Ham luong cac hop chat muyc
tiéu giam ¢ ty 1& dung mai: nguyén liéu 16:1 (v/w) c6 thé 1a do hiéu ttng xam thuc ting
cudng cao hon co thé dan dén su phan hay cua céc chat hoa tan muc tiéu (Maran va
Priya, 2014). Mt s6 nguyén ctru ciing cho thay ty 1& dung méi: nguyén liéu anh huong
t6i hiéu qua trich ly cac hop chat c6 hoat tinh sinh hoc tir cac ngudn thuc vat véi su hd
tro siéu Am nhu vo cdy mau don (Meng va cong su, 2024), dai hoang (Muzykiewicz-
Szymanska va cong su, 2024), ba nho Cabernet Sauvignon (Cordova va cong su, 2025).
Meng va cong su (2024) bao céo rang ty 1&é dung méi: nguyén liéu cao hon 20:1 mL/g
c6 thé 1am giam hiéu suat thu hoi paeonol (mot hop chat phenolic) trich ly tir vo cay
mau don véi sy hd tro siéu am. Nghién ctiru caa Muzykiewicz-Szymanska va cong su
(2024) cho thay ty I¢ dung mdi: nguyén lidu 13,3 mL/g 1a téi wu dé trich ly polyphenol
tong tir cdy dai hoang. Trong khi d6, Cérdova va cong su (2025) cho rang ty Ié dung
moi: nguyén liéu 10:1 mL/g 1a tét nhat dé trich ly anthocyanin tir ba nho vai dung moi
propylene glycol c6 hé trg siéu am. Trong nghién cau nay, ty Ié nguyén liéu va dung
mdi 14:1 (v/w) 1a phu hop véi nguyén liéu phu pham nho va dugc chon dé tién hanh thi

nghiém tiép theo.
% Anh hwéng cia thoi gian trich ly dén higu qud trich ly

Bot phu pham nho duoc phéi tron véi nudc cat theo cac ty 1é dung moi: nguyén
liu 14:1 viw. HoN hop duoc xir ly véi mire niang luong siéu &m 15 W/g & cac thoi gian
siéu am 10 phat. Nhiét do trich Iy 50°C trong cac khoang thoi gian trich ly khac nhau
(20, 30, 40 va 50 phat). Anh huong cua thoi gian trich ly dén hiéu qua trich ly cac hop
chat cd hoat tinh sinh hoc tir phy pham nho dugc thé hién & Hinh PL 111.4..

Két qua phan tich théng ké cho thay c6 sy khac biét c6 ¥ nghia thong ké & d6 tin
cdy 95% (P < 0,05) giita cac nghiém thtrc vai thoi gian trich ly khac nhau, cho thay ring
thoi gian trich ly c6 anh hudng dang ké téi qua trinh trich ly TPC, TSC va PAC tir bot
phu pham nho. Khi thai gian trich ly giam tir 50 xuéng 30 phut thi TPC va TSC khéng
c6 su khéc biét co y nghia théng ké, trong khi PAC khac biét co y nghia théng ké gitra
ca4c mau vai thoi gian trich ly khac nhau. Khi thoi gian trich ly tiép tuc giam xudng con

20 phit thi ham luong cac hop chét ¢ hoat tinh sinh hoc khac biét c6 y nghia thong ké.
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TPC thu hdi duoc giam tir 9,37 mg GAE/g DW xudng 8,27 mg GAE/g DW. Tuong tu,
TSC giam tir 26,02 mgAE/g DW xuéng 22,88 mgAE/g DW va PAC giam tir 3,12 mg
CE/g DW xuéng 2,92 mg CE/g DW.

OTPC BTSC PA(;A

30 A

25
20
15
10

Zih

Ham lugng (mg/g DW)

.
:;:;:;

Thot gian (phut)
Hinh PL 111.4. Anh hudng cua thoi gian trich ly dén hiéu qua trich ly

Céc chir cai khac nhau trong cing mét chi tiéu thé hién sw khac biét ¢é y nghia théng
ké (P <0,05)

Thoi gian kéo dai cd thé anh huong dén hiéu qua kinh té caa qué trinh trich ly
dong thoi ciing 1am giam cac hop chat muc tiéu. Nguoc lai, néu thoi gian trich ly ngan
thi hiéu suit trich ly cac hop chét sinh hoc c6 thé chua dat mac tbi da. Thoi gian trich ly
30 phut la ngan hon so véi nghién ciu cia Hoang va cong su (2018) thuc hién trich ly
carotenoid c6 hd tro siéu &m & 200 W trong 80 phat. Tuy vay, két qua trong nghién ciu
nay twong ty Vi nghién ctru cia Meng va cong su (2024), tong thai gian trich ly 31 phat
la t6i wu cho trich ly paconol c6 hd tro siéu am (420 W) tir cdy mau don. Hau hét cac
hop chét c6 hoat tinh sinh hoc déu nhay cam véi nhiét do va thai gian, trich ly trong thoi
gian dai s& din dén su phan huy cac hoat chat sinh hoc twong tu nhu trong bao co cia
Vii Hong Son va Ha Duyén Tu (2009). Trong thi nghiém nay xu Iy siéu am trong 10
phut, nhiét d6 ¢ dinh & 50°C va thoi gian 30 phut 1 thoi gian thich hop. Khi d6, hé
trich ly s& dat dén sy can bang giira ndng d6 dung méi bén ngoai va bén trong. Dung
moi dén ngudng gisi han va khong thé trich ly thém duoc nira. Hon nira, sy phan huy
cac hop chat phenolic da dugc trich ly hozc cac phan tng khdng mong muédn (vi dy, qué
trinh oxy h6a) c6 thé xay ra. Do d6, thoi gian trich ly 30 phut dé thu dwoc ham lwong toi

da la phu hop cho nghién ctru nay.
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/4 4
A A A

Phu luc IT1.2. Két qua xir Iy s6 liéu thong ké

% S6 liéu va két qua xir ly théng ké anh hwéng cia mire ning lweng siéu am

>

dén TPC, TSC, PAC trich ly tir bgt phu pham nho c6 hd tre siéu am

Bang PL 111.1. Anh huéng caa mic ning luong siéu 4m dén TPC, TSC va PAC
trong trich ly c6 hd tro siéu am

Mirc nang luwgng TPC TSC PAC
siéu am (W/g) (mg GAE/g DW) (mg AE/gDW) (mg CE/g DW)
9 6,22 + 0,23 17,65+ 1,02 2,21+0,14
12 6,98 + 0,37 18,38 £ 0,55 2,17 +0,17
15 8,02 + 0,37 19,99+1,21 2,26 +£ 0,08
18 7,30 £ 0,28 21,16 £ 1,12 2,43+0,12
TPC

Summary of Fit
Rsquare 0.823559
Adj Rsguare 0.805915
Root Mean Square Ermor 0.29479 chneding Letters Report
Mean of Response 7.048667
Observations (or Sum Wgts) 45 Level Mean

i i 15 A 8.0177778
Analysis of Variance 13 5 730

S . 12 BC 6.9811111
Source DF Squares Mean Square FRatio Prob> F 0 C £.7188880
Mirc ndng | 4 16.224878 405622 46.6762 <.00071°
ErrLcrzucrnang ueng 40 3476044 0.08690 g D 62271111
C. Total 44 19700920 Levels not connected by same letter are significantly different.
TSC

Summary of Fit
Rsquare 0.657719
Adj Rsguare 0.623491
Root Mean Square Ermor 0972121 chneding Letters Report
Mean of Response 19.46356
Observations (or Sum Wgts) 45 Level Mean
Analysis of Variance 15 A 21.161111

18 A 20.133333

S . 12 A 19993333
Source DF Squares Mean Square  FRatio Prob>F g9 B 18377778
Mirc nang lugng 4 72.63723 181593 19.2158 <.00071* 7
Error 40 37.50080 0.9430 0 8 17652222 o ,
C. Total 44 11043803 Levels not connected by same letter are significantly different.
Summary of Fit
Rsquare 0412157
Adj Rsguare 0.353373
Root Mean Square Error 0.118354 i
Mean of Response 2.283111 Connectlng Letters REpDI"t
Observations (or Sum Wgts) 45 Level Mean
Analysis of Variance 15 A 24266667
Y — 13 AB 23477778
um . 12 B C 22633333
Source DF Squares MeanSquare FRatio Prob> F 0 BC 22077778
Mirc nang lugng 4039283333 0098213 T.OM3 00002 g ¢ 31700000
Error 40 0.56031111 0.014008 o o ,
C. Total 44 0.95316444 Levels not connected by same letter are significantly different.
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% S6 liéu va két qua xir Iy théng ké anh hwéng cha thai gian siéu 4m dén TPC,
TSC, PAC trich ly tir bdt phu pham nho c6 hd tre siéu am
Bang PL 111.2. Anh huong cua thoi gian siéu am dén TPC, TSC va PAC

trong trich ly c6 hd tro siéu am

Thoi gian siéu am TPC TSC PAC
(phat) (mg GAE/g DW) (mg AE/gDW) (mg CE/g DW)
S) 8,31 + 0,69 20,27 £ 0,67 2,19+0,11
10 9,19+0,35 21,34+ 0,86 2,49 +0,18
15 8,38 £ 0,45 19,89 £ 0,51 2,30£0,22
Summary of Fit
Resquare 0.308228
Adj Rsquare 0.34808
Root Mean Square Error 0.517290
Mean of Response 8.628148
Chbservations (or Sum Wgts) 27 Cnnnecting Letters Repor‘t
Analysis of Variance
Surm of Level Mean
um 7777
Source DF Squares Mean Square  FRatio Prob> F :II g A B 313333333
Thii gian siéu dm 2 4250052 212503 7.9411  0.0023 5 B 8I31 33333
Ermor 24 6422356 0.26760 '
C. Total 26 10.672407 Levels not connected by same letter are significantly different,
Summary of Fit
Rsquare 0.460262
Adj Rsguare 0425034
Root Mean Square Error 0.602276
Mean of Response 20,50037
Chbservations (or Sum Wgts) 27 Cnnnecting Letters Repor‘t
Analysis of Variance
Sum of Level Mean
um
Source DF Squares Mean Square  FRatio Prob> F 150 A B sg}gg‘lﬁ-lﬁ-lﬁ]f
Thiti gian siéu am 2 10169607 5.08480 10.6100 000057 15 B 19I89333I3
Error 24 11501889 0.47925 '
C. Total 26 21.67149 Levels not connected by same letter are significantly different,
Summary of Fit
Resquare 0.362191
Adj Requare 0.30904
Root Mean Square Error 0.176365
Mean of Response 2323704
Observations (or Sum Wagts) 27 Cnnnecting Letters Repor‘t
Analysis of Variance
Sum of Level Mean
um
Source DF Squares Mean Square  FRatio Prob> F :II g i B sggggggg
Thiti gian siéu am 2 04239185 0211959  6.8144  0.00457 5 B 2'1 85555;5
Error 24 07465111 0.031105 '
C. Total 26 1.170429 Levels not connected by same letter are significantly different,

199



% S6 liéu va két qua xir Iy théng ké anh hwéng caa ty 1é dung moi: nguyén ligu

dén TPC, TSC, PAC trich ly tir bgt phu pham nho c6 hd tre siéu am

Bang PL 111.3. Anh huéng cuaa ty 1é dung mdi: nguyén liéu dén TPC, TSC va PAC

trong trich ly c6 hd tro siéu am

Ty Ié dung moi: TPC TSC PAC
nguyén li¢u (v/w) (mg GAE/g DW) (mg AE/gDW) (mg CE/g DW)
8:1 7,74+£0,21 10,54 + 0,56 18,96 + 0,99
10:1 9,00 + 0,30 12,33+ 0,36 23,51+ 1,06
12:1 8,90 £ 0,29 12,47 £ 0,47 22,79 +1,08
14:1 9,24 +0,18 15,06 £ 0,31 26,87 +0,72
16:1 8,28 +£ 0,38 13,10 £ 0,55 19,63+ 1,16
TPC
Summary of Fit
Rsquare 0.813048
Ad) Rsguare 0,794352
Root Mean S E 0.278041 i
Roct Mean sgg:;i rror Pt Connecting Letters Report
Observations (or Sum Wagts) 45 Level Mean
i ; 14 A 0.2355356
Analysis of Variance 10 A 39033839
Sum of _ 12 A 8.9000000
Source DF Squares MeanSquare FRatio Prob> F 16 B 8.2800000
Ty 1€ dung méi: nguyén liéu 4 13448124 336203 43,4895 <.00077 8 C 77377778
Error 40 3092267 o077t == I o ]
C. Total 44 16540301 Levels not connected by same |etter are significantly different.
TSC
Summary of Fit
Rsquare 0.899367
Adj Rsguare 0.859303
Root Mean Square Ermor 1.01427 chnecting Letters REPDH
Mean of Response 22.35356
Observations (or Sum Wgts) 45 Level Mean
Analysis of Variance 13 A 5 Sgg;‘s"g‘gg
Sum of _ 12 E 22788880
Source DF Squares MeanSquare FRatio Prob> F 15 C 19.632222
Ty léd Bi: yén lig 4 367.75808 91,9395 893707 <.0007°
Errcﬁ' Srg mer RamEn e 40 4114976 1.0287 8 ¢ 18863333
C. Total 44 408.90783 Levels not connected by same letter are significantly different.
PAC
Summary of Fit
Rsquare 0.926545
Adj Rsquare 0.9302
Root M S Ei 0.140517 i
Raot ! D:ﬁ;ﬁgg;:; rror S e Connecting Letters Report
Observations (or Sum Wgts) 45 Level Mean
Analysis of Variance 13 A B glgggggg
e _ 10 C 2.4255556
S?uﬁrce - o DF Squares MeanSquare  F Ratio Prn?l:_l >F 8 D 1.0822222
'IIE'\I{fRI:ﬁ_dung méi: nguyén liéu 43 12]_6!383310 Sg]gi‘l 1475022 <000 15 E  1.7100000
C. Total 44 12446631 Levels not connected by same |etter are significantly different.
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% S6 liéu va két qua xir ly thong ké anh hwéng cha thai gian trich ly dén TPC,

TSC, PAC trich ly tir bdt phu pham nho c6 hd tre siéu am

Bang PL 111.4. Anh huéng cua thoi gian trich Iy dén TPC, TSC va PAC

trong trich ly

O ho tro siéu am

Thei gian (phut) TPC TSC PAC
(mg GAE/g DW) (mg AE/gDW)  (mg CE/g DW)
20 8,27 £ 0,45 14,60 £ 0,73 22,88 + 0,54
30 9,37 + 0,66 15,51 +£ 0,52 26,02 = 0,85
40 9,43+0,39 15,62 £ 0,52 26,17 + 1,07
50 9,41 + 0,38 15,4 £ 0,56 26,46 + 0,86
TPC
Summary of Fit
Resquare 0.536582
Adj Requare 0.493137
Root Mean Square Error 0.483359
M f R 9.120833 i
Observations (or Sum Wgts) 36 EouceRng| o g
F : Level Mean
Analysis of Variance 40 A 0.433329
S ) 50 A 94044444
Source DF Squares MeanSquare FRatio Prob:> F EN A 03744444
Thai gi 3 8.656719 288557 123507 <.00077
ErrcczujlrEllan 32 7476356 0.23364 20 8 82722222
C. Total 35 16.133075 Levels not connected by same letter are significantly different.
TSC
Summary of Fit
Rsquare 0.766
Adj Rsquare 0.744062
Root Maan Square Error 0.851725
M f R 25,3825 i
Observations (or Sum Wgts) 36 EouceRng| o g
Analysis of Variance ;E“I A 26 4';‘;??
Sum of 0 A 26167778
Source DF Squares MeanSquare FRatio Prob>F 30 A 26.020000
Théi gi 3 75.000742 253302 340173 0001*
Errf:slrEllah 32 23213033 0.7254 20 8 22881111
C. Total 35 99204675 Levels not connected by same letter are significantly different.
PAC
Summary of Fit
Resquare 0.835518
Adj Rsquare 0.820097
Root Maan Square Error 0.058636
M f R 3121667 i
Observations (or Sum Wgts) 35 s e i
Analysis of Variance ;E“I A 3 24"7'1-;:;
Sum of _ 0 A 3.1988889
Source DF Squares MeanSquare FRatio Prob> F 30 B 3.11888280
Théi gi 3 055887778 0186293 54,1833 «.0001"
Errf:slrEllah 32 0.11002222 0.003438 20 L 28411

C. Total

35 0.66890000

Levels not connected by same letter are significantly different.
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PHU LUC IV

Anh hwéng cia cac yéu té dén qua trinh trich ly cac hep chit co hoat tinh sinh

hoc tir phu pham nho bing DES

Phu luc IV.1. Két qua khao sat anh hwéng cia cac yéu té dén qué trinh trich ly
bang DES

Phu luc IV.1.1. Anh hwéng caa cac yéu té dén qué trinh trich ly bang DES dya
trén choline chloride: lactic acid
% Anh hwéng cia ty |é HBA: HBD dén higu qua trich ly

Xac dinh ty 16 HBA: HBD thich hop 1a quan trong dé cai thién téc do trich ly cac
hop chat c6 hoat tinh sinh hoc. Dé nghién ctru tac dong cua ty 16 HBA: HBD cua ChCl-
LA 1&n qua trinh trich ly cac hop chat cé hoat tinh sinh hoc tir phu pham nho, céc quy
trinh trich ly da duoc thuc hién vai DES c0 ty 1€ choline chloride: lactic acid khac nhau
tir 2:1 dén 1:3 (w/w), két qua dugc thé hién trong Hinh PL 1V.1.

BTPC BTSC ®EPAC
90 1
80 D
70 A
60 -
50 |
40 { ¢
30 4 [
20 4 |
o
0

Ham lugng (mg/g DW)

Ty 16 HBA: HBD (w/w)
Hinh PL IV.1. Anh hudng cua ty 18 HBA: HBD dén hiéu qua trich ly

Céc chir cai khac nhau trong cling mét chi tiéu thé hién si khac biét ¢é y nghia thong
ké (P <0,05)

Két qua théng ké cho thiy su khéc biét vé ty 18 choline chloride va lactic acid

anh huong dang ké dén kha nang trich ly cac hop chat c6 hoat tinh sinh hoc trong phu
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pham nho (P < 0,05). Nhu c6 thé thay trong Hinh PL 1V.1, ChCI-LA véi ty 18 1:2 (w/w)
cho ning suét trich ly cao nhat. TPC, TSC va PAC lan luot 12 35,44 + 0,40 mg GAE/g
DW; 81,22 + 0,76 mg AE/g DW va 13,66 + 0,18 mg CE/g DW. Hiéu qua trich ly tang
theo ty 16 HBA: HBD tir 2:1 dén 1:2 (w/w). Diéu d6 twong ¢ng véi su giam choline
chloride va tang lactic acid trong hé DES. Hiéu qua trich ly giam khi ty 1€ choline
chloride: lactic acid thay dbi tir 1:2 dén 1:3 (w/w). Hién trgng nay twong ty nhu céc két
qua da dugc bao céo trong cac nghién ctru trude day (Li va cong su, 2015; Wei va cong
su, 2015).

Bang PL 1V.1. B6 nhét cua dung méi ChCI-LA ¢ cac ty 1é HBA: HBD khac nhau
Do nhét (cP)

Ty 18 HBA: HBD (w/w)

(630 + 2°C)
2:1 0,71+ 0,01
1:1 0,45 + 0,02
1:2 0,45 + 0,01
1:3 0,11 + 0,01

Bang PL 1V.1 cho thiy d6 nhét giam dan khi tang ty 1é lactic acid trong hé DES.
Do nhét giam cé thé gitp tang hiéu qua trich ly. Tuy nhién, néu ty Ié lactic acid giam
dén mot muac nao d6 s& c6 anh huong tiéu cuc dén hé DES. Kha ning trich ly mot s6
hop chét c6 hoat tinh sinh hoc bang DES duoc quy cho cac twong tac lién két hydro gitra
cac phan tir DES va cac hop chat c6 hoat tinh sinh hoc. Viéc giam hiéu qua trich ly c6
thé 1a do luwong choline chloride (HBA trong hé théng DES) giam, dan dén giam cuong
do lién két hydro vi anion chlorua Ia mot thanh phan cé thé gitp tao lién két hydro (Li
va cong sy, 2015) mot cach gian tiép. Lactic acid tao méi trudng dung mdi co tinh axit,
cd loi cho viéc trich ly hop chat phenolic. Tuy nhién, tinh axit qua cao lam thay doi dang
ké cac dic diém ly hoa cua DES, chang han nhu pH va do phan cuc, ¢6 thé 1am giam
hiéu qua trich ly (Zhang va cong sy, 2022). Tur nhitng két qua trén, ty I¢ HBA: HBD la

1:2 (w/w) da duoc chon cho cac thi nghiém tiép theo.
% Anh hwong cia ty 1é nwéc bé sung dén hiéu qud trich ly

Mic di c6 tiém ning, mét trong nhitng han ché caa DES 1a d6 nhét cao. Do do,

ngudi ta thuong thém maot lugng nudc thich hop vao dung méi eutectic sau dé cai thién
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nhuge diém ndy. Dya trén do, thi nghiém nay tap trung vao anh huong cua cac ty Ié
nudc bd sung khac nhau (10 — 35%) dén hiéu qua trich ly bang DES tong hop tir ChCl—
LA (ty I¢ HBA: HBD la 1:2 w/w). Anh hudng caa viéc bo sung nude dén qué trinh trich
ly cac hop chit cé hoat tinh sinh hoc dugc thé hién trong Hinh PL 1V.2.
oTPC TSC PAC

90 - A B
80 A %
70 -
60 -
50 -
40
30 A
20 A
10 A

0

Ham lugng (mg/g DW)

e

e

%
S

§

\
N\
N |

[
&

20
Ty 1& nudc bd sung (%)

Hinh PL I1V.2. Anh huong cua ty 18 nuée bo sung dén hiéu qua trich ly
Cac chir cai khac nhau trong ciing mét chi tiéu thé hién s khac biét ¢6 y nghia théng
ké (P <0,05)

Két qua théng ké cho thay sy khac biét trong ty 18 nuée bo sung trong DES anh
huong dén kha nang trich ly cac hop chat ¢ hoat tinh sinh hoc trong phu pham nho (P
< 0,05). Nhu thé hién trong Hinh PL 1V.2, ham luong cac hop chat cd hoat tinh sinh
hoc trich ly dugc ting theo ty 1& nuwéc ting thém vao ChCI-LA tir 10% dén 20%. Pic
biét, ChCI-LA c6 thém 20% nuéc cho hiéu qua trich ly cao nhat. TPC, TSC va PAC lan
luot 1a 32,57 + 0,39 mg GAE/g DW, 81,00 + 1,03 mg AE/g DW va 15,28 + 0,12 mg
CE/g DW. Nhuoc diém chinh ciia DES so véi cac dung moi thong thuong 1a do nhét
cao, khién viéc chuyén cac hop chat muyc tiéu tir ma tran thuc vat sang dung mai trich ly
tré nén kho khan. C6 thé thém nude vao DES dé giam do nhét cua nd, diéu nay co loi
cho viéc ting toc do hoa tan cua cac hop chat, trich ly cac hop chat muc tiéu va giam
thoi gian chuan bi (Dai va cong su, 2013). Tuy nhién, ham luong cac hop chat myc tiéu
lién tuc giam khi ham lwong nuéc trong ChCI-LA tiép tuc ting hon 20%. D6 nhét cua
hé DES c6 thé giam dang ké bang cach thém nudce, nhung qua nhiéu nude sé can tré kha

nang thiét 1ap lién két hydro va pha hiy cau trac DES duoc tao tir HBD va HBA (Dai
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va cong su, 2015). Piéu d6 s& 1am suy yéu su tuong tac gitta DES va cac thanh phan
muc tiéu, cd thé 1am giam ning suat trich ly. C6 nhiéu bao cdo ciing két luan rang viéc
thém nudc vao DES khong phai lac nao ciing lam tang ning suét trich ly (Almeida
Pontes va cong su, 2021; Wei va cong su, 2015). Viéc thém 20% nudc vao ChCI-LA da
gilp cai thién dang ké hiéu qua trich ly, nguoc lai ndng do nudc cao hon (40 — 80%)
dan dén giam ham luong bdn loai flavonoid muc tiéu duoc trich ly tir cAy hoang cam
(Wei va cong su, 2015). Do d6, viéc bo sung 20% nuéc vao ChCI-LA 1a phu hop, cho

hiéu qua trich ly cao va duoc chon cho cac thi nghiém tiép theo.
% Anh hwéng cia ty 18 dung mdi: nguyén liéu d@én higu qua trich ly

Dé nghién ciru tac dong cua ty 1& dung méi: nguyén liéu dén qué trinh trich Iy
cac hop chat cd hoat tinh sinh hoc, cac quy trinh trich ly duoc thuc hién véi cac ty 18
dung méi: nguyén liéu khac nhau (15:1, 20:1, 25:1 va 30:1 v/iw) (xem Hinh PL 1V.3).
Két qua thong ké cho thay su khac biét vé ty 1& dung méi: nguyén liéu anh huong dén
kha nang trich ly cac hop chat c6 hoat tinh sinh hoc trong phu pham nho (P < 0,05). Ty
18 dung méi: nguyén lidu 25:1 (v/w) cho hiéu qua trich ly cao nhat, duoc chang minh ¢
ham lugng cac hop chat myc tiéu trich ly duoc cao nhat. TPC, TSC va PAC lan luot Ia
38,75+ 0,43 mg GAE/g DW; 81,73 + 0,70 mg AE/g DW va 16,26 + 0,11 mg CE/g DW.

BETPC ®TSC B&PAC

100

80

60

40

20

Ham lugng (mg/g DW)

0

25:1
Ty 1€ dung moi: nguyén li€u (v/w)

Hinh PL IV.3. Anh huong caa ty 1é dung mdi: nguyén liéu dén hiéu qua trich ly

bang DES choline chloride va lactic acid

Céc chir cai khac nhau trong cling mét chi tidu thé hién sir khac biér ¢é y nghia thong
ké (P <0,05)
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Ham lugng cé&c hop chat c6 hoat tinh sinh hoc tang khi luong dung mdi ting, dic
biét khi ty 1& dung méi: nguyén liéu ting tir 15:1 1én 25:1 v/iw. Khi thé tich dung méi
tiép tuc tang dén ty Ié dung mdi: nguyén liéu 12 30:1 v/w, tong ham lwong cac hop chat
c6 hoat tinh sinh hoc giam. Ty 1€ dung m6i: nguyén liéu dong vai tro quan trong trong
qua trinh trich ly. Thong thuong, khi ty 1€ dung moi: nguyén li¢u tang, san lugng hop
chat phenolic ting va thoi gian trich ly giam. G mot mic do nhit dinh, viéc ting ty 18
dung mdi: nguyén liéu c6 thé khién miu duoc ngadm hoan toan va ting dién tich tiép
xic, dan dén san luong trich ly cao hon. Trong cac nghién cttu khac, Nguyen va cong
sir (2023) ciing quan sat thdy rang viéc ting ty 1& dung moi: nguyén liéu dan dén ting
san lwong hop chit c6 hoat tinh sinh hoc. Piéu nay duogc giai thich boi su chénh léch
nong do trich ly gitra pha ran va pha long sé& cao hon, tuong wng véi ty 1& dung mai:
nguyén liéu cao hon. Sy chénh léch nong do ting tao diéu kién thuan lgi cho qua trinh
chuyén khdi cua cac hop chat ¢6 hoat tinh sinh hoc (Lu va Liu, 2020). Ty I¢ dung mai:
nguyeén liéu cao thuong hd tro viéc chuyén hop chit muc tiéu va tang hiéu qua trich ly.
Tuy nhién, lvong dung mdi cao lam tang chi phi. Do do, trong nghién ctru nay, ty I¢
dung méi: nguyén liéu 1a 25:1 (v/w) 1a pht hop nhat dé trich ly cac hop chét c6 hoat tinh
sinh hoc tir phu pham nho bang DES duya trén ChCI-LA.

% Anh hwong cia nhiét dg dén hiéu qua trich ly

Thong thudng, nhiét ¢ va thoi gian trich ly 1a nhiing yéu té quan trong anh
huong dén hiéu suét trich ly caa cac hop chat tir cac ngudn nguyén liéu thuc vat. Hinh
PL I1V.4 minh hoa tac dong cua nhiét do dén ham lwong hop chat c6 hoat tinh sinh hoc
trich ly duoc tir phu pham nho. Nhin chung, qua trinh gia nhiét 1am ting kha nang thu
hdi cac hop chat phenolic, véi hau hét qua trinh trich ly dién ra ¢ nhiét do trén 40°C (Lu
va Liu, 2020). Pang chu ¥, ham lwong hop chat ting dang ké khi nhiét d6 tang tir 50°C
Ién 70°C. Tuy nhién, chi quan sat thay mot su gia ting nhe khi nhiét d6 tang tir 60°C 1én
70°C. Nhiét @6 cao lam giam do nhét cua DES va thac day qué trinh hoa tan cac hop
chat myc tiéu bang cach lam giam twong tac giita cac hop chit va ma tran té bao (Dai
va cong su, 2013; Lu va Liu, 2020). Tuy nhién, nhiét d6 qué cao c6 thé day nhanh qua
trinh phan huay cac hop chat ¢ hoat tinh sinh hoc (Shewale va Rathod, 2018) va lam
giam hoat tinh khang oxy hoéa cua ching (Gil-Martin va cong su, 2022). Shewale va

Rathod (2018) ciing bao cdo rang viéc lra chon nhiét do rat quan trong vi nhiét do qua
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cao c6 thé phan hay céc hop chat phenolic, 1am giam ham luong cta ching. Mot nghién
ctru cua Oancea (2021) ciing cho thiy dé ngin ngira sy phan hay do nhiét do, qua trinh
trich ly anthocyanin nén dugc duy tri dudi 60°C, véi quy trinh duoc tién hanh trong
pham vi nhiét d6 tir 20 — 50°C. Do d6, dé toi wu hoa ca ning sudt trich ly va hiéu qua vé

mat chi phi, nhiét do trich ly 60°C da duoc chon cho thir nghiém thoi gian trich ly.
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Hinh PL 1V.4. Anh huéng cua nhiét do dén hiéu qua trich ly bang DES
tao thanh tur choline chloride va lactic acid
Céc chir cai khac nhau trong cling mét chi tiéu thé hién sir khac biét ¢é y nghia thong
ké (P <0,05)
% Anh hwéng cia thoi gian dén higu qud trich ly

Hinh PL IV.5 minh hoa tac dong cua thoi gian trich ly dén ham lwong hop chit
c6 hoat tinh sinh hoc bao gdm TPC, TSC va PAC trich ly duoc tir bot phu pham nho
Red Cardinal. Ham luong hop chat c6 hoat tinh sinh hoc tang dang ké khi thoi gian trich
ly duoc kéo dai tir 60 phat 1&n 120 phat. Sau 120 phdt, hiéu suat trich ly giam, c6 kha
nang 1a do su phan hay céc hop chit c¢é hoat tinh sinh hoc do tiép xtc lau véi khong khi
va anh sang. Ngoai ra, khi qué trinh trich ly tién gan dén trang thai can bang ran — long,
téc do khuéch tan giam, khién thoi gian trich ly kéo dai it c6 hiéu qua trong viéc ting
nang sudt hop chit phenolic trong cac wng dung cong nghiép (Lu va Liu, 2020). Thoi

gian trich ly t6i wu phy thudc phan Ién vao céc tinh chat Iy hda caa nguyén liéu tho, dic
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diém cua DES va d6 6n dinh nhiét cua cac hop chat muc tiéu (Lu va Liu, 2020). Do do,

thoi gian trich ly pht hop cho phu pham nho duoc xac dinh 1a 120 phdit.

~-A—TPC --®-TSC --#--PAC
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Hinh PL 1V.5. Anh huéng cua thoi gian trich ly dén hiéu qua trich ly bang DES

tao thanh tur choline chloride va lactic acid

Céc chir cai khac nhau trong cing mét chi tiéu thé hién sw khac biét ¢é y nghia théng
ké (P <0,05)
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Phu luc IV.1.2. Anh hwéng caa cac yéu té dén qué trinh trich ly bang DES dya
trén choline chloride: glycerol: citric acid

% Anh hwéng cia ty 16 HBA: HBD va ty 1¢ nwdc bé sung dén hiéu qua trich ly

Trong DES dua trén ChCI-Gly-CA, ChCl dong vai tro 1a HBA, véi Gly va CA la
HBD. TPC, TSC va PAC cho thiy sy thay d6i dang ké khi HBA hoic HBD ting trong
DES. TPC, TSC va PAC cao nhét ¢ ty 1 1:1:1 (w/w/w) cua ChCI-Gly-CA, dat lan luot
la 31,04 £ 0,73 mg GAE/g DW, 66,51 + 1,07 mg AE/g DW, 12,57 £ 0,33 mg CE/g DW
(Hinh PL 1V.6a). Su gia ting ty 16 HBA: HBD c6 tac dong dang ké dén ciu tric DES,
anh hudng dén qua trinh trich ly. Cau tric riéng biét caa DES thuc day hiéu qua trich ly
chat phan tich théng qua lién két hydro lién phan ti gitra DES va chat tan. Viéc lya chon
ty 16 HBA: HBD 1y tudng dé trich ly doi hoi phai xem xét nhiéu yéu t6 khéc, bao gom
d6 nhét, lién két hydro, d6 dan dién (Omar va Sadeghi, 2023) va tinh 6n dinh cua ciu
tric DES (Bildik, 2021).

BTPC STSC EPAC BTPC STSC ®PAC
~ 80 - —~ 80 -
2701 B ¢ Z 70 -
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£ 50 - £ 50 -
oo 40 - en 40
5 30 Eaqr
'é‘ 20 g 20 A
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O .S -- O [
1:221 1:.1:.2 211
Ty 1¢ HBA: HBD (w/w) Ty 1& nude bd sung (%)
(a) (b)

Hinh PL 1V.6. Anh huéng cua (a) ty I¢ HBA: HBD va (b) ty Ié nudc bo sung dén
qué trinh trich ly bang DES dua trén choline chloride, glycerol va citric acid
Khi thém 25% nuéc, TPC, TSC va PAC dat gia tri cao nhat 1an luot 13 33,15 +
0,56 mg GAE/g DW, 69,44 + 0,89 mg AE/g DW va 11,76 + 0,14 mg CE/g DW (Hinh
PL 1V.6b). Khi ting luong nudc tir 25% 1én 40%, TPC, TSC va PAC cho thay su khac
biét dang ké va co xu hudng giam. Viéc thém céc ty 16 nude khac nhau c6 thé 1am giam

dang ké do nhét ciia DES va anh huéng tich cuc dén qua trinh trich ly cac thanh phan
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phan cuc. Vuot qua ngudng ty 16 25% nudc dan dén giam hiéu suat trich ly cac hop chat
¢6 hoat tinh sinh hoc trong DES (ChCl-Gly-CA). Sy giam nay c6 thé 1a do tac dong bat
loi dén twong tac giira cac chat muc tiéu va DES. Viéc bd sung quéa nhiéu nudc co thé
dan dén phé v& lién két hydro, lam giam dan tuong tac phan tir (Ali va cong su, 2019).
Nudc phan cuc hinh thanh lién két hydro véi ca HBA va HDB, pha v& ma tran lién két
hydro giita ching va 1am mat 6n dinh c4u trac DES. D6 nhét ciia dung moéi tré nén qua
cao khi bo sung dudi 25% nudc, gy ra su pha tron khong déu véi bot phy pham nho.
Két qua cho thiy viéc bd sung 25% nudc vao DES thuc ddy hé thdng trich ly hop chat

c6 hoat tinh sinh hoc hiéu qua hon.
% Anh hwéng cia ty 1é dung moi: nguyén liéu va nhiét dé d@én hiéu qua trich ly

Ty 1é dung mdi: nguyén liéu anh huong dang ké dén hiéu qua trich ly va tinh kinh
té ctia qua trinh. Két qua cho thay ty 1& cao hon ban dau c6 loi cho qua trinh trich ly hop
chét phenolic, nhung vugt qua mot diém nhét dinh, dung méi qua muc 1am giam ham
luong hop chét ¢6 hoat tinh sinh hoc (Hinh PL 1V.7a). Theo nguyén 1y, dung méi nhiéu
hon 1am ting kha ning tiép xtic cia hop chét c6 hoat tinh sinh hoc cho dén khi cin bang,
sau do hi¢u qua qua trinh trich ly s€ khong tang. Trong nghién clru ndy, ham luong cac
hop chét ¢ hoat tinh sinh hoc trich ly duoc ting 1én cho dén ty 18 25:1 (v/w), sau d0 s&
giam. TPC khong khac biét dang ké gitra ty 18 20:1 va 25:1 (v/w). TSC dat gia tri t6i da
(69,70 + 0,40 mg AE/g DW) & ty 16 25:1 (v/w). Ty 1¢ dung méi: nguyén liéu thap hon
dan dén kha nang trich ly caa DES thap hon, 1am cham qua trinh trich ly. Ty 1é dung
moi: nguyén liéu cao hon 1am ting kha nang trich ly ciia dung méi, cho phép rat ngan
thoi gian trich ly. Ty 18 qua mirc dan dén giam ham lugng hop chét co hoat tinh sinh hoc
va lang phi dung méi. Piéu nay phu hop véi nghién ciru cta Lin va cong sy (2022),
trong d6 ty 16 tang dan tir 25:1 1én 30:1 (v/w) 1am giam hiéu qua thu hdi hop chit. C6
thé thay rang viéc toi wu héa ty 1& dung moi: nguyén liu 14 rat quan trong dé cé thé trich
ly hiéu qua va tiét kiém chi phi.

Hinh PL IV.7b cho thdy TPC va TSC dat cao nhat & 60°C va giam dan khi nhiét
do trich ly cao hon. O 60°C, cac ham luong cao nhét cua TPC dat 47,49 + 0,23 mg
GAE/g DW, TSC dat 89,47 + 0,74 mg AE/g DW, PAC dat 19,30 = 0,17 mg CE/g DW.
Céc hop chét c6 hoat tinh sinh hoc khong bén nhiét, bi phan huy ¢ nhi¢t d6 cao hon. Ca

hoat tinh sinh hoc cta dich trich va hiéu suét trich ly déu bi anh huéng dang ké boi nhiét
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d6. Trong qué trinh trich ly bang DES, nhiét d6 con quyét dinh do nhot cua dung méi.
Nhiét do cao hon 1am ting cudng qua trinh trich ly hop chit do kha ning khuéch tan
dung moi dugc cai thién trong ma tran va do hoa tan cua cac hop chét phenolic 16n hon.
D6 nhét cua dung moi giam lam ting kha niang khuéch tan. Dya trén két qua va so sanh,
60°C 1a nhiét @6 phu hop dé trich ly hop chét c6 hoat tinh sinh hoc trong bot phu pham

nho bang DES dua trén choline chloride, glycerol va citric acid.
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Hinh PL IV.7. Anh huong cua (a) ty 1é dung mai: nguyén liéu va (b) nhiét do

dén qua trinh trich ly bang DES choline chloride, glycerol va citric acid
% Anh hwéng cia thoi gian dén higu qud trich ly

Céc hop chat c6 hoat tinh sinh hoc ting 1én khi kéo dai thoi gian trich ly, dat cao
nhat & 150 phit, sau d6 giam dan. Hinh PL V.8 minh hoa TPC, TSC va PAC ting tir
25% 1én 33%. Kéo dai qua trinh trich ly 1én 180 phut dan dén giam khoang 32% tong
ham lugng hop chat co hoat tinh sinh hoc.
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Hinh PL 1V.8. Anh huong cua thoi gian trich ly dén hiéu qua trich ly bang DES

choline chloride, glycerol va citric acid
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Trich ly ran-long 1a mot qué trinh truyén khoi lién quan dén su di chuyén cua
chét tir chit nén rin sang dung méi thong qua co ché tham thau va khuéch tan. Trich ly
kéo dai 1am pha v& nhiéu té bao thyc vat hon, ting luong hop chit c6 hoat tinh sinh hoc
thu duoc. Sau 150 phut, cac hop chét trich ly duoc dat trang thai on dinh, nhu thé hién
trong Hinh PL 1V.8. Kéo dai qua trinh trich ly lam cho cc hop chét phenolic tiép xuc
1au hon véi anh sang, oxy va nhiét do, thiic day qua trinh oxy hoa va phan hay. Su suy
giam quan sat dugc cua cac hop chit sau 150 phit c6 thé 1a két qua cua tac dong nay.
Do d6, thoi gian trich ly thich hop dé c6 ham luong hop chat c6 hoat tinh sinh hoc tdi
da 1a khoang 150 phut.

Phu luc IV.2. Két qua xir ly s6 liéu théng ké

Phu luc IV.2.1. Anh hwéng cia cac yéu téo dén qué trinh trich ly biang DES dua
trén choline chloride: lactic acid
% S0 lidu va két qua xir ly thong ké anh hwéng cia ty 16 HBA: HBD dén hiéu qua

trich ly bang DES dwa trén choline chloride: lactic acid

Bang PL 1V.2. Anh huong cua ty 16 HBA: HBD dén hiéu qua trich ly bang DES

tao thanh tir choline chloride: lactic acid

Ty ¢ HBA: HBD TPC TSC PAC
(wiw) (mg GAE/g DW) (mg AE/g DW) (mg CE/g DW)
2:1 32,12 + 0,63 71,58 + 1,06 12,69 + 0,31
1:1 32,98 +0,61 73,86 £ 0,91 13,40+ 0,14
1:2 35,44 + 0,40 81,22 +0,76 13,66 + 0,18
1:3 29,89 + 0,75 83,61 +0,72 12,64 + 0,25
TPC
Summary of Fit
Rsquare 0.922240
Adj Rsguare 0.91496
Root Mean Square Error 0.612443 .
Obsenvaions (or SumWatl| 36 ED"I"E‘-'""'J '-E“E“MREW”
Analysis of Variance — 1:32“ A 35442‘;‘;_2
um . B 32.950000
S?uﬁrce DF SiquEres Mean Ssuare _F Ra;tlo Prob > F 7.9 C 32.115556
C. Total 35 15437706 Levels not connected by same letter are significantly different.
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TSC

Summary of Fit

Rsquare

Adj Rsguare

Root Mean Square Ermor
Mean of Response
Observations (or Sum Wagts)

Analysis of Variance

Source DF

Ty 1€ HBA: HBD 3 &
Error 32

C. Total 35 9
Summary of Fit

Rsquare

Adj Rsguare
Root Mean Square Emmor
Mean of Response

0.973393
0.970898
0.874457
77.56444

36

Sum of
Squares
05.24880
24.47129
19.72009

0.809407
0.791539
0.227825
12.09654

Observations (or Sum Wgts) 36
Analysis of Variance

Sum of
Source DF Squares
Ty 1€ HBA: HBD 3 7.0536306
Error 32 1.6609333
C. Total 35 8.7145639

% S0 lieu va két qua xir ly thong ké anh hwéng cia ty 1€ nwéc bo sung dén hiéu qua

Mean Square
208416 390.2233
0.765

Mean Square
2.35121
0.05190

FRatio Prob> F

FRatio Prob>F
45,2991 0001

Connecting Letters Report

Level
1:3
1:2
1:1
2:1

Mean

A 53.608389

B 81.215556
C 73.857778
D 71.575556

Levels not connected by same letter are significantly different.

Connecting Letters Report

Level
1:2
1:1
2:1
1:3

Mean

A 13.660000
A 12.208880
B 12.691111

B 12.637778

Levels not connected by same letter are significantly different.

trich ly bang DES dwa trén choline chloride: lactic acid

Bang PL 1V.3. Anh huong cua ty 1é nuéc bo sung dén hiéu qua trich ly bang DES

tao thanh tu choline chloride: lactic acid

Ty 1 nwéc bd sung TPC TSC PAC

(%) (mg GAE/g DW) (mg AE/gDW) (mg CE/g DW)
10 28,55 + 0,69 93,20 +£ 1,27 12,22 + 0,17
15 31,80 + 0,40 61,48 + 0,97 12,80 + 0,24
20 32,57 +0,39 81,00 + 1,03 15,28 £ 0,12
25 32,08 + 0,53 78,29 + 0,86 13,52 £ 0,17
30 34,76 + 0,54 77,74 +1,33 13,55+ 0,24
35 31,86 + 0,58 76,12 + 1,13 12,82 + 0,17

TPC

Summary of Fit
iﬁ?ﬂq&uare 0022568 Connecting Letters Report
Root Mean Square Error 0.530462
Mean of Response 3103778 Level Mean
Cbservati.ons (or Sur‘n Wats) 54 30 A 34.?5[][][][]
Analysis of Variance — gg E E g%ég%g%é
Source DF Squares Mean Square  FRatio Prob> F ' )
prmecdns g e UgEg e nC G o wiwe
C. Total 53 19259753 Levels not connected by same letter are significantly different.
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TSC

Summary of Fit

Rsquare

Adj Rsguare

Root Mean Square Ermor
Mean of Response
Observations (or Sum Wagts)

Analysis of Variance

Source DF
Tir |& nudc bé sung 5
Error 45
C. Total 53

PAC

Summary of Fit

Rsquare

Adj Rsguare

Root Mean Square Ermor
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance

Source DF
Tir 1& nudc bé sung 5
Error 45
C. Total 53

% S6 liéu va két qua xir Iy thong ké anh hwéng caa ty 16 dung mdi: nguyén ligu dén

0.989718
0.985647
1.10943
71.30407
54

Sum of
Squares
5666,7404
59.0801
5745.8205

0.967656
0.964257
0.188557
13.36481

54

Sum of
Squares
51.057170
1.706578
52.763748

Mean Square  FRatio Prob= F
113735 9240462 <.0001"
1.23

Mean Square  FRatio Prob= F
10.2114 287.2115 0001
0.0356

Connecting Letters Report

Level Mean
20 A £1.000000
25 B 78204444
30 B 77.738889
35 C 76.116667
15 D 61.476667
10 E 53197778

Levels not connected by same letter are significantly different.

Connecting Letters Report

Level Mean
20 A 15.283333
30 B 13.545556
25 B 13.524444
35 C 12.822222
15 C 12.795356
10 D 12217778

Levels not connected by same letter are significantly different.

hiéu qua trich ly bing DES dwa trén choline chloride: lactic acid

Bang PL 1V.4. Anh huéng cua ty Ié dung méi: nguyén liéu dén hiéu qua trich ly

bang DES tao thanh tir choline chloride: lactic acid

Ty Ié dung moi: TPC TSC PAC

nguyén liéu (v/w) (mg GAE/g DW) (mg AE/gDW) (mg CE/g DW)
15:1 25,43 £ 0,36 71,24 +£0,72 12,01 + 0,18
20:1 32,78 + 0,68 81,13+ 0,65 14,3+0,3
25:1 38,75+ 0,43 81,73+0,7 16,26 £ 0,11
30:1 39,42 £ 0,33 70,34 £ 0,93 16,29 + 0,18

TPC
Summary of Fit
Rsquare 0,992845
Ad) Rsquare 0.993263
Root Mean Square Error 0.4.7[]132 .
Dbmerstiont fo Sum Wats) - 36 fD"I"Eﬂ'"E' '-E“E“MREP"”
Analysis of Variance — 3?]‘:? A 394223;;
um . 2511 B 38.7534444

e omsingyinls (e TS flMk Pt 361 327em0
Error 3z 7.0720 0.221 ' : o ]
C. Total 35 11491834 Levels not connected by same |etter are significantly different.
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TSC

Summary of Fit

Rsquare 0.952256
Adj Rsguare 0.980592
Root Mean Square Ermor 0.760311
Mean of Response 76.1125
Observations (or Sum Wagts) 36
Analysis of Variance

Source DF
Ty 1& dung méi: nguyén ligu 3
Error 32
C. Total 35
Summary of Fit

Rsquare 0.955214
Adj Rsguare 0.957109
Root Mean Square Emmor 0.203362
Mean of Response 1471472
Observations (or Sum Wgts) 36
Analysis of Variance

Source DF
Ty 1€ dung méi: nguyén ligu 3
Error 32
C. Total 35

Sum of
Squares Mean Square
1023.9941 341331 590.4642
15,4983 0.578
10424925
Sum of
Squares Mean Square
110.95850 36,9862 594.3307
1.32340 0.0414
112.28190

F Ratio Prob= F

F Ratioc Prob=> F

Connecting Letters Report

Level Mean
251 A £1.730000
2001 A 81134444
15:1 B 71.241111
301 B 70.344444

Levels not connected by same letter are significantly different.

Connecting Letters Report

Level Mean
31 A 16.258889
251 A 16.258880
201 B 14296667
15:1 C 12014444

Levels not connected by same letter are significantly different.

% S6 lieu va két qua xir ly théng ké anh hwéng caa nhiét @é trich ly dén hiéu qua

trich ly biang DES dwa trén choline chloride: lactic acid

Bang PL 1V.5. Anh huéng cua nhiét do trich ly dén hiéu qua trich ly bang DES

tao thanh tir choline chloride: lactic acid

Nhiét @9 trich ly TPC TSC PAC
°C) (mg GAE/g DW) (mg AE/gDW) (mg CE/g DW)
30 36,86 + 0,55 83,45 + 1,57 17,19+0,21
40 40,84 + 0,85 91,09 + 1,25 18,08 + 0,21
50 46,91 + 0,79 93,75+ 1,55 18,99 + 0,41
60 69,54 + 0,75 142,67 + 1,81 29,29 £ 0,77
70 70,52 + 0,86 150,42 + 1,05 27,37 + 0,66
TPC

Summary of Fit

Rsquare 0.997447

Adj Rsquare 0.997192

Root Mean Square Error 0.76876

g;s;ngtie:f ?c:]rsgum Wagts) 52.9345% Connecting Letters Repor‘t

Analysis of Variance ';E"e' A -0 5";3"322

Sum of 60 A §9.538880

Source DF Squares Mean Square FRatio Prob>F 30 B 46974444

Nhiét dé 4 923372714 230882 3906.684 0001* 40 c 40.837778

Emmor 40 23.6397 0.59 30 D 36.856667

C. Total 44 92550111 Levels not connected by same letter are significantly different.

215



TSC

Summary of Fit
Rsquare 0.997607
Adj Rsquare 0.997368
Root Mean Square Error 1.469609
Mean of Response 112.2731
Observations (or Sum Wgts) 45
Analysis of Variance

Sum of
Source DF Squares
Nhiét dé 4 36019158
Ermmor 40 86,390
C. Total 44 36105348

PAC

Summary of Fit
Rsquare 0.991205
Adj Rsquare 0.990326
Root Mean Square Emror 0.50832
Mean of Response 22.18467

CObservations (or Sum Wgts)
Analysis of Variance

45

Mean Square

F Ratio Prob = F
200479 4169367 0001*

F Ratio Prob=F
291209 1127.014 0001

Sum of
Source DF Squares Mean Square
Nhiét do 4 1164.8345
Emor 40 10,2356 0.258
C. Total 44 1175.1701

Connecting Letters Report

Level Mean
70 A 150.42444
a0 B 142.66667
50 C 03.74667
40 D 091.08880
30 5344889

Levels not connected by same letter are significantly different.

Connecting Letters Report

Level Mean
60 A 29.292222
70 B 27.372222
50 C 18.985356
40 D 18.081111
30 17.192222

Levels not connected by same letter are significantly different,

% S0 liéu va két qua xir ly thong ké anh hwéng cia thoi gian trich ly dén hiéu qua
trich ly bang DES dwa trén choline chloride: lactic acid
Bang PL 1V.6. Anh huong cua thoi gian trich ly dén hiéu qua trich ly bang DES

tao thanh tur choline chloride: lactic acid

Thai gian trich ly TPC TSC PAC
(phat) (mg GAE/g DW) (mg AE/g DW) (mg CE/g DW)
60 56,56 + 0,70 115,99 + 1,52 23,20 £ 0,25
90 63,90 + 0,38 134,75 + 2,02 24,70 £ 0,33
120 71,49 +£ 0,63 149,20 + 1,28 30,03 + 0,45
150 70,52 + 0,63 146,71 + 2,16 29,50 + 0,28
TPC

Summary of Fit

Rsquare 0.983876

Adj Rsquare 0.982365

Root Mean Square Error 1.782319

Mean of Response 136.6614

Dbsewatl.onstor Sur‘n Wagts) 36 Cnnnecting Letters Repnrl:

Analysis of Variance Level Mean

Sum of 120 A 71.492222

Source DF  Squares MeanSquare FRatic Prob>F 150 B 70.524444

Théi gian 3 6204.3026 206810 6508835 -o0001c 90 c 63.806667

Error 32 101.6760 3.18 60 D 56562222

C. Total 35 B3059786 Levels not connected by same letter are significantly different.
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TSC

Summary of Fit

Rsquare 0.983876

Adj Rsquare 0.982365

Root Mean Square Error 1.782319

Mean of Response 136.6614

Obsewatl.ons (or Sur‘n Wagts) 36 Cnnnecting Letters Report

Analysis of Variance Level Mean
Sum of 120 A 149.20111

Source DF  Squares MeanSquare FRatio Prob>F 130 B 146.71000

Théi gian 3 6204.3026 206810 6508835 <0001 90 c 134.74889

Error 32 101.6760 3.18 60 D 115.98556

C. Total 35 63059786 Levels not connected by same letter are significantly different.

PAC

Summary of Fit

Rsquare 0.988711

Adj Rsquare 0.987653

Root Mean Square Emror 0.335802

Mean of Response 26.85639

O‘bSENEtI.DnS (or Sut'n Wagts) 36 Connecting Letters Report

Analysis of Variance Level Mean
Sum of 120 A 30.031111

Source DF  Squares MeanSquare FRatio Prob>F 130 B 29.501111

Théi gian 3 21621248 105404 9342385 <0001 90 C 24.697778

Error 32 3.610%6 0.113 60 D 23.195556

C. Total 35 319.82283 Levels not connected by same letter are significantly different.

Phu luc IV.2.2. Anh hwéng cia cac yéu téo dén qué trinh trich ly bing DES dua
trén choline chloride: glycerol: citric acid

% S0 liéu va két qua xir Iy théng ké anh hwéng caa ty &6 HBA: HBD dén hiéu qua
trich ly bing DES dwa trén choline chloride: glycerol: citric acid

Bang PL IV.7. Anh hudng cua ty 16 HBA: HBD dén hiéu qua trich ly bang DES

tao thanh tur choline chloride: glycerol: citric acid
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Ty I¢ HBA: HBD TPC TSC PAC
(wiw) (mg GAE/g DW) (mg AE/g DW) (mg CE/g DW)

1:2:1 29,56 + 1,09 63,11+ 0,77 10,94 £ 0,28

1:1:2 29,85+ 0,79 60,12 + 1,72 12,27 + 0,30

2:1:1 27,64 +0,81 64,09+ 1,70 11,96 + 0,60

1:1:1 31,04 +0,73 66,51 + 1,07 12,57 + 0,33
TPC

Summary of Fit Analysis of Variance

Rsquare 0.692184 Sum of

Adj Rsquare 0.663226 Source DF Squares MeanSquare  FRatio Prob > F

Root Mean Square Ermor 0.864713  HBA:HBD ratio 3 53.805297 17.9351  23.9861 0001

Mean of Response 2052139 Error 32 23927333 0.7477

Observations (or Sum Wgts) 36 C. Total 35 77732631



Connecting Letters Report

Level Mean
111 A 31.044444
2:1:1 B 29845356
1:2:1 B 29558889

1:1:2 C 27.636667
Levels not connected by same letter are significantly different.
TSC
Summary of Fit Analysis of Variance
Rsquare 0.756926 Sum of
Adj Rsquare 0.734149 Source DF Squares Mean Square FRatic Prob> F
Root Mean Square Emor 1.377436 HBA:HBD ratio 3 189.07389 63.0246 33.2176 0001+
Mean of Response 63.45778 Emror 32 6071453 1.8973
Observations (or Sum Wagts) 36 C. Total 35 249.78842
Connecting Letters Report
Level Mean
111 A 66.513333

1:1:2 B 64.091111
1:2:1 B 63107778

2:1:1 C 60.118889

Levels not connected by same letter are significantly different.

Summary of Fit Analysis of Variance

Rsquare 0.730633 Sum of

Adj Rsquare 0.70538  Source DF Squares MeanSquare FRatio Prob > F
Root Mean Square Emor 0.397017 HBA:HBD ratio 3 13681164 436039 28,9324 0001
Mean of Response 11.93383 Emror 32 504391 0.15762

Observations (or Sum Wagts) 36 C. Total 35 18.725075

Connecting Letters Report

Level Mean
111 A 12.573333
2:1:1 AB 12.271111
1:1:2 B 11.963333
1:2:1 C 10.935356

Levels not connected by same letter are significantly different.

% S0 lidu va két qua xir ly thong ké anh hwéng cia ty 1é nwéc bo sung dén hidu qua

trich ly bang DES dwa trén choline chloride: glycerol: citric acid
Bang PL 1V.8. Anh huong cua ty & nudc bo sung dén hiéu qua trich ly bang DES

tao thanh tir choline chloride: glycerol: citric acid

ij 1€ nuwéc TPC TSC PAC
bo sung (%) (mg GAE/g DW)  (mg AE/g DW) (mg CE/g DW)
25 33,15+ 0,56 69,44 + 0,89 11,76 £ 0,14
30 29,79+0,34 64,43 + 0,67 10,70 £ 0,16
35 29,75+ 0,37 66,17 + 0,64 10,20 + 0,11
40 31,21 +0,41 65,22 + 0,62 8,85+0,18
TPC
Summary of Fit Analysis of Variance
Rsquare 0.021361 Sum of
Adj Rsquare 0.913989  Source DF Squares MeanSquare FRatio Prob > F
Root Mean Square Emor 0429802  Water content 3 59.230808 23,0866 124.9749 0001+
Mean of Response 30,971 Emror 32 591133 0.1847
Observations (or Sum Wagts) 36 C. Total 35 75171184
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Connecting Letters Report

Level Mean
25 A 33147778
40 B 31.206667
30 C  29.786667
35 C 29746667
Levels not connected by same letter are significantly different.
TSC
Summary of Fit Analysis of Variance
Rsquare 0.550896 Sum of
Adj Rsquare 0.879573  Source DF Squares MeanSquare FRatio Prob > F
Root Mean Square Emor 0712416 Water content 3 131.26608 43,7554 86.2112 0001+
Mean of Response 66.31389 Emror 32 16.24118 0.53075
Observations (or Sum Wagts) 36 C. Total 35 147.50726

Connecting Letters Report

Level Mean

25 A 60444444

15 B 66.166667

40 C 65217778

30 C 64426667

Levels not connected by same letter are significantly different.

Summary of Fit Analysis of Variance

Rsquare 0.981953 e

Adj Rsquare 0.950261 Source DF Squares MeanSquare FRatio Prob > F
Root Mean Square Emor 0150598  Water content 3 30488919 13.1630 580.35816 0001+
Mean of Response 10,3775 Emror 32 0.725736 0.0227

Observations (or Sum Wagts) 36 C. Total 35 40214675

Connecting Letters Report

Level Mean
25 A 11761111
30 B 10701111
35 C 10.1958580
40 D 8.848889

Levels not connected by same letter are significantly different.

% S0 lidu va két qua xir ly thong ké anh hwéng caa ty 1é dung moi: nguyén li¢u dén
hié¢u qua trich ly bang DES dwa trén choline chloride: glycerol: citric acid

Bang PL 1V.9. Anh hudng cua ty Ié dung mdi: nguyén lidu dén hiéu qua trich ly

bang DES tao thanh tir choline chloride: glycerol: citric acid

Ty & dung méi: TPC TSC PAC

nguyén liéu (v/w) (mg GAE/g DW) (mg AE/g DW) (mg CE/g DW)

15:1 21,65+0,48 46,41 £ 1,46 9,94 £ 0,22

20:1 31,29+ 0,34 66,54 + 0,83 11,80 £ 0,52

25:1 31,34 £ 0,39 69,70 £ 0,40 14,20 £ 0,26

30:1 30,91 £ 0,92 64,64 + 3,57 12,71 £ 0,19
TPC

Summary of Fit Analysis of Variance

A Requare oosi0r s A el

ﬁ;‘nr‘lia;efggjiam el SOt Al ol 3 61360680 | 204562 6058736 - o000

CObservations (or Sum Wgts) : léﬁ gr'?;tal ‘;’é 6;3%12?3; 0.338
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Connecting Letters Report

Level
25 A
20 A

Mean
31,3411
31.283356
30 A 30912222
15 B 21.632222

Levels not connected by same letter are significantly different.

TSC

Summary of Fit Analysis of Variance

Rsquare Sum of
Squares
29679885
125.6726

30936614

0.959377
Adj Rsquare 0.955369
Root Mean Square Emror 1.08174
Mean of Response 61.82639
CObservations (or Sum Wgts) 36

Source DF
Solvent-to-material ratic 3
Ermor 32
C. Total ES]

Mean Square  FRatio Prob=F
059330 251.9128 0001*
3.027

Connecting Letters Report

Level
25 A

Mean
69704444
20 B 66.543333
30 B 64.643333
15 C 46414444

Levels not connected by same letter are significantly different.

PAC

Summary of Fit Analysis of Variance

Rsquare

Adj Rsquare
Root Mean Square Emror 0.325405
Mean of Response 12.16167
CObservations (or Sum Wgts) 36

Sum of
Squares
55.602580
3.390311
58.992000

0.961904
0.958332 Source DF
Solvent-to-material ratic 3
Ermor 32

C. Total ES]

Mean Square  FRatio Prob=F
28542 260.3246 0001*
0.1039

Connecting Letters Report

Level Mean
25 A 14201111
30 B 12.706667
20 C 11.795356
15 D 0943333

Levels not connected by same letter are significantly different.

% S0 lieu va két qua xir ly thong ké anh hwéng caa nhiét d@o trich ly dén hiéu qua
trich ly bang DES dwa trén choline chloride: glycerol: citric acid

Bang PL 1V.10. Anh hudng cta nhiét do trich ly dén hiéu qua trich ly bang DES

tao thanh tur choline chloride: glycerol: citric acid
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Nhiét dg trich ly TPC TSC PAC
(°C) (mg GAE/g DW)  (mg AE/g DW) (mg CE/g DW)
30 30,48 +£0,28 69,14 + 1,03 14,20 + 0,14
40 33,48 £ 0,24 76,84 +1,08 14,43 + 0,13
50 34,10+ 0,41 76,27 = 1,39 15,22 £ 0,23
60 47,49 + 0,23 89,47 + 0,74 19,30 £ 0,17
70 44,82 + 0,42 85,36 + 0,62 19,50 + 0,42
TPC

Summary of Fit Analysis of Variance

Rsquare 0.997917 Sum of

Adj Rsquare 0.997709  Source DF Squares Mean Square  FRatio Prob: F

Root Mean Square Emor 0327666  Temperature 4 20573175 514.329 4790475 0001*

Mean of Response 35.0744 Emor 40 4.2046 0.107

Observations (or Sum Wagts) 45 C. Total 44 20616121



Connecting Letters Report

Level Mean
60 A 47.490000
70 B 44813556
50 C 34102222
40 D 33.480000
30 E  30.484444

Levels not connected by same letter are significantly different.

TSC
Summary of Fit
Rsquare 0.9827711
Adj Rsquare 0.951048
Root Mean Square Error 1.00939
Mean of Response 79.41356
Observations (or Sum Wgts) 45

Connecting Letters Report

Level Mean
60 A £9.468889
70 B 85.256667
40 C 76.835556
50 C 76.272222
30 D 69144444

Levels not connected by same letter are significantly different.

PAC
Summary of Fit
Rsquare 0.990719
Adj Rsquare 0.989791
Root Mean Square Error 0.242992
Mean of Response 16.32978
Observations (or Sum Wgts) 45

Connecting Letters Report

Level Mean
70 A 19.500000
60 A 19.293556
50 B 15.221111
40 C 14433332
30 C  14.198889

Analysis of Variance

Source

Temperature
Ermor
C. Total

DF

4

40
44

Sum of

Squares Mean Square
23255908 581,308 5704047

40,7709 1.019
23663617

Analysis of Variance

Source

Temperature
Ermor
C. Total

Levels not connected by same letter are significantly different.

DF

4
40
44

Sum of

Squares Mean Square
25211230 63.0281 1067.438

2.26180 0.0590
234.47410

F Ratio Prob=F

F Ratio Prob=F

% S0 liéu va két qua xir ly thong ké anh hwéng cia thai gian trich ly dén hiéu qua

trich ly bing DES dwa trén choline chloride: glycerol: citric acid

Bang PL 1V.11. Anh huong ciia thoi gian trich ly dén hiéu qua trich ly bang DES

tao thanh tur choline chloride: glycerol: citric acid

Thaoi gian trich ly TPC TSC PAC
(phut) (mg GAE/g DW)  (mg AE/g DW) (mg CE/g DW)

90 36,61 + 0,26 75,11 +1,08 15,98 + 0,09

120 47,68 + 0,24 88,26 + 0,94 18,96 + 0,09

150 55,02 +0,28 107,18 + 0,84 21,71 £ 0,12

180 41,64 + 0,19 80,73 + 1,26 17,14 + 0,04
TPC

Summary of Fit Analysis of Variance

Rsquare 0.998871 Sum of

Adj Rsquare 0.998765 Source DF Squares MeanSquare  FRatio Prob > F

Root Mean Square Emmor 0.245201 Extraction time 3 1701.8797 567.293 09435448 <.000717

Mean of Response 45,22861 Error 32 1.9240 0.060

Observations (or Sum Wgts) 36 C. Total 35 1702.8036
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Connecting Letters Report

Level Mean
180 A 55.022222
120 B 47.684444
240 C 41.635556
a0 D 36.612222

Levels not connected by same letter are significantly different.

TSC

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Emror
Mean of Response
CObservations (or Sum Wgts)

0.993436
0.992843
1.042643
87.821%4

36

Connecting Letters Report

Level Mean
180 A 107.18111
120 B 88.26333
240 C 30.73222
ap D 7511111

Analysis of Variance

Levels not connected by same letter are significantly different.

PAC

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Emror
Mean of Response
CObservations (or Sum Wgts)

0.998507
0.998367
0.088686
18.44583

36

Connecting Letters Report

Level Mean
180 A 21.705556
120 B 18.961111
240 C 17.142222
ap D 15974444

Sum of
Source DF Squares
Extraction time 3 5281.2144
Ermmor 32 34,7873
C. Total 35 5316.0018
Analysis of Variance

Sum of
Source DF Squares
Extraction time 3 168.28619
Ermmor 32 0.25169
C. Total 35 168.53788

Levels not connected by same letter are significantly different.
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Mean Square  F Ratio
176040 1619.352
1.00

Mean Square  F Ratio
56,0954 7132.030
0.0079

Prob > F

Prob > F



Phu luc IV.3. Sic ky d6 HPLC dinh lwong cac hop chat hoat tinh don 1é trong dich

trich t6i wu
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1 — Gallic acid
2 — Catechin

3 — Epicatechin
4 — Rutin

5 — Myricetin
6 — Quercetin

7 — Kaempferol
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Phu luc IV.4. Két qua so sanh ba phwong phap trich ly t6i wu

Phwong phap trich 1 TPC TSC PAC
& phap Y (mgGAE/gDW) (mgAE/gDW) (mg CE/g DW)
DES — Choline chloride: 81,902 + 1,06 174,662 + 2,87 31,132+ 0,50
lactic acid
DES — Choline chloride: 71,50° + 0,35 175,012 + 0,62 29,25 + 0,08
glycerol: citric acid
U-EAE 13,22° + 0,03 40,63 + 1,26 4,96°¢ + 0,07
TPC
4 Summary of Fit 4 Analysis of Variance
Rsguare 0,999697 Sum of
Adj Rsgquare 0999596  Source DF Squares Mean Square F Ratio Prob > F
Root Mean Square Error 0644145  Phuong phap trich ly 2 82202873 4110,14 9905,817  =,0001
Mean of Response 55,54  Ermror 6 24895 041
Observations (or Sum Wgts) 9 CTotal 8 82227768
4 Connecting Letters Report
Level Mean
DES - Choline chloride: lactic acid A 81,896667
DES - Choline chloride: glycerol: citricacid B 71,500000
U-EAE C 13223333
TSC
4 Summary of Fit 4 Analysis of Variance
quuare 0,999434 Sum of
Adj Rsquare 0999245  source DF Squares Mean Square F Ratio Prob > F
Root Mean Square Error 1,844704  ppyygng phép trich ly 2 36022148 18011,1 5292,808 <0007
Mean of Response 1301 Ermor 6 20418 4
Observations (or Sum Wagts) 9  C Total 8  236042,565
4 Connecting Letters Report
Level Mean
DES - Choline chloride: glycerol: citricacid A 175,01000
DES - Choline chloride: lactic acid A 174,66000
U-EAE B 40,63000
PAC
ASummary of Fit 4 Analysis of Variance
Rsquare 0,999589 Sum of
Adj Rsquare 0,999452  source DF Squares Mean Square F Ratio Prob = F
Root Mean Square Error 0,295898  phuang phap trich ly 2 12787438 639,372 7302471 <0001
Mean of Response 2178222  Enor 6 0,5253 0,088
Observations (or Sum Wgts) 9 CTotal 8 12792692
Connecting Letters Report
Level Mean
DES - Choline chloride: lactic acid A 31,133323
DES - Choline chloride: glycerol: citricacid B 29253333
U-EAE C 4960000
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PHU LUC V

Anh hwéng caa cac yéu té dén qué trinh vi bao bang say phun

Phu luc V.1. Két qua khao sat anh hwéng caa cac yéu té dén qua trinh vi bao bang

say phun
% Anh hwéng cia loai vé bao dén qua trinh vi bao

V6 bao 1a mét trong nhitng yéu té quan trong gép phan bao vé cac hop chat c6
hoat tinh sinh hoc khoi su phén hay bai tac dong méi truong trong qua trinh vi bao va
bao quan. Dé dat duoc hiéu sut thu hoi va hiéu qua vi bao cao nhat, viéc lya chon loai
v6 bao phi hop 1a diéu can thiét, dac biét 1a khi 4p dung cho cac chat hoat tinh sinh hoc
nhay cam. Trong nghién ctu nay, cac loai vo bao khac nhau da dugc thir nghiém, bao
gom maltodextrin riéng 1¢ va két hop véi gum arabic, tinh bot bién tinh, protein dau
nanh isolate va whey protein isolate. Muc dich 1a danh gia anh huong cua loai vo bao
dén qua trinh vi bao cac hop chét cé hoat tinh sinh hoc dugc trich ly tir phu pham nho
va xac dinh loai v bao ph hgp nhat cho céc tng dung sy phun. Cac théng sé cd dinh
bao gom ty 1¢ 13i: vo bao 1a 1:5 (w/w), téc d6 dong hoda 8.100 vong/phut trong 10 phit,
nhiét d6 khong khi siy dau vao 1a 170°C va téc d6 dong nhap liéu 1a 15 mL/phdt.

Hiéu suat thu hoi dugc str dung 1am tiéu chi vé hiéu qua caa vat liéu vo bao trong
viéc giit lai TPC, TSC va PAC sau khi say phun. Két qua, duoc trinh bay trong Hinh
PL V.1, minh hoa su khéc biét dang ké vé hiéu suat thu hdi tiy thuoc vao vat lidu vo
bao duoc sir dung (P < 0,05). Khi MD duoc sir dung riéng 1é s& dat hiéu suat thu hdi cao
nhat cho TPC (85,44 + 2,51%) va PAC (88,00 + 2,83%). Nguoc lai, su két hop cia MD
va SPI (MD-SPI) dan dén hiéu suat thu hdi thap nhat cho ca TPC (41,66 + 1,43%) va
PAC (44,42 + 0,96%), cho thay SPI c6 thé khdng phu hop dé vi bao cac hop chat cu thé
nay trong cac diéu kién duoc thar nghiém. Su két hop cia MD véi GA, MS mang lai
hiéu suat thu héi trung binh. Piéu dang cha ¥ 1a ddi véi TSC, su két hop MD-GA cho
thay hiéu suat thu hoi cao nhat (82,07 + 2,42%), diéu nay cho thay su tuong tac giita

GA va saponin c6 thé ting cuong kha ning vi bao trong qua trinh say phun.
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Hinh PL V.1. Hiéu suét thu hoi & céc loai v6 bao khac nhau

Céc chér céi khac nhau trong cling mét chi tiéu thé hién sir khac biét ¢é y nghia
thong ké (P < 0,05)

Két qua khao séat vé anh huéng cua loai vo bao cho thiy MD riéng Ié mang lai
hiéu suat thu hdi cao cho ca TPC va PAC. Tuy nhién, hiéu sut caa nd trong viéc vi bao
TSC twong ddi thap hon so véi sy két hop MD-GA, nhung khac biét khong c6 ¥ nghia
théng ké (P > 0,05). Su khac biét nay cd thé la do ban chat hda hoc va co ché twong tac
ctia saponin véi loai vo bao. Ngoai ra, dich trich DES duoc biét 1a co6 dd nhét cao, co
thé can tré qua trinh phun va hiéu qua siy trong qua trinh say phun. Viéc bo sung
maltodextrin khong chi 1am ting tong ham lwong chat ran hoa tan cua dich dau vao do
d6 tang cuong tinh phi hop ciia né d6i véi qua trinh say phun quy mé cong nghiép, ma
con 1am giam do nhét cua nguyén liéu dau vao va tao diéu kién xi 1y dich tét hon. MD
dugc ua chudng vi cac dic tinh Iy hoa co loi cua nd, bao gom d6 nhét thap, do hoa tan
cao va kha nang giam d6 dinh ciia bot cudi ciing, tat ca déu gop phan cai thién hiéu suat
thu hoi va xir Iy san pham (Xiao va cong su, 2022).

Nguoc lai, su két hop cia MD véi SPI dan dén hiéu suat thu hoi thap hon dang
ké trén ca ba chi tiéu so voi MD két hop véi WPI. Su khac biét nay c6 thé 1a do kha
nang tao mang khac biét va tinh chat Iy hoa cua ting protein khi twong tac véi cac hop
chat c6 hoat tinh sinh hoc c6 trong dich trich phu pham nho. MD dwgc cdng nhan rong
rdi 12 loai vo bao hiéu qua dé vi bao do do nhét thap, do hoa tan cao va kha ning ting
cudng thu hdi phenolic & ndng dd cao hon (Moreno va cong su, 2016). Ca WPI va SPI

déu c6 kha ning tao mang bao vé xung quanh 15i théng qua twong tac gita cac hop chit
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phenolic va phan tir protein, giip 6n dinh va bao vé cac hop chat c6 hoat tinh sinh hoc
trong qua trinh say phun. Tuy nhién, qua trinh thu hdi phenolic cd thé bi anh huéng bai
su bién tinh protein, dac biét 12 & nhiét d6 cao hoic ¢ ndng do cao, diéu nay co thé lam
giam tinh kha dung cua c4c cau trdc protein ty nhién twong tac hiéu qua véi polyphenol.
Péng chu ¥, trong mot s6 trudng hop viée ting ndng d6 WPI vuot qua mic toi uu co
thé dan dén giam kha ning thu héi phenolic (Moreno va cong su, 2016).

Hiéu qua vi bao dé cap dén ty 18 phan tram cac hop chat c6 hoat tinh sinh hoc
duoc vi bao thanh cong trong céc hat vi bao sau qué trinh sy phun. Hiéu qua vi bao cao
hon cho thay loai vo bao phil hgp hon va tao ra san pham cudi cung c6 chat lugng cao
hon bang cach ting cudng tinh 6n dinh, kha ning bao vé va kha ning gitr lai cac hop
chat hoat tinh. Céc két qua trinh bay trong Hinh PL V.2 chttng minh rang hiéu qua vi
bao thay doi dang ké tly thudc vao loai vo bao duoc sir dung, véi su khac biét ¢ ¥ nghia
thong ké dugc quan sat thay gitra cac cong thire dugc thir nghiém (P < 0,05). Hiéu qua
vi bao cao nhat d6i véi TPC, TSC va PAC dat duoc véi sy két hop MD-GA, lan luot Ia
97,84 + 0,05%, 98,55 + 0,04% va 94,54 + 0,03%. Hiéu qua cua vi bao béng gum arabic
lién quan dén cau tric cia né — chat phan nhanh cao, c6 lugng nho protein lién két cong
hoa tri voi carbohydrate gidp hinh thanh mang tét, cho phép vi bao hiéu qua cac phan
tr (Kuck va Norefia, 2016). MD, khi sir dung riéng I¢, c6 hiéu qua lam giam sy lang
dong bé mit cua cac hop chat cé hoat tinh sinh hoc, ting cudng d6 6n dinh cua I8i va
cai thién hiéu qua vi bao tong thé (Xiao va cong su, 2022).
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Céc chi cai khac nhau trong cting mét chi tiéu thé hién sw khac biét ¢é y nghia
thong ké (P < 0,05)

227



Viéc két hop GA lam ting thém d6 nhét caia nguyén lidu dau vao va do 6n dinh
cua dung dich truée khi sdy phun, gép phan nang cao hiéu qua vi bao vuot trdi so Voi
viéc chi sir dung MD. Piéu nay cho thay GA, duoc biét dén vai kha ning tao mang va
d6 hoa tan tét, gitip ting cudng dang ké qua trinh vi bao. Theo Mariod (2018), GA la
mot polysaccharide phan nhanh tu nhién c6 kha nang tuong tac hiéu qua vai polyphenol,
do d6 tao diéu kién thuan loi cho viéc hinh thanh ma tran vi bao 6n dinh. Nguoc lai,
cdng thic sir dung MD va SPI dan dén hiéu qua vi bao thap nhat trong tat ca cac thir
nghiém. Cac két hop loai vo bao khac mang lai hiéu qua vi bao trung binh.

Ham luong 4m va hoat d6 nuéc 1a hai théng sé quan trong anh huéng dang ké
dén chit luong, do 6n dinh va thoi han st dung caa bot vi bao. Bang PL V.1 cho thiy
ca hai thong sb déu thay doi dang ké tly theo loai vo bao duoc sir dung (P < 0,05). Gia
tri ham luong 4m dao dong tir 3,04 + 0,21% & bot duoc vi bao bang MD riéng ¢ dén
6,03 £ 0,52% & bot dugc vi bao bang MD-GA. Tuong tu nhu vay, hoat do nudc ciing
theo xu hudng tuong tu, V6i gia tri thip nhat duoc quan séat thiy ddi véi vo bao MD
riéng 1é (0,149 + 0,004) va cao nhat doi véi MD-GA (0,192 + 0,005). Ham lwong am va
hoat d6 nudc cao hon duoc quan sat thay trong cong thirxc MD-GA c6 thé 12 do ban chat
hit 4m va kha ning lién két nuéc cao ciia GA. Nguoc lai, cac cong thire st dung MD va
MD-WPI ¢6 ham luong am thap hon dang ké (lan luot 14 3,04 + 0,21 va 3,53 + 0,39),
cho thdy qua trinh béc hoi nuéc hiéu qua hon trong qua trinh say phun. Nhiing két qua
nay 1am néi bat vai trd cua viéc lya chon loai vo bao trong viéc dat dugc cac dic tinh

ham lwong 4m mong mudn va dam bao tinh 6n dinh vat ly caa bot vi bao.

Bang PL V.1. Ham lugng am va hoat ¢ nuéc caa bot & cac loai vo bao khéc nhau

Loai vé bao Ham lwong am (%) Hoat d§ nuwéc
MD 3,049+ 0,21 0,149° + 0,004
MD-GA 6,032+ 0,49 0,192% + 0,005
MD-MS 5,20% + 0,78 0,182% + 0,017
MD-SPI 4,55 + 0,04 0,174% + 0,011
MD-WPI 3,53% + 0,39 0,169% + 0,026

Cac char cai khac nhau trong ciing mét cét thé hién sy khac biéz ¢é ¥ nghia thong
ké (P <0,05)
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Thanh phan va tinh chat Iy hoa cua loai vo bao anh huong dén ca ham lwong am
va hoat d6 nuéc cua bot vi bao. MD, véi cau tric mach thang, it nhém hydroxyl ty do
hon, cho thay kha ning giit nudc thip nhat, din dén ham luong am va hoat d6 nudc
giam. Nguoc lai, GA, dugc dic trung bdi ciu trdc phan nhanh va c6 nhiéu nhém
hydroxyl, thé hién kha nang lién két hydro manh véi cac phan ti nuée. Pidu nay gop
phan l1am ting ham lwong 4m va hoat d6 nuée trong cong thirc vo bao MD-GA (Mariod,
2018). WPI, chi yéu bao gdbm cac protein nhé wa nuéc nhu B-lactoglobulin va a-
lactalbumin, lién két nuéc ¢ dang ty do, d& dang bi loai bo trong qué trinh siy phun. Do
d6, cong thuc MD-WPI ciing cho thidy ham lwgng 4m cudi ciing thap (Qi va Onwulata,
2011). Mac du c6 sy thay doi, tat ca cac bot vi bao tir cac cdng thirc vo bao déu duy tri
gia tri hoat d6 nuéde dudi 0,2, mot ngudng dugc coi la quan trong ddi véi su on dinh cua
vi sinh vat va kéo dai thoi han sir dung cua bot. Bang chi y 1a mac du céng thuc MD-
GA (1:2 wiw) cho thidy ham lugng am cao nhét trong diéu kién say phun c¢é dinh &
170°C va tdc @6 dong nhap liéu 15 mL/pht, bot thu dugc thuc té van kho va co do hit
am thap, véi téc do hap thu dé6 am cham hon theo thoi gian so véi cac loai vo bao két
hop khéc.

Cac tinh chat ly hoa cua céc hat vi bao sy phun, chiu anh huong cua céc loai vo
bao khac nhau, da duoc nghién ctiu bang cach sir dung cac phan tich XRD, FTIR va
DSC, nhu trinh bay trong Hinh PL V.3, Hinh PL V.4, Hinh PL V.5. C4c két qua XRD
(Hinh PL V.3) x&c nhan rang tat ca cac mau bot déu thé hién cac diac diém chi yéu la
v6 dinh hinh. Diéu nay dugc chimg minh bang cac dinh nhidu xa rong tap trung quanh
20° va khong c6 cac dinh tinh thé riéng biét. Bot vi bao voi MD riéng 1é ¢ mot dinh
tuong ddi Sac nét, cao hon, cho thay cau tric cé trat ty mot phan so véi cac cong thirc
khac, d6 tinh thé cao nhat 13 28%. Nguoc lai, cac cong thirc st dung két hop céc loai vo
bao (MD-GA, MD-MS, MD-SPI va MD-WPI) tao ra cac dinh rong hon va khuéch tan
hon, cho thdy mic d6 vo dinh hinh cao hon. Trong do6, d6 tinh thé cua cac bot vi bao
voi MD-GA, MD-SPI, MD-MS, MD-WPI lan luot 1a 23,3; 24,1; 27,7 va 24,4%. Céac do
tinh thé nay da sé déu thap hon so voi do tinh thé caa hat vi bao dich trich trai phat tha
V&i vo bao két hop GA, MD, MS, va WP (36,27 — 46,13%) (Mahdi va cong su, 2020).
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Hinh PL V.3. XRD cua bot vi bao ¢ cac loai vo bao khac nhau

Ban chat vo dinh hinh ting 1én trong céac loai bot vi bao tir vo bao két hop trong
nghién ctru nay c6 thé 1a do twong tac phan tir gitta MD va cac loai vo bao (protein, tinh
bot, polysaccharides), 1am giam cac vung tinh thé trong qué trinh say khd. Céc loai vo
bao tir maltodextrin bao vé hiéu qua cac hop chat c6 hoat tinh sinh hoc bang cach giam
thiéu su tiép xdc cua ching véi oxy, do am va céc bién ddi nhiét 6 (Xiao va cong su,
2022). Tuy nhién, do tinh thé cua bot s& ting dan véi su ting cia ham lugng
maltodextrin. Nghién ctu cua Kang va cong su (2019) ciing cho két qua twong tu, khi
vi bao chlorophyll bang vo bao tir GA-MD ty ¢ 0:10 (w/w) s& hinh thanh bét vi bao véi
d6 tinh thé cao hon céc hat bot tir vo bao GA-MD ty Ié 5:5 va 3:7 (w/w). Sy hinh thanh
c4u triic vo dinh hinh s& c6 loi trong qua trinh vi bao. Bot vi bao dang vé dinh hinh cua
dich trich cay tim ma véi maltodextrin d3 duoc bao céo 1a c6 kha dung sinh hoc, do hoa
tan cao (Kalajahi va Ghandiha, 2022). Curcumin vi bao bang siy phun ¢ dang v dinh
hinh s& cai thién dang ké kha nang phan tan trong nudc, kha ning khang oxy hda cao so
v6i1 curcumin ty do dang tinh thé (Chen va cong su, 2020). Tinh chit vo dinh hinh ¢6
thé hd trg giai phong hop chat va ting cudng kha ning hoa tan trong nudc (George va
cong su, 2021), nhan manh sy lién quan cua viéc lra chon loai vé bao trong cac ung
dung thuc pham chiic ning.

Phan tich FTIR duoc thuc hién dé xac dinh sy hién dién caa cac nhém chic ning

va danh gia tuong tac gitra 18i va céc loai vo bao khac nhau (Hinh PL V.4). Trong pho
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FTIR cua dich trich, dinh 954 cm™ dic trung cho dao dong kéo dai C-N cua choline
chloride trong dung mai trich ly. T4t ca cac mau dich trich va bot vi bao déu c6 dinh dic
trung & 1720 cm™ twong tng voi dao dong kéo dai C=0 ctia nhom carboxyl duoc tim
thiy trong phé cua lactic acid (Erami va cong su, 2019). Binh 2940 cm™ va 2989 cm'?
dic trung cho dai C—H cua céc hop chat c6 hoat tinh sinh hoc (Kalajahi va Ghandiha,
2022). Ngoai ra, mét dao dong kéo dai O—H rong dwoc quan sat thdy xung quanh 3363
cm® trong dich trich chu yéu lién quan dén géc hydroxyl cua am va cac hop chat sinh
hoc bao gom phenolic acid va flavonoid (Kalajahi va Ghandiha, 2022). Cac day hap thu

ké trén cho thay sy hién dién caa polyphenol hoat tinh sinh hoc trong dich trich.
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Hinh PL V.4. FTIR cua bot vi bao ¢ cac loai vo bao khac nhau

Phé FTIR cua bot say phun cho thay céc dai hap thu dic trung twong (ng véi
polysaccharides, protein va cac hop chit c6 hoat tinh sinh hoc. Phé cua cac cong thirc
déu dua trén MD cho thay cac dao dong kéo dai C—-O—C va C—O manh trong khoang
1000 — 1200 cm'., dic trung cua maltodextrin (Kalajahi va Ghandiha, 2022). Su két hop
cua céc loai vo bao khac (GA, MS, SPI va WPI) giy ra cac thay ddi va giam cuong do
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trong vung nay, tuong tng ham lugng maltodextrin giam va twong tac vat ly gitra cac
loai vo bao. Mot dinh twong (rng v&i nhom amin hoac nhém carbonyl cua GA ¢ 1597
cm™ dugc ghi nhan trong quang phé cua cac hat vi bao voi MD-GA (Kang va cong su,
2019). Céc dinh riéng biét ciing duoc quan sat thdy & khoang 1638 cm™ va & 1449 cm'?
trong cong thac MD-SPI, cuong d¢ cac dinh nay cao hon trong cong thuc MD-WPI.
Chung twong tng lan luot voi cac dai amide | (kéo dai C = O) va amide 11 (udn cong N—
H va kéo dai C-N), dic trung cia cau tric protein (Yao va cong sy, 2023), do dé xac
nhan sy hién dién cua protein dau nanh va protein sira trong ma tran. Sau khi vi bao, hau
hét san pham bot van ghi nhan su xuét hién rd nét caa cac dao dong kéo dai O-H dic
trung cho polyphenol hoat tinh sinh hoc & 3293, 3289, 3372 va 3306 cm™ mic du cuong
d6 cua cac dinh nay giam sau khi vi bao do ham lugng am giam. Tuong ty, cac dinh &
2922, 2924 va 2926 cm™* ¢d thé 1a do su hién dién cua cac hop chit c¢d hoat tinh sinh hoc
da duoc giir lai trong bot vi bao (George va cong su, 2021). Nhin chung, két qua FTIR
hd trg viéc xac nhan vi bao thanh céng dich trich phu pham nho trong cac ma tran loai
v6 bao khéac nhau, vai minh chiing vé cac twong tac cu thé gitta cac thanh phan vo bao
va cac hop chat c6 hoat tinh sinh hoc tlly thudc vao ban chat héa hoc cua ching.

K§ thuat phan tich nhiét vi sai dwoc tién hanh dé danh gia anh huong cua qué
trinh say 1én cau trdc cia vo bao va két qua dugc tém tat trong Hinh PL V.5. Trong
pham vi nhiét d6 duéi 180°C, mau MD duy tri duong cong dong nhiét twong d6i phang
va on dinh, cho thay do 6n dinh nhiét vuot troi va chuyén pha tdi thiéu. Viéc két hop
c4c vat liéu thanh da thay doi hanh vi nhiét cua bot.

Cong thicc MD-GA thé hién d6 léch nhé trong dong nhiét quanh 175°C, ¢d thé 1a
do su hién dién caa cac phan doan c6 khdi lugng phan tir thap trong GA, nhay cam hon
vé6i nhiét. Mic du sy thay doi nho nay, bot MD-GA van duy tri 6n dinh nhiét hon so véi
c4c bot tir cac loai vo bao két hop khac. Nguoc lai, cac hat vi bao duoc tao tir MD-MS,
MD-SPI va MD-WPI cho thiy cac bién ddi rd rét trong qua trinh gia nhiét. Cu thé, cac
cbng thec MD-MS va MD-WPI ghi nhan cac dinh ndng chay (endothermal peak) ro rét
trong pham vi nhiét do tir 75 — 180°C, lan luot 1a khoang 87°C va 72°C. Fernandes va
cong su (2014) ciing ghi nhan dinh nong chay cia bot vi bao tinh dau huong thao véi
v6 bao tir MD-MS & khoang nhiét 6 90 — 110°C, trong khi diém ndng chay cua bot vi
bao lactose vgi MD-WPI thip hon, khoang duéi 60°C (Mohammed va cong sy, 2021).
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Nguoc lai, bot vi bao dich trich phu pham nho véi MD-SPI ¢6 dinh néng chay giira 140
— 160°C, cho thay sy chuyén ddi nhiét hodc twong tac dic trung cta cac thanh phan

protein dau nanh.

. ICXO
~_ MD-WPI

Il

Heat flow (mW/mg)
/

60 80 100 120 140 160 180
T(°C)

Hinh PL V.5. DSC cua b0t vi bao ¢ cac loai vo bao khac nhau

Nhitng phat hién nay cho thay rang cac loai vo bao tr MD-MS, MD-SPI, MD-
WPI kha nhay véi nhiét d6 trong qué trinh say phun va duong nhu khong phai 1a vat
liéu thich hop cho qué trinh vi bao theo k¥ thuat say phun tai cac diéu kién pho bién cua
san xuat thwong mai. Nguoc lai, cac cong thic MD va MD-GA cho thay kha ning chiu
nhiét tot hon, khién ching pht hop hon dé vi bao trong diéu kién say phun & nhiét do
dudi 180°C. Ca 2 vat liéu nay déu chi bi ndng chay tai nhiét d6 xap xi 200°C. Tuong tu,
Kang va cong su (2019) béo cao rang do on dinh nhiét cua chlorophyll s& duoc ting
cuong bang cach vi bao sir dung vo bao MD hoic MD-GA. Trong nghién ctiu ciia Kang
va cong su (2019), diém nong chay cua hat bot vi bao véi MD riéng 1é ciing duoc quan
sat thay ¢ khoang nhiét do kha cao 12 209°C, cao hon khong dang ké so véi két qua trong
nghién ctru nay la 198°C. Ngoai ra, viéc khong cé céc su kién nhiét (thermal events) cua
18i trong dudng cong phan tich nhiét vi sai cua hat vi bao 1a minh chitng cho thay su
hinh thanh phic hop bao thé (inclusion complexes) (Paramera va cong su, 2011). Nghia

la céc hop chat duoc bao phu thanh cong trong vat liéu vo bao.
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K§ thuat chup SEM dugc sir dung dé kiém tra hinh thai bé mat cua bot say phun

duoc hinh thanh tir cac loai vo bao khac nhau, nhu minh hoa trong Hinh PL V.6.

|||||||||||

S-4800 10.0k\ mm x200 €

Hinh PL V.6. SEM cua b6t vi bao ¢ cac loai vo bao khac nhau
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Phan tich nay cung cap thong tin chi tiét vé cac diac diém ciu tric nhu ¢6 min bé
mit, tinh todn ven cua hat va d6 bam dinh caa céc thanh phan. Nhin chung, tat ca cac
mau bot déu thé hién hinh thai hinh cau dic trung cua bot say phun. Tuy nhién, cau trdc
bé mit, phan bd kich thudc va mic do két tu hat khac nhau tiy thudc vao loai vé bao
dugc sir dung. Hinh PL V.6 cho thay rang d6i vai bot dugc tao thanh bang MD riéng
&, cac hat chu yéu nhén va hinh ciu, véi cac nép nhin bé mat tdi thiéu. Khong quan sét
thiy su két tu hat dang ké va kich thudc hat dao dong khoang tir 5,69 dén 61,00 um,
phan tan va dong déu tot.

Hat bot MD-GA ciing giit nguyén hinh cau véi kich thuéc hat dao dong tir 9,48
um dén 62,49 um. Su hién dién cia GA, duoc biét dén véi kha nang giir nuéc, dan dén
su o rut bé mat cuc bo trong qué trinh sy, tao ra cac nép nhan trén bé mat. Mac du vay,
cac hat MD-GA khong c6 vét ntt nao nhin thay duoc. Cac hat tir cong thirc MD-MS
cling ¢6 hinh cau va min, kich thudc dao dong khoang tir 5,31 dén 61,81 pm. Ngoai ra,
c4c hat c6 xu huéng két tu do vat liéu nay cé nhiét nong chay thap hon dang ké. Nguoc
lai, bot két hop protein (SP1 va WPI) ¢6 hinh thai bé mat khong déu vai nép nhan rd rét.
Cac hat bot tir hai vo bao protein nay c6 phan bé kich thudc hat rong hon va mot s6 hat
duong nhu bi bién dang hodc hop nhat, cho thiy kha ning 6n dinh kém hon ¢ diéu kién
say phun.

Nhitng két qua trén nhan manh anh huéng dang ké cuaa viéc lra chon loai vo bao
dén hinh thai va chat luong ciia bot vi bao bang say phun. Trong s tat ca cac cong thic
duoc nghién cau, su két hop MD-GA mang lai nhimg dic diém thuan loi nhat, bao gom
hinh cau, d6 déng déu kich thudc vira phai va tinh toan ven vé mit cau trac. Khi twong
quan véi cac két qua phan tich khac nhu hiéu qua vi bao cao, hoat d6 nudc thap (dudi
0,2) va cac dac tinh nhiét va ly hoa thuan loi (duoc xac nhan bang XRD, FTIR, DSC va
SEM), c6ng thiec MD-GA dugc chon 1a loai vo bao hiéu qua nhat dé vi bao cac hop chat

c6 hoat tinh sinh hoc tir dich trich phu pham nho.
% Anh hwong cia ty 18 18i: vé bao dén qua trinh vi bao

Trong qué trinh vi bao bing siy phun, ty Ié 16i: vo bao dong vai trd quan trong
trong viéc dam bao vi bao hiéu qua, cai thién hiéu suat thu hoi va ting cudng do 6n dinh
ctia cac hop chét 6 hoat tinh sinh hoc. Thi nghiém nay dugc tién hanh dé xac dinh ty Ié

1i: vo bao ti uu cho qua trinh vi bao dich trich phu pham nho. Cac théng sé ¢6 dinh
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bao gom ty 1é MD-GA (1:2, wiw), tc do ddng hoa 8.100 vong/phut trong 10 phat, nhiét
d6 khong khi sdy dau vao 1a 170°C va téc d6 dong nhap liéu 1a 15 mL/phat. Hiéu suat
thu hdi ¢ céc ty 18 18i: vo bao khac nhau duoc trinh bay trong Hinh PL V.7 cho thay su
khac biét c6 ¥ nghia thdng ké gitra c4c ty 1& duoc thir nghiém (P < 0,05).
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Hinh PL V.7. Hiéu suét thu hdi cta cac ty 18 18i: vo bao khac nhau

Céc chir cai khac nhau trong cting mét chi tiéu thé hién sw khac biét ¢é y nghia
thong ké (P < 0,05)

Hiéu suat thu hdi TPC cao nhat dat duoc & ty 18 16i: vo bao 13 1:4 (w/w), dat 80,67
+ 2,09%. Nguoc lai, hiéu suat thip nhat dugc quan sét thay ¢ ty ¢ 16i: vo bao la 1:6
(w/w), véi gia tri 12 69,82 + 2,23%. Nhitng két qua nay cho thay rang khi lwong vé bao
duoc st dung qué cao trén mac can thiét ¢ thé 1am giam nong d6 céac hoat chit sinh
hoc trén mdi hat, do d6 lam giam hiéu suat thu hoi. Ty 1€ 16i: v6 bao 1a 1:4 (w/w) duodng
nhu mang lai thanh phan can bang, cung cap du vo bao dé vi bao va bao vé hiéu qua cac
hop chat 151, dong thoi ti da hoa viéc vi bao cac hoat chat sinh hoc. Nhitng phéat hién
nay phd hop véi nhitng phat hién duoc bao céo boi Tolun va cong su (2016), két qua
nghién ctru cho thiy TPC giam tir 15,70 xubng 8,20 mg GAE/g DW khi ty I¢ 16i: vo bao
tang tr 1:1 1én 1:2 (w/w) trong qué trinh vi bao polyphenol nho bang MD va GA. Ty I¢
16i: vo bao thich hop khdng chi quan trong d6i vai hiéu suat thu hdi ma con dé duy tri
tinh toan ven vé mat chirc niang cua thanh phan I6i.

Déi v6i TSC, khdng co su khac biét dang ké vé mat théng ké trong hiéu suat thu

hoi giita c4c ty Ié 18i: vo bao khac nhau da thir nghiém (P > 0,05), véi céc gia tri dao
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dong tir 82,07% dén 87,00%. Sy 6n dinh trong hiéu suat thu hoi nay cé thé I1a do ban
chat hda hoc cua saponin, 1a glycoside ludng tinh ¢ kha niang phan tan d& dang va tao
thanh cac tuong tac thuan lgi vi ma tran thanh MD-GA (Vincken va cdng su, 2007).
Tinh chit ky nudc va ua nuée kép cua chiing cho phép hiéu suat thu hdi nhat quan bat
ké ty 18 18i: vo bao.

Nguoc lai, hiéu suat thu hdi theo PAC bi anh hudng dang ké bai ty 18 16i: vo bao.
Khi ty ¢ tang tir 1:3 1&n 1:6 (W/w), hiéu suat thu hoi giam tir 77,86 + 1,84% xubng 71,73
+0,35% (P < 0,05). Proanthocyanidin 1a hop chat polyphenolic giau nhém hydroxyl,
cho phép lién két hydro véi vat liéu vé bao nhu MD va GA. Diéu nay da giup 6n dinh
cau tric va giam thiéu mat hop chat trong qua trinh siy phun, do dé cai thién hiéu suat
thu héi. Tuy nhién, ¢ ty 1& vo bao cao hon, ham lwong hoat tinh sinh hoc kha dung trén
mét don vi khéi lwong cua hat vi bao bi giam va cac tuong tac lién két tro nén kém hiéu
qua hon do nong d6 I3i giam. Piéu nay dan dén giam hiéu suat thu hoi (Romano va cong
su, 2017). Hon nira, viéc st dung quéa nhiéu vé bao cd thé anh huong tiéu cuc dén ham
lugng hoat tinh sinh hoc tong thé trong bot cudi cung, 1am giam gia tri chizc nang cua
n6. Do d6, dya trén két qua két hop ciia TPC va TSC, ty 18 15i: vo bao 1a 1:4 (w/w) duoc
coi 1 thich hop dé t6i da hoa hiéu suat thu hdi cac hop chét c6 hoat tinh sinh hoc.

Mot chi tiéu quan trong khac trong viéc danh gia tinh phu hop cua ty 1€ 16i: vo
bao trong qua trinh vi bao sy phun 1a hiéu qua vi bao. Hiéu qua vi bao cao hon cho thay
ty 18 phi hop hon giita Ii: vo bao, phan &nh kha ning bao vé tét hon cac hop chat c6
hoat tinh sinh hoc va twong tic manh hon giita hoat chat va ma tran vi bao. Vi bao hiéu
qua dam bao giam thiéu ton that hoat chat trong qué trinh xir Iy va tang cuong tinh 6n
dinh va chirc niang cua san pham bot cudi ciing. Trong nghién ctru ndy, anh hudng cua
c4c ty 1¢ 18i: vo bao khéc nhau, cu thé 13 1:3, 1:4, 1:5 va 1:6 (w/w), d6i véi hiéu qua vi
bao da duoc nghién ctru. Hinh PL V.8 cho thay hiéu qua vi bao theo TPC, TSC va PAC
& cac ty I¢ 16i: vo bao khac nhau.

Déi véi TPC, hiéu qua vi bao cao nhat dugc quan sat thay o ty 18 16i: vo bao la
1:4 va 1:5 (Wiw), véi cac gia tri 1an luot 12 98,12 + 0,06% va 97,84 + 0,05%. Khong
phét hién thay su khac biét c6 ¥ nghia thong ké gitra hai ty 18 16i: vo bao nay (P > 0,05).
Tuy nhién, viéc ting thém ty 18 vo bao (1:6, w/w) da dan dén sy giam nhe nhung dang
ké vé hiéu qua vi bao TPC xubng 95,73 + 0,42%.
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Hinh PL V.8. Hiéu qua vi bao cua cac ty 1€ 16i: vo bao khac nhau

Céc chér céi khac nhau trong cling mét chi tiéu thé hién sir khac biét ¢é y nghia
thong ké (P < 0,05)

Trong truong hop cua TSC, hiéu qua vi bao van luén & muc cao (khoang 98%)
trén cé4c ty 1¢ 1i: vo bao 1a 1:4, 1:5 va 1:6 (w/w), khdng quan sat thay su khéc biét co y
nghia thong ké (P > 0,05). Su 6n dinh nay cd thé 1a do ban chat ludng tinh cta saponin,
hoat dong nhu chét hoat dong bé mat tu nhién va dé dang twong tac vai vat liéu vo bao.
Nhitng twong tac ndy gép phan hinh thanh mang bao boc manh, ting cuong d6 6n dinh
trong diéu kién say phun (Mahato va Garai, 1998).

Déi véi PAC, hiéu qua vi bao dao dong tir 91,45% dén 94,54%, vai gia tri cao
nhat duoc ghi nhan ¢ ty 18 1:5 (W/w) (94,54 + 0,03%). Hiéu qua twrong d6i cao la do kha
nang ctia proanthocyanidin, giau nhém hydroxyl, tao thanh lién két hydro vai cac thanh
phan vo bao nhu MD va GA. Theo Fang va Bhandari (2010), viéc ting ham lugng vo
bao s& cai thién hiéu qua vi bao 1én dén diém tdi vu. Vuot qua ngudng nay, vat liéu vo
bao du thira ¢6 thé can trg sy hinh thanh hat thich hop, dan dén giam hiéu qua vi bao.

Ham luong 4m va hoat do nude 1a nhiing chi sé quan trong dé danh gia do on
dinh va thoi han st dung cua bot duge dong goi trong qua trinh bao quan lau dai. Két
qua cho thay viéc ting ty I& 16i: vo bao din dén ham lwong am giam trong khi hoat do

nudce tang (Bang PL V.2).
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Bang PL V.2. Ham luong 4m va hoat do nudc cua bot & cac ty 18 16i: vo bao khac nhau

Ty 1€ 16i: vé bao (w/w) Ham lwong 4m (%) Hoat d¢ nudc
1:3 6,692 £ 0,52 0,132° + 0,008
1:4 6,56 + 0,15 0,141° + 0,003
1:5 6,032 + 0,49 0,192% + 0,005
1:6 4,72 + 1,06 0,193+ 0,011

Céc char cai khac nhau trong ciing mét cét thé hién sy khac biéz ¢é ¥ nghia thong
ké (P <0,05)

Trong khi ty 1& 16i: vo bao 1:3 va 1:4 (w/w) khdng cho thay su khéc biét dang ké
vé mit thong ké trong ham lwong am hoac hoat do nuéc (P > 0,05), thi hoat do nudc
ting dang ké duoc quan sat thay & cac ty Ié cao hon (1:5 va 1:6 w/w), véi cac gia tri 1an
luot 140,192 + 0,005 va 0,193 + 0,011 (P < 0,05). Ham lwong am ciing cho thay su thay
d6i 16n, giam xudng con 4,72 + 1,06% & ty 1¢ cao nhat (1:6 w/w). Nhiing phat hién nay
phU hop véi cac nghién ctru trude day. Boonchu va Utama-Ang (2015) da bao céo rang
viéc ting ndng do6 vat liéu vo bao 1am giam ham luong 4m cua bot trong qué trinh vi bao
c4c hoat chit sinh hoc tir nho do. Twong tu, Tuyen va cong su (2010) luu ¥ rang ndng
d6 MD cao hon lam ting ham luwong ran caa nguyén liéu dau vao khi siy phun, do d6
lam giam ham lwong 4m caa san pham cudi cung. Nguoc lai, dich trich DES, duogc biét
dén vai d6 nhot cao va kha nang gilr nuéc manh, gop phan lam tang d6 nhét cua san
pham. Khi sir dung ty 18 vo bao thap, ty 1& dich trich trong cong thic sé tang, ting kha
ning lién két véi nudce, do d6 lam giam hoat ¢ nudc trong bot cudi ciing. Vi vy, viéc
t6i wu hoa ty 18 18i: vo bao 1a rat quan trong dé can biang ham lwong 4m va hoat d6 nudc
dé bot c6 do on dinh lau dai.

Ty & 18i: vo bao anh hudng déng ké dén hinh théi hat, tir 46 anh huong dén do

6n dinh, chat lvgng bé mit va phan b kich thudc hat caa bot vi bao (Hinh PL V.9).
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Hinh PL V.9. SEM ctia bot vi bao ¢ cac ty 1€ 16i: vo bao khac nhau
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Két qua thu duoc tir SEM dugc trinh bay trong Hinh PL V.9 va cho thay su khac
biét rd rang vé hinh thai bot gitra cac ty 16 16i: vo bao khéac nhau. O ty 18 18i: vo bao 1:3
(w/w), bot ¢6 nhiéu di dang, véi nhiéu vét 16m trén bé mit va kich thude hat dao dong
rat 16n tir 6,91 dén 109,08 um. Bé mit bot khong ddng déu cho thay vt liéu vo bao
khong du dé tao thanh ma tran vi bao 6n dinh. O ty I& 1:4 (W/w), bot ¢6 hinh cau véi bé
mit twong ddi nhén va kich thudc hat dong déu hon, kich thudc hat dao dong tir 8,92
dén 78,45 um. Hinh thai nay cho thay kha ning vi bao hiéu qua hon so véi hat bot ty 1é
1:3 (w/w). Bén canh dé tinh toan ven cua cau trc hat bot cho thay ty 1& nay cung cip
cac diéu kién bao g6i téi vu hon. Déi véi ty 16 1:5 (w/w), bot cd bé mit nhin va kich
thudc hat dao dong tir 9,48 dén 62,49 um. Mac du c&c hat twong doi hinh cau va dong
déu hon so véi cac ty 1& con lai, nhung su gia ting cua vat lidu vo bao va hoat d6 nuéc
cao dan dén hinh thanh cac vét 16m trén bé mat, cd thé 12 do qué trinh sy nhanh va hiéu
rng co rat trong qua trinh thoat am khi say phun. O ty 1¢ vo bao cao nhat, 1:6 (w/w), cac
hat xuét hién su bién dang ciu tric dang ké, véi cac vét 16m sau va nép nhin rd rét hon.
Kich thudc hat dao dong Ion tir 12,75 dén 88,89 um. Nhiing tac dong nay co thé la do
vat liéu vo bao qua nhiéu, gop phan lam cau tric hat khdng on dinh do ham luong I6i
giam. Ngoai ra, su bic hoi nude dot ngot trong qué trinh say cd kha ning 1am ting cuong
su bién dang cua hat va vét 16m bé mit.

Tom lai, ty 1€ 161: vo bao 1:4 (w/w) mang lai dac tinh bdt thich hop nhét, bao gém
cac hat hinh cau, min va tinh toan ven cau trac. Nhimg wu diém nay, két hop vé6i hiéu
qua vi bao cao va hoat 46 nudc phu hop, cho thay ty 1& nay 1a Iya chon phu hop nhét dé
vi bao dich trich phu pham nho thong qua sdy phun.

% Anh hwong cia ty 1¢ giira cac logi vé bao dén qua trinh vi bao

Céc thanh phan riéng Ié cua vo bao, MD va GA, c6 céac tinh chat ly hoa khéc
nhau, anh huéng dén hiéu qua vi bao cac hop chat c6 hoat tinh sinh hoc. Do d6, ty 18
MD so v6i GA da duoc xac dinh dé dat dwoc hiéu suat thu hoi tét nhat. Thi nghiém nay
duoc tién hanh bang cach sir dung ty 1é 18i: vo bao ¢ dinh 12 1:4 (w/w), téc d6 dong hoa
8.100 vong/phdt trong 10 phat, nhiét d6 khéng khi siy dau vao 1a 170°C va téc do dong
nhap liéu 1a 15 mL/phGt. Hiéu suat va hiéu qua vi bao cia TPC, TSC va PAC da duogc
danh gia theo cac ty 16 MD-GA khac nhau. Su khéc biét c6 y nghia thong ké da duoc
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quan sat thay gitra cac phwong phéap xtt Iy (P < 0,05), nhu thé hién trong Hinh PL V.10
va Hinh PL V.11,

BEY(TPC) EY(TSC) EY(PAC)
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Hinh PL V.10. Hiéu sut thu hdi cua cac ty 18 giita cac loai vo bao khac nhau

Céc chir cai khac nhau trong cting mét chi tiéu thé hién sw khac biét ¢é y nghia
thong ké (P < 0,05)

Trong s6 cac ty 1& dugc thir nghiém, ty 16 MD-GA 12 2:1 va 3:1 (w/w) mang lai
hiéu suat thu hdi cao nhat cho tat ca cac hop chat. Cu thé, hiéu suat thu hoi TPC lan luot
la 83,37 + 1,22% va 83,11 + 0,77% & ty 16 2:1 va 3:1 (w/w). Dbi véi TSC, ty Ig 2:1
(w/w) mang lai hiéu suat cao nhat 1a 88,00 + 0,04%, mac du su khac biét so véi ty 16 1:2
(w/w) khong c6 ¥ nghia thdng ké (P > 0,05). Hiéu suat thu hdi PAC ciing cao nhat & ty
l& 2:1 wiw (87,92 + 1,23%) va 3:1 wiw (85,98 + 0,79%). Nhitng két qua nay phi hop
véi nghién ciru cia Tolun va cong su (2016), két qua caa nghién cau trén cho thay hiéu
suat thu hoi giam khi ty 16 GA vuot qua muc téi uu, vi vay mac qué cao c6 thé anh
huong tiéu cuc dén hiéu suat thu hoi.

Hiéu qua vi bao ddi v6i TPC cao nhat & ty 18 1:1 (w/w), dat 98,17 + 0,02%, theo
sau la ty 18 2:1 (w/w) véi 97,16 + 0,02%. Doi véi TSC, hiéu qua cao nhat dat dugc o ty
16 2:1 (99,84 + 0,04%). Trong trudng hop PAC, mac du khong tim thay sy khac biét c6
¥y nghia théng ké (P > 0,05), nhung ty I& 3:1 (W/w) mang lai hiéu qua vi bao cao nhat
(93,66 + 0,11%). Nhitng bién dong nay phan anh anh hwong cua thanh phan vat lidu
thanh dén sy twong tac va 6n dinh cua cac hop chat c6 hoat tinh sinh hoc khac nhau

trong qué trinh say phun.

242



BEE(TPC) EE(TSC) EE(PAC)

~ C = ____t_)__ d 1
X 05 4 [N b N N @
o v R ]
g 90 A ] e o
© L o L
- L o L
5 85 - L o L
o fae i
- o +. = +\ o +.
5 80 L o L
] ] ]
= L A o
70 e i i

T T T 1

1:1 2:1
Ty 1€ MD-GA (w/w)

Hinh PL V.11. Hiéu qua vi bao cta cac ty 1¢ gitra cac loai vo bao khac nhau

Céc chér céi khac nhau trong cling mét chi tiéu thé hién sir khac biét ¢é y nghia
thong ké (P < 0,05)

Bang PL V.3 cho thiy ham luong 4m va hoat d6 nudc cua bot duoc vi bao &
nhiéu ty 16 MD-GA khéc nhau. Su khéc biét co ¥ nghia thong ké di dugc quan sat thay
gitra cac phuong phap xu ly (P < 0,05). Ty 1¢ MD-GA 1:2 (w/w) mang lai ham luong
am (6,93 + 0,03%) va hoat do nuéc (0,215 + 0,005) cao nhat. Nguoc lai, ty 1é 3:1 (w/w)

thé hién cac gia tri thip nhat & ca hai chi tiéu ham lwong 4m va hoat d6 nudc.

Bang PL V.3. Ham lugng am va hoat d6 nudc cua bot & c4c ty 1é gitra cac loai vo bao

khac nhau
Ty 1¢ MD-GA (w/w) Ham lwong am (%) Hoat d§ nuéc
1:2 6,932 + 0,03 0,215 + 0,005
1:1 5,40° + 0,06 0,2142 + 0,003
2:1 4,31°+ 0,02 0,2092 + 0,003
31 3,59 + 0,02 0,118° + 0,007

Céc cha cai khac nhau trong ciing mét cét thé hién sy khac biéz ¢é ¥ nghia thong
ké (P <0,05)

Ty 18 MD tang dan dén su giam ca ham luong am va hoat d6 nudc. Nguoc lai,
taing GA dan dén ting ham luong 4m cua bot. Cau tric mach thang va it nhém hydroxyl

hon ctia MD han ché kha nang lién két nuéc, dan dén kha nang gitr am thap hon (Jafari
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va cong sy, 2008). Nguoc lai, cau trac phan nhanh va ham lwong nhém hydroxyl cao
cia GA lam ting kha nang giit nudc thong qua lién két hydro, ddn dén ham lugng am
va hoat do nudc cao hon (Mahdi va cong su, 2020). Trong khi ty 1&6 GA phu hop ¢6 thé
cai thién kha nang giit lai cac hop chit cd hoat tinh sinh hoc, thi viéc ting ty 16 GA qua
muc s& lam ting ham luong 4m cua bot, ¢ thé anh hudng dén d6 6n dinh trong qué trinh
bao quan. Tuy nhién, khi ham lugng am va hoat 6 nuwdc qua thip, nhu quan sat thay &
ty 16 3:1 (w/w), diéu nay c6 thé anh huang tiéu cuc dén hinh thai hat bot. Cu thé, bot tro
nén gion hon va dé nit hon, nhu di xac nhan bang hinh anh kinh hién vi dién tir quét
(SEM) (Hinh PL V.12). CAu tric cta cac hat bot vi bao thay d6i déang ké theo cac ty Ié
MD-GA khac nhau, nhu quan sat thiy ¢ két qua SEM.

S5-4800 10.0kV 8.0mm x1.50k SE{M)

-

S-4800 10.0kV 8.0mm x1.50k SE{M)

200um
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Hinh PL V.12. SEM cta bot vi bao & cac ty 1€ gitra cac loai vo bao khac nhau

Oty 1é 1:1 (w/w), c&c hat vi bao c6 kich thudc twong ddi dong déu dudi do phong
dai thap. Tuy nhién, hinh anh & d6 phéng dai cao cho thay bé mat co lai nhe, nép nhin
nho va vét nat nho. Mot sé hat dinh vao nhau, cho thiay ham luong GA & ty & nay c6
thé khong du dé tao thanh I6p phu on dinh va lién tuc xung quanh 15i. Nguoc lai, bot vi
bao theo ty 16 MD-GA 1:2 (w/w) c6 bé mat nhin véi it vét niit hon so véi bot ¢ty 16 1:1
(w/w). Buong kinh hat dao dong tir 8,92 dén 78,45 pm. Ty 1& 2:1 (W/w) tao ra c4c hat
dugc vi bao chii yéu ¢6 hinh cau voi bé mat twong d6i nhan. Mac di quan sat thay mot
s6 hat bi bién dang, nhung tinh dong nhat vé hinh dang tong thé van dam bao. Puong
kinh hat dao dong tir 8,06 dén 75,31 um. O ty Ié 3:1 (w/w), trong d6 ham luong MD
vuot quéa cao so véi GA, bot vi bao cho thiy ham luong am thap nhét. Kich thuéc hat
dao dong tir 8,03 dén 67,38 um. Hinh anh SEM cho thay cac hat c6 bé mat nhin nhiéu,

viing 16m va bién dang rd rét hon so vai cac hat cé ty & 2:1 (w/w). Nhitng bat thuong
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Vvé cau tric cta hat bot ¢ ty 16 MD-GA 3:1 (w/w) c6 thé 1a do GA khong da, lam giam
kha ning tao mang va dan dén cac hat gion, ntit do kha ning gitt nudc thip hon.

Trong sb cac ty 16 MD-GA dugc thir nghiém, ty & 2:1 (w/w) cung cap su can
bang nhat vé cac dic diém ly hoa hoc va hinh thai. Hat bot dat duoc hiéu suét thu hoi va
hiéu qua vi bao cao, ham lugng 4m va hoat d6 nudc chap nhan duoc, va tao ra cac hat

hinh thanh tét véi bé mat nhin, bién dang hoic nut téi thiéu.
% Anh hwong cia téc dé va thoi gian dong héa dén qua trinh vi bao

Téc d6 va thoi gian dong hoa dong vai trd quan trong trong viéc 6n dinh dich
truéc sdy, do d6 anh huong truc tiép dén hiéu qua cia qua trinh say phun. Viéc nghién
ctru hai yéu té nay c6 ¥ nghia thuc té dé toi wu hoa san xuat bot say phun. Trong thi
nghiém nay, tac dong cua téc do dong hda (8.100 va 10.800 vong/phdt) va thai gian
ddng hoa (5, 10 va 15 phat) di dugce danh gia ddi véi hiéu suat thu hoi theo TPC, TSC
va PAC tir dich trich phu pham nho. Céc yéu té ¢b dinh cho cac thong sé khéac bao gom
ty 16 MD-GA 12 2:1 (w/w), ty 18 18i: vo bao 1a 1:4 (W/w), nhiét d6 khdng khi siy dau vao
la 170°C va tdc do dong nhap liéu 1a 15 mL/phit. Hiéu suat thu hoi d6i vai TPC, TSC
va PAC dugc trinh bay trong Bang PL V.4.

Bang PL V.4. Hiéu suét thu hdi & cac téc d6 va thoi gian ddng héa khac nhau

Técdd  Thoi gian Hi¢u suit thu hdi (%)

(vong/phat)  (phut) TPC TSC PAC

8.100 5 61,52°+ 1,40  77,01°%2,60 80,22° + 2,05
10 84,61+ 0,43  86,25°+0,85  86,00® 2,05
15 83,34"+144  81,82°+0,76 87,60 + 3,90

10.800 5 86,74+ 043  8231°+068  8572®+0,73
10 87,100+0,45 87,162+ 1,37 88,50? + 0,82
15 84,840+ 0,97 84,74 +112  8531%+225

Céc chir cai khac nhau trong ciing mét cét thé hién su khac biét ¢é y nghia thong

ké (P<0,05)
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Theo Bang PL V.4, c6 su khac biét vé hiéu suat thu héi cua TPC, TSC va PAC
giita cAC mau & toc do va thoi gian dong hoa khac nhau (P < 0,05). Nhin chung, toc d6
ddng hoa 10.800 vong/phat dan dén hiéu suat thu hdi cao hon so véi toc do 8.100
vong/pht. O ca hai toc d0, viéc ting thoi gian dong hoa ban dau da cai thién hiéu suat
thu hdi. Tuy nhién, viéc kéo dai thoi gian qua 10 phat khong 1am ting thém hiéu suat
thu hoi va trong mot sé truong hop con gay ra sy giam nhe. Cu thé, & tbc do 8.100
vong/ph(t, viéc ting thoi gian tir 5 dén 10 phat di 1am ting hiéu suét thu hdi TPC tir
61,52 1én 84,61%, nhung di quan sat thdy muac giam nho 83,34% sau 15 phut. Tuy
nhién, & téc d6 10.800 vong/phdt, hiéu suit thu hdi TPC va PAC van duy tri & mutc cao
trong moi khoang thoi gian, khdng cé su khéc biét dang ké nao giira 5 va 10 phut va chi
giam nhe & 15 phit. Pang chua ¥, hiéu suat thu héi PAC trong cac phuong phap xu ly
cho thay it bién dong dang ké hon, ngoai trir & te d6 8.100 vong/phut trong 5 phut, toc
d6 nay cho hiéu suat thu hoi gia tri thap nhat (80,22%). Két qua cho thay toc do dong
hoa 1a 10.800 vong/phut trong 10 phat 1a phi hop nhat dé téi da hoa hiéu suat thu hoi
TPC, TSC va PAC.

Cac két qua tuong ty di duoc bao cdo trong cac nghién ciu trude dy. Theo
Baysan va cong su (2019), téc d6 dong hoa thap cd thé dan dén phan bé kich thuéc giot
khong dong déu, 1am giam kha niang bao phi cua 16p vo bao. Nguoc lai, te do qué cao
cd thé phéa v 16p vo bao, gy that thoat cac hop chit c6 hoat tinh sinh hoc trong qué
trinh siy phun. Tuong tu nhu vay, Wang va cong sy (2021) nhan manh rang thoi gian
d6ng hda ngan dan dén sy phéan tan khong du cua vo bao va dich trich, dan dén hé huyén
phu khdng 6n dinh va két tu trong qua trinh say phun. Mat khac, thoi gian qué dai co thé
lam pha hay chat hoat dong bé mat hoac tao ra nhiét cuc b, cudi cung 1am giam do on
dinh cua huyén phu.

Bang PL V.5 cho thay tac dong cua cac toc do va thoi gian dong hda khéc nhau
I&n hiéu qua vi bao TPC, TSC va PAC. Hiéu qua vi bao cao nhit cho tit ca cac hop chét
duogc xac dinh ¢ téc do dong hoa la 10.800 vong/phut trong 10 phat, vai cac gié tri la
97,91% (TPC), 99,31% (TSC) va 95,27% (PAC). Pidu kién cho hiéu qua vi bao cao tiép
theo 1a 8.100 vong/pht trong 10 phat. Nhitng két qua nay chang minh rang 10 phut 1a
khoang thoi gian du dé dong hoa, du dai dé dam bao phan tan dong déu ma khéng gay
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ra hién tuong ndng cuc bo va thic day su két ty, ca hai van dé nay déu cé thé lam giam

hiéu qua vi bao (Kelly va Fox, 2016).

Bang PL V.5. Hiéu qua vi bao & cac toc do va thoi gian dong hoa khac nhau

Téc dd Thoi gian Hiéu qua vi bao (%)
(vong/phit)  (phat) TPC TSC PAC
8.100 5 96,519 + 0,04 99,13 + 0,09 94,33 + 0,04
10 97,20° + 0,10 99,342 +£ 0,07 95,322+ 0,09
15 97,11° + 0,02 99,02¢ £ 0,07 94,45 + 0,08
10.800 5 96,93°+ 0,04 98,10° + 0,06 92,95° + 0,08
10 97,912 +£ 0,06 99,31% + 0,05 95,272+ 0,14
15 96,32¢ £ 0,02 98,56" + 0,08 92,83°+0,13

Céc chir cai khac nhau trong ciing mét cét thé hién su khac biét ¢é y nghia thong
ké (P <0,05)

Két qua ham lwong 4m va hoat d6 nudc trong cac mau bot ¢ cac toc do va thoi

gian dong hoa khac nhau dugc trinh bay trong Bang PL V.6.

Bang PL V.6. Ham lwong 4m va hoat d6 nudc cua bot vi bao & cac ché ¢ dong hoa

khac nhau
Téc dd Thoi gian .

(vong/phit) (ohat) Ham lwgng am (%) Hoat do nwéce
8.100 5 4,47 £ 0,47 0,134 + 0,008
10 4,592 + 0,32 0,141% + 0,016

15 4,22+ 0,09 0,135% + 0,023

10.800 5 3,782+ 0,28 0,133+ 0,010
10 4,122 + 0,24 0,135 + 0,011

15 3,733+ 0,44 0,137+ 0,016

Céc char cai khac nhau trong ciing mét cét thé hién sy khac biéz ¢é ¥ nghia thong
ké (P <0,05)
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Két qua cho thay ca ham luong am va hoat do nudc van tuong ddi 6n dinh va
khong khac biét vé mat théng ké (P > 0,05) & cac ché d6 dong hda khac nhau. Ham
lwgng am cua tat ca cac mau déu dudi 5%, trong khi gia tri aw van duéi 0,20, nam trong
pham vi chap nhan duoc ddi véi bot sdy phun. Kog va cong sy (2011) bao céo rang
khong c6 su khac biét dang ké nao vé ham luong 4m hoic hoat d6 nudc khi thay d6i cac
diéu kién dong héa. Tuong tu nhu vay, Alcantara va cong su (2019) nhan thiy khong
c6 anh hudng rd rét dén ham luong am hoic hoat do nudc sau say phun khi thay doi ché
d6 dong hda, mic du kich thuéce hat va do 6n dinh caa qua trinh vi bao ¢é bi anh hudng.

Phan tich phan b kich thudc hat trong cac thi nghiém ddng hoa 1a rat quan trong
Vi N6 anh huong truc tiép dén chat luong cua bot siy phun. Kich thudc hat anh huéng
dén cac tinh chat vat ly va hoa hoc cua san pham, bao gom kha ning chay, o hoa tan,
d6 6n dinh va kha nang hoan nguyén tré lai. Ngoai ra, phan bd kich thuéc hat phan anh
hiéu qua dong hoa. Bang PL V.7 thé hién két qua phan b kich thudc hat & cac toc do
va thoi gian dong hoa khac nhau. Sy thay d6i dang ké vé kich thuéc hat da duoc ghi
nhan khi thay doi téc d6 va thoi gian dong hoa. Nhin chung, ting toc d6 dong hoa tir
8.100 1&n 10.800 vong/phlt dan dén giam dang ké ca kich thudc hat trung binh va phan

bd kich thudc hat, cho thay hiéu qua dong hoa dugc ting cuong.

Bang PL V.7. Phan bé kich thudc hat bot & cac toe do va thoi gian dong hoa khac nhau

Téc do Thoi gian Mean Mode D1o Dso Dgo
(vong/phut)  (phdt)  (wm)  (m)  (m)  (um)  (um)
8.100 5 1566 13,61 597 13,24 29,08 1,75

Span

10 1557 12,40 5,94 13,01 28,83 1,76
15 1533 12,40 5,60 12,66 29,38 1,88
10.800 5 1494 12,40 5,51 12,31 28,52 1,87
10 1437 12,40 5,20 12,08 26,84 1,79

15 15,11 12,40 5,95 12,48 28,82 1,86
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O toc d6 8.100 vong/phlt, thoi gian dong héa tang ty 1é nghich véi kich thudc

hat trung binh, nghia 14 thoi gian cang cao thi kich thudc hat cang giam. O thoi gian

ddng hoa 5 phit, kich thudc hat trung binh (15,66 um) va kich thuéc hat phé bién (13,61

um) 16n nhat. Khi thoi gian tang 1én 10 phat dan dén kich thuéc hat trung binh va gia
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tri Dso giam. Tuy nhién, kich thuéc hat phé bién thi khong khac biét (12,40 um). Gié tri
D90 va span ciia mau 15 phut ting so vai hai mau con lai cho thay viéc kéo dai thoi gian
1én dén 15 phdt dan dén kich thudc hat tang va phan bé kich thudc hat ting, co thé 1a do
qua trinh dong héa quéa muc, 1am ting su két tu hat.

O toc d6 10.800 vong/phit, hiéu qua dong hoa vuot troi da duoc ghi nhan. Cac
gia tri ghi nhan duoc ¢ téc d6 10.800 vong/phut déu nhoé hon so véi tée do 8.100
vong/phut. Viéc tang thoi gian 1€n 10 phat, tao ra cac hat nho hon. Kich thudc hat trung
binh, Dso, Dgo Va span nho nhat lan luot 14 14,37 um; 12,08 um; 26,84 um va 1,79, cho
thiy qué trinh dong hoa hiéu qua cao. Tang thoi gian dong hoa 1én 15 phut 1am ting kich
thuge hat trung binh 1én 15,11 pm. Qua trinh déng héa qua muc ¢ téc do cao va thoi
gian dai co thé gay ra su két tu lai do vo bao khong du dé on dinh giot véi dién tich bé
mat tang 1én.

Nhitng két qua nay phl hop vai phét hién cia Machamasi va cong su (2024), su
hinh thanh hat va d¢ 6n dinh caa bot téi vu & tée d6 ddng héa khoang 10.000 vong/phut
trong 10 phut trong vi bao nanosuspension. Tuwong tu, Nor va cong su (2021), trong
nghién ctru vé dau dira nguyén chat siy phun, di ap dung téc d6 dong hoa tir 10.000 dén
12.000 vong/phiit trong 10 phit dé tao ra bot mau sang, c6 do phan tan tét va phan b
kich thudc hat hep.

Hinh PL V.15 thé hién két qua SEM cua bot o nhiéu d6 phong dai khac nhau &
cac ché do dong héa da thir nghiém. O tat ca ché d6 ddng hda khao sét, cac hat bot déu
cd bé mat tron, nhan. Khong quan sat thiy vét nit trén bé mat hat. Tuy nhién, khdng
thay r6 sy anh huong cia qua trinh dong hda khac nhau 1én hinh thai hat bot. Két qua
nay twong tu véi nghién ciu cua Alcantara va cong sy (2019) ciing cho thdy qué trinh
d6ng hoa khong anh huéng dén hinh théi hat bot sy phun dau hat chia véi vat ligu vo

bao tir maltodextrin, whey protein isolate va gum arabic.
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10.800 vong/phut — 15 phat

8.100 vong/phut — 15 phut
Hinh PL V.15. SEM cta bot vi bao & cac toc do va thoi gian dong hoa khac nhau

TOm lai, trong khi nhiing thay d6i vé toc do va thoi gian dong héa khong anh

hudng dang ké dén ham lwong am, hoat d6 nuéc va hinh théi hat, thi ché do dong hoa

tac dong dang ké dén hiéu qua vi bao va phan bd kich thudc hat bot. Béi véi lwong mau

khoang 500 mL, qué trinh dong héa ¢ téc do 10.800 vong/phut trong 10 phut sir dung
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thanh dong hoa duong kinh 18 mm tao ra sy can bang phl hop gitra viéc giam kich
thudc hat va d6 on dinh, tao ra bot cd phan bé kich thuéc hat hep, ¢6 kich thude 1y tuong
cho qué trinh sy phun.

% Anh hwéng ciia nhiét dé khdng khi sdy ddu vao dén qué trinh vi bao

Lwa chon nhiét do khdng khi siy dau vao phi hop cho qua trinh say phun da duoc
chang minh 12 mét yéu t chinh trong viéc bao quan cac hop chit c¢é hoat tinh sinh hoc.
Trong thi nghiém nay, cac nhiét do khdng khi sy dau vao khac nhau da duoc nghién
ctru dé xac dinh nhiét d6 thich hop dé sy phun dich trich phu pham nho. Cac thong s6
sau day duoc ¢ dinh bao gom ty 1é MD-GA 2:1 (w/w), ty 18 I8i: vo bao 1:4 (w/w), toc
d6 dong hoa 10.800 vong/phdt trong 10 phat va téc do dong nhap liéu 1a 15 mL/phut.
Hinh PL V.16 cho thay tac dong caa nhiét o khdng khi siy dau vao dén hiéu suat thu

hoi caa sdy phun.
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Hinh PL V.16. Hiéu suit thu hoi & cac nhiét do khong khi sy dau vao khac nhau

Céc chir cai khac nhau trong cting mét chi tidu thé hién sw khac biét ¢é y nghia
thong ké (P < 0,05)

Nhu thé hién trong PL V.16, hiéu suat thu hoi ting dang ké khi nhiét do khong
khi sy dau vao ting tir 140°C 1én 160 — 170°C, giam khi nhiét do vuot qua 180°C. Vi
du, & 140°C, hiéu suat thu hoi caa TPC, TSC va PAC lan luot 14 40,14 + 0,93%, 76,61
+1,58% va 67,24 + 1,42%. CAc gia tri nay cao nhat ¢ 160°C, dat 86,54 + 0,04% ddi véi
TPC, 86,32 + 1,31% ddi véi TSC va 89,62 + 0,56% dbi véi PAC. Tuy nhién, khi nhiét
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d6 khong khi siy dau vao ting 1én 180°C, hiéu suat thu hdi giam xudng con 79,12 +
0,19% (TPC), 77,97 + 0,73% (TSC) va 82,59 + 1,26% (PAC).

Hiéu suat thu hoi tang tir 140°C Ién 160 — 170°C c6 thé 1a do téc do bay hoi ting
& nhiét d6 cao hon, tao diéu kién cho qué trinh hinh thanh mang nhanh xung quanh céc
hop chat c¢d hoat tinh sinh hoc. Qua trinh bay hoi nhanh nay giup giam thiéu ton that do
qua trinh oxy hoa hoic bay hoi. Nguoc lai, ¢ nhiét do thip hon (140 va 150°C), qué
trinh siy cham hon do téc do bay hoi nudc cham, kha nang hinh thanh vé bao han ché,
lam giam hiéu suat thu hoi. Khi nhiét do dat 180°C, su phan huy nhiét caa cac hop chat
nhay cam véi nhiét nhu polyphenol va anthocyanin c6 kha nang xay ra, cung vai kha
nang phan huy mét phan vat liéu vo bao (Ruprecht va cong su, 2022). Céac diéu kién tdi
uu tuong ty (160°C) da duoc bdo céo trong nghién ctru cta Bastias-Montes va cong su
(2019) dé bao quan cac hop chét c6 hoat tinh sinh hoc trong qué trinh say phun.

Hinh PL V.17 thé hién hiéu qua vi bao caa céc hat vi bao trong céc nhiét do
khong khi say dau vao khac nhau. Hiéu qua vi bao theo mot xu hudng tuwong tir Vi hiéu
suat thu hoi. O 140°C, hiéu qua vi bao d6i véi TPC 14 93,03 + 0,02%, ting 1én muc dinh
12 98,73 + 0,04% & 160°C, sau d6 giam nhe xudng 96,61 + 0,07% & 180°C. Két qua
tuong tu ciing duoc quan sat thay déi véi TSC va PAC, véi hiéu qua cao nhat ¢ 160°C.
Tuy nhién, hiéu qua vi bao PAC van tuong d6i 6n dinh ¢ 170°C, khdng c6 sy khac biét

dang ké vé mat théng ké so véi mau & nhiét do 160°C (P > 0,05).
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Hinh PL V.17. Hiéu qua vi bao & cac nhiét do khong khi sdy dau vao khac nhau

Céc chir cai khac nhau trong cting mét chi tidu thé hién sw khac biét ¢é y nghia
thong ké (P < 0,05)
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O nhiét @6 thap hon, toc d6 bay hoi khong du dé tao thanh mang nhanh va dong
déu, kéo dai thoi gian tiép xdc véi khong khi va 1am ting nguy co oxy hoa hoic két tu
hat. Diéu ndy 1am tén hai dén tinh toan ven vé mat cau tric cua 16p bao boc, dan dén
hiéu qua vi bao thap hon. Nguoc lai, & nhiét d6 khong khi dau vao téi vu (160 va 170°C),
qua trinh bay hoi nhanh thac day su hinh thanh 16p phu dong déu va 6n dinh, bao boc
va bao vé hiéu qua céc hop chat c6 hoat tinh sinh hoc. Tuy nhién, nhiét d6 khong khi
dau vao qua cao (180°C) lam mat can bing gitra toc d6 say va qué trinh hinh thanh
mang, c6 kha ning gay ra cac vét nut, bao boc khéng hoan toan hozc phan hay nhiét cua
ca 18i va vo bao (Noshad va cong su, 2015). Do d6, nhiét d6 khong khi sdy dau vao
160°C dugc xac dinh 1a diéu kién nhiét do tét nhat, mang lai hiéu suat va hiéu qua vi
bao cao nhat.

Nhiét a6 khong khi siy dau vao ciing anh huong dang ké dén ham luong 4m cua
bot say phun, trong khi tac dong ciia né dén hoat do nudc khong co y nghia théng ké (P
> 0,05). Nhu thé hién trong Bang PL V.8, ham luong am cua bot giam khi nhiét do
khong khi sdy dau vao ting, tir 4,86 + 0,12% & 140°C 1én 3,75 + 0,11% & 180°C.

Bang PL V.8. Ham luong am va hoat d6 nudc cua bot & cac nhiét d6 khong khi sdy

dau vao khac nhau

Nhiét do khong khi siy

ahu vio (°C) Ham lwong am (%) Hoat d9 nuéc
140 4,86% £ 0,12 0,163* + 0,015
150 4,56 + 0,15 0,1712+ 0,009
160 4,10° + 0,06 0,1522 + 0,026
170 3,979 + 0,05 0,145+ 0,012
180 3,759+0,11 0,134+ 0,011

Céc chir cai khac nhau trong ciing mét cét thé hién su khac biét ¢é y nghia thong
ké (P <0,05)

Nghién ctru cua Decker va cong su (2024) ciing cho thdy ham lwong am cua bot

say phun dich trich phu pham nho giam dan khi ting nhiét do say tir 120 dén 170°C véi
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ham lwgng am khoang 2,36 — 5,07%. Nhiét @6 siy phun thich hop cho dich trich phu
phdm nho dugc Decker va cong su (2024) hra chon 1a 140°C. Gi4 tri ham lwong am
trong khoang 3 — 5% duoc coi 1a Iy tudong dé bao quan bot sy phun. Theo Gharsallaoui
va cong su (2007), viéc duy tri ham lwong am cudi ciing dudi 5% 1a diéu can thiét trong
qua trinh say phun, vi ham lugng am thap gitp ngin ngura tinh trang dinh, von cuc va
cac phan tng oxy héa khéng mong muédn. Diéu nay cai thién do 6n dinh khi bao quan,
kha ning chay va chét lugng chung cua bot. Hon nita, ham luong am giam lam giam
nguy co phat trién cua vi sinh vat, kéo dai thoi han st dung caa bot vi bao.

Mic di ham luong 4m thay doi, gia tri hoat d6 nudc van luén ¢ muac thap trong
tat ca cac mau, khong c6 sy khac biét dang ké vé mat thong ké (P > 0,05) va tat ca cac
gia tri déu dudi 0,2. Trong qué trinh say phun, cé4c giot dung dich chtra hop chat c6 hoat
tinh sinh hoc va vé bao dugc phun thanh cac hat min va tiép xdc véi ludng khi néng.
Tiép xtc ban dau vai nhiét do cao 1am bbc hoi nhanh ham lwgng am bé mat, dan dén
hinh thanh 16p vo ngoai khé. Lp vo nay bao boc phan hoi am bén trong con lai dudi
dang lién két, giam thiéu anh huong caa né dén hoat d6 nudc (Gharsallaoui va cong su,
2007). Do d6, mic du viéc tang nhiét d6 khong khi dau vao lam thay doi toe do boc hoi
nuée, nhung hoat d6 nuéc cudi ciing van twong ddi 6n dinh. Diéu quan trong 1 duy tri
hoat d6 nuéce dudi 0,2 14 rat quan trong dbi véi su an toan cua vi sinh vat va do 6n dinh
ly hda, tir d6 1am tang thoi han s dung va kha nang bao quan cua bét vi bao.

Hinh anh SEM cung cap thdng tin chi tiét vé cau tric vi mé cua cac hat bot siy
phun & nhiéu nhiét do khong khi siy dau vao khac nhau. Hinh PL V.18 thé hién két qua
SEM cua bot ¢ nhiéu do phong dai khac nhau & cac nhiét d6 da thir nghiém (140 —
180°C). O tat ca nhiét do khao sét, cac hat bot thuong ¢d bé mat tron, nhin véi do bién
dang hoic nép nhin bé mit it. Hinh thai nay duoc cho la do st dung vat liéu vo bao gom
hén hgp MD va GA, c6 tac dung bao boc hiéu qua céc hop chét cd hoat tinh sinh hoc.
Nhitng két qua nay phu hop véi bo céo cua Mutavski va cong su (2025) di nhan dinh
rang khi say phun hop chét co hoat tinh sinh hoc ¢ trong phu pham trai cdy com chay,
cac hat bot c6 bé mit min va kich thude ddng déu. B&é mit ngodi nhén tao diéu kién cho
qua trinh vi bao 6n dinh hon va cho phép giai phong hop chat dugc kiém soat tot hon.

O nhiét do khdng khi say dau vao 140°C, kich thudc hat 16n nhat va nho nhat
duoc ghi nhan lan luot 1a khoang 8,97 um va 64,56 pm. O 150°C, pham vi kich thuéc
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hat bot rong hon, tir 5,72 dén 77,23 pm. O 160, 170 va 180°C, cac hat 16n nhat do dugc
1a 71,47; 67,27 va 75,31 pm, trong khi duong kinh cac hat nho nhat lan luot 1a khoang
7,18:; 4,13 va 3,81 um. Tuy nhién, cac hat duoc tao ra ¢ nhiét d6 150°C thé hién kich
thuéc va hinh dang khong déu hon so véi cac hat & nhiét do 160°C. Pajareon va
Theerakulkait (2017) cho rang nhiét do siy khong du 1am viéc loai bo ham lwong am
khong dong déu, dan dén sy khong dong nhat vé cau tric giira cac hat bot. O nhiét do
thap hon, qua trinh boc hoi khong hoan toan va khong dong déu cd thé dé lai mot sb hat
¢6 lugng nude du thira, lam chdng to ra, trong khi nhitng hat khac kho nhanh hon va co
lai, gop phan lam thay d6i kich thuéc va hinh thai hat bot. Ngoai ra, khi nhiét d6 khdng

khi sdy thap, cac hat phun swong chua kho kip c¢6 kha nang két dinh lai véi nhau.

...........

...........
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Hinh PL V.18. SEM cta bt vi bao ¢ cac nhiét d6 khong khi siy dau vao khac nhau

O nhiét d6 khong khi siy dau vao cao la 170 va 180°C, hinh anh SEM cho thay
su gia tang vé bién dang bé mat, bao gom cac vét nit va phan manh. Nhitng khiém
khuyét nhu vay c6 thé 1a do mat can bang giira qué trinh bc hoi nude nhanh va qué
trinh hinh thanh mang thich hop, 1am anh huéng dén tinh toan ven cua thanh vé bao
(Noshad va cong su, 2015). Nguoc lai, cac hat vi bao duoc tao thanh ¢ nhiét d6 sy

160°C cho thay hinh thai dong déu, véi do tron twong d6i déu va bién dang tdi thiéu.
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Bednarska va Janiszewska-Turak (2020) ciing két luan rang say phun nuéc ép qua
chokeberry véi MG-GA & 160°C tao ra cac hat c6 dic diém bé mit vuot trdi so véi cac
mau bot & nhiét do khéc.

Nhin chung, két qua phan tich SEM, két hop véi hiéu suat va hiéu qua vi bao,
ham lwgng am va hoat d6 nudc, cho thiy rang nhiét d6 khdng khi siy dau vao 160°C Ia
thich hop nhat dé sdy phun dich trich phu pham nho bang hé vé bao MD-GA.

% Anh hwéng cia téc dé dong nhdp ligu dén qua trinh vi bao

Téc do dong nhap liéu 1a mot yéu té quan trong trong qué trinh siy phun vi né
anh huong truc tiép dén su hinh thanh giot, thoi gian say va hiéu suat thu hoi. Trong
nghién ciru nay, tac dong cua toe do dong nhap liéu 1&n qué trinh vi bao dich trich phu
pham nho di dugc danh gia trong khi ¢6 dinh cac thong s6 khac nhu ty 16 MD-GA (2:1,
wiw), ty 18 18i: vo bao 1:5 (w/w), tbc do dong hoa ¢ 10.800 vong/phit trong 10 phit va
nhiét d6 khong khi say dau vao la 160°C (Hinh PL V.19).
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Téc d6 dong nhép liéu (mL/min)
Hinh PL V.19. Hiéu suét thu hdi & cac tbc do dong nhap liéu khac nhau
Céc chir cai khac nhau trong cting mét chi tidu thé hién sw khac biét ¢é y nghia
thong ké (P < 0,05)
Nhu thé hién trong Hinh PL V.19, viéc ting téc dd dong nhap liéu tir 15 Ién 35
mL/phat khéng dan dén su khac biét c6 ¥ nghia thong ké vé hiéu suat thu hoi TPC, TSC

va PAC. Trong pham vi nay, hiéu suét thu hdi van luén & mic cao, trén 85% dbi véi
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TPC va trén 80% d6i voi PAC. Tuy nhién, hiéu suat thu hoi giam manh khi toc d6 dong
nhap liéu ting 1én 40 mL/phut, véi hiéu suét thu hoi TPC, TSC va PAC giam xudng lan
lwot 12 51,39 + 0,09%:; 77,85 + 0,88% va 74,78 + 0,70%. Hiéu suat thu hoi giam tiép tuc
& tbe d6 dong nhap liéu 1a 45 mL/phat. Nhitng két qua ndy phu hop véi két qua caa Ton
va Dao (2006) di bao cao rang tbc dd dong nhap liéu qua cao c6 thé lam mat 6n dinh hé
thdng sdy, dan dén ton that nguyén liéu 16n hon va hiéu qua siy thap hon. Gharsallaoui
va cong sy (2007) ciing luu ¥ rang toe do nhap liéu cao hon 1am giam thoi gian tiép xuc
khong khi ndng cua cac giot trong budng sdy va gay ra hién tuong phun swong khong
déu, anh hudng tiéu cue dén qua trinh vi bao.

Két qua hiéu qua vi bao, nhu trinh bay trong Hinh PL V.20, cho thay sy khéc
biét co y nghia théng ké giira cac toc do dong nhap lidu (P < 0,05).
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Tbc d6 dong nhap liéu (mL/min)

Hinh PL V.20. Hiéu qua vi bao & cac toc d6 dong nhap liéu khac nhau
Céc chir cai khac nhau trong cting mét chi tiéu thé hién sw khac biét ¢é y nghia
thong ké (P <0,05)

Trong khi hiéu qua vi bao PAC van khong bi anh huang va ludn & mac khoang
93%, hiéu qua vi bao TSC va TPC giam nhe & tbc 46 dong cao hon. O tdc do 40 mL/phit,
hiéu qua vi bao TSC giam nhe xubng con 98,12 + 0,35% va & toc do 45 mL/phut, hiéu
qua vi bao TPC giam xuéng con 91,63 + 0,08%. Sy giam hiéu qua vi bao ¢ tbc do dong
nhap liéu cao hon c6 thé 1a do thoi gian tiép x(c giita cac giot va khdng khi nong giam.

Thoi gian sdy ngan hon han ché sy bay hoi nuéc va sy hinh thanh ma tran thanh vo bao,
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dan dén viéc vi bao khéng hoan toan va mot phan cac hop chat cé hoat tinh sinh hoc van
con trén bé mat hat. Nhin chung, két qua cho thay téc do dong nhép liéu tir 15 dén 35
mL/ph(t 1a phi hop nhat dé duy tri ca hiéu suat thu hoi va hiéu qua vi bao cao. Ngoai
pham vi nay, hiéu suét va hiéu qua vi bao giam, anh hudng dén chét luong bot.

Anh huong cua téc d6 dong nhap liéu dén ham luong am va hoat d6 nuéc trong
bot siy phun di dugc danh gia. Két qua duoc trinh bay trong Bang PL V.9. Téc d6 dong
nhap liéu 4nh huong dang ké dén ham luong am cua bot (P < 0,05), trong khi khong c6
su khac biét dang ké nao duoc ghi nhan hoat do nudce (P > 0,05). Ham luong 4m ting
dan tir 4,15 + 0,14% & toc d6 15 mL/phat 1&n 7,36 + 0,12% ¢ téc do 45 mL/phat. Xu
hudng nay c6 thé 1a do thoi gian tiép xuc caa cac giot trong budng sy ngan hon ¢ toc
do dong nhap liéu cao hon, han ché su bay hoi hoan toan. Tbc dod dong nhap li€u cao
hon dua nhiéu dung dich trudc siy hon vao budng trong thoi gian ngan hon, lam giam
kha ning loai bo hoan toan ham luong am cua dich trude say. Tuy nhién, gia tri hoat do
nuéc van thay doi khéng khac biét vé mat thdng ké (P > 0,05), duy tri duéi 0,20. Hién
tuwong nay cé thé duoc giai thich bang su hién dién cua GA trong vat liéu vo bao. GA
duogc biét dén voi kha niang gilr nudc bang cach hinh thanh nudc lién két théng qua cau
tric polysaccharide phan nhanh cia né (Masuelli, 2013). Biéu nay c6 thé gop phan gii
nudc trong ma tran hat thay vi nuéc ty do, do d6 6n dinh hoat d6 nuéc mac du ham

lwong 4m tong thé tang 1én.

Bang PL V.9. Ham lugng 4m va hoat d6 nudc cua bot ¢ toe do nhap liéu khac nhau

Téc d§ bom (mL/phiit) Ham lwong 4m (%) Hoat dd nwée
15 4,156+ 0,14 0,1312+ 0,018
20 4,67% + 0,25 0,1342 £ 0,010
25 5,24% + 0,06 0,1362 £ 0,015
30 5,31% + 0,04 0,1382 £ 0,002
35 5,78 + 0,11 0,140% £ 0,015
40 6,22° + 0,53 0,1372+ 0,011
45 7,36+ 0,12 0,125% + 0,026

Cac cha cai khac nhau trong ciing mét cét thé hién sy khac biéz ¢é ¥ nghia thong
ké (P <0,05)
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Hinh thai bé mat caa cac bot vi bao & cac tée dd dong nhap liéu khac nhau dugc
thé hién trong Hinh PL V.21. Hinh anh SEM chang minh rang hat bt duoc tao ra 6 tc
d6 dong nhap liéu tir 15 dén 35 mL/phat dong nhat, hinh cau va phan 16n khong bi bién
dang véi bé mat nhin. Nhiing dic diém nay cho thay diéu kién sdy phun 6n dinh, véi
quéa trinh sdy va hinh thanh vo bao thich hop. O téc do dong nhap liéu tir 40 dén 45
mL/phdt, bit dau ghi nhan thiy nhitng thay doi vé hinh thai rd rét. Nép nhin bé mit va
bién dang ciu trdc bat dau xuat hién & téc do 40 mL/phit, mic du cac hat khong biéu
hién vét nut co thé nhin thay duoc. O téc d6 45 mL/phdt, bién dang tro nén rd rang hon,
Véi ty 16 nép nhin, két ty hat va hinh dang khong déu ting 1én. Thay d6i nay I do hiéu
suit trao doi nhiét giam, thoi gian siy khong du va nguyén liéu duoc dwa vao qua nhanh
nén tich tu qua mic trong budng say. Hon nita, tbc do dong nhap liéu cao lam ting kich
thude giot, khién nhiét khé tham nhap va 1am kho céc hat dong déu hon. Céc hat 16n
hon dé& bi v& va bién dang bé mit hon (Ton va Dao, 2006).

T6m lai, tbc d6 dong nhap liéu phu hop cho siy phun trong diéu kién thir nghiém
dao dong tir 15 dén 35 mL/phdt, tao ra bot c6 ham lwgng am mong mudn, hoat 6 nuéc
6n dinh va hinh thai dong déu. Trong khi toc d6 dong nhap liéu thap hon dam bao chat
luong tt hon, toc dd dong nhap lidu 35 mL/phit dugc khuyén nghi 1a lya chon thiét
thuc nhat dé can bang chat lugng san pham va hiéu qua quy trinh, dac biét khi xem xét

kha ning mo rong va han ché thoi gian say & cap do cong nghiép.
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Hinh PL V.21. SEM ctia bot vi bao ¢ cac tc d6 dong nhap liéu khac nhau
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Phu luc V.2. Két qua xir Iy s6 liéu théng ké

% S0 lidu va két qua xir ly théng ké anh hwéng cia loai vé bao dén qua trinh vi bao

bang sy phun
Bang PL V.10. Anh huéng cua loai vo bao dén hiéu suat thu hdi (%)
Higu Loai v bao
suat thu
hdi (%) MD MD-GA MD-MS MD-SPI MD-WPI

TPC 85,442 +2,51 70,59°+ 1,49 59,40°+ 0,47 41,609+ 1,43 60,44°+ 1,30
TSC 79,352 +2,27 82,072 +2,42 78,05%+259 58,39°+ 1,74 70,51°+ 0,69
PAC 88,004 +2,83 72,38 +1,84 83,32"+1,93 44,42°+0,96 63,49+ 1,93

Bang PL V.11. Anh hudng cua loai vo bao dén hiéu qua vi bao (%)

Hiéu Loai vé bao
qua vi
bao (%) MD MD-GA MD-MS MD-SPI MD-WPI

TPC 95,94 + 0,17 97,842+ 0,05 93,60°+1,29 9521 +0,3 94,69 + 0,37
TSC 96,81°°+ 0,21 98,552+ 0,04 97,00°+0,76 95,36°+0,34 95,96 + 0,95
PAC 91,638 + 0,27 94,54~ + 0,03 92,388 +0,76 88,48°+0,78 91,178+ 0,68

Hiéu suat thu hai TPC

A Summary of Fit

Rsguare 0.992026
Adj Rsquare 0.988837
Root Mean Square Error 1.579764
Mean of Response 63.50733
Observations (or Sum Wagts) 15
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob = F
Wall material type 4 31049526 776.238 311.0360
Error 10 24,9565 2496
C. Total 14 3129.9091

4 Connecting Letters Report

Level Mean
MD A 85443333
MD-GA B 70593333
MD-WPI C 60440000
MD-MS C 59400000

MD-5PI D 41.660000
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Higu suat thu hai TSC

4 Summary of Fit

Rsquare (0.962803
Ad] Rsquare 0.947925
Root Mean Square Error 2.058328
Mean of Response 73672
Observations {or Sum Wagts) 15
4 Analysis of Variance

Sum of
Source DF Squares
Wall matenal type 4 1096.6393
Error 10 42.3671
C. Total 14 1139.0064

4 Connecting Letters Report

Mean Square

Level Mean
MD-GA A 82.066667
MD AB 79.353333
MD-MS B 78.046667
MD-WPI C 70.506667
MD-5SPI D 58386667
Higu suat thu hai PAC
4 Summary of Fit
Rsquare 0.99116
Adj Rsguare 0.987624
Root Mean Square Error 1.794215
Mean of Response 70322
Observations (or Sum Wagts) 15
4 Analysis of Variance
Sum of
Source DF Squares
Wall material type 4 3609.3892
Error 10 32.1921
C. Total 14 3641.5812

4 Connecting Letters Report

Level Mean
MD A 88.003333
MD-MS B 83.316667
MD-GA C 72376667
MD-WPI D 63.490000
MD-SPI E 44423333
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F Ratio Prob=F
274160  64.7105 A
4237

F Ratio Prob =F
902.347 280.3011 0001
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Hiéu qua vi bao TPC

4 Summary of Fit

Rsguare 0.886591
Ad] Rsquare 0.841227
Root Mean Square Error 0.619435
Mean of Response 9545533
Observations {or Sum Wagts) 15
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob = F
Wall material type 4 29996173 749904 195440 0.0007*
Error 10 3.837000 0.38370
C. Total 14 33833173

4 Connecting Letters Report

Level Mean
MD-GA A 97.836667
MD B 95.943333
MD-SPI B C 95206667
MD-WPI B C 94690000
MD-MS C  93.600000

Hiéu qua vi bao TSC

4 Summary of Fit

Rsguare 0.843327
Adj Rsquare 0.780658
Root Mean Square Error 0.572253
Mean of Response 96.73467
Observations (or Sum Wgts) 15
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob = F
Wall material type 4 17627040 440676 134569  0.0005%
Error 10 3.274733 0.32747
C. Total 14 20901773

4 Connecting Letters Report

Level Mean
MD-GA A 98.550000
MD-MS B 97.000000
MD B C 96.810000
MD-WPI C D 95956667
MD-5SPI D 95356667
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Hiéu qua vi bao PAC

4 Summary of Fit

Rsguare

Adj Rsquare

Root Mean Square Error
Mean of Response
Observations (or Sum Wagts)

4 Analysis of Variance

Source DF
Wall matenal type 4
Error 10
. Total 14

0.943314
0.920639
0.587634
91.64067

15

Sum of

Squares
57.463560
3453133
60.916693

4 Connecting Letters Report

Level Mean
MD-GA A 94543333
MD-MS B 92.376667
MD B C 91.626667
MD-WPI C 91.173333
MD-SPI D 88483333

Ham lwong am

4Summary of Fit

Rsguare

Adj Rsquare

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

4 Analysis of Variance

Source DF
Wall material type 4
Error 10
. Total 14

0.894816
0.852742
0456267
4469333

15

Mean Square

Sum of

Squares

17.710093
2.081800
19.791893

4 Connecting Letters Report

Level Mean

MD-GA A 6.0300000

MD-M5 B 5.1966667
MD-5SPI B 45533333

MD-WPI C 3.5266667
MD C  3.0400000
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14.3659
0.3453

Mean Square

442752
0.20818

F Ratio Prob = F
416025 P

F Ratio Prob = F
21.2678 0001



Hoat do nudéc

4 Summary of Fit

Rsquare 0.584015
Adj Rsquare 0417621
Root Mean Square Error 0.014958
Mean of Response 0.1732
Observations {or Sum Wagts) 15
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob > F
Wall material type 4 0.00314107 0.000785 3.5098 0.0488*
Error 10 0.00223733 0.000224
C. Total 14 0.00537840

4 Connecting Letters Report

Level Mean

MD-GA A 0.19233333
MD-MS A 0.18200000
MD-5PI A B 0.17366667
MD-WPI A B 0.16200000
MD B 0.14500000

% S0 liéu va két qua xir Iy thong ké anh hwéng caa ty 18 16i: vé bao dén qua trinh
vi bao bing siy phun
Bang PL V.12. Anh huéng cua ty Ié 16i: vo bao dén hiéu suat thu hoi (%)

Hiédu suit Ty 1€ 16i: vé bao (w/w)
di (O
thuhor () 1:3 1:4 1:5 1:6
TPC 71,33 +1,03 80,672 +2,09 70,59° + 1,49 69,82 + 2,23
TSC 84,032 +194  87,000+2,39 82,072+2,42 84,672 + 2,62
PAC 77,86 +1,84 76,37A+0,41 7238%+147 71,738+0,35

Bang PL V.13. Anh huong cia ty 18 18i: vo bao dén hiéu qua vi bao (%)

Higu qua Ty 1€ 16i: vé bao (w/w)

1 0)
vi bao (%) 1:3 1:4 15 1:6
TPC 9635°+025  98.12:+006 97.84°+005 9573°+ 042
TSC 9735°+033  98512+003 9855:+004 98123 +0 23
PAC 92988 +026 91458+080 9454A+003 92338 +1.00
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Higu suat thu hai TPC

4 Summary of Fit

Rsguare 0.902069
Adj Rsguare 0.865344
Root Mean Square Error 1.775915
Mean of Response 73.10333
Observations (or Sum Wagts) 12
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob = F
Core-to-wall material ratio 3 23240847 774695 245633 0.0002
Error 8 25.23100 3.1539
C. Total 11 257.63947
Connecting Letters Report
Level Mean
1:4 A 80.670000
1:3 B 71.326667
1:5 B 70593333
1.6 B 69.823333
Hiéu suat thu hoi TSC
4 Summary of Fit
Rsguare 0.456049
Adj Rsguare 0.252067
Root Mean Square Error 2.355487
Mean of Response 84.4425
Observations (or Sum Wagts) 12
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob = F
Core-to-wall material ratio 3 37.213692 12.4046 22357 0.1614
Error 8 44386533 5.5483
C. Total 11 81.600225

4 Connecting Letters Report

Level Mean
1:4 A 87.000000
1:6 A B4.670000
1:3 A 84033333
1:5 A B2.066667
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Higu suat thu hai PAC

4 Summary of Fit

Rsquare 0.873761
Adj Rsquare 0.826422
Root Mean Square Error 1.208284
Mean of Response 74.5825

Observations (or Sum Wagts)

4 Analysis of Variance

Source DF
Core-to-wall material ratio 3
Error 8
C. Total 11

4 Connecting Letters Report

Level Mean
1:3 A 77.860000
1:4 A 76.366667
1:5 B 72376667
1:6 B 71.726667

Hiéu qua vi bao TPC

4 Summary of Fit

Rsquare 0.960499
Adj Rsguare 0.945686
Root Mean Square Error 0.248445
Mean of Response 97.0075

Observations (or Sum Wgts)

4 Analysis of Variance

Source DF
Core-to-wall material ratio 3
Error 8
. Total 11

4 Connecting Letters Report

Level Mean
1:4 A 98.120000

1:5 A 97.836667
1:3 B 96.346667
1:6 B 95.726667

Sum of
Squares

80.840225
11.679600
92.519825

Sum of
Squares

12.007225
0.493800
12.501025
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Mean Square

26.9467
1.4600

Mean Square

4.00241
0.06173

F Ratio Prob =F
184573  0.0006%

F Ratio Prob = F
64.8426 00C



Hiéu qua vi bao TSC

4 Summary of Fit

Rsquare (0.893288
Adj Rsquare 0.853271
Root Mean Square Error 0.204042
Mean of Response 98.13167
Observations {or Sum Wgts) 12
4 Analysis of Variance
Sum of
Source DF Squares Mean S5quare F Ratio Prob = F
Core-to-wall material ratio 3 27881000 0929367 223227 0.0003%
Error 8 0.3330667 0.041633
4 Connecting Letters Report
Level Mean
1:5 A 98.550000
1:4 A 98.510000
1:6 A 98.116667
1:3 B 97.350000
Hiéu qua vi bao PAC
4Summary of Fit
Rsguare 0.817593
Adj Rsquare 0.749191
Root Mean Square Error 0.653267
Mean of Response 92.82833
Observations (or Sum Wgts) 12
4 Analysis of Variance
5um of
Source DF Squares Mean Square F Ratio Prob = F
Core-to-wall material ratio 3 15302700 510090 119527 0.0025%
Error 8 3414067 042676
C. Total 11 18716767

4 Connecting Letters Report

Level Mean
1.5 A 94543333
1.3 A B 92983333
1.6 B 92333333
1.4 B 91453333
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Ham lwgng am

4 Summary of Fit

Rsquare 0.688948
Adj Rsguare 0.572303
Root Mean Square Error 0.641288
Mean of Response &
Observations (or Sum Wgts) 12
4 Analysis of Variance
Sum of
Source DF Squares
Core-to-wall material ratio 3 7.287000
Error 8 3.290000
C. Total 11 10577000
4 Connecting Letters Report
Level Mean
1:3 A 6.6900000
1:4 A 6.5600000
1:5 A B 60300000
1:6 B 47200000
Hoat d¢ nwéc
4 Summary of Fit
Rsquare 0.959601
Adj Rsquare 0.944451
Root Mean Square Error 0.007106
Mean of Response 0.16475
Observations {or Sum Wagts) 12
4 Analysis of Variance
Sum of
Source DF Squares
Core-to-wall material ratio 3 0.00959625
Error 8 0.00040400
C. Total 11 0.01000025

4 Connecting Letters Report

Level Mean

6 A 0.19333333
:5 A 0.19233333
4 B 0.14133333
= E 0.13200000

e el e e
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Mean Square

242900
041125

Mean Square

0.003199
0.000050

F Ratio Prob = F
59064  0.0200%

F Ratio Prob=F
63.3416 00C



% S6 liéu va két qua xir ly théng ké anh hwéng cia ty 18 MD-GA dén qua trinh vi

bao bing siy phun

Bang PL V.14. Anh huéng cua ty 16 MD-GA dén hiéu suat thu hoi (%)

Hiéu suat Ty 18 MD-GA (w/w)
thu hai (%) 1:1 1:2 2:1 3:1
TPC 79,70° + 0,55 72,55°+0,61 83,372+1,22 83,112%x0,77
TSC 80,80° + 0,22 87,902+0,16 88,002+0,04 82,15°+1,10
PAC 81,218+ 0,11 73,94°+£0,92 87,92A+1,23 85,98*+0,79
Bang PL V.15. Anh huéng cia ty 16 MD-GA dén hiéu qua vi bao (%)
vi bao (%) 1:1 1:2 2:1 3:1
TPC 98,172+ 0,02 96,89°+ 0,04  97,16°+0,02 96,35%+ 0,05
TSC 99,16° + 0,05 98,762+ 0,49 99,842+ 0,04 97,58°+ 0,04
PAC 91,62¢ £ 0,07 92,585 +0,26 92,73B+0,01 93,66%+0,11
Hiéu suat thu hai TPC
4 Connecting Letters Report
Level Mean
2:1 A 83.366667
31 A 83.106667
1:1 B 79.700000
1:2 C 72546667
4 Summary of Fit
Rsquare 0976576
Adj Rsguare 0.967793
Root Mean Square Error 0.827979
Mean of Response 79.68
Observations {or Sum Wgts) 12
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob = F
Ratio of different wall materials 228.65520 76.2184 111.1785
Error 548440 0.6855
C. Total 11 234.13960
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Higu suat thu hai TSC

4ASummary of Fit

Rsguare 0.980349
Adj Rsguare 0.972979
Root Mean Square Error 0.567201
Mean of Response 84.71083
Observations (or Sum Wgts) 12

4 Analysis of Variance

Source D

Ratio of different wall materials
Error

C. Total 1

4 Connecting Letters Report

Level Mean
2:1 A 87.996667
1:2 A 87.896667
31 B 82.150000
1:1 C  80.800000

Hiéu suat thu hoi PAC

4 Connecting Letters Report

Level Mean
2. A 87.920000
31 B 85.980000
1:1 C 81.206667
1:2 D 73936667
4 Summary of Fit
Rsquare 0.983068
Adj Rsquare 0976718
Root Mean Square Error (0.866554
Mean of Response 82.26083
Observations (or Sum Wgts) 12

4 Analysis of Variance

Source DF

Ratio of different wall materials
Error

C. Total 11

Sum of

Squares
12839616
257373
130.96989

Sum of

Squares
348.78416
6.00733
354.79149

276

Mean Square
427987
0.3217

Mean Square
116.261
0.751

F Ratio Prob = F
133.0323 00C

F Ratioc Prob = F
154.8259 000 1#



Hiéu qua vi bao TPC

4 Summary of Fit

Rsquare (0.998515

Adj Rsquare 0.997958

Root Mean Square Error 0.031225

Mean of Response g97.14

Observations (or Sum Wagts) 12
4 Analysis of Variance

Source DF

Ratio of different wall materials
Error

C. Total 11

4 Connecting Letters Report

Level Mean
1:1 A 98.166667
2:1 B 97.160000
1.2 C 96.886667
31 D 96346667

Hiéu qua vi bao TSC

4 Connecting Letters Report

Level Mean
2:1 A 99.836667
1:1 B 99.156667
1:2 B 98.760000
31 C  97.580000

ASummary of Fit

Rsquare 0.942537

Adj Rsguare 0.920988

Root Mean Square Error 0.247874

Mean of Response 98.83333

Observations {or Sum Wgts) 12
A Analysis of Variance

Source DF

Ratio of different wall materials
Error

. Total 11

Sum of

Squares
5.2440000
0.0078000
5.2518000

Sum of

Squares
8.0623333
0.4915333
8.5538667
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Mean Square F Ratioc Prob = F

1.74800 1792.821
0.00097

Mean Square F Ratio Preob = F

2.68744 43,7388
0.06144



Hiéu qua vi bao PAC

4 Summary of Fit

Rsguare (0974516

Adj Rsquare 0.96496

Root Mean Square Error 0143236

Mean of Response 82.64583

Observations (or Sum Wagts) 12
4 Analysis of Variance

Source D

Ratio of different wall materials
Error

. Total 1

4 Connecting Letters Report

Level Mean
31 A 93.660000
201 B 92726667
1:2 B 92 576667
1:1 C 91620000

Ham lwong am

4 Connecting Letters Report

Level Mean
1:2 A £.9300000
121 B 54000000
21 C 4.3100000
31 D 3.5866667
4 Summary of Fit
Rsquare (.999419
Adj Rsquare 0.999201
Root Mean Square Error 0.037193
Mean of Response 5.056667
Observations {or Sum Wgts) 12
4 Analysis of Variance
Source DF

Ratio of different wall materials
Error

C. Total 11

Sum of

Squares
6.2765583
0.1641333
64406917

Sum of

Squares
19.037000
0.011067
19.048067

2178

Mean Square

2.09219
0.02052

Mean Square

F Ratio Prob = F
101.9750 000

F Ratio Prob = F

6.34567 4587.229

0.00138



Hoat do nudéc

Summary of Fit

Rsquare 0.991465
Adj Rsquare 0.988265
Root Mean Square Error 0.004655
Mean of Response 0.188833
Observations {or Sum Wgts) 12
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratic Prob = F
Ratio of different wall materials 3 0.02013633 0.006712 309.7897
Error 8 0.00017333 0.000022
C. Total 11 0.02030967

4 Connecting Letters Report

Level Mean

1:2 A 0.21500000
1:1 A 0.21366667
2:1 A 0.20866667
31 B 0.11800000

% Két qua xir ly thong ké anh hwéng cia toc dd va thoi gian dong héa dén qua trinh
vi bao bang say phun
Hiéu suat thu hdi TPC

4 Summary of Fit

RSquare 0.99241
RSquare Adj 0.989248
Root Mean Square Error 0.960148
Mean of Response 81.35889
Observations {or Sum Wgts) 18
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio
Model 5 14464856 289.297 313.8110
Error 12 11.0626 0922 Prob=F
C. Total 17 1457.5482 <,0001%
Least
Level 5q Mean
10800,10 A 87.103333
108005 A 86.743333

10800,15 A B 84.636667
8100,10 A B 84.610000
8100,15 B §3.340000
8100,5 C 61520000
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Higu suat thu hai TSC

4 Summary of Fit

RSquare
RSquare Adj

Root Mean Square Error

Mean of Response

Observations (or Sum Wgts)

0.897733
0.855122
1.394848
83.21556

18

4 Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio
Model 5 20494984 40,9900 21.0680
Error 12 23.34720 1.9456 Prob > F
C. Total 17 228.29704 <.0001%
Least
Level Sq Mean
10800,10 A 87.160000
810010 A 86.253333
1080015 A B 84.740000
10800,5 B 82.303333
810015 B 81.820000
81005 C 77016667

Hiéu suat thu hoi PAC

4 Summary of Fit

R5quare 0.6767806
R5guare Adj 0542113
Root Mean Square Error 2.229608
Mean of Response 85.56
Observations (or Sum Wgts) 18
4 Analysis of Variance
Sum of
Source DF Squares Mean Square  F Ratio
Model 5 12491040 24.9621 5.0254
Error 12 59.65380 49712 Prob = F
C. Total 17 18456420 0.0103*
Least
Level Sq Mean
10800,10 A 88.503333
810015 A 87603333
810010 A B  86.000000
10800,5 A B 85723333
10800,15 A B 85.310000
8100,5 B 80.220000
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Hiéu qua vi bao TPC

4 Summary of Fit

RSquare
RSquare Adj

Root Mean Square Error

Mean of Response

Ohbservations {or Sum Wgts)

4 Analysis of Variance

Source
Model

Error
. Total

Level
10800,10 A
8100,10 B
8100,15 B
10800,5
81005
10800,15

DF
5

12
17

C
D

Sum of

Squares
47572667

0.0355333
4.7928000

0.992586
0.989497
0.054416
96.99667

18

Mean Square

F Ratio

0951453 3213163

Least

S5gq Mean
97.910000
97.196667
97.110000
96.933333
96.510000
96.320000

Hiéu qua vi bao TSC

4 Summary of Fit

R5quare
R5quare Adj

Root Mean Square Error
Mean of Response

0.982987
0.975898

0.071259

98.91222

Observations (or Sum Wgts)

4 Analysis of Variance

Source
Model
Error

C. Total

Level
810010 A
10800,10 A B
8100,5 B
8100,15
10800,15
10800,5

DF
5
12

17

C
C

D

Sum of

18

Squares Mean Square
0.704116

3.5205778
0.0609333
3.5815111

Least

S Mean
99.340000
99.306667

99.13333
99.02333

3
3

98.566667

98.10333

3
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F Ratio
138.6661



Hiéu qua vi bao PAC

Summary of Fit

R5quare
RSguare Adj

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

4 Analysis of Variance

Source
Model
Error

C. Total

Level

810010 A
10800,10 A
8100,15 B
3100,5 B
10800,5
10800,15

Ham lwong am

4 Summary

RSquare
RSquare Adj

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

4 Analysis of Variance

Source
Model

Error
C. Total

Level

8100,10 A
81005 A
8100,15 A
10800,10 A
108005 A
10800,15 A

(0.993139
(0.99028
0.101023
04,18889
18
S5um of
DF Squares Mean Square
5 17.726911
12 0.122467
17 17.849378
Least
5q Mean
95.320000
85263333
94446667
04326667
C 92946667
C  92.830000
of Fit
0.583273
0.409636
0.331612
4151111
18
Sum of
DF Squares Mean Square
5 1.8469778 0.369396
12 1.3196000
17 3.1665778
Least
Sq Mean
4.5900000
44700000
42200000
4.1166667
37833333
3.7266667

F Ratio

354538 347.3973
0.01021 Prob = F

F Ratio
3.3592
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Hoat do nudéc

4 Summary of Fit

R5quare 0.046881
RSguare Adj -0.35025
Root Mean Square Error 0.014752
Mean of Response (0.135889
Observations (or Sum Wgts) 18
4 Analysis of Variance Least
>um of ;ngl*l 0 A O 1?1 EBT}?}E
Source DF Squares Mean Square  F Ratio 1[}8[}'[}.15 A 0:13?33333
Model 5 0.00012844 0000026  0.1180 g10015 A 0.12533332
Error 12 0.00261133 0.000218 Preb=F 10800,10 A 0.13466667
C.Total 17 0.00273978 0.9859 81005 A 0.13433333

108005 A 0.13266667

% S6 liéu va két qua xir ly théng ké anh hwéng caa nhiét do khéng khi siy dau vao
dén qua trinh vi bao bang say phun

Bang PL V.16. Anh huéng caa nhiét do khéng khi say dau vao dén hiéu suat thu hoi (%)

Nhiét @ khong khi siy Higu suat thu hai (%)

dau vao (°C)

TPC TSC PAC
140 40,14° + 0,93 76,61C + 1,58 67,24° + 1,42
150 68,089 + 0,38 80,278 + 1,00 78,259 + 0,27
160 86,54 + 0,04 86,324 + 1,31 89,622 + 0,56
170 82,85 + 0,76 84,87A + 1,57 85,58 + 0,98
180 79,12°+ 0,19 77,978 + 0,73 82,59° + 1,26

Bang PL V.17. Anh huéng ciia nhiét ¢ khdng khi siy dau vao dén hiéu qua vi bao (%)

Nhiét do khong khi Hiéu qua vi bao (%)

sy dau vao (°C) TPC TSC PAC
140 9303 £002  97,74P£006  92,22° +0,09
150 07.95°£005  98,96°£008 9368 +0,02
160 98,73£004  9910°°£007  94,07" %016
170 9827°+004 99247005 9437 %008
180 96,619+007  9830°%£002  9260% %008
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Higu suat thu hai TPC

4 Summary of Fit

Rsquare (0.999238
Adj Rsquare (0.998933
Root Mean Sguare Error 0.567568
Mean of Response 71.34533
Observations (or Sum Wgts) 15

< Analysis of Variance

Source

Inlet spray drying temperature
Error
C. Total

Connecting Letters Report

Level Mean
160 A 86.543333
170 B 82.846667
180 C 79.116667
150 D 68.083333
140 E 40.136667

Higu suat thu hai TSC

4Summary of Fit

DF

4
10
14

Rsquare 0.929509
Adj Rsguare 0.901313
Root Mean Sguare Error 1.279818
Mean of Response 81.208
Observations (or Sum Wgts) 15

4 Analysis of Variance

Source DF

Inlet spray drying temperature
Error
C. Total

4 Connecting Letters Report

Level Mean
160 A 86.320000
170 A 84.866667
150 B 80.270000
180 B C 77970000
140 C 76613333

4
10
14

S5um of
Squares
42248250

3.2213
4228.0464

Sum of
Squares

21598151
16.37933
232.36084
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Mean Square
1056.21
032

Mean Square

53.9954
1.6379

F Ratio Prob = F
3278786 000

F Ratio Prob = F
32.9656



Higu suat thu hai PAC

4 Summary of Fit

Rsquare (0.988901
Adj Rsguare 0.984461
Root Mean Square Error 0.995215
Mean of Response 80.65533
Observations (or Sum Wgts) 15
4 Analysis of Variance
Source DF
Inlet spray drying temperature 4
Error 10
C. Total 14

4 Connecting Letters Report

Level Mean
160 A 89.616667
170 B 85.583333
180 C 82.586667
150 D 78.253333
140 E 67.236667
Hiéu qua vi bao TPC
4Summary of Fit
Rsquare 0.999693
Adj Rsguare 0.999571
Root Mean Square Error 0.044422
Mean of Response 96.92
Observations (or Sum Wgts) 15
A Analysis of Variance
Source DF
Inlet spray drying temperature 4
Error 10
C. Total 14

4 Connecting Letters Report

Level Mean
160 A 98.733333
170 B 98.280000
150 C 97.950000
180 D 96.610000
140 E 93.026667

Sum of
Squares
88245284

9.90453
892.35737

Sum of

Squares
64.358467
0.019733
64.378200
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Mean Square F Ratio Prob > F
220613 2227396 00017
0.990

Mean Square F Ratic Prob = F

160896 8153.522
0.0020



Hiéu qua vi bao TSC

4 Summary of Fit

Rsguare 0.990144
Adj Rsguare 0.986201
Root Mean Square Error 0.068896
Mean of Response 98.66533
Observations (or Sum Wgts) 15
4 Analysis of Variance
Sum of
Source DF Squares
Inlet spray drying temperature 4 47685067
Error 10 0.0474667
C. Total 14 48159733
4 Connecting Letters Report
Level Mean
170 A 99.236667
160 A B 99.096667
150 B 98.956667
180 C 98.296667
140 D 97.740000
Hiéu qua vi bao PAC
4 Summary of Fit
Rsguare (0.988578
Adj Rsguare 0.98401
Root Mean Square Error 0.110665
Mean of Response 93.388
Observations (or Sum Wgts) 15
4 Analysis of Variance
Sum of
Source DF Squares
Inlet spray drying temperature 4 10599973
Error 10 0122467
C. Total 14 10722440

4 Connecting Letters Report

Level Mean
170 A 94.376667
160 B 94.070000
150 C 03.683333
180 D 02.593333
140 E 92216667
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Mean Square F Ratio Prob = F
1.19213 251.1503
0.00475

Mean Square F Ratio Prob = F

2.64999 216.3849
0.01225



Ham lwgng 4m

4 Summary of Fit

Rsguare 0.957293
Adj Rsguare 0.940211
Root Mean Square Error 0.104976
Mean of Response 4.25
Observations (or Sum Wgts) 15
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob = F
Inlet spray drying temperature 4 24702000 0617550 56.0390
Error 10 0.1102000 0.011020
C. Total 14 25804000
4 Connecting Letters Report
Level Mean
140 A 48633333
150 B 45633333
160 C 4.1000000
170 C D 39733333
180 D 37500000
Hoat d¢ nwéc
4 Summary of Fit
Rsguare 0.505551
Adj Rsquare 0307772
Root Mean Square Error 0.015792
Mean of Response 0.153
Cbservations {or Sum Wgts) 15
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob = F
Inlet spray drying temperature 4 0.00255000 0.000638 25561 0.1043
Error 10 0.00249400 0.000249
C. Total 14 0.00504400

4 Connecting Letters Report

Level Mean
150 A 0.17100000
140 A 0.16300000
160 A 0.15200000
170 A 0.14500000
180 A 0.13400000
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% S6 lidu va két qua xir ly théng ké anh hwéng cia tée dd dong nhap liéu dén qua

trinh vi bao bing siy phun

Bang PL V.18. Anh huong cua toc 6 dong nhap liéu dén hiéu suat thu hoi (%)

Téc d dong nhap liéu

Hiéu suat thu hdi (%)

(mL/phut) TPC TSC PAC
15 86,11° + 0,55 87,937 + 0,28 83,10° + 0,38
20 86,44° + 0,33 88,317 + 0,87 81,95 + 0,86
25 86,80° + 0,21 87,13~ + 0,75 82,527 + 0,44
30 86,87 + 0,23 87,62+ 0,30 82,517 + 0,65
35 86,40° + 0,28 87,33 + 0,20 81,747 + 1,10
40 51,39 + 0,09 77,858 + 0,88 74,78 +0,70
45 47 ,44° + 0,68 66,42C + 0,48 71,84 + 0,31

Bang PL V.19. Anh huéng cua toc dd dong nhap liéu dén hiéu qua vi bao (%)

Téc @ dong nhap liéu

Hiéu qua vi bao (%)

(mL/phut)

TPC TSC PAC

15 97,942 £ 0,32 98,3478 + 0,17 93,25% + 0,62
20 98,072 £ 0,30 98,70 + 0,11 93,65% + 0,09
25 98,172+ 0,28 98,69” + 0,24 94,23* +0,38
30 97,922+ 0,19 98,3748 + 0,07 93,57% + 0,16
35 98,032 £ 0,13 98,438 + 0,06 93,89% +0,43
40 97,822+ 0,25 98,128+ 0,35 93,87% + 0,52
45 96,52° + 0,04 98,118 + 0,03 91,40 + 0,08
Hiéu suat thu hai TPC
4 Summary of Fit

Rsquare (1999641

Adj Rsguare (.999487

Root Mean Square Error (.389945

Mean of Response 7592095

Observations (or Sum Wgts) 21
4 Analysis of Variance

Sum of

Source DF Squares Mean Square F Ratioc Prob = F

Feed flow rate 6 5926.0630 987.677 6495434

Error 14 2.1288 0.152

C. Total 20 5928.1918
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Level Mean

30 A 86.8673333
25 A 86.600000
20 A 86.443333
35 A 86.393333
15 A 86.106667
40 B 51.386667
45 C 47443333

Higu suat thu hdi TSC

4 Summary of Fit

Rsguare (.995935
Adj Rsquare (0.994193
Root Mean Square Error 0.599373
Mean of Response B83.22429
Observations {or Sum Wgts) 27
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob > F
Feed flow rate 6 12322032 205.367 571.6592 00C
Error 14 5.0295 0.359
C. Total 20 1237.2327
Level Mean
20 A 88.306667
15 A 87.926667
30 A 87.613333
35 A 87.333333
25 A 87.126667
40 B 77.846667
45 C 66416667
Higu suat thu hai PAC
4 Summary of Fit
Rsquare (0.982461
Adj Rsguare (.974945
Root Mean Square Error 0.684523
Mean of Response 7977714
Ohbservations {or Sum Wgts) 21
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratic Prob = F
Feed flow rate 6 36747003 61.2450 130.7058 0001
Error 14 6.56000 0.4686
C. Total 20 374.03003
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Level Mean
15 A 83.100000
25 A 82.520000
30 A 82.510000
20 A 81.946667
35 A 81.740000
40 B 74776667
45 C 71.846667

Hiéu qua vi bao TPC

4 Summary of Fit

Rsguare 0.868763
Adj Rsquare 0.812519
Root Mean Square Error 0.25019
Mean of Response 97.77952
Observations {or Sum Wagts) 21

4 Analysis of Variance

Sum of

Source DF Squares
Feed flow rate 6 5.8011619
Error 14 0.8763333
C. Total 20 6.6774952

Level Mean

25 A 98163333

20 A 98066667

35 A 98026667

15 A 97.940000

30 A 97923333

40 A 97.820000

45 B 96516667

Hiéu qua vi bao TSC

4 Summary of Fit
Rsquare 0.686328
Ad] Rsquare 0.551897
Root Mean Square Error 0.184378
Mean of Response 98.39381

Observations {or Sum Wgts) 21
4 Analysis of Variance
Sum of
Source DF Squares
Feed flow rate & 1.0413619
Error 14 04759333
C. Total 20 15172952

Mean Square

0.966860
0.062595

Mean Square
0.173560
0.033995
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F Ratio Prob = F

154462

F Ratio Prob = F

5.1054



Level Mean
20 A 98.700000
25 i 098.693333
35 A B 98426667
30 A B 98373333
15 A B 98.340000
40 B 98.116667
45 B 98.106667

Hiéu qua vi bao PAC

4 Summary of Fit

Rsquare 0.884146
Adj Rsgquare (0.834494
Root Mean Square Error (.38459
Mean of Response 9340714
Observations (or Sum Wgts) 21
4 Analysis of Variance
Sum of
Source DF Squares
Feed flow rate 6 15.802895
Error 14 2.070733
C. Total 20 17.873629
Level Mean
25 A 94226667
35 A 93.890000
40 A 93.866667
20 A 93.646667
30 A 93.573333
15 A 93.250000
45 B 91.296667
Ham lwong am
Summary of Fit
Rsguare 0.962021
Adj Rsquare 0.945744
Root Mean Square Error 0.237437
Mean of Response 5.532857

Observations (or Sum Wgts) 21
4 Analysis of Variance
Sum of
Source DF Squares
Feed flow rate 6 19.992362
Error 14 0.789267
C. Total 20  20.781629

Mean Square

2.63382
0.14791

Mean Square
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3.33206
0.05638

F Ratio Prob = F
17.8069 00C

F Ratio Prob = F
59.1040



Level Mean

45 A 7.3600000
40 B 6.2200000
35 B C 57833333
30 CD 5.3100000
25 CD 5.2366667
20 D E 46666667
15 E 41533333

Hoat d¢ nuéc

4 Summary of Fit

Rsquare 0.115457
Adj Rsquare -0.26363
Root Mean Square Error 0.015546
Mean of Response 0.134381
Observations (or Sum Wgts) 21
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob = F
Feed flow rate 6 0.00044162 0.000074 0.3046 09242
Error 14 (0.00338333 0.000242
C. Total 20 0.00382495
Level Mean
35 A 0.14000000
30 A 0.13766667
40 A 0.13666667
25 A 0.13633333
20 A 0.13400000
15 A 0.13066667
45 A 0.12533333
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Phu luc V.3. Két qua khang khuan ciia bt vi bao toi wu

Salmonella typhimurium ATCC 14028 Staphylococcus aureus ATCC 6538
Hinh PL V.22. Buong kinh vong khang khuan caa bot vi bao téi vu
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Salmonella
Escherichia coli Bacillus subtilis Stapgzlr(;fl(;ccus typhimurium
(mg/mL) ~ atccsrae ATCC 6633 ATCC 14028

20
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40
50
75

100

)

(+)

Staphylococcus Salmonella
aureus typhimurium
ATCC 6538 ATCC 14028

Escherichia coli Bacillus subtilis
(mg/mL) atccsr3g ATCC 6633

20

30

40

50

Hinh PL V.23. MIC cuta bét vi bao téi vu
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PHU LUC VI

Két qua khao sat anh hwéng cia cac yéu té dén qua trinh vi bao bing oleogel

Phu luc VI.1. Két qua khao sat anh hwéng cia cac yéu té dén qua trinh vi bao bang

oleogel
% Anh hwéng ciia cong thirc oleogel dén tinh chat cia oleogel

Cong thirc dong vai tro quan trong trong quy trinh tao oleogel. Trong nghién cuu
nay, hai cong thirc st dung BW: GMS va BW: F90 da duoc thir nghiém nham xac dinh
dugc cong thirc pht hop cho oleogel tir dich trich ly phu pham nho bang DES duya trén
choline chloride: glycerol: citric acid. Tinh chat caa oleogel tao tir hai cong thic khéc
nhau dugc trinh bay trong Bang PL VI.1 va Hinh PL VI.1.

Bang PL VI.1. Tinh chat cta oleogel ¢ cac cong thirc khac nhau

_ Cong thirc
Chi tiéu
BW: GMS BW: F90
Hiéu suat thu hoi hop chat
75,68° + 1,81 80,528 + 2,37

(%)
OBC (%) 81,762+ 1,31 84,322 + 0,43

L* 50,84° + 0,60 53,468 + 0,21
Mau sic a* 6,672 + 0,26 6,582 + 0,14

b* 13,592+ 1,09 14,622 + 1,26
Do nhot (Pa.s) 260,64° + 35,61 848,892 + 61,03

Hiéu suat thu hoi cac hop chat co hoat tinh sinh hoc ¢d su khéc biét dang ké (P <
0,05) giira cac oleogel duoc didu ché tir cac cong thirc khac nhau. Hiéu sut thu hdi cac
hop chat cua oleogel tir hai cong thire twong ddi cao (> 75%). Oleogel tir BW: F90 cho
thay hiéu suat thu hoi cao hon (80,52 + 2,37%) so véi oleogel tir BW: GMS (75,68 +
1,81%). Dich trich ly duoc thém vao oleogel & 60°C nén hau hét cac hop chat phenolic
van 6n dinh, cho thay su phan hay nhiét & mic téi thiéu. Nhitng két qua ndy chang minh
rang vi bao dya trén oleogel 12 mot phuong phép hiéu qua dé bao quan céc hop chat

nhay nhiét nhu phenolic.
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Loai chat tao gel cling dong vai tro quan trong trong viéc xac dinh kha ning lién
két dau va do bén cu tric cua oleogel. Kha ning lién két dau phan anh kha ning cua
mang ludi gel trong viéc giir dau long trong cau tric ba chiéu caa n6 (Ogiitcii va Yilmaz,
2014). Trong mét s6 cong thirc, oleogel cé thé chira téi 99% dau (w/w), do d6 viéc duy
tri OBC cao la rat quan trong dé ngin ngira ro ri dau (Blake, 2015). Sy két hop cua GMS
va sap ong tao thanh mot mang ludi phan tir day dic, ting cudng d6 6n dinh va d6 cting
cua gel. Nguoc lai, hdn hop F90 va sap ong tao ra mot cau tric c6 kha ning giir dau
duoc cai thién, phan anh sy tuong tic manh mé& hon giita cac thanh phan oleogel. Hai
hé thong nay thé hién két ciu riéng biét, cho thay tiém ning ¢ng dung trong thuc pham
khéc nhau. Céng thirc BW: F90, chira ty 1€ sap ong cao hon, dat OBC la 84,32 + 0,43%,
trong khi mau BW: GMS dat 81,76 + 1,31%. Xu huéng nay phi hgp véi nhitng phat
hién trudc d6 cho thay viéc ting ndng do sap ong 1am ting hiéu qua lién két dau (Thakur
va cong su, 2022).

Mau sic caa oleogel thay doi tlly theo cong thirc, chu yéu 1a do su khac biét vé
mau sic cua dich trich ly. Phan tich thdng ké cho thay oleogel tir BW: F90 c6 gi4 tri do
sang cao hon (53,46 £ 0,21) so voi mau BW: GMS (50,84 + 0,60). Su khac biét nay ¢é
thé 1a do nong do sap ong, nong do sap ong cao hon thudng dan dén oleogel c6 mau
sang hon (Y1lmaz va Ogiitcii, 2014). Do d6, cong thic BW: F90 (1:1 w/w) tao ra oleogel
sang hon. Gia tri a* cua oleogel tir BW: F90 thap hon so véi BW: GMS, cho thiy mau
oleogel it &6 hon, nhung sy khéc biét gitra hai cong thizc nay khong c6 y nghia thong ké
(P > 0,05).

Hai cong thirc c6 sy khac biét dang ké vé do nhét, cho thay rang su thay doi vé
thanh phan c6 thé anh hudng dén dic tinh luu bién cua oleogel. Oleogel BW: F90 c6 do
nhét cao hon so véi cong thire BW: GMS. Su khéc biét nay c6 thé 1a do su khac biét vé
loai chat nhii héa va nong d6 duoc sir dung trong mdi cong thirc. Su két hop caa sap ong
va F90 duong nhu thuc day sy hinh thanh mang luéi oleogel két dinh va cimg hon. Do
nhét ciing bi anh hudng bai mot sé yéu té ly hoa, bao géom nhiét do, qua trinh két tinh,
kich thudc va hinh thai caa cac hat trong ma tran gel. Trong hé BW: F90, F90 co6 kha
nang ting cuong do 6n dinh gel bang cach hinh thanh moét mang ludi ¢6 ciu tric chit
ché hon cac dic tinh luu bién ciia chat béo thong thuong, dan dén d6 nhét cao hon so
véi oleogel BW: GMS (Melchior va cong su, 2023).
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BW: GMS BW: F90
Hinh PL VI.1. Miu oleogel quan sét ¢ diéu kién nhiét d6 phong
¢ hai cong thirc khac nhau
Hinh anh oleogel dugc quan sat bang kinh hién vi phan cuc di cung cip thém
minh ching vé nhitng khac biét cu tric cua hai oleogel tir hai cong thirc khac nhau
(Hinh PL V1.2).

Hinh PL VI1.2. Hinh anh oleogel & cac cong thic khac nhau

Ca hai cong thic déu thé hién cac dic diém hinh thai twong di gibng nhau, véi
c4c hat sap ong va nhil twong phan bd khong déng déu trong cau tric gel. Tuy nhién, &
mau oleogel BW: GMS quan sat duoc s6 lugng hat nhii trong 16n nhiéu hon so véi mau
BW: F90. Su khac biét nay c6 thé lién quan dén ty 1¢ sap ong thap hon va ty 1&é GMS
cao hon trong cong thire BW: GMS, diéu nay thuc day su hinh thanh céc giot nhii trong
I6n hon. GMS va F90 déu 1a chit nhii héa thuong duoc sir dung trong cac hé théng
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oleogel. Tuy nhién, hdn hop BW: F90 tao ra cau tric oleogel dong déu va 6n dinh hon.
F90 chu yéu bao gbm monoglyceride va diglyceride ¢ kha niang hinh thanh ciu trdc
siéu phan ti. Nhitng cu tric nay tao ra mot mang ludi ba chiéu co kha ning giir lai mot
luong 16n dung mdi. Ngoai ra, monoglyceride va diglyceride c6 thé tuong tac véi ca pha
wra nudc va Ky nude, cho phép hinh thanh céc hé thdng cé cau triic nhu gel, bot va nhil
trong mo phong cac dic tinh chirc ning cua chit béo théng thuong (Melchior va cong
su, 2023). Nhin chung, két qua cho thay cong thic BW: F90 thé hién cac dic tinh hoa
ly, vi cdu trac ddng nhat va 6n dinh hon, do d6 dugc chon 1am théng sé ¢b dinh cho cac
thi nghiém tiép theo.
% Anh hwéng cia ty 1¢ BW: F90 dén tinh chat cia oleogel

Ty 1¢ BW: F90 trong cong thirc oleogel dong vai tro quan trong va dugc khao sat
nham xac dinh dugc ty 1& thich hop nhat, dam bao céc tinh chat héa ly, vi md phu hop
cua oleogel. Két qua duoc trinh bay trong Bang PL V1.2 va Hinh PL VI1.3.

Bang PL VI1.2. Tinh chat cta oleogel ¢ cac ty 16 BW: F90 khac nhau

Ty 1€ BW: F90 (w/w)

Chi tiéu
1:1 2:1 1:2

h“;;”(;‘;‘t(g/t‘)‘; ol g1 030 +0,12 82,59° + 0,64 78,88° + 0,62
OBC (%) 83,39 + 0,69 88,60° + 0,83 80,70° + 1,04
B 54,99° + 0,44 55,80 + 1,46 50,47 + 1,86
L\gz‘“ * 7,01°+0,13 7,632+ 0,39 7,762+ 0,13
o 11,870 + 0,58 13,88 + 1,31 13,954 + 0,44

Ponhét (Pas) 848,899 +6103  1.806,38%+41830  1.49325% + 328,82

Oty 18 1:1 (w/w), oleogel c6 6 nhét thap nhat va khac biét co ¥ nghia thong ké
véi cac mau con lai (P < 0,05). Khi ty Ié BW: F90 ting 1én 2:1 (w/w), ham lugng sap
ong cao hon di ting cuong do cung cua gel. Ham lwong cao cta chét tao gel ty nhién
nay thic dy céc twong tac ky nuéc manh hon, cai thién do 6n dinh caa qua trinh vi bao.
Viéc ting ham luong sap ong 1am ting d6 nhot, cho thay ty 1é 2:1 thiic day ciu tric gel
bén va 6n dinh hon so véi cac cong thirc khac (Thakur va cong su, 2022). Do d6, cong
thire nay thé hién hiéu suat thu hdi hop chat cao nhat. Mang luéi gel day dic hon duoc
tao ra bai ndng do sap ong cao hon di han ché hiéu qua su khuéch tan cua céc hop chat

dugc bao boc, din dén hiéu qua luu giit cao hon. Nguoc lai, & ty 16 BW: F90 1a 1:2
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(w/w), ty 1& F90 cao hon d3 lam thay d6i dac tinh cua gel, tao ra cau tric mém hon va
d6 nhot thap hon oleogel & ty 18 2:1 (w/w), nhung su khac biét khong co ¥ nghia théng
ké (P > 0,05). Su mat can bang thanh phan gitta BW va F90 anh huong tiéu cuc dén do
6n dinh cua oleogel va lam giam kha nang luu giit cac hop chat ¢ hoat tinh sinh hoc,
dan dén hiéu suat thu hoi hop chét thap nhat (78,88 + 0,62%).

1BW: 1F90 2BW: 1F90 1BW: 2F90

Hinh PL V1.3. MAu oleogel quan séat ¢ diéu kién nhiét d6 phong
& céc ty 1€ BW: F90 khac nhau

Oleogel c6 ty 18 BW: F90 14 2:1 (w/w) cho thiy d6 sang cao nhat (59,47 + 1,86),
cho thdy mau sang hon so véi cac ty 1& khac. Nguoc lai, mau 1:2 (w/w) cho thay gi4 tri
L* thap nhat (54,99 + 0,44). Gi tri a* cua tat ca cac cdng thic phan anh sic do, nhung
khong co su khac biét dang ké gitra ty ¢ 1:1 va 2:1 (P > 0,05). Gia tri b* dao dong tir
11,87 dén 13,95, cho thdy mau vang dam hon & oleogel véi ty 16 BW: F90 1a 1:1 va 2:1
S0 v&i mau 1:2.

Kha ning lién két dau ting theo ham luong sap ong cao hon, dat 88,60 + 0,83%
& ty 18 2:1 va giam xudng con 80,70 + 1,04% & ty 1& 1:2 (w/w). Xu huéng nay phi hop
véi nghién ciu ciia Thakur va cong su (2022), OBC duoc cai thién véi ham luong chat
tao gel cao hon. Hon nita, oleogel vai BW: F90 ty 18 2:1 (w/w) c6 OBC cao nhat, cd thé
la do két cdu cting hon. Piéu nay ciing thé hién qua gia tri ¢ nhét cua oleogel ¢ ty 18
nay la cao nhat. Hinh anh kinh hién vi phan cuc (Hinh PL V1.4) ciing cho thy hinh thai

riéng biét cua céc oleogel, minh chitng cho két qua khac biét vé kha nang lién két dau.
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9

Oty 1€ 2:1 (w/w), ham lugng sap ong cao hon tao ra mot mang lugi day dac. Cong thirc

9.

oty

Hinh PL V1.4. Hinh anh oleogel ¢ cac ty I1¢ BW: F90 khac nhau

% Anh hwéng cia ty 18 chdt tgo gel ddu dén tinh chdt cia oleogel

Anh huong cua ty 1& chat tao gel dau dén tinh chat cua oleogel duoc trinh bay
trong Bang PL V1.3 va Hinh PL V1.5. Két qua cho thay ty I chat tao gel dau cang cao,
c4c tinh chat cua oleogel c6 xu hudng ting. O ty 1¢ cht tao gel dau 5%, cau tric gel yéu
va kém lién két, dan dén két cau long hon. Piéu nay tao diéu kién dé that thoat nhiéu
hop chét vi bao hon, ddn dén hiéu suat thu hoi thip nhét (77,77 + 0,56%). Tang ty 18
chat tao gel dau 1én 10% da tang cuong mang ludi gel va cai thién kha nang giit hop
chat, dat hiéu suat 81,38 + 0,44%. O ndng do 15%, oleogel hinh thanh ciu trac dic va
6n dinh, dat hiéu suét thu hdi cao nhit (82,92 + 0,51%). O ty Ié chat tao gel diu cao hon,
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mang ludi oleogel tré nén cing hon, 1am giam thiéu viéc giai phong, dam bao kha ning

giit cac hop chat cao (Khan va cong su, 2021).

Bang PL V1.3. Tinh chat cta oleogel ¢ cc ty 1é chat tao gel dau khac nhau

Ty 1 chat tao gel dau (%)

Chi tiéu
5 10 15
Hieusuatthuhoi ;120 | g g 81,38% + 0,44 82,922+ 0,51
hop chat (%) ’ ’ ’ ’ ’ ’
OBC (%) 66,11 + 0,27 89,45 + 0,67 96,50¢ + 0,82
L 46,35° + 1,31 54,28 + 0,47 50,48 + 0,35
S'\g?“ a* 6,425 + 0,43 7,30°+ 0,29 7,772+ 0,38
o* 10,74 + 0,55 11,960 + 0,67 13,397 + 0,38
Po nhét (Pa.s) 51223+30,88 158918+ 257,09  2.934,01+ 500,34

5% oleogelator

10% oleogelator

18% oleogelator
Hinh PL VI1.5. Mu oleogel quan sét ¢ diéu kién nhiét d6 phong
& céc ty 18 chat tao gel dau khéc nhau
Su khéc biét dang ké (P < 0,05) vé do sang di dugc quan sat thay gitra cac oleogel
Véi ty 16 chat tao gel dau. Viéc tang ty 1& chét tao gel dau dan dén cac miu sang hon, véi
gia tri L* cao nhat (59,48 + 0,35) & nong do 15% va thap nhat (46,35 + 13,31) & nong
d6 5%. Mic du mau 15% thé hién gié tri a* (7,77 + 0,38) va b* (13,39 + 0,38) cao nhit,
cho thay d6 6n dinh mau va kha ning luu gitr hop chat duoc cai thién, nhung khong co

su khéc biét dang ké (P > 0,05) trong cac gié tri a* giita 10% va 15%.
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Kha nang lién két dau cua oleogel dao dong tir 66,11% dén 96,50%, ting theo ty
1& chét tao gel ddu cao hon. OBC thap nhit duoc ghi nhan & mic 5% (66,11 + 0,27%)
va cao nhat & mac 15% (96,50 + 0,82%), phu hop véi nhitng nghién ctru trude day rang
ham luong chat tao gel dau cang cao thi kha ning gitr dau cang tét (Thakur va cong su,
2022). Tuong tu, 46 nhét ciing tang khi ty 1& chat tao gel dau ting. O muc 5%, gel yéu
va long, trong khi & mtc 10%, ching tré nén dic hon va két dinh hon. Céng thirc 15%
thé hién do nhét cao nhat va cau tric chac chan nhat, dam bao d6 6n dinh cao hon. Po
nhét ting 1én nay co6 thé nang cao hiéu suat cua oleogel trong cac wng dung doi hoi do

6n dinh cao va kha niang chéng chay.

> A

5%

15%

Hinh PL VI1.6. Hinh anh oleogel & cac ty 18 chat tao gel dau khéac nhau

Hinh anh quan sét véi kinh hién vi phan cuc (Hinh PL V1.6) di x4c nhan rang

ty 1& chét tao gel ddu cao hon (15%) tao ra mang ludi tinh thé day dic hon, phu hop véi
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cac nghién ciru trude day vé mdi lién hé gitta mat do tinh thé véi do cing tang 1én
(Hwang va cong su, 2015).
% Anh hwong cia nhiét dg lam mdt dén tinh chdt cia oleogel

Nhiét d6 1am mat 1a mét théng sé quan trong trong qua trinh tao oleogel. Ching
anh huong dén tinh 6n dinh va tinh toan ven cua oleogel giau hoat tinh sinh hoc (Ferdaus
va cong sy, 2025). Bang PL V1.4 va Hinh PL V1.7 cho thiy viéc thay d6i nhiét do 1am
mét s& anh hudng dén cac dic tinh cua oleogel tao thanh. Viéc ting nhiét do 1am mat
lam giam hiéu suat thu hdi cac hop chit c6 hoat tinh sinh hoc trong oleogel, véi su khac
biét dang ké dugc quan sét thay giira cac mau (P < 0,05).

Bang PL VI1.4. Tinh chit cua oleogel ¢ cac nhiét d§ lam mat khac nhau

Nhiét d lam lanh (°C)

Chi tiéu
5 15 25
h"';;“cz‘f(f;‘; ot gg.642+ 0,37 85,00 + 0,05 82,14° + 0,19
OBC (%) 99,38¢ + 0,49 98,16° + 0,10 95,94 + 0,29
B 50,73 + 0,44 50,44 + 0,29 50,87 + 0,50
S'\ggu a* 7,512 0,08 7,482 £ 0,02 7,452 £ 0,02
b* 13,512 + 0,08 13,472 + 0,02 13,542 + 0,06

Do nhot (Pa.s) 2.934,01°+ 500,34  2.179,24% +24431  1.777,42° + 321,53

O 5°C, oleogel cho thay hiéu suat thu hdi cao nhat (88,64 + 0,37%) do d6 két tinh
va do ciing ciia ma tran gel dugc tang cuong. Do cing ting sé 1am tang tinh on dinh cua
qua trinh vi bao va han ché su khuéch tan hop chét ra khoi ma tran gel. Khi nhiét do
tang 1én 15°C, gel tré nén mém hon mot chat, cho phép cac hop chat khuéch tan vira
phai va dan dén hiéu suat thu hoi thap hon (85,09 + 0,05%). Tuy nhién, cau trdc oleogel
van 6n dinh. O 25°C, o nhét va d6 bén gel giam 1am yéu cau trdc cua oleogel hon nira,
tang tinh di dong cua cac hop chét, tir d6 1am giam hiéu suat xudng con 82,14 + 0,19%.
C6 thé thay, & nhiét d6 cao hon, tinh toan ven cau trlc cua oleogel giam, thuc day giai
phong hop chat vi bao vao méi trudng. DI véi chi tiéu mau sac, cac gia tri L*, a* va b*
khong cho thiy su khéac biét dang ké gitra cac mau. Vi tat ca cac oleogel déu chira ty 18
chat tao gel dau va luong dich trich ly twong duong nhau, nén sy thay doi nhiét do l1am
mét hau nhu khong anh huong dén mau sac, dian dén cac thong sé mau khac biét khong
c¢6 ¥ nghia théng ké (P > 0,05).
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Cac gia tri OBC dao d6ng tir 95,94% dén 99,38%, véi gia tri cao nhat dugc ghi
nhan & 5°C va thap nhat & 25°C. Theo nghién ciru cua Thakur va cong su (2022), OBC
c6 xu hudng tang 1én khi nhiét d6 lam mat trong qué trinh tao oleogel giam. B nhat
ciing giam khi nhiét do ting. Oleogel 1am mat & 5°C ¢6 d6 nhét cao nhit, cho thay ma
tran gel dic hon va 6n dinh hon, trong khi mau & 25°C ¢ do nhét thap nhat c6 thé do

mang ludi gel kém 6n dinh hon.

5°C 415°C 25°C

Hinh PL VI.7. Miu oleogel quan sét ¢ diéu kién nhiét d6 phong
& nhiét @6 lam mat khac nhau

Hinh anh dudi kinh hién vi phan cuc cho thay rang & 5°C thi oleogel thé hién
mang ludi tinh thé day dic, kich thudc cac giot twong ddi ddng déu hon so vai 2 nhiét
d6 con lai (Hinh PL V1.8). O 15°C, mang ludi oleogel c6 cac hat véi kich thugc kha
I6n, cho thay hé oleogel chua 6n dinh, dé tach pha. Trong khi dé, & & 25°C, oleogel phan
bd twong ddi rai rac, phan bd khong déu. Pidu nay cho thay rang nhiét do 1am mat co
anh hudong dang ké dén ciu tric cua céc chit tao gel dau ciing nhu tinh chat cua oleogel
thanh pham nhu tinh 6n dinh ly héa va kha nang gitr lai c4c hop chat hoat tinh. O nhiét
d6 thap nhu 5°C, oleogel duy tri d6 6n dinh ciu tric tét hon, ma tran oleogel cing hon

va ngan ngua Su tach pha (Ferdaus va cong su, 2025)
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25°C

Hinh PL VI1.8. Hinh anh oleogel ¢ cac nhiét @6 lam mat khac nhau

T6m lai, diéu kién tao oleogel thich hop nhat cho quy trinh vi bao cac hop chét
c6 hoat tinh sinh hoc tir bt phu pham nho sir dung dung méi DES dua trén choline
chloride: glycerol: citric acid dat duoc véi ty 1€ sap ong: finamul 90 la 2:1 (w/w), ham
luong chit tao gel dau 1a 15% va nhiét do 1am mat 1a 5°C. Trong diéu kién nay, kha
nang lién két dau va hiéu suat thu hoi hop chat lan luot 1a 99,38 + 0,49% va 88,64 +
0,37%. Do ctrng va luc cat cua oleogel lan lwot 120,216 + 0,016 N va 0,355 + 0,002 N/s.
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Phu luc VI.2. Két qua xir ly s6 liéu thong ké

% Anh hwéng caa cong thire dén qué trinh tao oleogel
Higu suat thu hai TPC

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

OBC

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0.663718
0.379647
210825
78.00833
]

0.775657
0.6634385
0.876515
£3.04106

4

Mau siac — Gia tri L*

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0.910782
0.901861
0.448852
52.14917

12

Mau sic — Gia tri a*

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0.055109
-0.03938
0.207893
6.6225
12

Mau sic — Gia tri b*

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

P nhot

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

018472
0.103192
1179455

14.1025

12

0.981125
0.976407
49,96387
554.765
]

Analysis of Variance

Sum of
Source DF Squares MeanSquare  FRatio Prob > F
Cong thirc 1 35000017 350000  7.8048 00482
Emror 4 17.778867 44447
C. Total 5 52.868883
Analysis of Variance

Sum of
Source DF Squares MeanSquare  FRatio Prob > F
Cong thirc 1 6.3939307 £.59393  6.9149 01193
Emror 2 19071645 0.95358
C. Total 3 8.50100952
Analysis of Variance

Sum of
Source DF Squares MeanSquare  FRatio Prob > F
Cong thirc 1 20567008 20,5670 102,085%6 <0001
Emror 10 2014683 0.2015
C. Total 11 22581692
Analysis of Variance

Sum of
Source DF Squares MeanSquare  FRatio Prob > F
Cong thirc 1 0.02520833 0.025208 05832 0.4627
Emror 10 0.43221667 0.043222
C. Total 11 0.45742300
Analysis of Variance

Sum of
Source DF Squares MeanSquare  FRatio Prob > F
Cong thirc 1 3.151873 315187 2.2657 0.1632
Emror 10 13.911150 1.39112
C. Total 11 17.063023

Analysis of Variance

Sum of
Source DF Squares
Cong thic 1 51905709
Error 4 998555
C. Total 5 52904265

Mean Square
519057 207.9232
2496

< Anh hwéng cia ty 18 BW: F90 dén qua trinh tao oleogel
Hiéu suat thu hai TPC

Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Emror
Mean of Response
CObservations (or Sum Wgts)

0.927617
0.903489
0.318845
80.83222

9

Analysis of Variance

Sum of
Source DF Squares
Ty 1& BW: FO0 2 20.699356
Emmor 6 1.615200
C. Total 8 22.314556
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Connecting Letters Report

Level Mean
2:1 A 82.586667
1:1 B 81.023333
1:2 C 78.886667

Levels not connected by same letter are significantly different.

OBC
Summary of Fit Analysis of Variance
Rsquare 0.955726 Sum of
Adj Rsquare 0.940969  Source DF Squares
Root Mean Square Emor 0.863428 Ty 1€ BW: FO0 2 97.00674
Mean of Response 84.22973 Emror 6 4.49379
CObservations (or Sum Wgts) g C. Total & 101.50053
Connecting Letters Report
Level Mean
a1 A 84604867
11 B 83.388067
1:2 C 80696267
Levels not connected by same letter are significantly different.

Mau sac — Gia tri L*
Summary of Fit Analysis of Variance
Rsquare 0.685502 Sum of
Adj Rsquare 0.659295  Source DF Squares
Root Mean Square Emor 1.389016 Ty 1€ BW: FO0 2 100.92979
Mean of Response 56.78296 Emror 24 46.30478
Observations (or Sum Wagts) 27 C. Total 26 147.23456
Connecting Letters Report
Level Mean
12 A 50.466667
2:1 B 55.804444
1:1 B 54987778
Levels not connected by same letter are significantly different.

Mau sac — Gia tri a*
Summary of Fit Analysis of Variance
Rsquare 0.642107 Sum of
Adj Rsquare 0.612282  Source DF Squares
Root Mean Square Error 0.26086 Ty I& BW: F90 2 29300963
Mean of Response 7.465026 Error 24 1.6331556
Observations (or Sum Wgts) 27 C. Total 26 45632519
Connecting Letters Report
Level Mean
12 A 7.7633333
a1 A 7.6277778
1:1 B 7.0066667
Levels not connected by same letter are significantly different.

Mau sac — Gia tri b*
Summary of Fit Analysis of Variance
Rsquare 0.579258 Sum of
Adj Rsquare 0.544196  Source DF Squares
Root Mean Square Emor 0.868305 Ty 1& BW: Fo0 2 24.92369%
Mean of Response 13.23259 Emror 24 187103222
Observations (or Sum Wagts) 27 C. Total 26 43.026919

Connecting Letters Report

Level Mean
12 A 13.946667
2:1 A 12.876667
1:1 B 11.5874444

Levels not connected by same letter are significantly different.
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Mean Square
48,5034
0.7490

Mean Square
50,4649
1.0204

Mean Square

1.46305
0.06805

Mean Square
12.4618
0.7543

F Ratio Prob = F

64.7605

F Ratio Prob = F

26.1562

F Ratio Prob=F

21.5296

F Ratio Prob = F

16.5211



D¢ nhot

Analysis of Variance

Summary of Fit

Rsquare 0.713707 Sum of

Adj Rsquare 0.618276 Source DF Squares Mean
Root Mean Square Error 309.2029 Ty 1& BW: F90 2 14300373

Mean of Response 1382.84 Error 6 3736386
Observations (or Sum Wagts) a C. Total & 20036759

Connecting Letters Report

Level Mean
2:1 A 1806.3800
1.2 AB 1493.2500
1:1 B 848.8900

Levels not connected by same letter are significantly different.

Square  FRatio Prob:>F
715019  7.4788 0.0235*
95606

< Anh hwéng cia ty 1é chat tao gel diu dén qua trinh tao oleogel

Hiéu suat thu héi TPC

Analysis of Variance

Summary of Fit
Requare 0.973154 Sum of
Adj Rsquare 0.955256  Source DF Squares
Root Mean Square Error 0.506853 Ty I& chét tao gel ddu 2 27.937033
Mean of Response 80.69333 Error 3 0770700
Observations (or Sum Wagts) ] C. Total 5 28707733
Connecting Letters Report
Level Mean
15 A 82.925000
10 A 81.380000
5 B 77.775000
Levels not connected by same letter are significantly different.

OBC
Summary of Fit Analysis of Variance
Rsquare 0.99882 Sum of
Adj Rsquare 0.998032  Source DF Squares
Root Mean Square Error 0.631369 Ty I& chét tao gel ddu 2 1011.9648
Mean of Response g4.0183 Error 3 1.1959
Observations (or Sum Wagts) ] C. Total 5 10131606
Connecting Letters Report
Level Mean
15 A 06.500450
10 B 80445030
5 C  66.109400
Levels not connected by same letter are significantly different.

Mau sac — Gia tri L*
Summary of Fit Analysis of Variance
Rsquare 0.080612 Sum of
Adj Rsquare 0.978027  Source DF Squares
Root Mean Square Emor 0.831343 Ty |& chét tao gel d3u 2 52458910
Mean of Response 53.36833 Emror 15 1037183
Observations (or Sum Wagts) 18 C. Total 17 53496105

Connecting Letters Report

Level Mean
15 A 50.450000
10 B 54.275000
5 C  46.350000

Levels not connected by same letter are significantly different.
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F Ratioc Prob=F
54,3734 0.0044%

Mean Square
13.9685
0.2569

Mean Square  F Ratio Prob > F
505,982 1269.315 0001
0.399

Mean Square  F Ratio Prob: F
262.295 379.3326 0001
0.601



Mau sic — Gia tri a*

Analysis of Variance

Summary of Fit
Rsquare 0.751578 Sum of
Adj Rsquare 0.718455 Source DF Squares Mean Square
Root Mean Square Emror 0.353588 Ty |& chét tac gel dau 2 5.673744 2.83687
Mean of Response 7.162222 Error 15 1.8753867 0.12502
Observations (or Sum Wgts) 18 C. Total 17 7.5491111
Connecting Letters Report
Level Mean
15 A 7.7683333
10 A 7.3033333
5 B 6.4150000
Levels not connected by same letter are significantly different.
Mau sac — Gia tri b*
Summary of Fit Analysis of Variance
Rsquare 0.824824 Sum of
Adj Rsquare 0.801546 Source DF Squares Mean Square
Root Mean Square Emor 0.543206 Ty |& chét tac gel d3u 2 21.004344 10.3022
Mean of Response 12.03056 Emror 15 4458730 0.2973
Observations (or Sum Wagts) 18 C. Total 17 2546309
Connecting Letters Report
Level Mean
15 A 13.386667
10 B 11.961667
5 C 10.743333
Levels not connected by same letter are significantly different.
Do nhot
Summary of Fit Analysis of Variance
Rsquare 0.032866 Sum of
Adj Rsquare 0.910489 Source DF Squares Mean Square
Root Mean Square Emor 3254982 Ty |& chét tac gel diu 2 BB334074 4416704
Mean of Response 1678473 Emror 6 6336044 105949
CObservations (or Sum Wgts) ] C. Total 8 94691018

Connecting Letters Report

Level Mean
5 A 29340100
15 B 1589.1800
10 C 512.2300

Levels not connected by same letter are significantly different.

F Ratioc Prob=F
22,0005 <. 00017

F Ratio Prob > F
35331 0001*

F Ratio Prob > F
41,6870  0.0003°

< Anh huéng cia nhiét 6 1am mat dén qua trinh tao oleogel

Hiéu suat thu hai TPC

Analysis of Variance

Summary of Fit

Rsquare 000578 Sum of

Adj Rsquare 0.992967  Source DF Squares Mean Square  FRatio Prob: F
Root Mean Square Emor 0.243017 Mhiét dé 1am lanh 2 42.500100 21.2501 353.9708 0.0003°
Mean of Response 85.29 Emror 3 0180100 0.0600

CObservations (or Sum Wgts) 6 C. Total 5 42.680200

Connecting Letters Report

Level Mean

5 A 82645000

15 B 85,090000

25 C 82133000

Levels not connected by same letter are significantly different.
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OBC

Analysis of Variance

Summary of Fit
Rsquare 0.973266 Sum of
Adj Rsquare 0.955443 Source DF Squares Mean Square  FRatio Prob> F
Root Mean Square Ermor 0.234262 Mhiét dé lam lanh 2 12202858 610143 546080 0.00447
Mean of Response 07.82615 Error 3 033519 0.11173
Observations (or Sum Wagts) ] C. Total 5 12.538052
Connecting Letters Report
Level Mean
5 A 00,379950
15 A 05.162800
25 B 095935700
Levels not connected by same letter are significantly different.
Mau sac — Gia tri L*
Summary of Fit Analysis of Variance
Rsquare 0.183052 Sum of
Adj Rsquare 0.074125  Source DF Squares Mean Square  FRatio Prob: F
Root Mean Square Emor 0.417856 Mhiét dé 1am lanh 2 05868444 0.293422  1.6805 0.2195
Mean of Response 59.68056 Emror 15 2.6190300 0.174603
Observations (or Sum Wagts) 18 C. Total 17 3.2058944
Connecting Letters Report
Level Mean
25 A 59.871867
5 A 50731667
15 A 50.435333
Levels not connected by same letter are significantly different.
Mau sac — Gia tri a*
Summary of Fit Analysis of Variance
Rsquare 0.220095 Sum of
Adj Rsquare 0.185131 Source DF Squares Mean Square  FRatio Prob: F
Root Mean Square Emor 0.047691 Mhiét dé 1am lanh 2 001333333 0.006667  2.9311 0.0842
Mean of Response 7478333 Emor 15 0.03411667 0.002274
Observations (or Sum Wagts) 18 C. Total 17 0.04745000
Connecting Letters Report
Level Mean
5 A 7.5116667
15 A 74783333
25 A 7.4450000
Levels not connected by same letter are significantly different.
Mau sac — Gia tri b*
Summary of Fit Analysis of Variance
Rsquare 0.25427 Sum of
Adj Rsquare 0.13484 Source DF Squares Mean Square  FRatio Prob> F
Root Mean Square Ermor 0.055718 Mhiét dé lam lanh 2 0.01387778 0.007920 25373 0.1108
Mean of Response 13.50444 Error 15 0.04656667 0.003104
Observations (or Sum Wgts) 18 C. Total 17 0.06244444

Connecting Letters Report

Level Mean
25 A 13536667
5 A 13511667
15 A 13.465000

Levels not connected by same letter are significantly different.
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D¢ nhot

Summary of Fit Analysis of Variance

Requare 0.714463 Sum of

Adj Rsquare 0.619284 Source DF Squares Mean Square  FRatio Prob> F
Root Mean Square Ermor 371.2177  Nhiét d6 1am lanh 2 20688375 1034419 7.5085 0.0233*
Mean of Response 220689 Error 6  B268156 137803

Ohbservations (or Sum Wgts) a . Total & 28956531

Connecting Letters Report

Level Mean

5 A 29340100

15 A B 21702400

25 B 1777.4200

Levels not connected by same letter are significantly different.

Phu luc VI.3. Két qua khang khuin cia oleogel tdi wu

Bacillus subtilis ATCC 6633

Salmonella typhimurium ATCC 14028 Staphylococcus aureus ATCC 6538

Hinh PL V1.9. Pudng kinh vong khang khuan caa oleogel t6i uu
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PHU LUC VII

Két qua danh gia kha niing &ng dung caa bdt sdy phun trong san pham xdc xich

thanh trung

Phu luc VIIL1. S6 liéu két qua nghién cieu dnh hwéng cia ty 1é bo sung bot say phun

ddi véi xdc xich thanh trung

Bang PL VII1.1. Anh huong cua ty 1¢ bo sung bot siy phun dén ham luong am caa xUc xich

x Thoi gian bao quan (ngay)
Mau 0 2 5 7 9 12
0 61,37 +1,32 5989+158 57,17+0,07 5484+114 5283+050 52,84+0,55
0,2 61,13+0,83 61,14+043 61,18+0,37 58,66+0,65 56,64+0,10 53,53+0,70
04 60,98 +0,52 59,98+0,82 59,26+047 5839+0,56 54,74+0,27 53,90+ 0,17
0,6 61,13+0,87 60,64+0,64 60,02+0,73 59,05+0,26 53,29+041 52,90+ 0,29
08 60,01 +1,28 5953+048 5557+146 54,88+0,86 53,08+0,61 52,31+0,23
So i 60,57 +1,21 5896+0,64 56,13+059 54,89+048 54,03+154 5321+1,.30
Nisin  61,77+0,12 60,15+0,27 58,69+0,60 5691+040 5441+0,95 53,84 +0,62
Bang PL VI11.2. Anh huong cua ty 1¢é bo sung bot siy phun dén pH cuaa xdc xich
x Thaoi gian bdo quan (ngay)
Mau 0 2 5 7 9 12
0 6,24+0,01 653+001 655+001 648+001 641+002 6,18+0,02
0,2 6,04+0,01 6,45+002 6,41+£001 642+002 6,33+0,01 6,43+0,01
0,4 592+0,01 6,36+001 6,35+0,01 6,26+0,02 6,24+0,01 6,24+0,01
0,6 595+0,03 6,30+0,01 6,27+0,01 6,13+0,01 6,10+£0,01 6,13+0,02
0,8 584+002 630+001 6,24+001 6,08+£002 6,04+001 6,07+0,03
Sori 6,08+0,01 6,38+0,01 6,21+0,01 6,00£0,03 598+0,04 6,04+0,02
Nisin 6,20+0,02 651+001 6,31+£0,02 6,17+0,02 6,12+0,03 6,18+0,03

Bang PL VI1.3. Anh huong cia ty 1¢ bo sung bot siy phun dén tong vi sinh vat hiéu khi

(log cfu/g) cua xuc xich

Thoi gian bdo quan (ngay)

Mau 0 2 5 7 9 12
0 399+003 483+001 538+005 643001 691+003 725007
0.2 353+0,04 470+002 507+0,10 525+007 534+0,06 5,75 0,04
04 289+0,16 349+002 399+003 4,76+006 507+0,10 534+0,06
0.6 245+021 254+009 336+008 369+012 399+003 4,3+000
0.8 214+009 274+006 284+0,09 320+008 353+0,07 3,84+0,09
Sori 314+009 362+003 435+005 472+002 539+0,07 574+0,06
Nisin 1,99+012 252+006 3004000 311+005 420+0,08 551+0,02
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Bang PL VI11.4. Anh hudng cua ty 1¢ bo sung bot siy phun dén do cang (N) cua xdc xich

; Thoi gian bdo quin (ngay)
Mau 0 2 5 7 9 12
0 4235+168 4391+194 4396+1,18 4311+114 40,04+050 36,39+0,81
0,2 46,39+ 1,63 46,02+2,13 4543+255 38,07+165 3957+153 38,79+0,16
04 51,37+1,16 49,46+053 4555+120 46,60+141 46,41+130 4571+1,03
0,6 53,18+2,06 53,10+1,87 4884+189 4897+045 48,43+0,73 43,12+1,48
0,8 50,23+1,82 5283+155 48,99+0,83 4734+107 4734+204 4350+1,13
Sori 56,08+ 1,02 5247+192 5365+176 5238+0,82 5360+0,92 47,16+2,07
Nisin  54,79+1,02 5224+101 46,04+230 4541+173 42,16+224 4291+2726

Bang PL VI11.5. Anh huong cua ty 1¢ bo sung bot sdy phun dén do dan hoi caa xic xich

; Thoi gian bdo quin (ngay)
Mau 0 2 5 7 9 12
0 090+0,00 091+002 090+001 091+0,01 089+£001 0,90+0,01
0,2 092+0,02 089+001 090+001 090=+000 09002 0,89+0,01
0,4 0,88+0,01 088+002 089+002 089+0,02 088+001 0,88+0,01
0,6 090+002 088+001 089+002 087+0,02 088+002 0,88+0,01
0,8 089+001 089+001 087+001 088+0,01 086+001 0,87+0,01
Sori 0,89+002 089+000 088+0,02 089+002 0,88+000 0,88+0,01
Nisin 092+002 089+002 083+002 088+002 0,88+001 0,86+0,01

Bang PL VI11.6. Anh huang cua ty 1¢ bo sung bot siy phun dén do dai ban ran (N) cua

xUc Xich
; Thoi gian bdo quin (ngay)
Mau 0 2 5 7 9 12
0 2252+1,60 21,93+1,26 21,91+0,64 2180+0,79 18,98+0,68 17,69+ 1,13
0,2 2435+053 2320+1,01 22,16+0,52 1865+1,43 19,25+0,61 18,05+ 0,25
0,4 2594 +0,86 24,40+1,09 2315+1,17 23,74+069 23,12+1,16 22,08+0,33
0,6 29,15+1,35 27,72+1,05 2444+189 2394+114 2312+0,90 20,81 +0,09
0,8 25,42 +0,92 2531+0,99 2236+0,74 2229+1,37 22,06+1,12 20,55+0,42
Sori  30,13+1,02 27,60+0,84 27,00+120 2668+064 27,14+1,38 2393+1,07
Nisin 26,79+0,09 2539+0,70 22,38+0,42 2153+1,36 2005+1,84 19,70+0,98

Bang PL VI1.7. Anh hudng cua ty 18 b sung bot siy phun dén do dai ran (N) cua xdc xich

Thoi gian bao quan (ngay)

Mau 0 2 5 7 9 12
0 2033+149 1996+155 1974+051 19.80+056 1697+041 1596+ 0,96
0.2 2239+031 2063+119 1999+032 1671+135 17,34+0,89 16,03+ 0,08
0,4 2279+009 2141+132 2048+0,79 2111+095 2029+114 1940+ 0,10
0.6 2590+ 1,17 2446+123 2167+189 2077+135 2028+1,02 1829+ 0,19
0.8 2259+058 2245+061 1945+0,78 1957+139 1805+0,81 17,94+ 0,44
Sori  2685+126 2460+072 2382+091 2366+1,00 2395+128 21,18+098
Nisin 24,69 +048 22,61+039 19,75+048 1907 +167 17,60+155 16,87 +074
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Bang PL VI11.8. Anh hudng cua ty 18 bo sung bot sy phun dén do ¢b két cua xtc xich

x Thoi gian bao quan (ngay)
Mau 0 2 5 7 9 12
0 053+0,02 050+002 050+001 051+002 047+002 0,49=+0,02
0,2 053+002 050+002 049+0,02 049+002 049+001 047%0,01
04 050+001 049+002 051+001 051+001 0,50+0,02 0,48=+0,01
0,6 055+001 052+002 050+0,02 049+002 048+0,02 0,48=+0,02
0,8 051+0,02 048+001 046%+001 047+0,02 047+001 047%0,01
So ri 054+001 053+002 050+001 051+£000 0,51+0,02 0,51+0,01
Nisin 049+001 049+001 049+0,02 047+002 0,47+0,02 0,46=0,01

Phu luc VIL2. Két qua xir ly théng ké anh hwéng cia ty 18 bé sung bot say phun

ddi véi xac xich thanh tring

Ham lwong am

4 Summary of Fit

F Ratio
51.6261

0.6037 Prob = F

F Ratio

0.094178 352.1181

RSquare (0.96183
RSguare Adj (.943199
Root Mean Square Error 0.776973
Mean of Response 57.21048
Observations (or Sum Wgts) 126
4 Analysis of Variance
Sum of
Source DF Squares Mean Square
Model 41 1277.8060 31.1660
Error 84 50.7097
C. Total 125 1328.5158
pH
4 Summary of Fit
R5quare (0.994215
R5quare Adj (0.991392
Root Mean Square Error 0.016354
Mean of Response 6.225079
Observations (or Sum Wgts) 126
4 Analysis of Variance
Sum of
Source DF Squares Mean Square
Model 41 3.8612825
Error 84  0.0224667
C. Total 125 3.8837492

0.000267 Prob = F
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L*

4 Summary of Fit

RSquare (0.669035
RSquare Adj (0.507492
Root Mean Square Error (0.768283
Mean of Response 79.99651
Observations (or Sum Wgts) 126
4 Analysis of Variance
Sum of
Source Squares
Model 100.22773
Error 4958173
C. Total 149.80946
a*

A Summary of Fit

R5quare 0.796222
R5quare Adj 0.696759
Root Mean Square Error 0.152568
Mean of Response 2.060952
Observations (or Sum Wgts) 126

4 Analysis of Variance

Sum of

Source Squares Mean Square
Model 7.6398190 0.186337
Error 1.9552667
C. Total 9.5950857

b*

4 Summary of Fit
RSquare 0.746584
RSquare Ad) 0.622893
Root Mean Square Error 0.365073
Mean of Response 12.76278
Observations (or Sum Wgts) 126

4 Analysis of Variance

Sum of

Source Squares Mean Square
Model 32982528 0.804452
Error 11.195400 0.133279
C. Total 44177928

Mean Square
244458

0.59026 Prob = F
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F Ratio
4.1415

F Ratio
8.0052

F Ratio
6.0359

Prob = F



AE

4 Summary of Fit

R5quare

R5quare Adj

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

4 Analysis of Variance

Sum of
Source DF Squares
Model 41 57669178
Error 84 16677467

C. Total 125 74346644
bo cung

4 Summary of Fit

R5quare (0.937004
RSguare Adj 0.906256
Root Mean Square Error 1.52885
Mean of Response 4699704
Observations (or Sum Wgts) 126
4 Analysis of Variance

Sum of
Source DF Squares Mean Square
Model 41 2920.3534 71.2281
Error 84 196.3401

C.Total 125 3116.6935
D) dan hoi

4 Summary of Fit

R5quare

R5guare Adj

Root Mean Square Error

Mean of Response

Observations (or Sum Wgts)

4 Analysis of Variance

Sum of

Source DF Squares

Model 41 0.02402978

Error 84 001732333

C. Total 125 0.04135311

0.77568

0.66619

0.44558

1.241111

126

Mean Square
1.40657

0.19854 Prob = F

0.581088
0.376618
0.014361
0.887556

126

Mean Square
0.000586

F Ratio
7.0845

F Ratio
304735

23374 Prob:F

F Ratio
2.8419
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P dai ban ran

4 Summary of Fit

RSquare 0.925727
RSquare Ad) (0.889474
Root Mean Square Error 1.023307
Mean of Response 23.29535
Observations (or Sum Wgts) 126
4 Analysis of Variance

Sum of
Source DF Squares
Model 41 1096.3271
Error 84 87.9612

C. Total 125 1184.2883

P dai rin

4 Summary of Fit

RSquare

RSquare Adj

Root Mean Square Error

Mean of Response

Observations (or Sum Wgts)

4 Analysis of Variance

Sum of

Source DF Squares

Model 41  888.29199

Error 84 85.19115

C. Total 125 97348315

P co két

4 Summary of Fit

R5quare

R5quare Adj

Root Mean Square Error

Mean of Response

Observations (or Sum Wgts)

4 Analysis of Variance

Sum of

Source DF Squares

Model 41 0.05453416

Error 84 0.02099400

C. Total 125 0.07552816

0.912488
0.869774
1.007065
20.67309

126

Mean Square
26.7397

F Ratio
25,5355

1.0472 Prob = F

Mean Square
21.6657

1.0142 Prob > F

0.722037
0.586365
0.015809
0.494825

126

Mean Square
0.001330

F Ratio
21.3627

F Ratio
53219

0.000250 Prob = F
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PHU LUC VIII

Két qua danh gia kha ning &ng dung caa oleogel trong san pham xuc xich

thanh trung

Phu luc VIIL1. S6 liéu két qua nghién ciu dnh hwéng cia ty 1é bo sung oleogel ddi
véi xuc xich thanh trung

Bang PL VI1I1.1. Anh huong cua ty 1& bd sung oleogel dén ham lugng am (%) cua xdc xich

Thoi gian Ty 1é b6 sung oleogel (%)

biao quan (ngay) 0,4 0,8 1,2

0 59,95 + 0,37 60,23 + 0,75 60,32 + 0,36
2 57,22 £ 0,54 57,93 +£0,43 57,03 £ 0,67
5 57,68 £ 0,35 57,22 £0,88 56,61 £ 0,44
7 57,55 + 0,32 57,59 + 0,55 56,55+ 0,76
9 56,75+ 0,30 57,35+£0,48 56,37 £ 0,33
1 55,64 £0,17 55,20 £ 0,75 55,33 £ 0,58

Bang PL VI111.2. Anh huong cua ty 1¢ bo sung oleogel dén pH cuaa xdc xich

Thoi gian Ty 1é b6 sung oleogel (%)

bdo quan (ngay) 0,4 0,8 1,2

0 6,34 £ 0,03 6,21 + 0,02 6,01 £ 0,02
2 6,47 £ 0,01 6,37 £ 0,02 6,00 £ 0,02
5 6,39 £ 0,03 6,28 £ 0,02 5,98 £ 0,02
7 6,42 £ 0,02 6,31 + 0,02 5,99 £0,01
9 6,28 £ 0,04 6,15 + 0,04 5,93+0,01
1 6,29 £ 0,02 6,07 £ 0,02 5,90 £ 0,02

Bang PL VI111.3. Anh huong cua ty 1é bo sung oleogel dén tong vi sinh vat hiéu khi

(log cfu/g) cua xuc xich

Thaoi gian Ty 1é b6 sung oleogel (%)

biao quan (ngay) 0,4 0,8 1,2

0 3,26 + 0,01 3,13+ 0,10 2,95 + 0,08
2 3,63 + 0,04 3,28 + 0,03 3,04 + 0,06
5 4,22 +0,11 3,36 + 0,03 3,19+0,16
7 4,52 +0,11 3,38+ 0,05 3,29 + 0,07
9 4,58 + 0,03 3,58 + 0,03 3,43+ 0,03
1 4,61 +0,01 4,36 + 0,08 3,40 + 0,02
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Bang PL VI111.4. Anh huong cua ty 1é bo sung oleogel dén do cing cua xUc xich

Thoi gian Ty 1& b sung oleogel (%)

bdo quan (ngay) 0,4 0,8 1,2

0 43,69 + 1,61 44,93 + 1,05 48,63 + 0,82
2 40,79 £ 1,36 48,32 + 1,84 42,91 +1,32
5 41,36 + 0,85 40,06 £ 1,42 41,39+ 1,76
7 39,02 + 0,49 38,46 + 1,29 40,35+ 1,39
9 31,80 + 1,08 36,81 +1,12 41,39 £ 0,74
12 29,02+ 1,72 31,37 £ 1,47 35,09 + 0,80

Bang PL VII1.5. Anh huong cua ty 1& bd sung oleogel dén do dan hoi caa xtc xich

Thoi gian Ty 1é bo sung oleogel (%)
bao quan (ngay) 0,4 0,8 1,2
0 0,94 + 0,01 0,89 £ 0,01 0,86 + 0,01
2 0,90 £ 0,01 0,90 + 0,01 0,85+0,01
5 0,89 + 0,02 0,87 + 0,02 0,83 + 0,00
7 0,88 + 0,02 0,88 + 0,01 0,84 + 0,01
9 0,88 + 0,01 0,86 + 0,01 0,84 + 0,01
12 0,87 + 0,02 0,87 +0,01 0,83+0,01

Bang PL VI111.6. Anh huong cua ty 1& bd sung oleogel dén do dai ban ran (N) cua
xuc xich

Thoi gian Ty 1 bo sung oleogel (%)
bao quan (ngay) 0,4 0,8 1,2
0 23,57 £ 0,92 23,50 £ 0,53 24,90 £ 0,62
2 21,37 £ 0,46 23,84 £1,73 20,60 £ 0,91
5 22,49 £ 0,64 20,73 £ 0,47 19,38 £ 0,71
7 18,65 + 0,83 20,17 £ 0,91 18,94 + 0,97
9 13,96 + 0,56 17,17 + 0,95 18,09 + 0,93
12 13,21 + 1,07 15,49 + 0,36 14,81 + 0,96

Bang PL VII1.7. Anh huong cua ty I& bo sung oleogel dén do dai ran (N) caa xdc xich

Thoi gian Ty 1 bo sung oleogel (%)

bdo quan (ngay) 0,4 0,8 1,2

0 22,19+ 0,94 20,90 £ 0,52 21,49 £ 0,26
2 19,20 £ 0,54 21,32 £ 1,26 17,50 £ 0,85
5 20,04 £ 0,48 17,97 £0,73 16,17 £ 0,62
7 16,45 + 0,55 17,77 £ 0,65 15,87 £ 0,90
9 12,22 + 0,41 14,80 + 0,59 15,22 + 0,97
12 11,56 £ 1,18 13,42 £ 0,36 12,27 £0,79
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Bang PL VI111.8. Anh hudng caa ty 1¢ bo sung oleogel dén do cb két cua xtc xich

Thoi gian Ty 1& b sung oleogel (%)

bdo quan (ngay) 0,4 0,8 1,2

0 0,54 £ 0,00 0,52 £ 0,01 0,51+0,01
2 0,52 + 0,02 0,49 £ 0,02 0,48 £ 0,02
5 0,54 £ 0,01 0,52+ 0,01 0,47 +£0,01
7 0,48 £ 0,02 0,52+ 0,01 0,47 £ 0,02
9 0,44 + 0,02 0,47+ 0,01 0,44 + 0,02
12 0,45+ 0,01 0,49+ 0,01 0,42 + 0,02

Phu luc VIIL2. Két qua xir Iy thong ké anh hwéng caa ty 1¢ b sung oleogel doi véi
xuc xich thanh trung

Ham lwong am

4 Summary of Fit

R5quare 0918145
R5guare Adj (0.879491
Root Mean Square Error 0.536339
Mean of Response 57.36307
Observations (or Sum Wgts) 54
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio
Model 17 11615736 6.83279 23.7530
Error 36 10.35575 028766 Prob > F
C. Total 53 12651311 <0001
pH
4 Summary of Fit
RSquare 0.99144
RSquare Adj (0.987398
Root Mean Square Error 0.020503
Mean of Response B.187222
Ohbservations (or Sum Wgts) 54

4 Analysis of Variance
Sum of

Source DF Squares Mean Square  F Ratio
Model 17 1.7527500 0.103103 245.2669
Error 36 0.0151333 0.000420 Prob = F
C. Total 53 1.7678833 <,0001
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L*

4 Summary of Fit

Mean Square
7.14272

F Ratio
16.5863

043064 Prob=F

Mean Square
0.260083

F Ratio
16.7776

Mean Square
0.958828

RSquare 0.886781
RSquare Adj 08332316
Root Mean Square Error 0.656232
Mean of Response 6787833
Observations (or Sum Wgts) 54
4 Analysis of Variance
Sum of
Source DF Squares
Model 17 12142628
Error 36 15.50307
C. Total 53  136.92935
a*
4 Summary of Fit
RSquare 0.887927
RSqguare Ad) (0.835003
Root Mean Square Error 0.124506
Mean of Response 3.298519
Observations (or Sum Wgts) 54
4 Analysis of Variance
Sum of
Source DF Squares
Model 17 44214148
Error 36 0.5580667
C. Total 53 49794815
b*
4 Summary of Fit
R5quare 0.834911
R5guare Adj 0.756952
Root Mean Square Error (0.299215
Mean of Response 10.405
Observations (or Sum Wqgts) 54
4 Analysis of Variance
Sum of
Source DF Squares
Model 17 16.300083
Error 36 3.223067
C. Total 53 19.523150

F Ratio
10.7096

0.089530 Prob = F
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AE

4 Summary of Fit

R5quare

R5guare Adj

Root Mean Square Error

Mean of Response

Observations (or Sum Wgts)
4 Analysis of Variance

Sum of

Source DF Squares

Model 17 48320743

Error 36 12078733

C. Total 53 60399476
bo cung

4 Summary of Fit

R5quare 0961506
R5guare Adj (0.943329
Root Mean Square Error 1.285559
Mean of Response 39.74508
Observations (or Sum Wgts) 54

4 Analysis of Variance

Sum of

Source DF Squares Mean Square
Model 17 1486.1083 87.4181
Error 36 59.4958
C. Total 53 1545.6041

P§ dan hoi

4 Summary of Fit

RSquare

RSquare Ad)

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

4 Analysis of Variance

Sum of
Source DF Squares
Model 17 0.03942145
Error 36 0.00654519
C. Total 53 0.04596664

0.800019
0.705584
0.579241
1.567963

54

Mean Square
2.864240

F Ratio
84716

0.33552 Prob = F

0.85761
0.79037

0.013484

0.871069

54

Mean Square
0.002319

F Ratio
52.8954

16527 Prob > F

F Ratio
12.7545
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P dai ban rian

4 Summary of Fit

RSquare

RSquare Adj

Root Mean Square Error
Mean of Response
Ohbservations {or Sum Wgts)

4 Analysis of Variance

Sum of
Source DF Squares
Model 17  638.56914
Error 36 26.84531
C. Total 53 66541445
P dai rin
4Summary of Fit
RSquare 0.966469
RSquare Adj 0.950635
Root Mean Square Error 0.75046
Mean of Response 17.02026
Observations (or Sum Wgts) 54
4 Analysis of Variance
Sum of
Source DF Squares
Model 17 58438426
Error 36 20.27485
C. Total 53 60465910
P co két
4Summary of Fit
RSquare (0.89291
RSguare Adj 0.842339
Root Mean Square Error 0.015192
Mean of Response 0.488141
Observations {or Sum Wagts) 54
4 Analysis of Variance
Sum of
Source DF Squares
Model 17 0.06927693
Error 36 0.00830868
C. Total 53 0.07758561

0.95%656
0.940605
0.863541
19.4919
54

Mean Square
34.3755

Mean Square
0.004075

Mean Square
37.5629

F Ratio
50.3725

0.7457 Prob = F

F Ratio
61.0372

0.5632 Prob = F

F Ratio
17.6567
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