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TOM TAT
Pé tai: Nghién ciu trich ly va vi bao mét sé hep chat c6 hoat tinh sinh hoc

tw trai nhau (Morinda L.)
Tac gia: Nguyén Thanh Cong
Chuyén nganh: Céng nghé thuc pham M4 s6: 9.54.01.01

Nghién ctru duoc thuc hién véi muyc tiéu nhiam (1) xac dinh su anh huéng caa
thoi gian bao quan, do chin sau thu hoach dén ham luong hop chat ¢ hoat tinh sinh
hoc polyphenols (TPC), flavonoids (TFC), saponin (TSC) va acid ascorbic; (2) diéu
kién trich ly toi wu dé thu nhan dich chiét c6 ham lwong hop chat c6 hoat tinh sinh
hoc cao nhat tir trai nhau; (3) tdi wu hoa diéu kién say phun dich trich trai nhau cho
phuong phap Vi bao; va (4) xac dinh diéu kién giai phong va hiéu qua bao quan bot

vi bao dich trich trai nhau.

Két qua nghién cau cho thay do tudi khi thu hoach va thoi gian bao quan c6
anh huong dang ké dén ham luong cac hop chét cd hoat tinh sinh hoc cua trai nhau
(loai pho bién Morinda citrifolia L.). Pé tai dinh danh dugc 16 hop chat bang phuong
phap LC-MS/MS va dinh lugng dugc rutin, gallic acid, va quercetin bang HPLC.
Diéu kién trich ly téi wu cua trai nhau Ia ndng d6 enzyme 1%, nhiét o trong qua trinh
thiry phan bang enzyme 60°C va thoi gian thiy phan 51 phit. Vi cac diéu kién trich
ly enzyme téi wu vé6i su hd tro cua tién xt ly siéu am, dich trich thu duoc cd ham
lugng cé&c hop chét sinh hoc, bao gom TPC (13,29 + 0,31 mg GAE/g vck), TFC (8,40
+ 0,08 mg QE/g vck), TSC (63,19 £+ 1,66 mg AE/g vck) va acid ascorbic (1,16+ 0,15
mg AA/g vck), da duoc tham tra.

Dich chiét, bot sdy phun cua trai nhau c6 nhiéu hop chat cé hoat tinh sinh hoc
nhu tanin, saponin, steroid, terpenoid, coumarin. Két qua cho thy say phun dich chiét
trai nhau cd ty 1é vo bao (Maltodextrin va Gum Arabic véi ty 1¢ 1: 2, kl/ kI) c6 nong
d6 20%, va ty Ié khdi lugng phdi tron gitra dung dich vo bao va dich nhau 1a 7:3. Hon



hop duoc say phun & nhiét 6 dau vao 175°C va nhiét d6 dau ra 82°C. Hiéu suat vi
bao cac hop chat c6 hoat tinh sinh hoc nhau tinh theo ham lugng TFC va TSC lan
luot 12 90,3 va 89,9%. Thanh pham c6 chira TPC, TFC, va TSC lan luot 12 2,0 mg
GAE/100g bot; 8,7 mg QE/100g bot: 25,7 mg AE/100g bot. Bot vi bao c6 do 4m va
hoat d6 nuéc lan luot 14 4,74% va 0,21. Thanh pham bot vi bao tinh én dinh cao va
c6 thé bao quan trong thoi gian tdi thiéu 1a 1 ndm & nhiét do 25°C.

Kha nang giai phong cua TPC, TSC va TFC trong bot vi bao trong moi trurong
dém PBS 7,4 cho két qua lan luot twong (ng 1a 25%, 40% va 80% sau 120 phut. Xét
vé kha ning bao vé TPC, TEC va TSC trong mdi trudng in vitro md phong tiéu hoa,
md phong dich vi da day (pH 1,2) cho két qua ca ba hoat chat déu giai phong cham
véi hiéu suat thap trong 2 gio (<20%), cho thay & giai doan ndy vo vi bao da phat huy
hiéu qua bao vé hoat chat trong moi truong acid. Trong giai doan md phong rudt non
(pH 6,8), ca ba hoat chat c6 sy thay doi manh mé vé hiéu suat giai phong va cho két
qua gan tuong duong véi hiéu suat & moi truong pH 7,4.

Vé kha ning bao vé hoat chat & moi truong nhiét do cao tién hanh danh gia sy
phan hiy vi nhiét caa cac mau, trén co so d6 danh gia kha nang bao vé cua bot nhau
vi bao. Dbi véi mau cao tu do, sau khi gitr trong méi truong 60°C va 100°C trong 1
gio, lugng hoat chat TPC, TFC, TSC mat di dang ké. Cao chiét di dong kho chiu anh
huéng niang né vé hinh dang, bi chay va c6 hién twong phan hay. Trong khi d6, cao
da duoc vi bao dugc giir trong cung diéu kién nhu trén cd hiéu suat bao vé kha cao
véi TPC 84,94%, TFC 71,17% va TSC 38,15% ¢ 60°C, va hiéu suat TPC, TFC va
TSC lan luot 12 77,99%, 61,26%, 21,22% & 100°C. Piéu nay chang minh 16p vo vi
bao cé thé bao vé hoat chat tot hon khi cac hoat tinh sinh hoc van con duge dam bao.

Viéc vi bao cac hop chat cd hoat tinh sinh hoc trong trai nhau bang phuong phap
say phun c6 nhiéu y nghia thyuc tién hon. Két qua bot nhau sy phun cé nhiéu tiém
ning wng dung trong thyuc té ciing nhu san xuat, dong thoi gidp giam chi phi trong
mot s6 cong doan trong phan phéi va van hanh.

Tir khoa: Flavonoids, polyphenols, saponin, say phun, trai nhau, vi bao



ABSTRACT

Project title: Study on the extraction and micropaging of some bioactive

compounds from noni fruit (Morinda L.)
Ph.D. candidate: Nguyen Thanh Cong
Major: Food Technology Major code: 9.54.01.01

The research aimed to (1) determine the influence of storage time and ripeness
post-harvest on bioactive compound levels including polyphenols (TPC), flavonoids
(TFC), saponin (TSC), and ascorbic acid; (2) optimize extraction conditions to obtain
extracts with the highest levels of bioactive compounds from noni fruits; (3) optimize
spray drying conditions for noni fruit extracts with maximum bioactive compound
levels; and (4) identify the release conditions and storage conditions for noni extract

encapsulated powder.

Research findings indicate that the age at harvest and storage duration
significantly affect the bioactive compound content of noni fruit (Morinda citrifolia
L.). Sixteen compounds were identified using LC-MS/MS, and rutin, gallic acid, and
quercetin were quantified via HPLC. Optimal extraction conditions for noni fruits
included a 1% enzyme concentration, 60°C incubation temperature, and 51 min of
incubation time. Under these conditions, assisted by ultrasound pre-treatment, the
extract contained high levels of bioactive compounds, including TPC (13.29 + 0.31
mg GAE/g dry weight), TFC (8.40 + 0.08 mg QE/g dry weight), TSC (63.19 + 1.66
mg AE/g dry weight), and ascorbic acid (1.16 + 0.15 mg AA/g dry weight).

Noni fruit extract and spray-dried powder contained various bioactive
compounds such as tannins, saponins, steroids, terpenoids, and coumarins. The
optimal spray drying conditions included a coating ratio of Maltodextrin and Gum
Arabic at 1:2 (w/w), a 20% coating ratio, and a mass ratio of coating solution to noni
extract of 7:3. The mixture was spray-dried at 175°C inlet temperature and 82°C
outlet temperature. Encapsulation yields for bioactive compounds in noni, measured
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by TFC and TSC contents, were 90.3% and 89.9%, respectively. The final product
contained TPC, TFC, and TSC at levels of 2.0 mg GAE/100g powder, 8.7 mg
QE/100g powder, and 25.7 mg AE/100g powder, respectively, with moisture and
water activity levels of 4.74% and 0.21, respectively. The encapsulated powder

exhibited high stability, preserving for at least one year at 25°C.

In a PBS 7.4 environment, microencapsulated powder released 25% TPC, 40%
TSC, and 80% TFC after 120 min. In simulated gastric juice (pH 1.2), all three active
ingredients released slowly with less than 20% efficiency in 2 h, indicating effective
protection in an acidic environment. In simulated small intestine conditions (pH 6.8),
release efficiency increased significantly, nearly equivalent to performance in pH 7.4.

Thermal decomposition evaluations showed that microencapsulated noni
powder exhibited high protection performance at both 60°C and 100°C, with TPC,
TFC, and TSC retention percentages ranging from 38.15% to 84.94% at 60°C and
from 21.22% to 77.99% at 100°C. This confirms the effectiveness of
microencapsulation in preserving biological activities under high temperature
conditions. The spray drying method for microencapsulation of bioactive compounds
in noni fruit holds significant practical importance, offering potential applications in

practical and industrial settings while reducing costs in logistics and operations.

Key words: Flavonoids, noni fruit, polyphenols, saponin, spray drying,

encapsulation
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MO DAU

Viéc tng dung dich chiét tir thuc vat c6 nhiéu thanh phan cé hoat tinh sinh hoc
trong ché bién thuc pham hién dang 13 mot xu hudng trong nghién ctu tng dung tai
Viét Nam va Thé gioi. Va nhiéu nghién ctiu cho thay, dich chiét chira polyphenol cé
tac dung chdng oxy héa, di hoa trong bao quan cac san pham thit ca nham kéo dai
thoi gian bao quan (Magsood & ctv, 2015). Trong cong nghé bao quan rau qua,
polyphenol két hop v6i mang bao dn duoc nhu alginate, carrageenan, gum arabic...
lam giam mat nudc, thay d6i cau tric, giam hoda nau trai cay khi cit l1at va ting thoi
gian ton trir rau qua (Azarakhsh & ctv, 2012). Dic biét hon nita, mot s6 polyphenol
c6 tac dung khang khuan, khang méc cao nhu flavonoids, tannin, phenolic acid,
saponin, coumarin, stilbenes (Daglia, 2012). Tuy nhién, hiéu qua bao quan cac hop
chat polyphenol phu thudc vao su 6n dinh va tinh kha dung cua cac thanh phan hda
hoc nay. Trong thuc té, ndng do polyphenol sau trich ly kha cao va c6 huong vi cam
quan thap. Do d6, polyphenol thuong dé xuét sir dung & dang bot siy phun nang cao
tinh tién dung san pham va han ché dugc nhugc diém trén (Ersus & Yurdagel, 2007).

Trai nhau (Morinda citrifolia L.) tir lau da dwoc biét dén nhu mot vi thubc dan
gian hiéu qua tai nhiéu qudc gia trén thé gi¢i. Va moi nguoi da sir dung nhau dé 1am
thudc chira bénh ung thu, nhidm tring, viém khép, tiéu duong, hen suyén, ting huyét
ap va dau nhuc (Bourdy & ctv, 1992). Ngay nay, di c6 nhiéu nghién cau cho thay tréi
nhau c6 chaa nhiéu hop chat sinh hoc ¢6 loi cho stc khoe con ngudi. Cac nhém hop
chét hoat tinh sinh hoc trong nhau da dwoc béo céo, bao gdom acid, ruou, phenol,
saccharide, anthraquinone, carotenoid, este, triterpenes, flavonoid, glycoside, lacton,
iridoids, xeton, lignans, nucleoside, sterol (Abou Assi & ctv, 2017)... Ngoai ra, trai
nhau con chira ham lugng cao polyphenol, flavonoid, acid ascorbic duoc biét dén nhu
cac chat c6 hoat tinh chéng oxy hoa cao, gitp ngin chin cac gbc tu do trong co thé
con ngudi. Cac polyphenol chinh trong trai nhau bao gém damnacanthal, scopoletin,
morindone va alizarin, aucubin, nor damnacanthal,... da gop phan vao cac hoat dong

duoc ly khac nhau (Chan Blanco & ctv, 2006; Kim & ctv, 2017).



M3t khac, viéc chiét xuat bang dung méi hoa hoc van con mét sé han ché nhu
can loai dung méi va thoi gian xir Iy. Budc nay kéo dai ciing c6 thé dan dén phan hay
cac hop chat khong on dinh, dic biét 1 khi can gia nhiét. Mat mat ciing c6 thé xay ra
& giai doan phan giai lai. Mot van dé khac 1a nguy co hap phu chat phan tich vao dung
cu thay tinh c6 thé xay ra ¢ giai doan chiét hoic bay hoi dung méi. Tir d6 dit ra tinh
cap thiét cua viéc nghién ciu chuyén sau vé trich ly cac hop chét sinh hoc trong tréi
nhau bang cach sir dung phwong phéap than thién méi truong nhu enzyme hay siéu 4m
nham nang cao ning suat va dam bao dugc cht lugng cua cac hop chat sinh hoc trong
dich trich. Pay 1a co so dé thuc hién dé tai nghién ciru: “Nghién ctu trich ly mot sb
hop chat c6 hoat tinh sinh hoc tir trai nhau (Morinda. L) va ¢ng dung vi bao trong

thuc pham”.
Poi twong nghién ciru

Sau khi khao sat nguyén liéu tai ving BPong Nam B¢ cua Viét Nam, trai nhau,
duoc thu hoach va cung @ng tir cong ty MEKONG HERBALS, tinh Tién Giang, Viét

Nam, duoc chon 1a dbi tegng nghién ciru dé thuc hién dé tai.
Muc tiéu ludn an

Muc tiéu tong quat: Khao sat nguyén liéu nhau (Morinda citrifolia) dé xac dinh
thanh phan dinh dudng va ham lwong cac hop chat cé hoat tinh sinh hoc cao, tir d6
t6i wu hoa phuong phép trich ly va quy trinh vi bao nham bao toan cac hop chat nay

trong cac diéu kién khac nhau.
Muc tiéu cu thé

1. Xac dinh thanh phan dinh dudng va ham luong cic hop chit c6 hoat tinh sinh
hoc cao, bao gém TFC, TPC, TSC va vitamin C trong trai nhau.

2. Dinh danh va dinh luong cac hop chat don 1é c¢6 hoat tinh sinh hoc trong trai
nhau.

3. Nghién ciru anh huéng cua thoi gian bao quan va do chin sau thu hoach dén

ham luong cac hop chit c¢6 hoat tinh sinh hoc.


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/glassware
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/glassware

4. Téi uu hoa phuong phép trich ly dé thu nhan dich chiét c6 ham luong hop chét
¢6 hoat tinh sinh hoc cao tir trai nhau.

5. Xay dung quy trinh t6i wu héa phuong phap vi bao bang siy phun nham bao
toan lugng hop chét c6 hoat tinh sinh hoc.

6. Danh gia kha ning giai phong va bao vé cac hop chat c6 hoat tinh sinh hoc
trong cac diéu kién méi truong khac nhau, bao gdm mo phong tiéu héa in vitro

va moi trudng nhié¢t do cao.
Y nghia khoa hoc va thuec tién caa de tai

- Tinh cap thiét: DBé tai nghién cau khai thac cac hop chét c6 hoat tinh sinh hoc
tir trai nhau trong cac diéu kién vi bao khat khe mo ra trién vong wng dung cac hop
chat nay maot cach hiéu qua trong ché bién va bao quan thuc pham.

- 'Y nghia khoa hoc: Pé tai sir dung céc ky thuat hd tro tach chiét nhu enzyme
két hop song siéu am tién tién va than thién véi moi trudng dé thu dich chiét tir trai
nhau. Bén canh d6, dam bao giir duoc cac hop chat sinh hoc cao nhét trong va sau
qué trinh say phun thu san pham dang bot. Bot nhau vi bao c6 tinh 6n dinh va hiéu
qua lam tién dé cho cac cac nghién cau giai phong va 1a co sé cho cac nghién ctu
tiém ning (ng dung xa hon.

- 'Y nghia thuc tién: Xé4c dinh duoc thoi diém thu hoach va bao quan trai nhau.
Két qua cua dé tai 1a co so dé gia tang gid tri str dung cua trai nhau co ham luong hop
chat sinh hoc cao. La tién dé san xuat chat chdng oxy hda tu nhién ¢ ngudn gbc thuc
vat, cling nhu st dung dé phat trién cac san pham thuc pham chizc ning. Pé tai lra
chon cac phuong phap cd kha nang tng dung trén quy mé lén céng nghiép. Ban than
san pham 12 bot nén cé thé luu gitr 1au, thuan loi hon trong van chuyén va st dung ma
it bi thay d6i tinh chat hda ly. Cing vai viéc kéo dai thoi gian giam ham luong hop
chat c6 hoat tinh sinh hoc, bot nhau vi bao sé& gilip tuong thich cac san xuat ¢ng dung.

- Nhirng diém méi cia luan an: Py 1a cong trinh nghién ctru ¢6 tinh hé thng
trén mot ddi tugng nguyén liéu mai la trai nhau (Morinda citrifolia L). Téi uu hoa
diéu kién trich ly than thién véi méi truong lam giau cac hop chat c6 hoat tinh sinh

hoc cao trong trai nhau. T4i wu hoa duoc nguyén liéu vo két hop gum arabic va
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maltodextrin, va nhiét do siy phun cho vi bao phi hop dé giir dugc cao nhat TPC,
TFC va TSC. Xac dinh dugc cac moé hinh danh gia bot nhau vi bao cling nhu kha nang
giai phong va bao vé cac hoat chat ¢ hoat tinh sinh hoc trong cac diéu kién khac
nhau.



CHUONG 1: TONG QUAN

Trudce day Viét Nam ciing nhu nhiéu qudc gia khac trén thé gi¢i nhu Campuchia,
Philippin, An d9,... d3 biét st dung nhau dé l1am thudc chira bénh ung thu, nhiém
tring, viém khap, tiéu duong, hen suyén, ting huyét ap va dau nhizc (Whistler, 1992).
Céac nhom hop chit hoat tinh sinh hoc trong nhau da dwoc bao cdo, bao gom acid,
ruou, phenol, saccharide, anthraquinone, carotenoid, este, triterpenes, flavonoid,
glycoside, lacton, iridoids, xeton, lignans, nucleoside, sterol,...(Abou Assi & ctv,
2017; Singh, D., 2012). Ngoai ra trai nhau con chtra cac chét cé hoat tinh chéng oxy
hoa cao, giup ngin chin cac goc tu do trong co thé con nguoi nhu polyphenol,
flavonoid, acid ascorbic. Cac polyphenol chinh bao gém damnacanthal, scopoletin,
morindone va alizarin, aucubin, nordamnacanthal,... gép phan vao céc hoat dong duoc
ly khac nhau (Chan Blanco & ctv, 2006; Kim & ctv, 2017). Vitamin C c0 trong tréi
nhau xay nhuyén 1a khoang 1,13 mg/g trai nhau, tuong &ng véi 250% nhu cau vitamin
C hang ngay duoc khuyén nghi cho nguoi 16n (West & ctv, 2011).

Theo truyén théng, nudce ép trai nhau duoc san xuat bang cach Ién men trai nhau
trong lo hozc thung kin trong khoang 10 ngay dén 02 thang. Nudc ép 1én men sau do
duoc thanh trung va dong chai (Camel, 2001). Bot trai nhau duoc san xuat bang céach
lam kho toan bo trai cay hoic cui trong ta sy khé hoic dudi anh sang mat troi. Tuy
nhién, cac hop chat sinh hoc cd loi cho stc khoe ciing s& mat di rat nhiéu trong qué
trinh ché bién. Vi thé, nghién ciu vé trich ly két hop vi bao dé thu duoc ham luong

hop chét sinh hoc cao nhat va bao quan nhau mot cach hop ly nhat.
1.1  Téng quan vé trai nhau

1.1.1  Pic diém va pham vi phan b

Nhau c0 tén khoa hoc l1a Morinda citrifolia L., thuong dugc goi la Noni, la cy
ban dia cua c4c ving nhiét d6i, c6 ngudn gbc & Pong Nam A (Nelson, 2001). Theo
noi tréng trot, nhau con duoc goi 12 dau tam An Do hodc “nuna” & An Do (Chan-
Blanco & ctv, 2006), Mengkudu ¢ Malaysia (Yahia, 2011) hoic qua pho mat & Uc

(Ross, 2005). Tén ph bién nhat cua n6 1a noni va dugc gidi thiéu bai nhitg nguoi



nhap cu Polynesia khi dén dao Hawaii vao khoang 2000 nam trugc (Wang, M.-Y. &
ctv, 2002).

Vi tri trong hé thong phan loai thuc vat dugc thé hién qua Bang 1.1 (Jarnevich
& ctv, 2023). Cay nhau (Morinda citrifolia L.) (Hinh 1.1) thudc ho ca phé (Nelson,
2001; Yahia, 2011) duoc dan gian dung trong chira cao huyét 4p, nhitc moéi, dau lung,
qua gidp nhuan trang, loi tiéu, chita dai duong, ho, sét, kinh nguyét khong déu; 14
ding chita mun nhot, sét rét, kiét ly, day hoi, dau bung. Cac nghién ctru vé thanh phan
hoa hoc cho thdy gan 200 hop chit da

o . Bang 1.1 Bdng phan logi nguén géc nhau
duoc xac dinh va tach chiét tir nhirng

phin khac nhau cua Morinda citrifolia BAC PHAN LOALI

(Inada & ctv, 2017; Malik & ctv, 2009; | Gidi Thyc vat (Plante)
Souza, 2014) va thé hién nhiéu tic dung | Nganh | Ngoc Lan (Magnoliophyta)

nhu khang khuan, khang viém, khang Lép | Ngoc Lan (Magnoliopsida)
nam, khang oxy hoa, khang ung thu, giam

. . ) Bo Bo Ca phé (Rubiales)
dau, diéu hoa mién dich, lam lanh vét _
. . . Ho B¢ Ca phé (Rubiales)
thuong, cac tac dung trén xuong
Chi Morinda

(Nualsanit & ctv, 2012b; Torres & ctv,
2017b; Whistler, 1992)... Nhin chung, két | Loai Morinda citrifolia L.

qua cho thay loi ich stc khoé cua cay nhau do ¢6 chira nhiéu hop chat sinh hoc c6 loi

cho strc khoé con nguoi, ¢ thé ké dén nhu xanthones, flavonoids, saponin, lactones
va polyphenol. Céc nghién ciu chii yéu tap trung vao thanh phan caa cac hop chat
sinh hoc c6 trong ré, 14 cay nhau ciing nhu cac hoat tinh duoc liéu va thir nghiem 1am
sang vé chong ung thu va khang viém cua ching.

O Viét Nam, cay nhau moc nhiéu ¢ nhitng viing am thap doc theo b séng, bo
sudi, ao hd hodc muong rach ¢ khap cac tinh mién Nam hozic mét sé tinh mién Trung
(Wang & ctv, 2002). Mét trong nhiing tac dung chinh cuaa trai nhau 1a loai bo doc t6,
tang kha nang hap thy, tiéu hoa do c6 chira cac chat c6 duoc tinh va khoang chét.
Ngoai ra trai nhau con chtra cac chat ¢d hoat tinh sinh hoc nhu chéng oxy hoé cao,

gitip ngan chin cac goc tu do trong co thé con ngudi. Hon nira, nhiéu cong bb cho



thay trai nhau chaa nhiéu hop chét ¢ hoat tinh sinh hoc (hon 200 hop chat) c6 loi
cho sizc khoé con ngudi nhu anthraglycosid, xanthones, flavonoid, tinh dau, acid hitu
co, coumarin, triterpenoid, saponin, polyphenol, va alkaloid (Ezhilarasan & ctv,
2009).

Hinh 1.1 Cay nhau va trai nhau

Puong cong ting trudng cua trai cdy (Hinh 1.2) duoc thiét 1ap bang cach quan
sat nhitng thay di vé kich thuéc, trong luong, khdi lwong qua va cac dic diém khéc
caa ngoai hinh (Chan-Blanco & ctv, 2006). Cac duong cong tang trudng cua trai chi
ra nhitng thay d6i khdng chi ¢ nhiing dic diém khdng nhin thiy duoc ma con & nhiing
dic diém rd rang nhu su thay d6i thanh phan cua cac thanh phan cac hop chat sinh
hoc. Vi du, ham luong cac hop chat phenolic (TPC) trong qua lyu cao nhat vao ngay
thir 20 sau khi ra hoa, nhung sau d6 ham lugng nay sé€ giam sau khi ra hoa (Kulkarni
& Aradhya, 2005; Mirdehghan & Rahemi, 2007). Trong khi ham lugng TPC va
anthocyanidinin cua dau tay tang 1én, thi mac do chéng oxy héa giam theo su phét
trién cua trai cay (Ferreyra & ctv, 2007).
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Hinh 1.2 Nam giai doan phét trién khac nhau cua trai nhau

Cay nhau c6 thé ra qua quanh nam & viing nhiét doi. Tuy nhién, cho dén nay van
chua co thong tin ddy du dé xac dinh mét chi sb viéc thu hoach (Lin & ctv, 2014). Vi
thé can c6 nhiéu nghién ciru danh gia sy thay doi cia cac hop chit sinh hoc nhu
(polyphenol, flavonoid va saponin) trong qua trinh phét trién va bao quan cua tréi
nhau. Két qua danh gia nay dong vai trd quan trong nham cai thién chi s6 thu hoach
thuong mai va d6 chin thich hop trong san xuat cac san pham tir trai nhau.

1.1.2  Téng quan nghién ciru vé cong dung ciaa trai nhau

Trudc day nhan dan ta ciing nhu nhiéu dan toc khac trén thé giéi nhu
Campuchia, Philippin, An d9,... da biét sir dung mot s6 bo phan cay nhau dé 1am thude
nhu ré, qua, 14 va vo cay. No di dugc bao cao c6 nhiéu loi ich stc khoe dbi voi bénh
ung thu, nhidm trung, viém khép, tiéu duong, hen suyén, ting huyét ap va dau nhuc
(Whistler, 1992).



Trong y hoc phé bién, viéc st dung trai nhau rong rii nhu mot chat bo sung thuc
pham trong diéu tri mot s6 loai ung thu (Torres & ctv, 2017a). Trong bdi canh do, cac
nghién cttu khoa hoc vé dic tinh chdng ung thu cua trai nhau ngay cang ting, dac biét
la trong 30 nim tré lai day. Trong sé cac thanh phan ty nhién cua nhau,
damnancanthal c6 thé thuc day viéc kich hoat cac gen quy dinh qué trinh chét trong
cac dong té bao cua ngudi bi ung thu rudt két (Nualsanit & ctv, 2012a).

Nghién ctru trén nguoi dau tién dugc thuc hién boi (Wong & ctv, 2004) &
Hawaii. Tac gia da nghién ctu lgi ich cua viéc su dung nudc ép nhau & bénh nhén
ung thu. Bénh nhéan di chon dung nudce ép ty ché hang ngay trong hai thang. Sau mot
thang, bénh nhan cai thién dang ké tinh trang 1am sang, ngimg diéu tri sau sau thang.

Nghién ctru dién hinh thi hai duoc phat trién bai (Issell & ctv, 2009) tai Trung
tdm Nghién ctru Ung thu Hawaii. Trong nghién ctru nay, mot thir nghiém 1am sang
giai doan I da duoc thuc hién dé xac dinh liéu luong toi da cho phép cua vién nang
trai nhau dong kho (500 mg/ vién) & bénh nhan ung thu. Két qua caa cac thar nghieém
lam sang da chung minh rang diéu tri chéng lai ung thu thong qua viéc udng vién
nang nhau chua mang lai hiéu qua rd rang nao, chi giam mét moi va dau co. Tac gia
dé xuat mot sb luong 16n bénh nhan diéu tri 1am sang va sir dung nhau nhu mot loai

thuéc chéng ung thu.
Hoat dong diét khuan va diét nam

Mot nghién ctu cho thay rang viéc chiét xuat cac hop chét phenolic tur trai
nhau bang cac dung moi khac nhau (methanol, etyl axetat va hexan) c6 hoat tinh
khang khuan chéng lai mot sd lwong 16n cac loai nhu: Bacillus subtilis,
Staphylococcus aureus, Lactobacillus lactis, Streptococcus thermophilus,
Pseudomonas aeruginosa, Salmonella typhi, Escherichia coli, Vibrio harveyi,
Klebsiella pneumoniae, Shigella flexneri, Salmonella paratyphi A, Aeromonas
hydrophila, Vibrio cholerae, Chromobacterium violaceum va Enterobacter faecalis.
Két qua cho thay kha ning st dung chiét xuat tir trai nhau trong diéu tri cac bénh

truyén nhiém va khéi u (Jayaraman & ctv, 2008a).



Tuong ty, (Babaji & ctv, 2016) ciing phat hién ra rang chiét xuat cua tréi
nhau voi natri hypoclorit ¢6 hoat tinh khang khuan chéng lai Enterococcus
faecalis. Két qua chi ra rang chiét xuat tir trai nhau cé tiém nang st dung nhu mot
chat khang khuan cé ngudn gbc thao duoc.

V& nam, cac nghién ctru d3 chi ra rang nhau c6 chira cac thanh phan sinh hoa
hoa tan trong nuéc anh hudng dén qua trinh trao d6i chat phu trach vé sy chuyén doi
hinh thai cua ndm Candida albicans, do dé trai nhau cé gié tri diéu tri tiém ning
chéng lai nim Candida albicans (Sunder & ctv, 2012). Twong tu, (Jainkittivong &
ctv, 2009) di chi ra rang chiét xuat dong kho ctia nudc ép trai nhau co tac dung wc
ché su phét trién caa C.albicans.

Hoat tinh chéng oxy héa

Trai nhau cé thé duoc sir dung nhu mot nguon chat chéng oxy hoa tu nhién co
gia tri cao (Thoo & ctv, 2013a). Vi du, nuéc ép cua trai nhau Uc cho thay hoat tinh
oxy hoa cao gap 2,8 1an so véi vitamin C va 1,4 1an so véi pycnogenol, chat c6 mot
sb tac dung chdng oxy hoa (Atkinson & ctv, 1956).

Theo (Zin & ctv, 2006a) di chitng minh rang chiét xuat thd tir ré, 14 va trai nhau
duoc phan doan trong cot sac ky voi ethanol 1am dich raa giai cho thay hoat tinh
chbng oxy héa cao trong ferric thiocyanate va cac xét nghiém acid thiobarbituric,
duoc coi la cao khi so sanh vai hydroxytoluene butylate. Nghién ctru nay ciing tiét 16
rang cac hop chat oxy hoéa phenolic cé trong trai nhau tc ché qué trinh oxy hoa
lipoprotein mat d6 thap (LDL), c6 thé 1am giam nguy co ung thu va xo vira dong
mach.

Trong mot nghién ctiu khac, (Gilani & ctv, 2010) di bao cao rang cac dic tinh
chbng oxy hda co trong dich chiét ethanolic trong nuéc cua 14, qua va ré cia nhau cé
lién quan dén tac dung chéng réi loan lipid mau & chudt cong va chudt nhét trén ca
hai gigi. Két qua cho thay chiét xuat caa ba bo phan trong nhau 1am giam muac do chat
béo trung tinh, cholesterol toan phan va ciing lam giam mac LDL va ting mirc do

lipoprotein mat do cao.
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Hoat tinh tai tao xwong va diéu tri dau khép

Téc dung cua chiét xuat methanolic tir trai nhau déi véi chimg lodng xwong do
cit budng triing ¢ chudt bach tang cai da duoc danh gia cao boi (Shirwaikar & ctv,
2011). Céac két qua dua trén cac dau hiéu sinh co, sinh héa va mé bénh hoc cho thiy
chiét xuét tir trai nhau thic day giam mat xuong, bang chang 1a giam ndng do
phosphatase khang tartrat va hydroxyproline trong nudc tiéu dong thoi ting qua trinh
hinh thanh xuong va do dé phuc hdi qua trinh khoang hoa xuong.

Lién quan dén viéc sir dung nude ép nhau dé diéu tri cac rdi loan lién quan dén
dau khép, ¢6 hai nghién ciru 1am sang déang duoc dé cap. Theo (Akinbo & ctv, 2006)
da so sanh hiéu qua cua nudc ép nhau vai cac phuong thac vat ly tri liéu duoc luya
chon trong diéu tri dau va ciang c6 ¢ bénh nhén thoai hoa dét song c6. Thir nghiém
1am sang kéo dai 4 tuan. Két qua cho thay ba nhém diéu tri cho thdy cuong do dau

giam dang ké va cai thién d6 linh hoat cua co.

Hoat tinh ha huyét ap

Mot nghién cau khac gan day da chi ra rang cac thanh phan hoat tinh sinh hoc
c6 trong 14 va trai nhau ciing c6 dic tinh ha huyét ap. Theo (Wigati & ctv, 2017), su
két hop cua céc hop chat hoat tinh sinh hoc rutin va scopoletin duoc phét hién trong
l4 va trai nhau, bang cach danh gia tong ham luong phenolic trong chiét xuat ethanolic
cua ca hai cau tric thyc vat, dan dén giam dang ké luong ap lec méu o chuét bi ting
do thuéc dexamethasone gay ra. Mac giam trung binh caa huyét p tam thu va tam
truong dat hon 25% s6 luong chudt lang duoc sir dung trong nghién ctu nay.

Mot thanh phan tich cuc khéc co trong trai nhau gan day duoc ching nhan c6
dic tinh ha huyét 4p 1a acid iridoide asperulosidico, theo (Murata & ctv, 2014), sy
hién dién caa hoat tinh sinh hoc nay trong chiét xuat nudc ethanolic cua trai nhau da
gop phan vao viéc uc ché su két tu cua hong cau do polybrene (Hexadimetrine
Bromide) va hoat dong thrombin dugc danh gia trong mau mau cuaa tho va chuot
duc. Nhirng hoat tinh sinh hoc dugc phat hién nay cho thay trai nhau 1a mét loai thuc
pham c6 gia tri dinh dudng cao, ¢ kha ning cai thién luu luong méu, ciing gop phan

lam giam huyét ap, réi loan lipid mau va tiéu duong.
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1.1.3  Thanh phan héa hec va mét sé hoat tinh sinh hec c6 trong trai nhau

Thanh phan héa hoc cua nhau phan bb da dang, rong khip cac bo phan khac
nhau cua cay (14, qua, ré, vo r&, hoa, hat, than hoic trong cay nudi cdy md) (Chan-
Blanco & ctv, 2006). Biéu quan trong la thanh phan sinh héa cua cac hop chat nay
khac nhau hoan toan khdng chi theo ciu tric cua thyc vat ma con lién quan dén noi
Xuat xir va thoi ky thu hoach (Chan-Blanco & ctv, 2006; Deng & ctv, 2010).

Trai nhau thuoc nhom céc loai trai cay chaa day phan bd céc loai chat hda hoc
rong nhat vai it nhat 200 chat hda hoc thuc vat bao gom céac hop chét phenolic,
carbohydrate, acid hitu co, ruou, alkaloid, vitamin, tien chat, lignan, protein,
anthragquinone, khoang chat, este, caroten, sterol thuc vat, acid béo va glycoside
(Inada & ctv, 2017). Khoang 100 hop chét dé bay hoi da duoc xac dinh trong tréi
nhau, bao gom este cua acid béo, monoterpen va acid béo chudi ngan (Pino & ctv,
2010; Potterat & Hamburger, 2007). Cac hop chat dé bay hoi pho bién nhat 12 acid
hexanoic va octanoic, cling nhu cac metyl va etyl este trong (rng cia chiing, day cling
la nguyén nhan tao ra mui “xa phong” va “phd mai 6i thiu” cua trai chin (Farine &
ctv, 1996). Trong trai nhau chin, terpen hién dién vai s lugng nho, nhung ching gop
phan 16n tao nén huong vi. Nhitng hop chéat nay, bao gom linalool va limonene, cé
mui hoa va cam quyt manh (Arctander, 1969). Pang chti y 14 cac hop chat dé bay hoi
chtra nito khong hién dién trong trai nhau, ba hop chat chta Iuu huynh (Dimethyl
Trisulfide, Dimethyl Disulfide va 3-(Methylthio)-1-Propanol) di duoc xac dinh gan
day (Pino & ctv, 2010).

Polyphenol

Polyphenol dugc phan thanh 3 nhém chinh nhu sau: flavonoids (Flavones,
Flavanones, Flavonols, Flavanonols, Flavan-3-Ols, Isoflavones, Neoflavonoids,
Chalcones, Anthocyanidins); Stilbenoids; Phenolic Acids (Benzoic Acids,
Hydroxycinnamic Acids) (Papuc & ctv, 2017).

Flavonoid

Flavonoid 12 mot nhdm hop chat tu nhién l6n thuong gap trong thuc vat, con

goi 1a nhitng hop chat mau phenol thuc vat, tao mau cho nhiéu rau, qua, hoa. Phan
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16n c6 mau vang (flavus nghia 13 mau vang), mot s c6 mau xanh, tim, d6, khdng mau
cling duoc xép vao nhom nay vi vé mat hda hoc, ching cé cung bo khung (Ajila &
ctv, 2011). Vé mat hda hoc, flavonoid 1a mot chudi polyphenolic gom 15 nguy@n ti
carbon va 2 vong benzen, c6 ciu trac co ban 1a 1,3-diphenylpropan, nghia 13 2 vong
benzen A va B néi nhau qua mot day c6 3 carbon, nén thudng duoc goi la C6-C3-C6.
Vong thom bén trai goi la vong A, vong thom bén phai goi la vong B, vong trung gian
chura nguyén tir oxy goi la vong pyran (Fantini & ctv, 2015).

Flavonoid la chat chéng oxy hoa bao vé té bao, ngin ngira nguy co xo vita dong
mach, tai bién mach mau, 130 hoa, ung thu, chéng di tng, chéng huyét khdi va chéng
gidn mach mau (Huntley, 2009). Hoat tinh chéng oxy héa cua flavonoid manh hon
nhiéu so véi vitamin C, E, selenium va kém. Flavonoid c6 tac dung chéng co that
nhitng co 2 quan co tron nhu: tii mat, 5ng dan mat, phé quan va mot sé co quan khac.
Nhiéu flavonoid thuoc nhdm flavon, flavanon, flavonol cé tac dung thong tiéu rd rét.

Acid phenolic

Acid phenolic thuoc loai non-flavonoid, duoc chia thanh hai nhdm chinh: acid
benzoid va c4c din xuat acid cinnamic, dya trén ciu tric bo khung carbon tuong tng
hydroxybenzoic acid (C1-C6) va hydroxycinamic (C3-C6). Hydroxybenzoic acid
gom cd: acid gallic, p-hydroxybenzoic, protocatechuic, vanillic, acid xyringic. Acid
hydroxycinamic gém c6: acid caffeic, ferulic, p-coumaric, sinapic, ... (Gallardo &
ctv, 2006). Acid phenolic trong thuc vat c6 chic ning rat da dang nhu hap thu dinh
dudng, tong hop protein, quang hop ... Acid caffeic ngan chin c6 chon loc qua trinh
sinh téng hop leukotrienes, lién quan dén cac bénh diéu hoa mién dich, hen suyén va
di ang (Yasuko & ctv, 1984). Acid caffeic va mot sb ester caa ching ¢ hoat tinh
chéng khéi u, chbng lai chat sinh ung thu rudt két (Yasuko & ctv, 1984) va hoat dong
nhu chat uc ché virus suy giam mién dich ¢ nguoi (King & ctv, 1999). Acid
chlorogenic ¢6 thé &c ché qué trinh peroxyd héa lipid trong gan chudt do carbon
tetrachloride - chat gy ung thu gan. Acid caffeic va acid ferulic c¢6 thé giai doc cac
chat chuyén hoa hydrocacbon thom da vong giy ung thu (Huang & ctv, 1996).
Stilbene 1a phytoalexins (C6-C2-C6) c6 trong thuc vat c6 thé chéng lai mam bénh,
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cac ton thuong giy ra ¢ nguoi. Thanh phan chinh stilbene 1 resveratrol (3,5,4'-
trihydroxystilbene) c6 kha nang chdng oxy hda, chéng viém, chéng ung thu va chéng
la0 hoa (Crozier & ctv, 2009). Ligans thuc vat 1a mot trong nhiéu loai phytoestrogen,
c6 hiéu qua nhu chat chdng oxy héa, giam nguy co ung thu va cac bénh tim mach
(Vanharanta & ctv, 1999). Cac polyphenol khac: dai dién chinh la curcumin (1,7-bis-
(4-hydroxy-3- methoxyphenyl)-1,6-heptadiene-3,5-dione) cé trong cu nghé¢, co hoat
tinh khang u, 3 chdng viém, chong oxy hoa, diéu hda mién dich va khang khuan ¢

loai gam nham va con ngudi (Masuelli & ctv, 2013).

a o

o OH o OH

S ok ol

OH © ®
@ @
o on
s eem,
amon ‘ ‘ O o
P @

Hinh 1.3 Mgt s¢ hop chdt phenolic c6 trong trai nhau (1) nordamnacanthal, (2)
damnacanthal, (3) 1,3,5-dihydoxy2-methoxy-6-methyl anthraquinone, (4)
morindone, (5) sorendidiol, (6) rubiadin, (7) damnacanthol, (8) lucidin-w-

methylether

Céc chat chuyén hoa thtr cip chinh trong trai nhau l1a phenolic, anthraquinone
va flavonoid, tat ca déu dong vai tro chinh trong cac dac tinh tri liéu caa nhau. Cac
hop chat chong viém chinh trong trai nhau la scopoletin, quercetin va acid ursolic (Yu
& ctv, 2008). Scopoletin di duoc ching minh 13 c6 dic tinh giam dau va chong viém
(Levand & Larson, 1979; Yu & ctv, 2008). Neolignan, americanin A, 3,3'-
bisdemethyl pinoresinol, morindolin va isoprincepin da dugc chirng minh la cac hop
chat chdng oxy hda manh trong mét thir nghiém dua trén qua trinh oxy héa do déng
gay ra ddi voi lipoprotein ty trong thap (Kamiya & ctv, 2004; Su & ctv, 2005). Cac

iridoid trong trai nhau da duoc chung minh 1a ¢ kha nang chéng nhiém doc gen ma
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khong gay doc tinh trong thir nghiém in vivo. Hoat tinh chdng doc té gen c6 thé 1a do
acid deacetylasperulosidic, mot trong nhitng hop chét hoat tinh sinh hoc chinh trong
trai cay (West & ctv, 2011). Pa c¢6 bao céo cho rang acid deacetylasperulosidic dugc
tinh ché tir nudce ép trai nhau 1am giam ham lwong malondialdehyd va ting hoat tinh
clia enzyme superoxide dismutase trong co thé ma khong anh hudng dén hoat tinh
ctiia enzyme glutathione peroxidase trong huyét thanh (Ma & ctv, 2007).

o Acacetin-7-0-8-D-
glucopyranoside

Hinh 1.4 Cdu tric héa hoc ciia cdc flavonoid chinh dwoc xdc dinh trong trai nhau
(Almeida & ctv, 2019)

Céc hop chit cé hoat tinh sinh hoc quan trong khac c6 trong trai nhau nhu rutin,
[-sitosterol, asperuloside va acid ursolic (Pawlus & Kinghorn, 2007; Potterat &
Hamburger, 2007; Wang, M.-Y. & ctv, 2002). Hai flavonoid (kaempferol va
quercetin) va mot loai lignin dwoc phan lap tir trdi nhau ac ché manh enzyme
monoamine oxidase A va B (MAO-A va B) va cho thay hoat tinh chng tram cam
(Deng & ctv, 2011). Hai flavonoid khac trong trai cay, catechin va epicatechin, da

duoc chitng minh 1a ¢6 hoat tinh chéng oxy héa (Zin & ctv, 2006b). Mudi ba hop
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chéat dugc phan 1ap tir trai Noni, bao gdm cac glycoside cua iridoid, hemiterpene, va
acid béo, cho thay cac hoat dong wc ché sy hinh thanh hic té trong mot thir nghiém
in vivo, din dén giam 34% — 49% hac t6 da (Akihisa & ctv, 2010).

Hoat tinh khang viém cia Polyphenol

Polyphenol 1a nhitng chit chuyén héa thir cAp do thuc vat tu san xuat dé bao vé
trudc sy tn cdng cua céc sinh vat khac dua trén dic tinh khang khuan va khang dinh
dudng. Str dung nhiéu thuc phiam giau polyphenol nhu trai cy, rau, qua va ngii cdc
nguyén cam sé& giam cac nguy co vé bénh man tinh nhu tim mach, ung thu, tiéu
duong,... (Mierziak & ctv, 2014).

Hoat tinh khang oxy héa caa polyphenol

Hoat tinh sinh hoc cua cac hop chat phenolic gom loai bo cac gdc tu do, tc ché
qua trinh oxy héa lipid, giam su hinh thanh hydroperoxide (Sato & ctv, 1996).

Hoat tinh chéng ung thw

Nhiéu polyphenol nhu proanthocyanidins, flavonoid, resveratrol, tannin,
epigallocatechin-3-gallate, acid gallic va anthocyanin cé tac dung chéng ung thu & da
day, ta trang, ruot két, gan, phoi, tuyén va hoic da (Scalbert & ctv, 2005).
Proanthocyanidins c6 kha nang chéng ung thu va va @c ché di can ung thu (Mantena
& ctv, 2006). Anthocyanin giam su suy gian tinh mach va hinh thanh khéi u mau
(Bagchi & ctv, 2004). Resveratrol, epigallocatechin-3-gallate chong ung thu tuyén
tién liét, gay chét cac té bao khdi u (Landis-Piwowar & ctv, 2007). Acid gallic,
flavone c6 kha ning ngian chin hinh thanh ung thu rudt bang cach tc ché DNA
(Giftson & ctv, 2010).

Hoat tinh chéng viém

Resveratrol ¢ trong nho c¢é dic tinh chdng viém, giam viém, ngan chin cc
cytokine tién viém va ngin chan gen ¢ kha ning giy viém man tinh (Chuang &
Mclntosh, 2011).

Hoat tinh khang khuan ciia polyphenol

Polyphenol c6 kha nang khang khuan, khang nim va khang virus. Cac nhom

hop chét nhu flavan-3-ols, flavanol, tanins c6 tinh khang khuan cao do tc ché sy hinh
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thanh mang té bao sinh hoc, trung hoa doc t vi khuan. Hoat tinh khang khuan caa 4

polyphenol duoc &ng dung nhiéu trong bao quan thuc pham, chira bénh nham han ché

st dung chat bao quan héa hoc va khang sinh tong hop (Daglia, 2012).

Bang 1.2 Mét sé hop chat ¢6 hoat tinh sinh hoc trong trai nhau

STT Hop chat Phan nhom Hoat tinh Nguon
Octanoic (caprylic . £ Dittmar, 1993; Jayaraman
! - khang nim | ctv, 2008b: Lit G, &
5 Hexanoic acid _ Khéng nim, | ctv, 2001; Mohd Zin & ctv,
Acid béo khang oxy héa | 2007; Wang, M.-Y. & ctv,
2002; Wang, M. & ctv,
3 Caproic acid Khéng nim 1999; Zhang, H.-C. & ctv,
2014)
4 Vitamin C Khéng oxy hoa | (West & ctv, 2011; Zin &
5 Vitamin E Vitamin Dinh dudng ctv, 2006a)
6 Niacin Dinh dudng
. Nguyeén té vi . . (West & ctv, 2011; Zin &
7 Manganese, Selenium liong Dinh dudng ctv, 2006a)
8 Asperulosidic acid Iridoid Khang khuan (West & ctv, 2016)
£ A (Deng & ctv, 2007; Liu &
9 Quercetin Flavonoid Cr(]:%%ge\rﬁlzim{euc ctv, 2001; Morton, 1992,
lipoxygenase Sang & ctv, 2002; Yu,
2004)
2,6-di-O-(beta-D- (Jayaraman & ctv, 2008;
10 glucopyranosyl)-1-O- Kamiya & ctv, 2010; Lin &
octanoyl-beta -D- Ut ché ctv, 2013)
glucopyranose Este acid béo melanogen, —— —
(6-O-(beta-D- chéng oxy héa (Akihisa & ctv, 2012; Liu
1 glucopyranosyl)-1- O- & ctv, 2001; Wang & ctv,
octanoyl-beta-D- 1999; Zhang, H.-C.& ctv,
glucopyranose 2014)
. , (Chan Blanco & ctv, 2006;
12 Damnacanthal Anthraquinone | Khang ung thu Kamiya & ctv, 2004)
13 Americanin A Lignan Khang oxy hoa (Su & ctv, 2005)

Tuy nhién, trai nhau chtra ham lwong cao cac hop chat nhay cam vai céac yéu to
moi truong (nhiét do, anh sang, nudc, pH,...) nhu cac hop chat phenolic, protein cling
nhu ham luong chat xo cao dan dén thuc trang san luong nudc ép trai cay thap va
lugng chat dinh dudng bi hao hut trong qua trinh giai phong. Bén canh d6, qué trinh
ché bién va bao quan ciing anh huang rat 16n dén céc hop chat sinh hoc c6 trong tréi

nhau. Do d6, cac phuong phap tién xir Iy khac nhau trong chiét xuat nudc ép trai nhau
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can dugc nghién ctiu sir dung dé cai thién san luong nude trai cdy va ham luong cac

thanh phan hoat tinh sinh hoc.
1.2 Téng quan vé phwong phap trich ly

Phuong phap trich ly déng mot vai trd quan trong dé dam bao chat lwong cua
dich chiét thu dugc. Gan day, nhiéu bao cdo cho thay cac ky thuat trich ly két hop cac
phuong phép trich ly tién tién dugc phat trién nham trich ly cac hop chat hoat tinh
sinh hoc tir thyc vat do hiéu qua trich ly tang 18n, d6 tinh khiét cao, thoi gian trich ly
ngan hon, chi phi san xuét thap hon, st dung it dung méi va tiéu thu it nang luong
hon. Diéu quan trong 13, cac k§y thuat trich ly két hop tao ra cac hop chat nhay cam
véi nhiét it bi phan hiy hon va céac hoat tinh sinh hoc cua dich trich ly duoc bao ton
(Agnihotri & ctv, 2020). Mdi ky thuat trich ly, khi duoc &p dung riéng l¢, déu c6
nhitng wu diém ciing nhu han ché nhat dinh, bao gém ning suat thap hoac giam hoat
tinh sinh hoc. Tuy nhién, hiéu qua trich ly cao hon sé& dat dugc khi ching duoc két
hop véi nhau nhu cai thién hiéu suit trich ly, dong thoi hoat tinh sinh hoc va chat
lwong cua dich trich duoc cai thién dang ké. Cu thé, su két hop giira enzyme va so6ng
siéu &m c6 thé khic phyc dugc nhitng nhuge diém cua ca hai phuong phap riéng 1é
va lam cho qué trinh trich ly kinh té va than thién véi méi trudng (Choudhury & ctv,
2021a).

Piéu nay la do dich trich ly véi su hd tro ciia enzyme gilp pha v mang té bao
va dung méi tham nhap, trong khi séng siéu &m hd tro trong viéc cai thién hiéu suat
va rlt ngan thoi gian trich ly. Trude khi chiét xuat bang enzyme, tién xir Iy bang song
siéu am c6 thé duogc &p dung dé 1am pha v thanh té bao caa nguyén liéu thuc vat.
Sau do, trong qua trinh trich ly bang enzyme, nhu pectinase va cellulase ciing c6 thé
hd trg qué trinh pha v thanh té bao (Li, X. & ctv, 2021). Do do, cai thién hiéu suat
va thoi gian trich ly ddng ké. Vi dy, Wang & ctv (2021) bao céo rang tng dung két
hop enzyme va séng siéu am da dugc s dung thanh céng dé chiét xuat polyphenol
tir chanh day (Wang, W. & ctv, 2021). Két qua cho thay phuong phap két hop 1a hiéu
qua hon so v&i phuong phap trich ly don 1¢ va trich ly bang Soxhlet, cu thé ham luong
polyphenol thu dugc cao hon 1,5-2 1an. Tuy nhién, hau hét cac nghién cau chi tap
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trung vao ré nhau (Li, J. & ctv, 2020) chi sir dung céac k¥ thuat trich ly tién tién riéng
1é nhur trich ly ¢6 hd tro bang séng siéu am, trich ly biang nudc néng va trich ly c6 hd
trg xung dién truong. Cac nghién ctu vé sy két hop giira siéu &m va enzyme con rat
han ché, vi thé thuc hién cac diéu kién trich ly véi su hd tro cia enzyme nham trich
ly cac hop chat c6 hoat tinh sinh hoc tir trai nhau dwoc xir Iy truéc bang siéu am 1a
can thiét.

Trong k¥ thuat trich ly bang enzyme, enzyme duoc st dung dé thuy phan thanh
té bao thuc vat. Mot s6 chét ¢d hoat tinh sinh hoc tir thuc vét dugc phan tan trong té
bao chét cua té bao, va mot sd hop chat duoc lién két trong mang polysaccharide-
lignin bang lién két hydro hoic twong tac ky nudc, khdng thé tiép can vai dung moi
trong quy trinh chiét xuat thong thuong. Xu Iy bang enzyme di duoc coi 1a mot
phuong phép tién tién va hiéu qua dé giai phong cac hop chat co hoat tinh sinh hoc tur
cac phic hop trén, vi thé 1am tang hiéu suat trich ly. Enzyme phé bién duogc sir dung
nhu cellulase va pectinase trong qua trinh trich ly gitip ting hiéu suat trich ly bang
cach phé& v thanh té bao va thay phan céac lién két vai cac polysaccharide va lipid
(Rosenthal & ctv, 1996).

C6 nhiéu yéu té khac nhau nhu loai enzyme va nong do, kich thudc cua nguyén
licu thuc vat, ty 18 nudc so vai chat ran, nhiét do va thoi gian thuy phan 1a nhitng yéu
t6 quan trong dé ting hiéu qua trich ly (Azmir & ctv, 2013). Ty thudc vao cau trdc
cuia nguyén liéu, mot sb yéu té quan trong can dugc nghién ctru. Do d6, muc tiéu caa
nghién ctru nay 1a xac dinh cac diéu kién chiét xuat enzyme, bao gém nong do
enzyme, ty 18 nudc va bot, nhiét o va thoi gian, téi vu nham trich ly tdi da cac hop
chat c6 hoat tinh sinh hoc (polyphenol, flavonoid, saponin va vitamin C) tir trai nhau
da duogc xir 1y truéc bang séng siéu am. Viéc két hop loi diém cua cac phuong phap
cdng nghé trong ndi dung nghién cau trich ly ndy nhim huéng dén muc dich tng
dung vi bao cac hop chat c6 hoat tinh sinh hoc trong néi dung nghién ciru ké tiép cua

luan an nay.
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1.2.1 Cac phuwong phap trich ly

Céc hop chit c6 hoat tinh sinh hoc tir thuc vat cd thé trich ly bang cac phuong
phap cb dién, phan Ién 1a dwa trén kha ning chiét xuat caa dung méi két hop véi cac
yéu t6 nhu: nhiét do, thoi gian... dién hinh phuong phap nay 1a trich ly soxhlet, trich
ly 16ng - long ¢6 ap luc (Azmir & ctv, 2013) cé sur dung c&c dung méi hda hoc. Tuy
nhién, can c&c nghién ctru dé phat trién hon nita hiéu qua trich ly, va khac phuc mot
s6 van dé con ton dong nhu: rat ngan thoi gian trich ly hon nira, d6 chon loc trich ly,
dung mdi phai c6 d6 tinh khiét cao va than thién moéi truong. Do d6, cac phuong phap
trich ly cai tién nhu trich ly c6 hd tro siéu am, vi song, enzyme da sb st dung nudc 1a
dung méi da khac phuc duoc cac han ché cua trich ly co dién, va an toan véi moi
truong do tudn thia cac tiéu chuan hién hanh cia cac co quan moéi trudng toan cau va

co quan quan ly (Wong-Paz & ctv, 2017).
1.2.1.1 Trich ly ri@n-léng véi sw hé tre ciza enzyme thazy phan

Chiét xuat thong thuong cd thé 1am hong hoat tinh cta cac chat chong oxy hoa
phenolic, c6 thé nhay cam véi cac dung mdi cu thé hoac nhiét d6 cao. Str dung enzyme
trong qua trinh trich ly cac hop chat sinh hoc tir cac loai nguyén liéu thuc vat da duoc
nghién ctru va cho thay hiéu qua trich ly cai thién dang ké. Viéc ap dung cac enzyme
thwong mai chi phi thap duoc st dung trong cng nghiép thuc pham dé phan hay cac
thanh phan chinh caa thanh té bao thwc vat c6 thé cai thién hiéu suat chiét xuat cua
cac hop chat phenolic ma khong can sir dung cac diéu kién bién tinh va do dé bao
toan hoat tinh chéng oxy hda cua ching. Cac hop chét sinh hoc trong mang ludi té
bao thuc vat dugc phan tan trong té bao chat va mot sé hop chat nim ¢ mang luéi
polysaccharide va lignin boi lién két hydrogen hozc lién két ky nudc. Piéu nay lam
cho cac dung mai rat khé khuéch tan vao trong mang luéi, 1am cho hiéu suét trich ly
thap. Nhiéu cong trinh cong b cho thay trich ly véi su hd tro caa enzyme cé hiéu qua
trong Vviéc cét céc lién két nay, giai phong cac hop chat sinh hoc ra khoi mang ludi,
dan dén tang hiéu sut trich ly. St dung cac enzyme dic hiéu nhu cellulase, a-amylase
va pectinase trong qua trinh trich ly di ning cao hiéu qua trich ly bang cach pha va

véch té bao, thuy phan céu trac polysaccharide. Bé dat dugc hiéu qua trong qué trinh
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trich ly, cac yéu té quan trong anh huéng can dwoc nghién ciru bao gom: néng do
enzyme st dung, kich thudc nguyén liu, ty 1& co chat so véi nude va thoi gian thuy
phan. Tuy nhién, tién xu Iy bang enzyme thuong ton nhiéu vat luc va thoi gian.

Trich ly cac hop chét sinh hoc véi sy hd trg cta enzyme duoc biét 1a phuong
phap than thién véi méi trudng boi vi dung méi sir dung chu yéu 1a nudce thay vi cac
dung moi doc hai (Puri & ctv, 2012). Vi duy, sir dung enzyme trong trich ly ham luong
polyphenol tir b4 nho trong qué trinh san xuat rugu da duoc bao cao 1a rat hiéu qua
boi tac gia Meyer & ctv (1998). Pong thoi, nhdm tac gia ciing da ching minh mdi
turong quan gitra hiéu suat trich ly va mac do pha v té bao caa enzyme (Meyer & ctv
1998). Twong tu, tac gia va cong su ciing cho thay hiéu qua st dung cac loai enzyme
(cellulase, pectinase) trong trich ly polyphenol tir nguyén liéu thuc vat (Gomez-Garcia
& ctv, 2012). Trong nghién ctu cua (Kim & ctv, 2017) cho thiay ham lwong
polyphenol trong dich trich trai nhau da tang lén dang ké khi xir ly bang enzyme
(pectinase va cellulase).

Tur cac nghién cau trén, c6 thé thay trich ly véi sy hd tro caa enzyme la mot
trong nhirg phuong phap hiéu qua trong trich ly cac hop chét sinh hoc. Dé danh gia
tinh hiéu qua trong qua trinh trich ly cac hop chét sinh hoc cé trong trai nhau, loai
enzyme, ndng do, nhiét do va thoi gian thuy phan,... can dugc nghién cuu.

Vi nong d6 enzyme 2% (cellulase, pectinase va hdn hop cellulase/pectinase)
hd tro trich ly polyphenol tir vo téo trong 12 gio dich chiét thu dugc c6 ham luong
polyphenol tong (mg/mL) lan luot 1a 0,30+0,02; 0,16+0,01; 0,33+0,02 & 30°C;
0,34+0,01; 0,19+0,01; 0,35+0,02 ¢ 40°C va 0,34+0,01; 0,22+0,01 va 0,38+0,02 ¢
50°C. Két qua cho thay enzyme cellulase c6 két qua cao hon pectinase va hdn hop
enzyme pectinase va cellulase dich chiét c6 ham luong polyphenol cao nhat (Park &
Kim, 2009). St dung enzyme thuong mai (celluclast 1,5L, pectinex ultra va
novoferm) thiy phan ba nho dé thu duoc dich chiét giau phenolic. Hoat tinh chéng
oxy hoa lan luot 12 86,8+0,81; 82,9+0,31 va 90+0,37% sau 12 gio di voi celluclast
1,5 L, pectinex ultra va novoferm & nong d6 enzyme pha lodng 1/10 (v/v) so véi

nguyén liéu (Gémez-Garcia & ctv, 2012).
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1.2.1.2 Trich ly véi su hé tre ciia song siéu am

Céac phuong phéap tién xt 1y ¢ vai trd quan trong dé hd tro pha v cau tric té
bao va tang tinh thim cua thanh hoic mang té bao. Chiét xuat hd tro bang song siéu
am da duoc &p dung rong rai trong ba thap ky qua nhu mot phuwong phap chiét xuat
hiéu qua trong nganh céng nghiép thuc pham va duoc pham (Esclapez & ctv, 2011).
Panh gia cho thay rang cdng nghé trich ly ¢ hd trg bang song siéu am cé thé ting
cuong kha ning chiét xuat cac thanh phan nhu polyphenol, anthocyanin, hop chat
thom, polysaccharid, diu va cac hop chat chirc nang khi duoc sir dung nhu mot budc
tién xu ly trong mét quy trinh san xuat (Vilkhu & ctv, 2008).

Sy lan truyén cua siéu am trong cac hé théng chat long 1a thong qua mot loat
cac song nén va kéo tao ra cac bong bong tao bot trong chét long (Chemat & Khan,
2011; Soria & Villamiel, 2010). Kich thuéc ciia nhitng bong bong nay phat trién trong
khoang thoi gian vai chu ky cho dén khi dat dén diém t6i han, sau d6 nhirng bong
bong nay xep xuéng va giai phong mot luong 16n nang lwong, tao ra nhiét do cuc cao
(5000K) va ap suét (1000 atm) & nhiét dé phong. Trong qua trinh siéu am hd tro chiét
xuat cac thanh phan hoat tinh sinh hoc tir nguyén liéu thuc vat, nhiét do va ap suat
cao s& pha hay thanh té bao, tao diéu kién giai phong cac hop chat hoat tinh sinh hoc
tir thanh té bao thuc vat va ting cudong qué trinh truyén khdi. Su truyén nhiét cua séng
siéu am 1 tir bén ngoai té bao thuc vat vao bén trong, theo hudng nguoc lai cua qué
trinh chiét xuat c6 hd tro vi séng (Xu & ctv, 2017). C6 hai loai siéu am: (i) véi tan sé
thip (20 dén 100 kHz) va cudng d6 cao (10 dén 1000W/cm?), thuong duoc st dung
dé nhii hoa va chiét xuat cac hop chat hiru co va hoat tinh sinh hoc; va (i) véi tan sé
cao (200 kHz dén 10 MHz) va cudng do thap (duéi 1W/ecm?), c6 thé duoc sir dung dé
khtr ion kim loai va oxy héa céac chat 6 nhiém hitu co (Hirazumi & Furusawa, 1999).
Do am cuia mau, mirc do nghién, kich thuéc hat va dung mdi 1a nhirng yéu té rat quan
trong dé thu duoc hiéu qua va hiéu qua chiét xuat. Hon nira, nhiét do, tan s6 ap suat
va thoi gian cua song siéu am 1a nhitng yéu t6 chi phdi hoat dong caa song siéu am.

Chiét xuat bang s6ng siéu am 12 mot phuong phap sach, tranh sir dung mot luong

I6n dung moi va cat giam thoi gian trich ly. Ngudi ta di cha y nhiéu dén viéc ap dung
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song siéu am dé chiét xuat cac san pham ty nhién thudng can nhiéu gio hoic nhiéu
ngay dé hoan thanh bang cac phuong phap thong thudng. Sir dung séng siéu am, viéc
chiét xuat day du gio day c6 thé dugc hoan thanh trong vai phit véi kha nang tai tao
cao, giam tiéu thu dung moéi, don gian hoa thao tac va mang lai do tinh khiét cao hon
cua san pham cudi cing, loai bo nudc thai sau xt ly va chi tiéu thu mot phan nho
ning luong hda thach thudng can thiét so véi mot phuong phap chiét xuat thong
thuong. Ngoai ra, song siéu &m khdng bi han ché bai dung méi va loai chit nén dugc
st dung, hoic bai do am. Két qua 13, sir dung song siéu am trong chiét xuét thuc vat
c6 loi trong viéc ting chuyén khdi, thAm nhap dung mai tét hon, it phu thudc vao
dung moi st dung hon, chiét xuat & nhiét 6 thap hon, toc do chiét xuat nhanh hon va

hiéu suat cao hon (Vinatoru, 2001).

Séng siéu am
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tao bot khi xam thuc & bé bong bong xep xubng, tao Dung mbi di chuyén vao Su khuéch tan cua noi
mit phén céch rin-long 16 rdng bing cac tia cit va ra trong noi bao bao va ly giai té bao

Hinh 1.5 So d6 qua trinh ly gidi té bao do bot xam thuc cua song siéu am (Perera &
Alzahrani, 2021)

Tuy nhién, mot s6 hoc gia da nhan thay rang siéu am trong thoi gian dai hoic
cOng suat siéu &m qua cao co thé gay ra tac dung ngugc ddi véi viéc duy tri cac hop
chat hoat tinh sinh hoc va kha nang chdng oxy hoa (Delgado-Povedano & De Castro,
2015). Nam 2004, nghién ctru cua hai tac gia Herrera va Castro da cho thay cac hop
chat phenolic nhu rutin, naringin, naringenin, quercetin, ellagic acid va kaempferol
da duoc trich ly hiéu qua khi sir dung song siéu am (Herrera & Luque de Castro,
2004). Trong nghién ctu caa Li va cong su, ba phuong phép chiét xuat da duogc &p

dung dé chiét xuat cac polysaccharides tir trai nhau bao gom chiét xuat bang nudc
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nong, chiét xuat bang dién trudong xung va chiét xuat bang song siéu am. Trong do,
song siéu am c6 nang suat chiét xuat cao nhat, trong lwong phan tir nho nhat va cac
hoat dong chong oxy héa tét nhat.

C6 thé nhan thdy, dé nang cao hiéu qua trich ly cac hop chat sinh hoc tir nguyén
licu thue vat (bao gom trai nhau), cac diéu kién trich ly nhu kich thuéc nguyén liéu,
nhiét do, 4p suét, tan sd, va thoi gian siéu am,... can duoc nghién ctu (Azmir & ctv,
2013).

1.2.1.3 Trich ly két hep gia enzyme va song siéu am

Mot s6 hop chat c6 thé kho chiét xuat va su két hop cua hai ky thuat chiét xuat
c6 thé 1a can thiét, cu thé 1a chiét xuat véi sy hd tro cua siéu am, sau d6 1a dung
enzyme dé thity phan. Chiét xuat bang enzyme hd trg bang song siéu &m (UAE) duoc
x&c nhan la mot céng nghé chiét xuat mai véi nhitng uu diém chinh 13 nang cao ning
suat chiét xuat va cac hoat dong sinh 1y cua cac chat chiét xuat tir cac loai thuc vat
khac nhau. Cac nghién ctru vé phuong phap nay di duoc &p dung dé thu duogc san
lwong cao nhat vé ham lwong phenolic, hoat dong chéng oxy héa va khang u manh.

Niam 2018, tac gia Yumna & ctv (2018) di trich ly cac hoat chat Phytosterols
trong la cia cay Keji beling bang cach sir dung phuong phap enzyme két hop vai séng
siéu &m cho thay nang suat chiét xuat t6i da thu duoc tir 14 Keji Beling 1a 48,63%
(lugng enzyme cellulase bo sung 1a 70 mg/g va nong do ethanol 1 50%, kich thudc
mét ludi < 0,585 mm, thiy phan trong 2 gio ¢ pH 4-6, ty 1& long - ran 1a 20:1, thoi
gian siéu am 1a 60 phat va nhiét do chiét 1a 30°C).

Trong phwong phap chiét xuat bang enzyme c6 hd tro siéu am, hiéu qua cua qua
trinh chiét xuat bi anh huéng boi nhiéu thong sé nhu loai va ndng do cua enzyme,
thanh phan dung mai, ty 1é dung mdi va chat ran, nhiét o chiét va thoi gian chiét. Vi

vay, Viéc toi wu hoa cac thong sb nay 4 rat quan trong dé cai thién nang suat.
1.2.1.4 M¢t sé phwong phdp trich ly khéc

Céc dic tinh vat ly cua cac mo sinh hoc (mang té bao va cac bao quan) bi bién
d6i do ap suat sinh ra bén trong vat liéu. Mang té bao bi v, cac hop chat c6 hoat tinh
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sinh hoc tir té bao bi v& duoc giai phong vao moi truong. Su xam nhap caa dung moi
chiét qua chat nén sinh hoc x6p dugc tao diéu kién thuan loi. Do do, nang suat chiét
Xuat cua cac hop chat mong muén cé thé duoc ting 1én. Ngoai ra, viéc sir dung chiét
XUit ndy ciing mang lai mot s loi ich nhu sir dung it dung mdi hiru co hon, giam thoi
gian xtr ly va gia nhiét ddng déu (Azmir & ctv, 2013; Uquiche & ctv, 2008). Nam
2020, Jamaludin va cong su da thuc hién chiét xuat cac hop chat sinh hoc trong tréi
nhau bang 4p suit thay tinh cao st dung ethanol 1am dung méi trich ly. Két qua thu
duoc cho thay ning suat chiét ting 1én, rat ngan thoi gian chiét va giam tiéu thu dung
moi ¢ nhiét d6 phong (Jamaludin & ctv, 2020).

Phuong phap chiét xuat siéu téi han: Chat long dwoc sir dung trong qué trinh
chiét xuat ndy ¢ trang théi siéu tai han, c6 ap suat va nhiét do cao hon gia tri toi han
cua ching. O trang thai nay, cac dac tinh riéng biét cia chat long siéu téi han nhu ty
trong, d6 nhét va do khuéch tan 1a trung gian giita chat khi va chat long (Camel,
2001). Biéu quan trong 13, mat do, mic d6 hoa tan cua chat long, cé thé dugc diéu
chinh bang cach thay ddi ca nhiét do va ap suat cua chat long. Do dé, nhitng dac tinh
nay mang lai mot s loi thé bao gom thoi gian chiét xuat ngan hon, niang suat chiét
XUat cao hon va luu giit t6t hon cac hop chit dinh dudng va hoat tinh sinh hoc c6 gia
tri (Herrero & ctv, 2006). Tuy nhién chi phi dau tu thiét bj cho cac phuong phép trén
kha cao ciing 1a van dé can nhac khi dua vao (rng dung trong cong nghiép.

1.2.2  Céc nghién ciru vé phwong phap trich ly trén déi twong cay nhau

Ké tir ndm 1996 dén nay, theo két qua tim kiém va tong hop tai liéu tir Scopus,
c6 khoang 368 bao cao da duoc xuat ban vé cac thanh phan c6 lién quan dén cay nhau
(ré, than, la va qua).

Trudc d6, cac phwong phép trich ly truyén thong bang dung méi duoc sir dung
kh& phé bién trong nghién ciru cac hop chat sinh hoc trong trai nhau, nhu trong nghién
ctru cia Muenmuang va cong su, ba loai dung méi (methanol, ethanol va hexan) duoc
chon cho céc thi nghiém chiét xuat cac hop chat sinh hoc trong trai nhau. Két qua cho
thiy dung méi methanol va ethanol c6 ning suat chiét xuat cao vi nhitng dung moi

nay cd thé chiét ca hop chat phan cuc va khong phan cuc (Muenmuang & ctv, 2017).
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Tuy nhién, san pham sau khi chiét xuat phai trai qua thém cong doan khir dung moi
gay anh huang khong tét dén chét luong dich sau trich.

Mét nghién cau ciia Thoo & ctv (2010) vé sir dung dung mdi 1 ethanol va khao
sat anh huong cua ndng do ethanol (0-100%, v/v), thoi gian chiét (20-120 phut) va
nhiét do chiét (25- 65°C) ddi véi viéc chiét xuat cac chat chdng oxy héa phenolic tir
trai nhau. Két qua nghién ctru cho ra diéu kién tdi wu hoa 1a 40% ethanol trong 80 phat
& 65°C.

Céc phuong phap tién xir Iy quan trong dé hd tro pha v ciu tric té bao va ting
tinh tham cua thanh hoac mang té bao. V& phuong phap st dung séng siéu am trong
trich ly ciing d c6 nhiéu nghién cau 4p dung. Trong nghién cau cua Li, J. & ctv
(2020) vé dic tinh hoa ly, hoat dong chéng oxy hoa va kha nang chéng ting sinh cua
polysaccharid tir trai nhau qua ba phuong phép trich ly bao gom chiét xuat bang nudc
nong, chiét xuat bang dién trudng xung va chiét xuat ¢ su hd tro cua siéu am. Két
qua cho thay chiét xuat c6 su hd tro cia song siéu 4m c6 ning suat chiét xuat cao
nhat, trong lwong phan tir nho nhit va céc hoat dong chdng oxy hoa tét nhét ciing nhu
kha ning chdng tang sinh tuyét voi.

Trong nghién ctru mai nhat ciia Buanasari & ctv (2021) da tién hanh trich ly cac
hop chét sinh hoc trong 14 nhau sir dung phuong phap chiét xuat hd trg siéu am véi
50% V ethanol trong 60 phut. Két qua cho thay ning suat cao nhat thu duoc khi chiét
Vi ty 18 chét ran - dung méi 1a 1:40 g/mL, & nhiét do chiét 55°C 1a 32,29 + 0,066%.
Ham luong flavonoid cao nhat, ham lwong phenol va hoat dong thu gom DPPH (97,65
+ 0,912%) thu duoc trong qua trinh chiét vai dung méi chat ran ty 18 1:30 g/mL ¢
nhiét do chiét 25°C. Tac gia nhan dinh rang viéc st dung phuong phap chiét xuat hd
trg bang s6ng siéu &m bang cach chon cac diéu kién van hanh téi wu 1am ting dang
ké luong hap thu hop chit hoat tinh can thiét.

Ngoai ra, trong nghién cau cia Jamaludin & ctv (2020) da thuc hién chiét xuat
cac hop chét sinh hoc trong trai nhau bang ap suat thity tinh cao st dung ethanol 1am

dung mai trich ly. Két qua thu dugc cho thay niang suat chiét tang 1én, rGt ngan thoi
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gian chiét va giam tiéu thy dung mdi ¢ nhiét do phong. Tuy nhién chi phi dau tu thiét
bi khé cao ciing 12 vin dé can nhic khi dwa vao ung dung trong cdng nghiép.

Siéu am dugc danh gia 1a mot phuong phap ché bién thyc pham tiém ning dé
cai thién cac dac tinh cua nudc ép trai cay. Nam 2022, Choo & ctv (2022) da danh gia
anh huong cuaa cac khoang thoi gian siéu am khac nhau (20, 40 va 60 phdt) va qua
trinh thanh tring nhiét ddi véi cac dic tinh dinh dudng, chat chéng oxy héa va vi sinh
Vit cta nudc ép trai nhau. So véi mau nudc ép trai nhau twoi, nong do cua cac acid
hiru co chinh (acid malic va acid ascorbic), hoat tinh chdng oxy héa cia mau nudc ép
da qua xur Iy bang siéu am trong 60 phdt duoc cai thién dang ké (p <0,05). Nghién
ctru nay cho thay tinh kha thi caa viéc xur ly bang siéu am dé nang cao chit luong
nudc ep trai nhau ¢ quy md cong nghiép.

Nghién ctru gan day ciia Wang, S. & ctv (2023) da tién hanh danh gia hiéu suat
trich ly nudc ép trai nhau caa phuong phap chiét xuat két hop xir Iy bang enzyme va
siéu am. Két qua chi ra rang viéc xir Iy két hop gitra siéu &m va enzyme da dat dugc
hiéu qua twong ddng trong viéc nang cao chat lugng cta nudc ép trai nhau. Hiéu suat
chiét xuat nudce ép téi da 13 67,95% khi siéu am trong 10 phut & 600 W sau khi xu ly
bang enzyme. Ngoai ra, nugc ép trai nhau duoc xir Iy bing phwong phap trich ly két
hop nay thé hién ham luong phenolic va flavonoid toan phan cao hon so véi chi xir
ly bang enzyme hay siéu am. Hon nita, phuong phap xtr Iy két hop enzyme va siéu
am lam giam dang ké kich thudc hat ciia nuéc ép trai nhau, cai thién do on dinh huyén
phu va dic tinh luu bién cia san pham.

Theo bao céo cua tac gia Nguyén Trong Thong & ctv (2005), tac gia chi bao cao
qua trinh trich ly cac chét trong qua nhau bang cac dung mdi hoé hoc, chua dé cap
dén qua trinh tinh sach loai bo dung méi nén rat khé cé thé tng dung duoc trong thuc
pham. Két qua nay rat hitu ich cho nhitng nghién ctu tiép theo trich ly bang cac
phuong phap tién tién, than thién véi méi trudong, dong thoi nghién ctru phuong phap
ché bién va bao quan cac hoat chat sinh hoc ¢6 trong trai nhau nham wng dung vao

trong thuc pham va/hozc thyc pham chirc ning (Nguyén & ctv, 2005).
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Nghién ctu gan day nhat Ia trich ly cac hop chat sinh hoc tir trai nhau bang
enzyme ¢ tién xir 1y siéu &m cho thay bon yéu té khac nhau lién quan dén qua trinh
chiét xut bang enzyme trong nudc cua cac hop chat hoat tinh sinh hoc, bao gém téng
sb polyphenol, téng sé flavonoid, tong triterpenoid saponin va vitamin C, tir bot tréi
nhau (Morinda citrifolia L.) dd duoc xir 1y truéc bang siéu am dd dugc bdo céo.
Nghién ciru cho thiy ring cac diéu kién chiét xuat bang enzyme thich hop nhét dbi
v6i ham lugng cia cac hop chat hoat tinh sinh hoc thu duoc & néng do enzyme (hdn
hop pectinase va cellulase, 1: 1, w/w) & 0,5% trong lugong kho (vck), ty 1€ nudc trén
bot 12 16/1 (mL / g) va nhiét do trong qua trinh thay phan bang enzyme & 60°C trong
45 phat khi tién xir Iy bang siéu am dugc ¢ dinh & 50 + 5°C trong 10 phut (Ho & ctv,
2022). Trong nhiing diéu kién d6, ham luwong cao nhat cua tong sé polyphenol,
flavonoid, triterpenoid saponin va vitamin C dugc tim thay 1a 12,53 + 0,09 mg GAE
/g dw, 6,45 + 0,61 mg QE / g dw, 56,02 £ 2,45 mg AE / g dw, va 1,04 + 0,09 mg AA
/ g dw, tuong ting (Ho & ctv, 2022).

Nghién cau khang viém: Nhitng thap Ky gan day, su gia ting cac bénh viém man
tinh nhu tiéu dudng, bénh tim mach, hen suyén, viém khép dang thap, bénh thoai hoa
than kinh. Diéu quan trong la cac bénh viém man tinh ciing lam ting nguy co phat
trién ung thu nén can phai tim cac loai thuéc chéng viém méi. D6 1a cac hop chat
polyphenolic tu nhién, ché pham trich chiét tir thuc pham giau polyphenol, co dic
tinh chdng oxy hda manh. Cac chét chiét xuat tu nhién giau polyphenol c6 kha ning
chbng viém va kha niang diéu chinh cac chat trung gian gay viém quan trong nhu
cyclooxygenase-2, prostaglandin E2, chat tong hop oxit nitric cam ang va oxit nitric,
trong cac té bao dai thuc bao (Chojnacka & Lewandowska, 2021). Dich chiét tir
Pleurotuseryngii ¢4 ham lugng phenolic 14 0,11+0,02 umol GAE/mg CK, gom nhiéu
hop chat nhu acid galic monohydrat, 3-(3,4-Dihydroxyphenyl)- Propionic Acid,
Methyl Galat, Acid Ellagic, Acid Syringic va Catechin... c6 tac dung chéng viém
trong cac dai thuc bdo RAW264.7 do &c ché san xuat qua mic cac chat trung gian
gay viém bao gdm oxit nitric va cac loai oxy phan ung (Hu & ctv, 2018). Chiét xuat

hoa houblon da str dung trong qua trinh 1én men bia (Humulus lupulus L.) lam giam
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dang ké tac nhan gay tién viém cyclooxygenase -2 & mRNA (47%) va muc protein
(32%) sau 24 gio diéu tri dai thuc bao cua chudt do dich chiét c6 nhiéu thanh phan c6
hoat tinh khang viém nhu flavonol, proanthocyanidin, acid hydroxycinnamic va

flavanol monome cao (Caban & ctv, 2020).
1.3 Téng quan vi bao biang phwong phap say phun

1.3.1  Giéi thiéu vé vi bao

Vi bao c6 thé dugc dinh nghia 1a cong nghé bao g6i chat rin, chét long hoic
chat khi véi 16p phu polyme méng, tao thanh cac hat nho dugc goi 1a hat vi bao
(Gharsallaoui & ctv, 2007). Polyme hoat dong nhu mot I6p mang bao vé¢, cach ly 16i
va tranh anh huong cila cac tac dong bat lgi tir méi trudng. Mang nay tu phan giai
thong qua mot kich thich cu thé, giai phong 18i ¢ diéu kién va thoi gian mong mudn

Vi bao hop chat ¢ hoat tinh sinh hoc 13 mot ki thuat ma hop chét sinh hoc dugc
bao boc hoic nim trong mang ludi bai it nhat mot 16p vo bao bén ngoai. Hop chat
sinh hoc dugc vi bao dugc goi la vat liéu 16i, trong khi cac vat liéu nhu polymer sinh
hoc dugc goi la chat bao, chat mang hoic vé bao (Gibbs & ctv, 1999). Céc san pham
vi bao c6 thé duoc san xuat ¢ cac dang khac nhau, chang han nhu don gian (mot 16p
vat liéu vo véi mot vat ligu 16i), nhiéu 16p (nhiéu hon mot 16p vat liéu vo vai mot vat
liéu 16i) va nhiéu 18i (mot 1p vat liéu tudng véi nhiéu hon mot vat liéu cdt 16i) (Kuang
& ctv, 2010).

Vi bao ¢6 nhiéu tng dung trong cac linh vuc nhu dugc pham, néng nghiép, y té
va c6ng nghiép thuc pham, duoc sir dung rong rai trong viéc dong géi tinh dau, chat
tao mau, huong lidu, chat 1am ngot, vi sinh vat, trong s nhitng nganh khac (Azeredo,
2008). Gan day, nganh cong nghiép thuc pham di ching minh cac cong thac ngay
cang phic tap: nhu vi sinh vat trong thit I18n men; b sung céc acid béo khong b&o hoa
da d& bi oxy hoa tu dong trong sira, sira chua hoic kem; va viéc str dung cac hop chat
huong vi d& bay hoi trong thyc pham an lién, thuong chi c6 thé dugc kiém tra bang
phuong phap vi bao (Gharsallaoui & ctv, 2012; Khan & ctv, 2011).

Vi bao c6 thé dong vai trd nhu mot phwong tién hitu hiéu dé tao ra thuc pham

khéng chi la nguon cung cap chat dinh dudng hap dan vé mat cam quan ma con la
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ngudn tot cho sic khoe con ngudi, chang han nhu bang cach ting mirc d6 canxi dé
ngan nglra lodng xuong, st dung Vi sinh vat san xuat, acid lactic dé giam cholesterol
va bd sung céc hop chét phenolic dé ngin ngira cac van dé vé tim (Oliveira & ctv,
2007; Sanguansri & Augustin, 2006).

Nguyeén tic caa ki thuat vi bao 1a tao thanh mét 16p vé mong bao quanh vat liéu
16i ma khong 1am cho vat liéu 18i bi rd ri va cac vat liéu 16i mong muén duoc bao kin.
C6 nhiéu phuong phép bao vi bao khac nhau di duoc phat trién va dugc ap dung vao
nganh céng nghiép thuc pham va dugc pham. Nhin chung, cac phuong phap vi bao
c6 thé duoc phan loai theo cac qua trinh vat ly, hda hoc va hda ly. Tuy thudc vao cac
rng dung mong mudn, cac phuong phap thich hop dé vi bao cac hop chat cé hoat tinh
sinh hoc ¢ thé duoc lya chon.

Sy phat trién cua thuc pham chic nang méi doi hoi cac cong nghé dé két hop
cac thanh phan tiang cuong suc khoe vao thuc pham ma khdng lam giam sinh kha
dung hoac chirc nang cua ching. Cac hop chat sinh hoc sau khi dugc trich ly thong
thuong & dang ty do va rat dé bi that thodt trong qué trinh bao quan. Bén canh d6, kha
nang ung dung truc tiép dich trich giau cac hop chat sinh hoc bi han ché. Vi thé,
nghién ctru phwong phap ché bién phi hop 13 vin dé déang quan tim. Cong nghé vi
bao 1a mét trong nhitng phwong phap rat hiéu qua nham bao vé va on dinh céc hop
chat c6 hoat tinh sinh hoc, déng thoi giup ting tinh hoa tan cua ching trong moi
truong nudc (Shahidi & Han, 1993). Quan trong hon, hoat tinh ciia cac hop chat sinh
hoc vi bao duoc nang cao dang ké so véi cac hop chat khdng vi bao (Lu & ctv, 2016).

Vi bao 1a mot ki thuat trong d6 cac thanh phan hoat tinh ¢ thé ran, long hozc
khi dugc dong goi trong mot vat liéu thi hai voi muc dich che chin thanh phan hoat
tinh khoi méi truong xung quanh. Do d6, thanh phan hoat tinh duoc chi dinh 1a vat
liéu 16i trong khi vat liéu xung quanh tao thanh voé bao.

Hat vi bao c6 thé duoc phan loai theo kich thudc cua chdng: vi bao vi mé (>
5.000 pm), vién bao siéu nhoé (0,2 dén 5.000 um) va vi bao nano (<0,2 um). Vé hinh
dang va cau tao, vi bao ¢ thé duoc chia thanh hai nhdm: vi nang va vi cau. Vi nang

la cac hat bao géom mat I18i bén trong, vé co ban Ia trung tam, chira hoat chat, duoc
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bao phu béi mot 16p polymer tao nén mang bao. Cac vi bao don nhan va da nhan co
thé duoc phan biét bang cach xem 15i c¢6 dugc phan chia hay khdng (Favaro-Trindade
& ctv, 2008). Nguoc lai, vi cau 1a hé thdng ma tran trong d6 15i dugc phéan tan dong
nhat v&/ hodc hoa tan trong mot mang polymer. C4c vi cau c6 thé dong nhat hoic
khong dong nhét tly thudc vao 18i & trang thai phan tir (hoa tan) hay & dang hat (lo
lirng) twong rng (Sanguansri & Augustin, 2006; Silva & ctv, 2014).
1.3.2 Cac phuwong phap vi bao

Hién nay, c6 nhiéu phuong phap vi bao dd dwgc bao cdo va cho thay tinh hiéu
qua ctia nd, mdi phuong phéap c6 nhiing wu va nhuoc diém khac nhau. Viéc lya chon
phuong phap pht hop nhat phu thuc vao loai 16i, tng dung tiép theo cua san pham
vi bao, kich thudc cta céc hat yéu cau, tinh chat vat Iy va hda hoc cuaa 16i va chat bao,
co ché giai phong yéu cau, quy mé san xuat va chi phi (Suave & ctv, 2006). Theo
(Caballero & ctv, 2003), cac phuong phap vi bao chinh 1a: sdy phun, phun mat, ép
dun, dong dac, dong kho va nhii twong hoa. Do do, tuy thuoc vao ng dung va dac
tinh caa cac hop chét sinh hoc ma lya chon phuong phap phu hop, trong dé6 phuong
phap nhii hoa va sdy phun dang duoc ap dung rong rai vi kha ning cong nghiép hoé
va hiéu qua vi bao cao (McClements & Li, 2010). B¢ dat hiéu qua vi bao, viéc danh
gia, lya chon vat lidu bao (cac hop chét polymer sinh hoc) va ham luong vt liéu bao
1a diéu kién tién quyét (Desai & Jin Park, 2005; Shahidi & Han, 1993).

Vi bao bing phwong phap sy phun va cac wu diém ciaa say phun

Qua trinh nay lién quan dén viéc hinh thanh nhii twong, dung dich hoic huyén
phl c6 chira 16 va vat liéu chat bao, tiép theo 13 qua trinh phun suong trong budng
say vai khong khi néng tuan hoan. Nudéc boc hoi ngay 1ap tuc khi tiép xdc véi khdng
khi ndng va vat liéu bao boc 16i (Laohasongkram & ctv, 2011). Phuong phép siy phun
c6 mot s6 wu diém so véi cac phuong phap khac: tinh sin cd cua thiét bi Ion, kha ning
st dung nhiéu loai chat dong géi, co kha niang san xuat quy md 16n, thiét bi don gian,
hiéu qua tot, giam chi phi luu trit, van chuyén va chi phi quy trinh thap (Madene &
ctv, 2006). Nhuge diém chinh ciia siy phun 12 tao ra céc vat liéu c¢6 kich thude khong

dong nhat.
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K§ thuat sdy phun 1a phuong phép vi bao pho bién nhat, da duoc sir dung trong
nhiéu thap ky dé bao boc cha yéu 1a huong vi, chat béo va chit mau, nhung viéc sir
dung nd trong cac san pham nhay cam v&i nhiét, chang han nhu vi sinh vat va tinh
dau, c6 thé bi han ché vi nhiét do cao can thiét gay bay hoi va/ hodc pha hay san pham
(Gharsallaoui & ctv, 2007).

Déi véi phuong phap vi bao dang bot, dé tao ra bot vi bao cac hop chét sinh hoc,
st dung phuong phap say phun c6 hiéu qua kinh té cao va dam bao duoc chét luong
bot vi bao cao. C6 nhiéu yéu té anh huong dén chat luong bot vi bao bang phuong
phap say phun nhu téc d6 bom nguyén liéu, nhiét do dau vao va ra, toc do phun, &p
suat,... Trong cac yéu té nay, nhiét do dau vao va dau ra 1a quan trong hon ca
(Gharsallaoui & ctv, 2007; Liu, Z.-Q. & ctv, 2004).

Nhiéu quy trinh say hién dang duoc s dung trong cong nghiép san xuat thyuc
pham. Mot s6 yéu té can phai duoc tinh dén, bao gom cac dic diém cua thyc pham
duoc say kho, chat lugng cua thanh pham du kién va chi phi bao géi, bao gém ning
luong va khong gian luu trit. Cac kha nang luu trir cac loai thyc pham lam tir trai cay
tuoi va rau qua dudi dang bot trong thoi gian dai ¢ nhiét 6 moi truong, cling nhu
giam dang ké chi phi van chuyén va luu kho, 13 nhitng vu diém caa viéc tao san pham
dang bot. Say phun 1a mét trong nhitng phwong phap phd bién dé tao thanh bot vi nd
dé cong nghiép hda va cho phép san xuat lién tuc (Pegg & Shahidi, 2007). Ngoai ra,
say phun ciing c6 tiém ning @ng dung trong quy mé 16n, ¢6 thé da dang cac vat lidu

v6 bao, va san pham vi bao tao ra tiép can duoc véi nhiéu muc dich ung dung.
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Hinh 1.6. Ky thudt vi bao bang phuwrong phdp sdy phun (Choudhury & ctv, 2021b)

Vi bao bang siy phun gilp bao vé san pham khoi tac dong ciia mot sé yéu td
moi trudng xung quanh (nhiét do, o am, birc xa UV, tuong tac vai cac vat liéu khac),
giam tdc do bay hoi hoac toc do truyén cua vat liéu cot 151 ra bén ngoai méi truong.
Xt Iy cac chat vi bao thanh dang kho - chuyén doi chat long va chat ran dinh thanh
bot roi nhau (t6t hon su pha tron, ngin ngtra von cuc), che diu cac phan tir khdng
mong muén caa thanh phan hoat dong, vi du: vi hodc mui, hoic che céc chét héa hoc
nhu pH hoic hoat tinh x(c tac. C6 thé kiém soat tc do giai phong cua vat ligu cét 15i
trong cac diéu kién mong mudn. Dac biét, bat ky hoat chat nao can duoc bao vé, cach
ly hoac kiém soéat viéc giai phong déu co thé dugc vi bao bang phuong phép say phun.
Céc loi ich cua viéc giai phong co kiém soat cua cac hat vi bao da giup ung dung
trong dwoc pham va thuc pham duoc mé rong (Porte & Couarraze, 1994).

1.3.3  Céc nghién ciru trong va ngoai nwéc vé qua trinh say phun dé vi bao
cac hoat chit sinh hoc
Nhiéu nha nghién ctru di sir dung k§ thuat sy phun dé san xuit bot vi bao cac
chiét xuat tur trai cay (Tan, Sing Pei & ctv, 2015; Tonon & ctv, 2008). Cu thé, huong
vi cua cay thu du di duoc vi bao thanh cong bang cach siy phun dé tng dung trong
banh quy man, salad va banh quy gion. Tuong tu, trong nghién ctu caa Krishnan &
ctv (2005) nhya cdy bach dau khau duoc vi bao bang phuong phép say phun, sir dung

gum arabic, maltodextrin va tinh bot bién tinh 1am vo bao, két qua cho thay sy gia
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tang kha ning bao vé nhya (Krishnan & ctv, 2005). Anekella & Orsat (2013) da toi
wu hoa kha ning vi bao ctia probiotics trong nudc qua mam xoi bang cach say phun.
Quié trinh vi bao chat béo sir dung tinh bot khoai tay, bot sian va ngd bang cach siy
phun d3 thanh céng, giup kéo dai thoi gian bao quan chit béo.

Trong nghién ctru truée day, cac diéu kién sdy phun dich trai nhau sir dung k-
carrageenan va maltodextrin hoic k-carrageenan di duoc nghién ciu. Gan day, mot
nghién ctu khao sat hiéu suat cua cac chat mang hon hop két hop ca maltodextrin
(10-13 DE) va gum arabic ddi véi vi bao nudc ép trai nhau. Két qua cho thiy dic tinh
hoa Iy va hoat tinh sinh hoc cta bot bi anh huong bai ty 16 pha tron, cu thé ty 16 gum
arabic so v6i maltodextrin ting 1én c6 thé dan dén tinh 6n dinh va do chay cua bot tét
hon, trong khi cang nhiéu maltodextrin duoc str dung trong hdn hop c6 thé dan dén
ty 1&¢ hoan nguyén bot trong nuéc tot hon. Nguoc lai, ty I¢ pha tron gum arabic so Vi
maltodextrin cao hon ¢6 thé bao vé tot hon cac hop chat hoat tinh sinh hoc trong bot
nudc ép trai nhau trong qua trinh phan hay trong 6ng nghiém mé phong, dan dén kha
nang xu ly sinh hoc cao hon (Zhang, Khoo, Swedlund, & ctv, 2020). Trong nghién
clru ndy tac gia wu tién do hoa tan (hoan nguyén) cua bot nhau siy phun va cé xu
hudng ting ty 1& maltodextrin so v&i gum arabic. Nghién ciru nay chua dé cap dén
cac yéu t6 trong qué trinh bao quan chiu anh huong cua ty & chét bao.

Sy 6n dinh cua carotenoid tir nuéc trai cay (ca rot va ca chua than gd) duogc thuc
hién bang cach siy phun trong cac nghién ciru so sanh anh huang cua cac vat liéu bao
khac nhau (gum arabic va maltodextrin) dén cac dic tinh hoa hoc va hda ly cua bot vi
bao (Janiszewska-Turak & ctv, 2017; Ramakrishnan & ctv, 2018). Cac tac gia da quan
st thay rang cac hat vi bao st dung gum arabic thé hién kha niang luu giit carotenoid
va hiéu qua vi bao cao hon trong thoi gian dai (84 tuan) trong diéu kién tiép xuc anh
sang khi so sanh véi cac hat vi bao sir dung maltodextrin. Hon nira, Ramakrishnan &
ctv (2018) ciing phan tich d6 on dinh luu trit cua cac hat vi bao lién quan dén hoat
tinh chéng oxy hoa caa chung va luong carotenoid dugc giit lai trong cac diéu kién
bao quan khac nhau (Ramakrishnan & ctv, 2018). Quan sat thay rang bot duoc vi bao

bang gum arabic duoc bao quan ¢ 25°C trong 24 ngay c6 téc ¢ phan hay carotenoid
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cao hon so véi bot dugc san xuat bang maltodextrin. Thuc té nay duoc cho la do hoat
d6 nude cao ciia gum arabic vao dau thoi ky luu trir, d& gay ra phan haty cac hop chat
hon va mat hoat tinh chdng oxy hoa.

Yinbin & ctv (2018) di danh gia anh hudng cua céc su két hop khac nhau cua
cac vat liéu vo bao (maltodextrin/ gum arabic, maltodextrin/ gelatin, maltodextrin/
chitosan va maltodextrin/ B-cyclodextrin/ gum arabic) 1én vi bao cac hop chét
phenolic tir trai man bang cach say phun (Yinbin & ctv, 2018). Hiéu qua vi bao va do
6n dinh luu trir caa cac hat vi bao da dugc danh gia. Két qua cho thay su 6n dinh cua
cac hop chit phenolic man da dat duoc thanh cong d6i Vai tat ca cac to hop vt lidu
mang bao dugc st dung. Tuy nhién, cac bot vi bao duoc sir dung maltodextrin/
chitosan cho thy kha ning luu giit hop chat phenolic cao hon, trén 94%, trong thoi
gian bao quan trong 60 ngay & 25°C, so vai cac bot vi bao khac (tir 80% dén 90%) va
hop chat phenolic khong duoc vi bao chiém khoang 31%). Ngoai ra, quan sat thay
rang cac hat vi bao c6 bé mit bén ngoai nhin ching to kha ning bao vé cac hop chat
phenolic tét hon. Viéc két hop céc vat liéu vo bao khac nhau s& anh hudng dén hiéu
qua vi bao va su 6n dinh cac hop chat duoc vi bao. Co thé két hop khéng chi 2 loai
vat liéu vo bao véi nhau, ¢ nhiéu vat liéu vo bao khi sir dung don 1é s& ¢d hiéu qua
thap hon so vai viéc két hop nhiéu loai vat liéu bao khac nhau.

Mot nghién ciru cia tac gia Kha & ctv (2021b) cho thay viéc xtr 1y so bo truéc
khi sy trai nhau tuoi cting v6i qua trinh kiém soét nhiét do say cho két qua gii lai toi
da tong ham lugng polyphenol (TPC), ham luong flavonoid (TFC) va ham luong
triterpenoid saponin (TSC) cua bot trai nhau. Tac gia da xtr 1y truéc khi sdy nhau tuoi
bang phwong phap ngim trong acid ascorbic, ngdm trong dung dich metabisulfite va
chan, bén canh d6 tac gia ciing kiém soét nhiét d6 khdng khi nong trong budng say.
Két qua cho thdy mau nhau ngam trong acid ascorbic va dung dich metabisulfite,
duogc sdy ¢ nhiét do 60°C s& han ché sy ton that ham luong polyphenol (TPC), ham
lugng flavonoid (TFC) va ham lugng triterpenoid saponin (TSC) cua bot trai nhau
thap nhat.
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CHUONG 2: VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1 Nguyén liéu, hoa chat va thiét bi sir dung

Nguyén liéu nhau twoi: dugc thu hoach va cung ung boi cong ty Mekong
Herbals, Tién Giang, Viét Nam. Sau khi thu hoach trong ngay, trai nhau dugc dong
trong thiing carton va van chuyén vé Khoa Céng nghé Hoa hoc va Thuc Pham, Trudng
Pai hoc Nong LAm TP. HCM. Thoi gian thu hoach va van chuyén trai nhau trong diéu

kién mat khong qué 6 tiéng.

Hinh 2.1 Nguyén liéu ding dé nghién ciu
Sau d6 dem nguyén liéu da dugc thu mua di phan loai va lam sach duéi voi nuéc
dé loai bo tap chat va tién hanh cat lat mong bé day 4mm, say kho o 60°C trong 7-8
gio dén khi nguyén lidu co d6 am dudi 12%. Nhau sau khi say kho dugc xay, nghién
va ray vai kich thude ludi sang 0,5 mm thanh bét. Bot Morinda L. dugc cho vao tui

nhdm hat chan khong va duoc bao quan & (-18°C) + 3°C dé nghién ctru thém.
Hoa chat va thiét bi sir dung

Enzyme véi tén thuong mai Mashzyme (Advanced Enzyme Technologies Ltd)
bao gom: pectinase (85000 — 115000 PBU/qg), cellulase (4675 — 6325 CMC U/g); dic
diém: bot c6 mau trang nhat dén kem, tan trong nudc, pH hoat dong 3,5 — 4,5. Hoa
chat sir dung chinh bao gdbm: Folin Ciocalteu, ethanol, H2SO4, ascorbic acid, NaOH,
Na>CO3z, AlCI3.6H20, NaNO2, vanillin, acid oxalic, 2,6-dichlorophenol-indophenol
(DCPIP), gallic acid. Chat chuan st dung bao gom: Gallic acid (G7384), quercetin
(Q4951), aescin (E1378), and ascorbic acid (A92902) cua hang Sigma-Aldrich,

Singapore. Thiét bi sir dung nghién ctru dugc thé hién qua Bang 2.1.
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Bang 2.1 Thiét bj siz dung nghién citu

Tén thiét bi Xuit xi Tén thiét bi Xuit xir
May xay sinh t6 Philip HalLan | May li tim 6000 rpm buc
May cat Iat hoa qua Viét Nam May dong hoa Y
Can phan tich 4 s6 M§ Thiét bi loc chan khong |  Pruc
Tu say Puc Tu lanh Han Quéc
May do quang pho UV-Vis My Kinh hién vi SEM Anh
May do pH Puc May do HPLC Nhat Ban
Can say hong ngoai SHS Nhat Ban | Hé thong sic ki long My
Thermo Scientific Nicolet My X-ray Diffractometer Nhat
iS50 FTIR rigaku SmartLab
Malvern Zetasizer Nano ZS Anh Discovery DSC 250 My
0.3nm - 10 pum

2.2 Phwong phap bé tri thi nghiém

Thi nghiém duoc thiét ké theo kiéu ngau nhién mét yéu t, mdi nghiém thic lap

lai 3 1an. So dd nghién cau tdng quat cua dé tai dwgc trinh bay qua Hinh 2.2.

Trai nhén
¥ ¥ 1
Xéc dinh vimg nguyén lign, Ehao st 43 C}Jlﬂ cla fral K_haﬂ satthﬂlg:mnbaﬂ
nhéu quan clz trél nhin
| Ji |
Ehio sét difu kaén trich Iy céc
hop chét ¢ hoat tinh simh hoc
Téi wru héa didu kign trich Iy céc hgpc]ﬁt ¢ hoat tinh zinh hoc
!
v !
Dich chiét tréi nhau 1 bao dich chiét tréi nhin
- Dinh danh, dinh hrong céc - Khaosit cac dién kafn vi bao
hop chit chisa hoat tich - Tauubbaditokfo vibao
sinh host trong tréi nhin - Xécdmh khinang bio quén vi bao
- Xécdmh khinéng gid phong host

chét; kh ning béo vé cic hoat chét
trong méi mremg pH 1,2 -7 4 v
méi nromg nhigt d6 cao

Hinh 2.2 So do nghién cizu tong quéat
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2.2.1 Khao sat nguyén liéu, anh hwéng caa do chin thu hoach va theoi gian bao

quan dén ham lwong c4c chat cd hoat tinh sinh hoc va cac chi tiéu hoa ly
Pj chin khi thu hoach

Trai nhau duoc lva chon 1a céc trai khdng bi hu hong, con nguyén ven, dong
déu vé kich thudc. Theo thdng tin tir cic nha vuon, thoi gian tir khi ra hoa dén khi tréi
nhau c6 mau xanh cimg 1a 70 d¢én 80 ngay. Trong nghién ctiu nay, trai nhau khi thu
hai & cac do chin khac nhau, dugc tinh tir 1Gc ra hoa (90-95 ngay tinh tir ngay ra hoa,
100-107 ngay tinh tir ngay ra hoa va 110-115 ngay tinh tir ngay ra hoa). Hinh anh d6
chin caa trai nhau & céc thoi diém thu hoach khac nhau dugc trinh bay qua Bang 2.2.

Sw thay doi theo théi gian bao quan

Tréai nhau c6 do chin thich hop dugc bao quan trong bao bi PE khong duc 16 (6
trai/ bich), ¢ diéu kién méi trudng, thong thoang. Dé danh gia sy thay d6i ham luong
cac hop chat c6 hoat tinh sinh hoc & céc thoi gian bao quan khac nhau, thi nghiém
duoc bd tri hoan toan ngau nhién, mot yéu to (thoi gian bao quan sau thu hoach). Sau
mdi thoi gian bao quan (t=0, 1, 2, 3, 4, 5, 6, va 7 ngay), trai nhau duoc Iy ra (1 bich)
phan tich cac chi tiéu: ham luong cac hop chat cé hoat tinh sinh hoc (polyphenol,
flavonoid, triterpenoid saponin va acid ascorbic) va céc chi tiéu hoé ly (mau sic Lab,

d6 am, khéi lugng, pH va Brix).
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Bang 2.2 Bé tri thi nghiém khdo sdt dé chin va thoi gian bao quan

Noi dung Khao sat do chin va thoi gian bao quan cua trai nhau

90-95 ngay 100-107 ngay 110-115 ngay

Do chin trai nhau:

s0 ngay ké tir lic ra
hoa cho tirng do

chin

Thei gian bao quan 0, 3-5 va 5-7 ngay cho dén khi trai hong

Ham luong cac hop chét sinh hoc (flavonoid, polyphenol,
o 5 triterpenoid va acid ascorbic), va cac chi ti€u hoa ly (mau
Chi tiéu chat lwrong P Z. v N R
sac, do am, khoi lugng qua) va dinh dudng (protein, béo,

carbohydrate va xo)

2.2.2  Quy trinh cdng nghé trich ly cac chat c6 hoat tinh sinh hec tir trai nhau
2.2.2.1 Khao sat va toi wu héa diéu kién trich ly

Pé khao sét cac thdng sé: ty 1é enzyme bo sung, ty 1é nudce/ bot nhau, nhiét do
va thoi gian xu |i enzyme trong qua trinh trich ly cac hop chat cé hoat tinh sinh hoc
tir mau bot nhau, didu kién siéu 4m duoc ¢ dinh nhu sau: khéi lwgng bot nhau: 5 g,
kich thudc bot <500 um, tan sé siéu &m: 37 kHz, nhiét do siéu &m: 50°C, va thoi gian
siéu am: 10 phut (Ho & ctv, 2020).

Céch tién hanh: Can 5 g bot nhau cho vao binh tam giac, sau d6 thém vao 40
mL nuéc, khudy déu va bit kin miéng binh bang parafilm (ty & nuée/ bot nhau 1a 8/1
mL/g). Tiép dén, dat mau ngap trong bé siéu 4m di gia nhiét 1én 50°C sao cho khoang
cach tir bé mat chat long trong binh dén muyc nudc chira trong bé vao khoang 2 cm va
tién hanh siéu &m trong 10 phat. Sau khi két thac siéu &m, can enzyme theo céc ty 1é
can khao sat va hoa tan trong 1mL nudc truéc khi chuyén hdn hop mau da siéu am
vao binh, lic déu sau d6 dem u ¢ diéu kién nhiét 6 va thoi gian khac nhau. Két thic

qua trinh trich ly, mau duoc loc thd bang vai loc sau d6 loc lai bang gidy loc Whatman
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(kich thuéc 15 15-20 um) dé loai bo can min, chuan bi cho phan tich cac chi tiéu: Ham
lugng polyphenol tong, flavonoid téng, saponin triterpenoid tong va vitamin C.

Ty 1é enzyme bd sung: Thi nghiém duoc bd tri 1 yéu t vai 3 lan lap, tong
don vi thi nghiém 1a 12. Yéu t4 thi nghiém: Ty 1é enzyme: 0%; 0,1%; 0,5% va 1%.

Ty & nwéc/bdt nhau: Thi nghiém duoc bé tri 1 yéu té véi 3 1an lap, tong don
vi thi nghiém 1a 12. Yéu t4 thi nghiém: Ty Ié nu6c/bot nhau: 8/1, 12/1, 16/1, 20/1
(mL/g).

Nhiét do trong qua trinh thitly phan bang enzyme: Thi nghiém dugc bd tri
1 yéu t véi 3 1an lap, tong don vi thi nghiém 12 9. Yéu té thi nghiém: Nhiét do: 40,
50 va 60 (“C).

Thoi gian thiy phan: Thi nghiém dugc bo tri 1 yéu té vai 3 lan lap, tong don
vi thi nghiém 12 9. Yéu té thi nghiém: thoi gian: 30, 45 va 60 (phut).

T6i wu hoa diéu kién trich ly: Dya vao két qua cua céac thi nghiém mot yéu
t6 nhu trén bao gom ty 1& enzyme, nhiét d va thoi gian thay phan, tién hanh tdi vu
diéu kién trich ly bang phuong phap bé mit dap ung (Response surface methodology,
RSM).

2.2.2.2 Xac dinh cac chat c6 hoat tinh sinh hoc don 1é trong dich trich nhau

Sau khi xac dinh dugc @6 chin thich hop dua trén ham lugng céc hop chat c6
hoat tinh sinh hoc, tién hanh phan tich dinh danh va dinh luong mot s6 hop chét c6
hoat tinh sinh hoc. Bot nhau duogc sdy khd bang may siy bom nhiét & nhiét do 30-
35°C dén d6 am khoang 10%. Diéu kién trich ly dwa vao nghién ciu trude d6 cua
nhém tac gia Thoo va cong su (2013) (Thoo & ctv, 2013b). Cu thé nhu sau: Can 5 g
bot nhau tron véi 50 mL ethanol 75% (ty 1é 1:10), khudy tir 40 phit & nhiét do 57°C,
sau d6 mau duoc loc thd bang vai loc, sau d6 loc lai bang gidy loc Whatman (kich
thudc 16 15-20 pm) dé loai bé can min, chuan bi cho phan tich dinh danh (UHPLC-
QTOF-MS/MS) va dinh luong (HPLC).
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2.2.3  Khao sat va téi wu héa cac yéu té anh hwéng dén vi bao cac hop chat

sinh hoc trong trai nhau
2.2.3.1 Khao sat cong thirc va ty 1 phdi trén vé bao sy phun bt nhau

Thi nghiém duoc b tri hoan toan ngau nhién 01 yéu té véi 3 1an l3p lai. Yéu td
thi nghiém: céng thuic vo bao Ia Gum Arabic va Maltodextrin vai cac ty 1€ khac nhau,
bao gom 1:1; 1:2; 1:3; va 3:1 (w/w). Yéu té ¢ dinh: nong d6 dung dich vo bao: 20%
(w/w), nhiét d6 sy phun dau vao 150°C, téc do nap liéu: 1,6 lit/ gio, toc d6 dia quay:
15.000 vong/phut. Chi tiéu theo ddi: hiéu suat vi bao tinh theo ham luong TPC, TFC,

va TSC cua bot vi bao sau siy phun so véi ham lugng d6 trong dung dich trudc siy.
2.2.3.2 Xac dinh ndng @9 vé bao thich hop

Véi ty Ié vo bao thich hop (tir két qua Muc 2.2.3.1), thi nghiém bé tri hoan toan
ngau nhién 01 yéu t6 vaéi 03 1an lap lai. Yéu té thi nghiém 1a nong do vo bao, bao
gom: 20, 25, va 30% va khéi lugng phdi tron vo bao va dung dich nhau duoc ¢b dinh
Véi ty 1& 7:3 (W/w). Yéu td cb dinh: ty 1& vo bao, nhiét d6 sdy phun dau vao 150°C,
téc do nap liéu: 1,6 lit/ gio, toc do dia quay: 15.000 vong/phit. Chi tiéu theo ddi: hiéu
Suit vi bao tinh theo ham lugng TPC, TFC, va TSC cua bot vi bao sau say phun so

v6i ham luong d6 trong dung dich trudc say.
2.2.3.3 Xac dinh nhiét d§ siy phun dau vao thich hop

Véi ty 1 vo bao thich hop (tir két qua Muc 2.2.3.1) va ndng do vo bao (tir két
qua Muc 3.2.3.2) thi nghiém b tri hoan toan ngau nhién 01 yéu t véi 03 1an lap lai.
Yéu t6 thi nghiém Ia Nhiét d6 siy phun dau vao, véi cac mirc do: 140, 150, 160, 170
va 180°C. Yéu t6 cd dinh: ty 18 vo bao, nong do6 vo bao, téc do nap liéu: 1,6 lit/ gio,
téc do dia quay: 15.000 vong/phut. Chi tiéu theo di: hi¢u suat vi bao tinh theo ham
lugng TPC, TFC, va TSC ciia bot vi bao sau say phun so véi ham luong d6 trong

dung dich truéc say.
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2.2.3.4 Xac dinh nhiét d siy phun dau ra thich hep

Thi nghiém bé tri hoan toan ngau nhién 01 yéu t6 véi 03 1an lap lai. Yéu té thi
nghiém 1a Nhiét do sy phun dau ra, voi cac muac do: 82-83, 87-88, 91-93, va 97-
98°C. Véi nhiét do siy phun dau ra dao dong tir 82 dén 98°C. Nhiét d6 dau ra dugc
diéu chinh bang cach thay d6i téc do nap liéu sao cho nhiét d6 dau ra 6n dinh trong
cac khoang nhiét do nghién ctu ¢ toc do dia quay ¢ dinh 15.000 vong/phut. Chi tiéu
theo ddi: hiéu suit vi bao tinh theo ham luong TPC, TFC, va TSC cua bét vi bao sau

say phun so véi ham lugng d6 trong dung dich trudc siy.
2.2.3.5 Toi wu hoa nhiét dd sy phun

Muc dich x4c dinh ché d6 sdy phun tdi vu (nhiét d6 dau vao va dau ra) nham tao
ra bot vi bao céc hop chat cd hoat tinh sinh hoc c6 tinh 6n dinh cao. Khoang nhiét do
dau vao va nhiét 6 dau ra cua qua trinh sy phun dugc xac dinh dya vao két qua ¢
Muc 2.2.3.3 va 2.2.3.4, sir dung phuong phap bé mat dap tmg dé t6i wu hoa ché do
say phun dwa vao céc chi tiéu hiéu suét vi bao tinh theo TPC, TFC, va TSC (gia tri toi
da), hoat do nudc (<0,6) va do am. Thanh pham bot nhau vi bao sau khi say phun
duogc thu nhan dong vao tai zip trang bac.

Mau bot vi bao duoc xem su phan bé hinh anh va cau tric hat vi bao bang SEM
(Scanning Electron Microscopy) va danh gia chinh xac kich thudc hat qua phuong
phéap DLS.

2.2.3.6 Theo doi thai gian bao quan caa bt vi bao

Muc dich cua thi nghiém nham xac dinh diéu kién va thoi gian bao quan thich
hop cho bot vi bao céc hop chat c6 hoat tinh sinh hoc.

Lap lich lay mau: Xac dinh tan suat lay mau (hang tuan — sau khi thuc nghiém
ban dau 1a dénh gia theo ngay). Thoi gian 1y mau ciing can phu hop vai gia tri Q10
va cac yéu t6 anh huong dén chat luong san pham.

Chon thoi diém lay mau: Thoi gian ldy mau phan tich tir 08h30-09h00 thir 2

hang tuan dé ¢am bao su dong bo va khong anh huong mau.
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Bot vi bao duoc tién hanh bao quan & cac diéu kién khac nhau nhu nhiét d6 (8
(dbi ching), 40 va 50°C). Sau mdi thoi gian, mau dugc tién hanh phan tich cac chi
tiéu TPC, TFC va TSC dé danh gia that thoat cac hop chat ¢ hoat tinh sinh hoc, tir

do6 udce tinh thoi gian bao quan bot vi bao.
2.2.3.7 Pwong cong hap phu cia bét vi bao

Cac dung dich mudi bdo hoa sir dung 12 NaOH, LiCl, CHsCOOK, K,COs,
Mg(NO3)2, NaCl, KCI1 dé tao ra cac mdi trudong cé hoat d6 nudc (d6 4m twong d6i)
khac nhau. Mau bot vi bao (2 g) dugc cho vao céac binh (c6 d6 kin cao) c6 do am
tuong d6i khac nhau (RH tir 6 d¢én 87%) va bao quan ¢ nhiét d6 moi truong. Sau khi
can bang am, tién hanh xac dinh d6 am caa bot vi bao. Dwa vao cac mé hinh BET va
GAB, tinh toan d6 am can bang caa bot.

Bang 2.3 Nam diéu kién am dé cua 5 logi mugi khac nhau

Salts Solubility (/100 | oy o+ 100¢ | RH at 30°C | RH at 40°C
mL water)
Sodium hydroxid 0
NaOH 111 (20°C) 0,1 0,08 0.06
Potassium acetate
CHsCOOK 200 0,23 0,22 0,21
Magnesium
nitrate Mg(NOs)2 125 0,57 0,51 0,48
Sodium chloride 0
NaCl 35,9 (25°C) 0,76 0,75 0,75
Potassium 28,1 (0°)
chloride KCI 34,0 (20°C) 0,87 0,84 0,83
56,7 (100°C)

D6 am can bang cua bot vi bao t6i wu duoc tinh bang phwong trinh Brunauer
Emmett Teller (BET) va Gugenheim Anderson de Boer (GAB) (Lee & Lee, 2008)
nhu sau:

BET: M, = MeCow 3 GAB: M, =

T (1—aw)[1+(C-Day]

McCoKgaw
(1-Kgaw)(1—-Kgaw+CgKgaw)

Trong d6 Mc 1a d6 am cua bot vi bao tinh bang g trén 100 g vek; Mo 1a g nurdc
tuong duong voi 16p don phan tir bi hip phu trén 100 g chat ran kho; aw 1 hoat do
nuéc & d6 am MC; C la hing s6 BET; Co, KG va CG la cac tham s6 phuong trinh
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GAB (biém cd dinh do 4m cua dung dich nuéc bdo hda nhi phan, theo Tap chi nghién
ctru ciia Cyc Tiéu chuan Qudc gia-A. Vat Iy va héa hoc. Quyén 81A s6 1 (Greenspan,
1977), va dudng dang hap phu va do tré hap phu cua chudi c6 d6 am trung binh, theo
Tap chi ki thuat thuc pham (Yan & ctv, 2008)).

2.2.4  Kha ning giai phong va bao vé cac hoat chit trong diéu kién mé phong
2.2.4.1 Panh gia kha ning giai phong hoat chit trong méi trweong pH 7,4

Céan 0,2 g bot vi bao nhau phéan tan vao 50 mL dung dich dém phosphate (PBS)
pH 7.4, khudy tir véi téc do 200 vong/phit trong 2 gio. Tai cac thoi diém cach nhau
15 pht trong qua trinh giai phong, 1 mL mau dugc hat va bu lai 1 mL dém dé tién
hanh x4c dinh ham luong hoat chat TPC, TFC, va TSC giai phong ra méi truong dung
dich. Mau dugc ly thm & 6000 rpm trong 5 phut dé thu dich noi, quy trinh dinh lwong
TPC, TFC va TSC duoc trinh bay trong muc 3.3. Phan trim phoéng thich theo thoi
gian duoc xac dinh bang cong thic:

CVo +VXITG
— x 100%
Mo — XM

% Phong thich =

Trong d6: Ct, Ci ndng do hoat chat giai phong tai thoi diém t va i; Vo: thé tich
dém (mL); Mo: khéi luong ban dau cua hoat chat; Mi: khéi lugng hoat chat giai phong
tai thoi diém i; V: thé tich ldy mau (mL).

2.2.4.2 Panh gia kha ning bao vé hoat chat trong pH dwong tiéu hda

Kha ning bao vé hoat chat caa bot vi bao trong dudng tiéu hoa duoc danh gia
in vitro bang méi trudng mo phong dudng tiéu héa ¢ hai giai doan da day va rudt non.
Pau tién, phan tan 1 g bot vi bao vao 10 mL dung dich HCI pH 1,2, md phong dich
vi da day. Hé thdng duoc lic biang may lic véi van tée 100 vong/phut trong 2 gid ¢
37°C. Tiép theo, hé duoc chuyén sang mé phong giai doan trong rudt non c6 pH 6,8
(40 mL dém PBS). Tiép tuc lac dung dich bang may lac véi van téc 100 vong/phut
trong 6 gio & 37°C. Tai céc thoi diém cach nhau 30 pht trong sudt qué trinh, hat 1
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mL mau va thay thé vao 1 mL moéi trudng. Mau duoc ly tdm & 6000 rpm trong 5 phat
lay dich ndi, quy trinh dinh lvgng TPC, TEC va TSC dugc trinh bay trong muc 3.3.

CtVo+V It ic

0
TR =TV 100%

% Phong thich =

Trong d6: Ct, Ci ndng do hoat chat giai phong tai thoi diém t va i; Vo: thé tich
dém (mL); Mo: khéi ban dau cua hoat chat; Mi: Khéi luong hoat chat giai phong tai
thoi diém i; V thé tich 1dy mau (mL).
2.2.4.3 Panh gia kha ning bio vé hoat chat trong méi truong nhiét do

Chuan bi 1 g bot vi bao va cao ty do duoc @ trong cac méi trudong nhiét do cao
60°C, 100°C trong 1 gio. Sau do, tién hanh dinh luong lai ham lwgng TPC, TFC, va
TSC (quy trinh duoc trinh bay trong muc 3.3). Hiéu suat bao vé dugc xac dinh dya
trén ty 1¢ ham luong TFC, TPC va TSC mét di trén luong vat chat khd ban dau.

2.3 Phwong phap phén tich cac chi tiéu

2.3.1  Pinh tinh cac hep chat sinh hoc

binh tinh cua flavonoid, alkaloids, triterpenoids va tannin theo phuong phap cua
Senguttuvan & ctv (2014).

2.3.2  Pinh lweng thanh phan dinh dudng

Dinh lugng ham luong protein theo phuong phap AOAC (2005) (920.103) véi
hé s6 6.25. Xac dinh chit béo thd theo phuong phap AOAC (2003.05) (AOAC, 2005;
Chau & Huang, 2004). Pinh lugng ham lugng carbohydrate theo tiéu chuan glucose
va sir dung budc song 490nm dé do do hap thu. Pinh luong ham lwong chat xo dua
trén phuong phap AOAC 995,29 (AOAC, 2005; Chau & Huang, 2004).

Mic du chat xo 1a mot loai carbohydrate, nhung né khong dugc phan giai va
hap thu boi co thé. Do d6, trong nhiéu truong hop, ham lugng carbohydrate tong duoc
tinh riéng va khéng bao gom ham luong chat xo. Tuy nhién, khi can tong hop dit liéu

dinh dudng toan dién, ham luong chét xo van dugc do va bao céo riéng 1é.
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2.3.3  DPanh gia hoat tinh chéng oxy héa

Xac dinh toan bo chét chéng oxy héa da sir dung biang thudc thir phan wng
(H,S0, 0,6M, 1 mL natri phosphat 28 mM va 1 mL ammonium molybdate 4 mM).

Phép do do hap thu caa dich chiét 1a 695 nm str dung tiéu chuan acid ascobic.

Giam hoat dong ning luong dugc xac dinh dua trén co sd chuyén Fe3* sang
Fe?*, do @6 hap thu & 655 nm va st dung tiéu chuan FeSO,. Chat oxy hda loai bo cac
gbc tu do DPPH (2,2-diphenyl-1- picrylhydrazyl). Chat oxy héa loai bo cac géc tu do

DPPH dugc xac dinh dya trén mo ta ctia nghién ctru trude day (Dang & Lovell, 2016).
2.3.4  Pinh lwong ham lwong khoang chat

Pinh luong ham lugng khoang chét dya trén phuong phap AOAC (2005) vi du,
magie (920,09), canxi (910,01), sat (937,03), natri (956,01), déng (975,03) va zirconi
(975,03) (Debnath & ctv, 2005).

2.3.5  Phwong phap dinh danh céac hop chit c6 hoat tinh sinh hoc

Chuong trinh sic ky cho cac hop chét ¢ hoat tinh sinh hoc trong dich trai nhau
duoc thuc hién trén thiét bi ExionLC™ — X500r QTOF (AB Sciex, USA), st dung
cot Hypersil GOLD 150 x 2,1 mm; 3pm (Thermo Scientific, USA). Thé tich tiém
mau 14 2 ul. Pha d6ng bao gom kénh A 13 0,1% formic acid/ H.O va kénh B 12 0,1%
formic acid/ Acetonitrile. Chuong trinh gradient cho hé théng LC theo Bang 2.4.

Bang 2.4 Chuwrong trinh gradient cho hé thong LC-MS/MS

Thai gian (phut) % dung moi A % dung mdi B
0,0 98,0 2,0
1,0 98,0 2,0
20,0 2,0 98,0
25,0 2,0 98,0

Piéu kién khdi phd: Hé théng LC két hop vai khdi phd c6 dd phan giai cao
(HRMS) dugc trang bi ngudn ion hoa tia dién tir (Electrospray ionization — ESI), ché

d6 ion am. Cac thong s6 cua QTOF duoc thé hién trong Bang 2.5.
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Ché do full-scan duoc 4p dung dé phan tich, xac dinh cac hop chat bang cach
st dung khdi lugng (exact mass) va cac manh ion phan ti. Dé truy xuat thong tin
cau tric hoa hoc va cac co so dit liéu vé khdi phd, bén canh cac béo céo khoa hoc,
cac co so dit liéu truc tuyén da dugc tham khao bao gdm: PubChem
(http://pubchem.ncbi.nlm.nih.gov), MassBank (https://massbank.eu/MassBank/),
Massbank of North America (https://mona.fiehnlab.ucdavis.edu/spectra/search),

Dictionary of Natural Products (https://dnp.chemnetbase.com/).

Bang 2.5 C4c thdng sé ciia QTOF

STT Scan type TOFMS TOFMSMS
1 Polarity Negative Negative
2 lonspray voltage (V) -4500 -4500
3 CAD gas 7 7
4 TOF start mass (Da) 70 50
5 TOF stop mass (Da) 2000 1500
6 Accumulation time (s) 0,25 0,1
7 Declustering potential (V) -80 -80
8 Declustering potential spread (V) 0 0
9 Collision energy (V) -20 -35
10 Collision energy spread (V) 10 10
11 Time bins to sum 4 4
12 Q1 resolution Unit

2.3.6  Phwong phap dinh hrong cac hop chit c6 hoat tinh sinh hoc

Céc hop chat phenolics trong dich trich nhau dugc phan tich bing may Shimazu
SPD-20A HPLC system (Shimadzu, U.S.A.). Viéc phan tach dugc thuc hién vai cot
Inertsil ODS — 3 (4,6 x 250 mm, ¢& hat 4 um). Diéu kién duoc thuc hién theo phurong
phap cua (Zhu & ctv, 2020). Pha dong bao gém kénh A (0,1% formic acid/nudc) va
kénh B (0,1% formic acid/ Acetonitrile). Chuong trinh gradient bao gom: 0-5 phit,
15% dung moi B; 5-20 phut, 15-25% B; 20-40 phuat, 25-50% B; 40-50 phut, 80% B;
va 50-60 phat, 15% B. Thé tich tiém mau 1a 15 pl. Téc d6 dong 14 0,8 mL/phit. Budc

song quet 1a 280 nm va 340 nm.
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2.3.7 Phan tich ham lwgng polyphenol téng (TPC)

Ham luong polyphenol toéng duoc xac dinh bing phwong phidp quang phd
(Singleton & ctv, 1999). Dich trich mau hoic dung dich chuan (0,5 mL) dugc tron
vé6i 2,5 mL dung dich Folin-Ciocalteau 10% va u & nhiét &6 phong trong 5 pht, tiép
theo bd sung 2,4 mL dung dich Na,COs 7,5%. Dung dich duoc lic déu, u & nhiét o
phong trong 1 gio va do do hap thu & budc séng 765 nm. Acid gallic dugc st dung 1a
chat chuan va ham luong polyphenol tong dugc biéu dién bang mg gallic twong duong
trong don vi khdi lugng (mg GAE/g vck).

2.3.8  Phan tich ham lwong flavonoid téng (TFC)

Ham luong flavonoid tong duoc xac dinh bang phuong phap Aluminum
Chloride colorimetric (AlICI3) (Ribarova & ctv, 2005). Cho vao binh dinh mac 10mL
(d3 chtra 4 mL nuéc) 1 mL thé tich mau can dinh lwong hoac chat chuan quercetin.
Thém tiép vao binh dinh muc trén 0,3 mL NaNO2 5%. Sau 5 phdt, cho thém vao 0,3
mL AICIs 10%. O pht thir 6, cho tiép vao 2 mL NaOH 1M, lic déu, dinh muc 1én
thé tich 10 mL. Sau d6 tién hanh do d6 hap thu ¢ budc séng 510 nm (Wu & Ng, 2008).
Quercetin dugc str dung 1am chat chuan va ham lugng flavonoid tong duoc biéu dién

bang mg quercetin trong duong trong don vi khdi lwong (mg QE/ g vck).
2.3.9  Phan tich ham lwong saponin triterpenoid téng (TSC)

Ham lugng saponin triterpenoid tong dugc xac dinh bang phuong phap tong
quang phé (Tan, Sing P & ctv, 2014). Dich trich (0,3 mL) duoc tron véi 8% (wiv)
dung dich vanillin (0,3 mL) va 72% (v/v) acid sulphuric (3 mL). Hon hop duoc 1 &
nhiét d6 60°C trong 15 phit va 1am ngudi trong nude dé trong 10 phut. Tién hanh do
d6 hap thu caa dung dich & budc séng 560 nm. Aescin duoc sir dung I chat chuan.
Ham luong saponin triterpenoid téng duoc biéu dién bing mg Aescin trong duong

trong don vi khéi lugng (mg AE/g vck).
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2.3.10 Phan tich ham lwgng vitamin C

Ham luong vitamin C dugc xac dinh bing phwong phap chuin do 2,6-
dichlorophenol-indophenol (DCPIP) (CoSeteng & ctv, 1989) véi chit stra ddi. Dung
pipet hat 1 mL chat chuan (0,1 mg/mL) acid ascorbic va 2 mL acid oxalic 4% cho
vao binh tam giac. Chuan d6 biang dung dich thudc nhuém cho dén khi xuat hién mau
hong nhat, bén trong vai phit (V1). Khoang 1 mL mau thtr dugc chuan do twong tu
vé6i dung dich thuéc nhuém (V2). Ham luong vitamin C ¢6 trong mau dwoc biéu dién

bang mg AA/g vck.
2.3.11 Am d)
Do am caa cac mau duoc xac dinh bang phuong phap sy o nhiét d6 105°C hoic
can say am 130°C dén khéi luong khong doi.
2.3.12 Hoat tinh nuwéc

May do hoat d6 nudc (Aqualab cia M) duoc st dung dé do hoat d6 nuéc cua

bot nhau va bot vi bao.
2.3.13 Cau trac hat vi bao dang ran

Thiét bi Scanning Electron Microscopy (SEM) duoc dung dé xem cau tric bot
vi bao nhau va thiét bj SZ-100 (Dynamic Light Scattering) duoc ding dé do chinh
x4c kich thudc ctua hat Mau duoc gui phan tich tai Vién Han Lam Céng nghé Hoa
hoc (S6 1, Mac Binh Chi, Quan 1, Thanh phé H6 Chi Minh).

2.3.14 Phan tich tan xa anh sang ddéng két hep phan tich pha (DLS)

Phuong phép tan xa anh sang dong xac dinh kich thudc vat liéu dua trén su tan
xa anh sang khi vat liéu chuyén dong Brown trong méi truong phan tan. CAc tiéu phan
c6 kich thuéc nho chuyén dong nhanh hon so véi nhiing tiéu phan c6 kich thuéc Ién.
Do d6, kich thuéc vi hat truc tiép anh huéng dén téc d6 chuyén dong cua ching.
Phuong phap duoc miéu ta trong cong bb ciia Nguyen & ctv (2024). Po 6n dinh cua

hat phu thudc vao dién thé zeta nhu Bang 2.6.
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Bdng 2.6 D¢ én dinh cua dung dich hat phy thuge vao thé zeta

Thé zeta (mV) P 6n dinh
0 dén +5 Déng tu hoic két tu nhanh chéng
+10 dén +30 On dinh yéu
+30 dén +40 On dinh trung binh
+40 dén +60 On dinh tbt
> +61 Rat 6n dinh

Mau bot vi bao trude khi do duoc phan tan vao nudc. Can 0,1 g mau phan tan
vao 10 mL nuéc bing séng siéu am. Sau d6 tién hanh cho tir tir dung dich phan tan
vao budng bom mau phép do dugc thyuc hién & nhiét do 25°C.

2.3.15 Nhiéu xa tia X

Phuong phap nhiéu xa tia X (X-ray diffraction-XRD) dung dé xac dinh thanh
phan ciu tric mang tinh thé cia mau can nghién cau dugc thyc hién theo miéu ta
trong cong bd cua Nguyen & ctv (2024).

2.3.16 Phd hong ngoai bién @éi Fourier (FTIR)

Ph6 hong ngoai bién doi Fourier (Fourier transformed infrared spectroscopy-
FTIR) la mot trong nhitng k¥ thuat duoc st dung nhiéu nhat dé khang dinh hat da
duoc vi bao hay chura do tinh don gian va sian cé ctia phép do, duoc thuc hién theo
miéu ta trong cdng bb cia Nguyen & ctv (2024).

2.3.17 Quét nhiét vi sai (DSC)

DSC 1a phwong phap phén tich nhiét ma & d6 chénh 1éch vé nhiét do giira hai
mau chuan va mau nghién ciru ludn duoc duy tri bang khéng. Enthalpy cua céc qué
trinh nay duoc xac dinh bang cach xac dinh luu lwgng nhiét vi sai can dé duy tri mau
vat lidu va mau tro & cing nhiét d6, duoc thuc hién theo miéu ta trong cong bé cua
Nguyen & ctv (2024).

2.3.18 Phwong phap phd tir ngoai kha kién (UV-Vis)

Pho tir ngoai kha kién Ultraviolet-Visible (UV-Vis) spectroscopy, 13 phuong

phap phan tich pho bién duoc st dung tir 1au trong linh vic nano va cac loai vat liu
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khac. Phuong phap UV-Vis dung dé dinh tinh, dinh lugng cac chat c6 mau va dung
dich keo dua vao cudng d6 hap thu cuc dai cua vat lidu & budc song cuc dai (hmax),

mat do quang (A) va bé rong hap thu.

Ph6 UV-Vis la phd hap thu ning lwong 4nh sang cua dung dich phan tir hoic
dung dich ion, tng véi mbi phan tir hoac ion chuyén mirc nang luong thu duoc van
phd. Phuong phap tric quang, do UV-Vis 1a mot phuong phap dinh luong gilp xac

dinh ndng d6 cua céc chat thong qua do hap thu anh séang caa dung dich.
2.3.19 Ty trong khéi va ty trong go

Ty trong khdi (khdi lugng riéng thd) cua bot 1a ty sé gitra khéi luong cua bot
chua bi don nén so vai thé tich cua no, bao géom ca khoang trong giira cac hat bot.
Khéi lwong riéng gé (ty trong gd) 1a khéi luong riéng thd cia bot ting 1én khi don nén
bot bang tac dong co hoc. Ty trong khdi va ty trong gb duoc thuc hién theo miéu ta
trong céng b caa Nguyen & ctv (2024). Thi nghiém dugc tién hanh 3 1an dé xac dinh
gid tri trung binh. Gia tri C cang I6n kha nang chay cua hat cang kem. Gid tri C< 15 :
tron chay tét, 16< C< 20 : tron chay twong ddi tt, 21<C<25 : ¢6 thé chay duoc,
C>26 : tron chay kém.

2.4 Phwong phap thu thap sé liéu va xir ly thong ké

Tat ca céc s6 liéu thu thap dua trén két qua lap lai it nhat 3 1an cho mdi don vi
thi nghiém. Viéc xac dinh théng sé téi wu cho mot két qua nghién ciru duoc dua trén
cac khoang khao sét cua ting thi nghiém don 18; sir dung phuong phap bé mat dap
tng RSM véi diém trung tim (CCD). Phuong trinh tuong quan duoc chon lya dua
trén tac dong cua cac yéu té khao sat (2 hay nhiéu yéu t6) dén két qua thu nhan bang
cac thir nghiém phuong trinh hoi quy da thirc theo phuong phap binh phwong nho
nhét. Viéc xac dinh phuong trinh t&i wu hoa sir dung md hinh nhiéu yéu tb va téi uvu
héa nhiéu dap (ing. Cac dang phuong trinh hdi quy thuong &p dung dbi véi linh vuc

ky thuat, cong nghé bao gom:

M0 hinh bac hai tuyén tinh: y = € (X1, X2, ..., Xk) = bo + Zhjxj + ZhjuxiXu +...
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M® hinh bac hai phi tuyén: y = bo + Zbjxj + ZbjuxjXu +...+Zbjjx}?

Véi: bo 12 hé sé hdi quy; bj 1a hé s tuyén tinh; bjj 1a hé sb tuong tac cap; k 1a

s6 yéu té khao sat (; ... Xk).

Céac phan mém théng ké va phan tich st dung bao gém JMP 16.0, SPSS 15.0,
ANOVA (Analysis of Variance) va LSD (Least Significant Difference) & mirc y nghia
5% (P<0,05).

Céc s6 lidu duoc biéu dién bang d6 thi duoc vé bang Excel 16.0.
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CHUONG 3: KET QUA VA THAO LUAN
3.1  Khao sat mét sé miu nguyén liéu trai nhau
3.1.1 Céc hop chit sinh hoc

T4t ca cAc mau nguyén liéu Morinda L. nhu Morinda tomentosa va Morinda
citrifolia xuat xt tir Khanh Hoa, Binh Phudc va tinh Ca Mau déu cha flavonoid,
triterpenoid, alkaloid va tannin. Cac hop chét sinh hoc & cac mau Morinda L. khac

nhau va phu thudc vao moéi trudng séng. Muc khao sat dwgc trinh bay qua Bang 3.1.

Bang 3.1 Khdo sdt ham leong cac hop chdt ¢ hogt tinh sinh hoc trong cac mdu tréai

nhau thu thdp ter cac vung khac nhau

Mau Morinda L.
Céc hop chat sinh hoc | Morinda tomentosa Morinda citrifolia
Khanh Hoa Binh Phuéc Ca Mau
Flavonoid +++ ++ +
Triterpenoid + + ++
Alkaloid ++ ++ +
Tannin + + +

Luu y: co “+7; co nhiéu “++7: cé rat nhiéuy “+++"

Ham lugng flavonoid trong mau Morinda tomentosa xuat xir tir Khanh Hoa 1a
cao nhat, tiép d6 1a Morinda citrifolia xuat xu tir tinh Binh Phudc va tinh Ca Mau.
Ham lugng triterpenoid c6 trong mau Morinda citrifolia xuat xu tir tinh Ca Mau 1a
cao nhat so voi mau Morinda L. xuat xt tr tinh Khanh Hoa va tinh Binh Phudc.
Triterpenoid va alkaloid trong Morinda L. xuat xi tir tinh Khanh Hoa tuong duong
véi tinh Binh Phuéc. Ham lwong tannin c6 trong mau Morinda tomentosa va Morinda
citrifolia 1a twong duong nhau.

Mau Morinda tomentosa xuat xit tir tinh Khanh Hoa c6 thanh phan hda hoc giam

dan theo thar ty sau: flavonoid, alkaloid, va triterpenoid tannin. Mau Morinda
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citrifolia xuat x@ tir tinh Ca Mau ¢6 ham luong triterpenoid cao nhat, sau d6 1a
flavonoid, alkaloid va tannin. Ham lugng flavonoid va alkaloid tuong duwong nhau,
ham luong triterpenoid va tannin ciing gan nhu nhau trong mau Morinda citrifolia

XUat X tir tinh Binh Phuéc.
3.1.2 Thanh phan chat dinh dwéng va khoang chat

Két qua cho thdy thanh phan dinh dudng trong nhau bao gdm: protein, chit béo,
carbohydrate, va chit xo ¢6 ham lugng lan luot 1a: 2.72 + 0.11 dén 3.46 + 0.15 (%),
7.53+0.34 #n 9.72 + 0.26 (%), 23.81 + 0.69 dén 25.17 + 0.58 (%), 48.55 + 1.89 dén
49.26 + 1.86 (%) (Bang 3.2). Ham luong cua protein va chat béo giam theo thir ty
nhu sau: Binh Phudc, Ca Mau, Khanh Hoa.

Bang 3.2 Thanh phan cac chdt dinh dwéng c6 trong c&c mau trai nhau

M4iu nhau
Céc chat Morinda tomentosa Morinda citrifolia
Khanh Hoa Binh Phwéc Ca Mau
Protein (%, vck) 2,72 £0,118 3,46 +0,15° 2,98 £0,12°
Béo (%, vck) 7,53 £ 0,342 9,72 +0,26° 8,64 £ 0,18°
Carbohydrate (%, vck) 25,17 + 0,582 23,81 +£0,69° | 24,03 + 0,84%
Xo (%, vek) 49,26 £ 1,828 48,55 +1,89% | 49,11 + 2,062

Ham luong protein va chat béo c6 su khac nhau giita 2 loai nhau Morinda
citrifolia va Morinda tomentosa, diéu nay tiy thudc vao mai truong séng (p < 0,05).
Ham lugng protein trong nhau Morinda tomentosa Khanh Hoa va Morinda citrifolia

XUAt X tir tinh Ca Mau cao hon 0,79 va 0,86 1an so v&i nhau xuat xi tir Binh Phudc.

Luong chat béo cé gia tri cao nhat trong Morinda citrifolia xuat xu tir Binh
Phudc cao hon 1,29 1an so v&i nhau xuét xa tir Khanh Hoa va cao hon 1,23 1an so
véi nhau Ca Mau.

Ham luong carbohydrate trong trai nhau trong ¢ Binh Phudc thap hon so véi
Khéanh Hoa va Ca Mau (p<0,05). Nhau xuat xi tir Khanh Hoa - Ca Mau khdng c6 su

chénh léch dang ké vé luong carbohydrate.
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Ham luong chat xo trong nhau Xuat xi tir Khanh Hoa, Binh Phuéc, va tinh Ca
Mau khdng c6 su khac biét dang ké (p > 0,05). Tir d6 cho thay ham luong chat xo
trong nhau khong phu thudc vao loai trong cac mau khao sat.

Thanh phan chat dinh dudng ¢ trai nhau trong nghién ctu hién tai khac dang ké
so véi nhitng nghién ciru trude day vé qua nhau. Tuy nhién, c6 thé nhan thay tinh giao
dong twong ddi va bu dip Ian nhau gitta cac thanh phan trong cac mau nhau.

Dua vao Bang 3.3 ta c6 thé thay rd thanh phan khoang chat ciia nhau Binh Phudc
la cao nhat (ham luong Ca?*, Mg?, Fe¥*, Zn?*, Na*, Cu?* lan luot la 5,532.19;
5,147.63; 275.31; 190.12; 5,103.11; 5.59 ppm), tiép theo 14 Ca Mau, va cudi cing la
Khanh Hoa. Céc su khac nhau nay cé thé do anh huong cua yéu td thd nhudng & tirng

vi tri dia ly khac nhau.

Bang 3.3 Thanh phdan khoang chdt trong cac mdu trai nhau

) Mau Morinda L.
Khoéang . - —
L, . | Morinda tomentosa Morinda citrifolia
chat céac loai _ E _
Khéanh Hoa Binh Phuéc Ca Mau
Ca?* (ppm) | 5218,62 + 141,29 | 5532,19 +135,74° | 5368,17 + 128,36
Mg?* (ppm) | 5013,77 + 142,672 | 5147,63 + 148,22 | 4924,89 + 156,732
Fe3* (ppm) 213,59 £ 6,932 275,31+ 7,17° 249,88 + 6,93¢
Zn?* (ppm) 176,48 £ 5,192 190,12 + 8,53° 184,11 + 6,22%
Na* (ppm) | 4952,75+170,28* | 5103,11 + 193,74 | 4901,05 + 172,912
Cu?* (ppm) 3,21 +0,072 5,59 +0,14° 4,48 +0,16°

Cac gia tri trong cung mét hang khéng chia sé chir cai (a, b, ¢) la khac nhau c6 y

nghia thong ké (p <0,05).

Sau khi danh gia két qua cac hop chat sinh hoc, thanh phan dinh dudng va
khoéng chat trong cac mau nhau nguyén liéu cho thay c6 sy khac biét giita cac gidng
va viing trong khac nhau. Tuy nhién, dbi twong nghién ciru chinh cua dé tai 1a cac
chét cé hoat tinh sinh hoc trong Morinda citrifolia L. Céng ty Mekong Herbals c6 2
viing trong M. citrifolia L tai Binh Phudc va Tién Giang (TPC: 7,84 mg GAE/g vck;
TFC: 3,39 mg QE/g vck; TSC: 29,6 mg AE/g vck) déu cho két qua ham luong twong
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ddng cac chat polyphenol, flavonoid va saponin cao (Phu luc 2). Bé dam bao thoi
gian thu hoach phu hop, diéu kién van chuyén téi wu va nhanh nhat cho nghién ctu
anh hudng do chin va bao quan sau thu hoach, va tinh 6n dinh caa sé liéu, Tién Giang

duoc chon 1 ving trong dé thu hai tréi nhau cho cac thi nghiém tién hanh tiép theo.

3.2  Anh hwéng cia dd chin thu hoach va thei gian biao quan dén ham lwong

cac hop chat cd hoat tinh sinh hec va cé4c chi tiéu hoa Iy
3.2.1 P chin thu hoach

Trong cong nghiép ché bién thyc pham, xac dinh d6 chin khi thu hoach dong
vai trd quan trong trong viéc dam bao chét luong tét nhat nhu ham lwong céc chat
dinh dudng cao nhat, cc chi tiéu vat ly, va vi sinh. Trong nghién cru nay, danh gia
d6 chin khi thu hoach trai nhau dwa vao ham lwong céc hop chat c6 hoat tinh sinh hoc
nhu polyphenols (TPC), flavonoids (TFC), saponin (TSC) va vitamin C (Vit C). Két
qua danh gia dugc trinh bay ¢ Bang 3.4.

Bdng 3.4 Ham lwong polyphenol, favonoid, saponin va vitamin C trong trai nhau

theo thoi gian theo do chin khac nhau

i ] TPC TFC TSC Vit C
D chin khi mg GAE/ mg QE/ mg AE/ mg AA/
thu hoach g g g g g g g g
: vck vck vck vck

Dbat d6 chin tur 90-95
ngay ké tir ngay ra hoa
bat d¢ chin tur 100-107
ngay ké tir ngay ra hoa
Pat @6 chin tur 110-117
ngay ké tir ngay ra hoa

Cac gia tri trong cung mgét cot khdng chia sé chiz céi (a, b, ¢) la khac nhau céy

5,34+0,28% | 1,49+0,09* | 20,23+2,13* | 1,41+0,07°

6,69+0,14° | 2,55+0,37° | 25,35+0,82" | 1,98+0,04°

7,77+0,22° | 4,67+0,20° | 37,2+2,10° | 2,33+0,18°

nghia thong ké (p <0,05).
Két qua phan tich théng ké cho thay d6 chin thu hoach c6 anh huéng dang ké
dén ham luong cac hop chit c6 hoat tinh sinh hoc (p<0,001). Nhin chung, ham luong

cac hop chat c6 hoat tinh sinh hoc nhu polyphenol, flavonoid, saponin va vitamin C
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dat dugc cao nhat khi trai nhau dat do chin hoan toan (110-117 ngay). Theo két qua
thi nghiém, khi qué giai doan chin hoan toan, trai nhau s& tré nén nhiin, bién ddi vé
mau sic, trang thai ciing nhu ham luong cac hoat chat sinh hoc sé& bi giam dang ké
trong thoi gian rat ngin (dudi 1 ngay) (chi tiét trong phan anh huéng cua thoi gian
bao quan bén dudi). Vi thé, dé danh gia su thay doi vé& ham lwong cac chat dinh dudng
trai nhau dugc thu hoach & d6 chin 100-107 ngay tinh tir ngay ra hoa. Trén thuc té,
ngudi nong dan thudng thu hoach sém hon (khoang 80 ngay) dé dam bao do ciing va
du thoi gian cho chudi cung wng thu gom va phan phdi dén nha may ché bién va/hoac
ngudi tiéu dung. Do dé, nghién ctru nay da can nhac yéu t6 thoi gian luu ude tinh dé

chon céc khung thoi gian khao sat cho phu hop.
3.2.2 Thei gian bao quan

Theo két qua thi nghiém, khi qua giai doan chin hoan toan, trai nhau s& tré nén
nhiin, bién ddi vé mau sic, trang thai ciing nhu ham lwogng cac hoat chat sinh hoc s&
bi giam dang ké trong thoi gian rat ngan (1-2 ngay). Vi thé, dé danh gia su thay doi
vé ham lugng cac chat dinh dudng trai nhau dugc thu hoach ¢ dat d6 chin tir 100 —
107 ngay ké tir ngay ra hoa. Trong nghién ciru nay, sy thay doi ham luong cac hop
chat sinh hoc (Bang 3.5) va cac chi tiéu mau sac va hoa Iy (Bang 3.6) theo cac thoi
gian bao quan khac nhau khi trdi nhau dugc thu hoach & do chin 100-107 ngay tinh
tir ngay ra hoa da duoc tién hanh danh gia.

Két qua phan tich thong ké cho thay ham luong cac hop chat c6 hoat tinh sinh
hoc bi anh huéng dang ké bai thoi gian bao quan (p<0,001). Két qua bat dau phan
tich (Bang 3.5) khong khac biét dang ké so véi két qua khao sat trude do cho giai
doan 100-107 ngay ké tir ngay ra hoa (Bang 3.4). Khi thoi gian bao quan ting tir ngay
dau tién dén ngay thir 3, va dat cuc dai ¢ ngay tha 3. Sau d6 ham luong cac hop chat
dinh dudng giam dan theo thoi gian bao quan. Tir cac két qua nay, trai nhau nén thu
hoach & thoi diém trai dat do chin tir 100-107 ngay ké tir luc ra hoa va bao quan trong
thoi gian khoang 3 ngay hozc thu hoach khi trai chin hoan toan (mau trang nga) dé co

ham luong céc hop chat hoat tinh sinh hoc cao nhét.
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Vé mau sic, két qua phan tich théng ké cho thay co su thay doi mau sac rd rét
(thé hién ¢ @6 sang téi (gia tri L) (p<0,001) va gia tri a &m thi nga sang mau luc
(p<0,01); gi& tri b khdng c6 su khéc biét c6 y nghia thong ké (p>0,05). Trong hé thang
mau Hunterlab, khi danh gia mau sic trai nhau can phai xét ca ba gia tri L, a va b. Két
qua phan tich hé mau va quan sat biang mat thuong cho thay khi trai chin theo thoi
gian bao quan thi mau sic cua trai s& bj thay doi theo chiéu huéng do sang giam va
trai chuyén sang mau luc vang (dai dién cho a giam va b giam). Hinh trai nhau bao

quan thuc té duoc trinh bay & Phu luc 1.

Bdng 3.5 Ham lwong polyphenol, favonoid, saponin va vitamin C trong trai nhau

theo thot gian bao quan

Thai gian bao TPC TFC TSC Vit C
quan (ngay) | mg GAE/gvck | mg QE/g vek | mg AE/g vcek | mg AA/g vek
0 6,15+0,142 2,22+0,16% 25,98+2,342 1,68+0,18?
1 6,69+0,17 2,41+0,05%¢ | 24,19+1,512 1,5240,132
2 7,15+0,51°¢ 2,65+0,08° 25,71+2,892 2,69+0,22°
3 7,84+0,06° 3,39+0,16¢ 29,63+0,50° 2,66+0,15°
4 6,45+0,36% 2,46+0,18% 24,95+0,512 2,01+0,25°
5 4,81+0,09¢ 2,11+0,10 13,50+1,3° 1,19+0,07¢
6 3,53+0,3¢ 1,80+0,079 10,20+1,13¢ 1,01+0,10¢
7 2,16+0,12 1,21+0,12" 8,98+0,52¢ 0,92+0,13¢

Cac gia tri trong cung mét cot khong chia s¢ chir cai (a-g) 1a khac nhau cé y nghia
thong ké (p <0,05).

Vé d6 am, theo thoi gian bao quan thi do am khong thay d6i dang ké trong 5
ngay bao quan dau tién. Chi khi bat dau qua trinh hu hong dic biét qua ngay 6, 7
(p<0,01) cAu trac trai thay d6i, qua trinh ho hap lam ting ham luong nudc, trdi mém
hon. Gia tri khdi lugng chi mang tinh chat tham khao, khéi lugng trai nhau trong
nghién ctru nay dao dong tir 61 dén 82 g. Khi kéo dai thoi gian bao quan trai do Brix
tang tir ngay bao quan tht 0 (Brix thap nhat) dén cac ngay bao quan tiép theo (p<0,05),
tuy nhién d6 Brix gitra c4c ngay bao quan 1a khong dang ké. Két qua phan tich théng
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ké cho thay gid tri pH cua trai nhau thay d6i khong dang ké (p>0,05), dao dong trong
khoang 3,83 dén 4,70.

Bang 3.6 Thdng sé vdt Iy va hoa ly cia trai nhau theo thei gian bdo quan

Thoi " ‘.

Do am Khoi )
gian L a b Brix pH
(nady) (%) lwong (9)

0 49,8+1,5% | -14,0+1,0° | 30,7+1,4% | 81,2+1,1* | 66,6+4,2 | 3,1+0,1% | 4,6%0,1°

1 55,0+1,6" | -13,8+1,4* | 30,5+2,8% | 81,1+0,9* | 65,1450 | 4,9+0,1°" | 4,3+0,2

2 53,5+3,5% | -15,0+0,8° | 36,1+2,6° | 81,8+0,4% | 65,3+5,0 | 4,7+0,1* | 4,2+0,2?

3 62,3+1,0° | -14,1+1,0° | 36,2+1,7% | 81,6+1,8% | 74,1+4,7 | 4,7+0,1° | 4,2+0,3*

4 60,8+2,8° | -14,8+2,2* | 355+1,3% | 81,7+1,6° | 78,5+2,1 | 4,7+0,1% | 4,2+0,4°

5 61,8+3,0° | -8,0£3,3 | 30,7+7,5% | 80,6+1,5° | 73,0£6,4 | 4,7+0,1° | 4,1+0,4°

6 47,943,3% | -10,146,9%° | 26,7+7,2% | 84,2+1,0° | 77,2+4,7 | 4,8+0,1® | 4,0£0,1?

7 47,742,1% | -53+2,6° | 27,745,6° | 84,6+1,0° | 70,1452 | 5,0+0,1% | 4,0%0,1°

Cac gia tri trong cung mét cot khdng chia sé chir céi (a-f) la khdc nhau cé y nghia
thong ké (p <0,05).

3.2.3  Tién xir ly va nhiét do say

D6 am ban dau cua cac mau dao dong tir 88,5 dén 92,2%. P am dat téi da trudc
khi giam dan cho dén sau vai gio siy kho trong cac diéu kién tién xu ly khac nhau,
tat ca déu mat nudc véi tée do trong ddi giébng nhau. C6 thé két luan rang TPC, TFC
va TSC cuia san pham bot tir trai nhau bi giam dang ké va bi anh huéng boi cac phuong
phap tién xir ly. Tuy nhién, ngdm dung dich acid ascorbic hodc metabisulfite trudc
khi sy kho ciing c6 loi trong viéc bao quan TPC, TFC va TSC. Vi nguoi tiéu ding
c6 thé c6 xu hudng han ché sulfur dioxide phét sinh trong qué trinh bao quan, nén
tién xir Iy bang acid ascorbic trudc khi sdy 12 lra chon pht hop (Phuc luc 4 va 5).

Khi nhiét d say tang 1én, vat liéu dugc 1am néng nhanh chéng, ap suét bén trong
va bén ngoai su khéc biét cua nguyén liéu ting 1én, d6 am trong nguyén liéu vat liéu
giam nhanh hon khi tdc do truyén hoi am tir bén trong vat liéu dén va tir bé mit ting.

Do d6, phai mat 7 gio dé mau duoc say kho trong & 50°C dé dat do 4m 6%, dong thoi
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say & 80°C cho mau khd 1a khoang 3 gio. Két qua chi tiét cua khao sat tién xir Iy va
nhiét do sy dugc trinh bay trong Phuy luc 4.7 va nghién ciu cdng b trude day boi

. Céc hop chat c6 hoat tinh sinh hoc cua qua nhau dinh lwong & c4c thoi diém siy
khac nhau, nhiét do khac nhau 1 dang ké, t6i wu nhat tim thay trong cac mau say kho
& 60°C cho TPC, TFC va TSC tuong Ging 13 13,945 mg GAE/g, 2,51 mg QE/g, va
31,16 mg AE/g. Cac hoat chat nay giam khi & 70 va 80 °C. Do d6, budc tién xir Iy voi
acid ascorbic (1% trong 1 gid) va say trong tu say khi néng & 60°C (trong khoang 6
gid) 1a quy trinh tdi wu cho trai nhau khao sét trong nghién ctu nay.

3.3 Trich ly cac hgp chat c6 hoat tinh sinh hoc tir trai nhau

3.3.1  Anh hwéng caa ty 1é enzyme dén qua trinh trich ly cac hgp chat c6 hoat

tinh sinh hoc trong trai nhau

Enzyme st dung trong qué trinh trich ly nham hd tro viéc phéa va cau tric vat
lieu gilp giai phong cac hop chat cé hoat tinh sinh hoc vao trong dung méi nudc,
nang cao hiéu qua trich ly. Mét trong nhiing yéu té quan trong can khao sat 1a lugng
enzyme can ding vira di tac dung véi luong co chat ¢ trong mau sao cho tiét kiem
enzyme nhat va dat hiéu qua trich ly cao. Do 6, enzyme d duoc sir dung véi cac ty
16 khac nhau dé danh gia hiéu qua trich ly dua vao polyphenol tong (TPC), flavonoid
téng (TFC), saponin triterpenoid téng (TSC), va vitamin C. Két qua duoc trinh bay
qua Hinh 3.1.

Hinh 3.1 cho thay ty lé enzyme anh hudéng dang ké dén qua trinh trich ly cac
hop chat c6 hoat tinh sinh hoc trong trai nhau. Tuy nhién, ham luong flavonoid tong
duoc ghi nhan 1a khac biét khong c6 y nghia (p>0,05). Cu thé, ham lwong polyphenol
téng, saponin triterpenoid tong, vitamin C c6 khuynh hudng ting khi ting ty 18
enzyme tir 0% cho dén khi dat 0,5% (p<0,05). Néu tiép tuc ting ty & nay 1én 1% thi
ham luong cé4c chat khong thay doi dang ké va khong tim thay su khac biét ¥ nghia
thdng ké so véi khi sir dung ty 1& enzyme 13 0,5%. Ham lwong thu nhan duoc tdi da
la 8,30+0,75 mg GAE/g vck (TPC); 5,19 + 1,20 mg QE/g vck (TFC); 43,75 £ 1,45
mg AE/g vck (TSC) va 0,38 + 0,02 mgAA/g vck.
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Hinh 3.1 khdo sdt ham hwong hop chdt ¢ hogt tinh sinh hoc theo t7 I enzyme khac
nhau

CAc gia tri trong cling mét cgt khong chia sé chit cdi (a, b, ¢) la khdc nhau cé y nghia thong ké (p <0,05).
Tién xur 1i bang siéu am gidp pha v& cau trdc té bao mot cach ngau nhién giai
phong cac hop chit c6 hoat tinh sinh hoc, c6 thé ké dén su phdng thich cac hop chat
phenolic théng qua viéc cét dut lién két caa nd vai polysaccharid hozc protein (Vilkhu
& ctv, 2008). Bdng thoi, viéc 1am phé v vach té bao thuc vat tao diéu kién thuan loi
cho enzyme hoat dong. Enzyme (hdn hop cellulase, hemicellulase va pectinase) lam
tang hiéu qua trich ly théng qua viéc thity phan chat nén thu duoc sau qua trinh siéu
am mot cach cd chon loc gilp cai thién sy phan bé dung méi, giam kich thudc hat va
d6 nhot, tang toc do truyen khoi, do d6 ting kha nang thu hoi cac phenol lién két ciing
nhu cac hop chat khac (Ajila & ctv, 2011). Flavonoid tong ciing ¢6 khuynh hudng
trong tu nhu hop chat polyphenol do c6 ciing nhém chat. Tuong tu, cac hop chat
saponin triterpenoid va vitamin C ciing c6 khuynh huéng ting dan khi ting ty 1¢
enzyme. Enzyme thay phan pectin va cellulose trong cau tric mé thyuc vat va dich

trong té bao thoat ra bén ngoai dé dang hon. Két qua thi nghiém twong ty nhu Truong
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Hoang Duy va cong su (Truong Hoang Duy & ctv, 2014) dua ra: khi tang ty I¢ enzyme
thi ham luong saponin triterpenoid tong thu nhan duoc cling ting.

Xu huéng chung cho thy cac hop chat ting 1én khi ting ty 1¢ enzyme tir 0%
dén 0,5% va c6 khuynh huéng khong tang nira khi tiép tuc ting ty 16 nay 1én 1%. Diéu
nay cd thé 1a do khi thira co chit, van tbc phan tmg tiang khi ty 18 enzyme ting nhung
khi enzyme b&o hoda véi co chét (0,5%), van téc phan ing khong thay ddi hodc khdng
tang mac du tiép tuc bo sung enzyme. Vi vay, ty 18 enzyme 0,5% duogc chon 1am théng
s6 ¢b dinh dé tién hanh céc thi nghiém tiép theo.

3.3.2 Anh hwéng cia ty 1é dung méi dén qué trinh trich ly cac hop chat co

hoat tinh sinh hec trong trai nhau

Dung méi 12 mét trong cac yéu té quan trong anh huéng dén kha ning hoa tan
va do bén cua cac hop chit cd hoat tinh khang oxy hoa, dai dién 1a hai nhém
polyphenol va flavonoid. Khi lwgng dung méi ting, tao co hoi cac hoat chét sinh hoc
tiép xudc voi dung moi dan dén kha nang tham thau cao hon. Ty 1& dung méi/ nguyén
licu 16n cho thay su khéc biét vé nong do gitra dung moi va cac chat hoa tan trg nén
I6n. Vi vay, nhiéu hoat chat sinh hoc cd thé hoa tan néu lugng nude duoc sir dung
nhiéu hon (Cacace & Mazza, 2003). Ty 1é dung mdi/ nguyén lidu 1a yéu t6 khong chi
anh huong dén hiéu suat trich ly ma con anh hudong dén hiéu qua kinh té ciing nhu
viéc tinh sach vé sau. Vi thé, can nghién ctru dé chon duoc ty 18 dung mdi sao cho cac
hop chit thu dwoc cao nhat ma lugng dung méi sir dung 14 it nhat. Bon ty 1é nudc/ bot
nhau: 8/1 (mL/g), 12/1 (mL/g), 16/1 (mL/g) va 20/1 (mL/g) da dwoc khao sét va két
qua thu dugc nhu Hinh 3.2.

Két qua thuyc nghiém cho thay, tong ham lugng cac hop chat polyphenol,
flavonoid, saponin triterpenoid va vitamin C thu dugc lan luot 14 8,09 + 0,57 mg
GAE/g vck, 4,71 + 0,96 mg QE/g vck, 43,48+5,88 mgAE/g vck, va 0,44 = 0,09
mgAA/g vck khi ty I¢ dung mdi/ bot nhau & muac 8/1 (mL/g) va ham lugng dat cao
nhat khi ty 16 nay tang 1én 16/1 (mL/g) twong tng 14 11,11 + 0,92 mgGAE/g vck; 6,99
+ 2,10 mgQE/g vck; 57,12 + 8,71 mgAE/g vck va 0,88 £ 0,19 mgAA/g vck. Tuy
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nhién, khdng c6 sy khéc biét co nghia (p<0,05) vé ham luong cac hop chét nay trong
dich trich ly khi ty 1¢ dung mdi/ nguyén liéu thay doi tir 12/1 dén 20/1.
Mic du ting ty 1é nudc khdng tao ra sy khac biét co ¥ nghia vé mat thong ke,

tuy nhién sy gia ting nay c6 y nghia khi trién khai thuc té, cu thé:

e Ham luong TPC tang 7,9% khi tang ty 1€ tir 12/1 1&€n 16/1.

e Ham luong TFC tang 7,4% khi tang ty 1€ to 12/1 1én 16/1.

e Ham luong TSC tang 1,5% khi tang ty 1€ tor 12/1 1én 16/1.

e Ham lugng Vit C tang 24,3% khi tang ty I¢ tir 12/1 Ién 16/1.
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nghia thong ké (p <0,05).

Nhin chung, ham luwong cac hop chat c6 hoat tinh sinh hoc ¢6 xu hudng ting,

trong d6, ham luong vitamin C ting 1én rat dang ké (hon 24%). Vi thé, ty 1¢ 16/1 duoc

chon cho cac nghién cuau tiép theo.
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Hon nita, Xu hudéng ham luong céc hop chat tang khi ting ty 1& nudc dén mot
gia tri nhat dinh c6 thé duoc giai thich 1a do nuéc dung trong qué trinh trich Iy can
mot luong vira da dé ngdm vao nguyén liéu, kéo theo cac thanh phan hoa tan vao
trong dich trich ly. Khi lvgng nudc sir dung it, ham lwong hop chat thu dugc trong
dich trich twong ¢tng s& khong cao; khi ting nuwéc vira du, nuwdc s& ngim vao trong
thanh té bao thuc vat cua nguyén liéu, cung vai sy hinh thanh gradien néng do tir
trong té bao ra ngoai moéi trudng, dung mdi kéo theo cac thanh phan hoa tan cua
nguyén lidu di vao dich trich. Néu tiép tuc ting nudc dé ting hiéu qua trich ly 1a khong
c6 ¥ nghia vi do ham luong cAc chét tan trong té bao nguyén liéu c6 gigi han; bén
canh d6, ndng do co chat luc nay sé giam do ting ty 1& dung moi dén mot mie nao dé
(cu thé trong thi nghiém nay la 20/1) s& 1am han ché kha ning hoat d6ng cua enzyme
dan dén giam hiéu qua trich ly. Do vay, ty Ié nuéc/ bot nhau & mirc 16/1 1a thich hop.
Ngoai ra, viéc str dung lugng Ion nudc ma khong dem lai hiéu qua khai thac chat hoa
tan s& gay nén lang phi nude, khé khin cho cac bude cong nghé tiép theo nhu tiéu ton
ning lugng, hao phi thoi gian va cong lao dong. Tir két qua nay, ty 18 nudc/bot nhau

duoc chon 14 16/1 (mL/g) cho nhitng thi nghiém tiép theo.

3.3.3  Anh huwéng cia nhiét d6 trong qua trinh thitly phan biang enzyme dén

qué trinh trich ly cac hop chit cé hoat tinh sinh hec trong trai nhau

Nhiét d6 1a mot trong nhitng yéu té c6 anh hudéng dén qua trinh trich ly ciing
nhu tac dong truc tiép dén cac hop chat c6 hoat tinh sinh hoc trong nguyén liéu thuc
vat. Mdi enzyme c6 mét nhiét do tdi thich khac nhau, phan 1én phu thudc vao ngudn
cung cap enzyme, thong thuong 1a & trong khoang tir 40 — 60°C; ngoai ra ciing c6
enzyme c6 nhiét do téi thich rat cao nhu nhitng enzyme cua nhitng chung ua nhiét.
Do d6, dé xac dinh nhiét d6 thich hop cho quy trinh trich ly hién tai, ba mac nhiét do
duoc thir nghiém 13 40°C, 50°C, va 60°C, két qua thé hién trong Hinh 3.3.

Tir két qua Hinh 3.3 cho thdy ham luong flavonoid tong thu dugc c6 sy khéc
biét dang ké & ba mirc nhiét do 40°C, 50°C va 60°C (p<0,05). Cu thé, khi nhiét do
tang tir 40°C dén 60°C thi ham lwong flavonoid tong thu dwgc tuwong wng 1a 5,90 +
0,68 va 7,67 = 0,61 (mg QE/g vck).
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Theo ly thuyét, ting van toc caa mot phan (ng hoa hoc bang cach tang nhiét do
moi trudng, hién twong nay tuan theo quy luat Van’t-Hoff; Piéu ndy c6 nghia 1a khi
tang nhiét do 1én 10°C thi téc d6 phan tng ting 1én 2 lan. Tuy nhién, d6i véi phan
tmg do enzyme xuc tac ciing c6 thé ap dung duoc quy luat nay nhung chi trong mot
pham vi nhét dinh vi ban chat enzyme Ia protein. Vi thé, khi nhiét do cao lam cho
protein bi bién tinh thi tbc 46 phan (ng s& giam hoic khong ting nira; déng thoi, nhiét
d6 pha huy cac hop chat nhay cam véi nhiét duoc giai phong ra khai té bao gay anh
huong dén hiéu qua trich ly. Thém nita, loai enzyme khac nhau s& c6 nhiét do hoat
dong t6i wu khac nhau.
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Hinh 3.3 Anh huéng cua nhiét dg trong quéa trinh thiy phan bang enzyme dén kha
nang trich ly cac hop
CAc gia tri trong cling mgt cét khong chia sé chi cai (a, b) 1a khdc nhau c6 y nghia thong ké (p <0,05).
Trén thyc té, nhiét do ¢ anh huong dén hoat dong cua enzyme va cac dic tinh
Iru bién cua cac hop chat hoat tinh sinh hoc hoa tan. Hoat tinh ctia enzyme ting ty 1¢
thuan vai cac gia tri nhiét lam tang hiéu qua trich ly. Ngoai ra, d nhét cia moi trueong

chiét giam theo sy ting nhiét d6 va céc hop chat hoat tinh sinh hoc do d6 dé dang hoa
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tan hon. Tuy nhién, khi nhiét d¢ ting qua mirc cd thé dan dén sy thay do6i cdu hinh
enzyme ba chiéu, ngin chin qua trinh thiy phan co chat va giai phong cac hop chat
hoat tinh sinh hoc (Muniglia & ctv, 2014). Bong thoi, nhiét do cao s& pha hay céc
hop chit cd hoat tinh sinh hoc nhay cam véi nhiét, cd thé ké dén polyphenol, saponin
va vitamin C.

Do d6 ham lugng cac hop chit nay giam hoic khéng ting nita & 60°C c6 thé 1a
do lwong chat b suy thoéi béi nhiét cao hon lwong giai phéng ra tir qua trinh trich ly
dan dén ham luong ghi nhan cudi cung khong khac biét so véi mtc 50°C. Vay nhiét
do6 tir 50°C dén 60 °C duoc chon dé tién hanh thi nghiém xac dinh thoi gian trich ly.

3.3.4 Anh hwéng cia thoi gian trong qua trinh thily phan bing enzyme dén

qué trinh trich ly cac hop chit cé hoat tinh sinh hec trong trai nhau

Bén canh cac yéu té da khao sét, hiéu qua thu hoi cac hop chat c6 hoat tinh sinh
hoc trong dich trich ciing bi tac dong boi thoi gian trong qué trinh thuy phan bang
enzyme. Mac du viéc tim duogc ty 1€ dung moi, ty I¢ enzyme, nhiét 6 thich hop gitp
day nhanh qua trinh trich ly nhung néu khong xac dinh duoc thoi gian can thiét ciing
s& lam anh huaong téi két qua cudi cung. Do d6, ba mirc thoi gian: 30 phut, 45 phit va

60 phiit da duoc tién hanh khao sat va két qua dugc minh hoa trong Hinh 3.4.
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Hinh 3.4 Anh huéng cua thoi gian trong qua trinh thuiy phan bang enzyme dén kha
ndng trich ly cdc hop chat ¢ hogt tinh sinh hoc trong trai nhau
C4c gid trj trong ciing mgt cot khong chia sé chit cdi (a, b, ¢) la khdc nhau cé ¥ nghia théng k& (p <0,05).
Khi trong qué trinh thiy phan bang enzyme & nhiét do 50°C trong thoi gian 30
va 45 phut, ham luong cac hop chat c6 xu hudng ting, tiép tuc tang thoi gian thay
phan 1én 60 phut thi ham lugng chat giam. Trong d6, ham luong polyphenol tong ting
tir 11,72 £0,20 1én 12,53 £ 0,09 (mg GA/g vck) va khong tang nira ¢ 60 phut véi ham
lwong thu duoc 14 12,32 + 0,20 (mgGA/g vck) (p<0,05). Sy tham dung méi va hoa
tan chat kho tang 1én khi tang thoi gian thay phan/trich ly gidp cai thién hiéu qua ciing
nhu tbc d ctia qua trinh chiét xuat, dong thoi khi thoi gian trich ly du dai sé& tao diéu
kién cho enzyme tiép xuc va thuy phan co chat; vi vay ham luong cac hop chat c6
hoat tinh sinh hoc trong dich chiét thu dugc cao hon.
Két qua ghi nhan duoc tai nhiét do 50°C, thoi gian 45 phat cho ham lwgng hop
chat cao nhét. Piéu nay cho thay hoat dong phan cat thanh té bao cua enzyme dang
didn ra manh mg, gidp cho céc hop chit cé hoat tinh sinh hoc hoa tan vao dich trich

t6t hon. Song, khi tiép tuc kéo dai thoi gian thi ham lwong thu dugc co xu hudng
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giam. Piéu nay 1a do sau 45 pht trich ly lugng co chat bat dau giam di, trong khi
lugng enzyme van duoc bao toan, dan dén su canh tranh co chat khién téc do pha vo
té bao cua enzyme cham lai, cling nhu viéc trich ly & nhiét d6 cao kéo dai ciing 1a
nguyén nhan khién enzyme bi bién tinh; ddng thai, cac hop chat hoat tinh sinh hoc
trong dich trich twong d6i nhay cam nén viéc giit mau ¢ nhiét do cao trong thoi gian
dai dan tai sy suy thodi cua cac hop chit (c6 thé ké dén sy phan huy hoic trai qua cac
phan (ing khéng mong mudn nhu qué trinh oxy ho4). Vi vy, chon thoi gian trong qua
trinh thay phan bang enzyme 1a 45 phut do lam luong ghi nhan dugc la cao nhat.

3.3.5 Toi wu hoa diéu kién trich ly

Theo két qua thi nghiém mat yéu té & cac Muc 3.3.1 dén 3.3.4, d3 x4c dinh duoc
khoang thich hop cho ndng d6 enzyme, nhiét do va thoi gian thiy phan. Trong thi
nghiém nay, sir dung phuong phap bé mat dap ing dé toi uwu hoa diéu kién thuy phan,
bao gém: ty & enzyme bd sung (0,5 — 1%), nhiét d6 trong qua trinh thay phan bang
enzyme (50 — 60°C) va thoi gian thiy phan bang enzyme (45 — 60 phat).

Cac thi nghiém dugc b tri theo kiéu két hgp c6 tam (Central Composite Design
— CCD) vé6i sb don vi thi nghiém 1a 2k + 2k + n. Thi nghiém tién hanh khao sat anh
huong cia 3 yéu té 1én dap tng va thi nghiém tam duogc lap lai 3 1an. Tong sé don vi
thi nghiém 1a 17 véi tht tu cac thi nghiém duoc sip xép nhu trong Bang 3.7. Khéi
lugng nhau str dung cho mdi don vi thi nghiém trich ly 1a 5g bot nhau say kho. Chi
tiéu theo dai 1a ham lwong hop chét cd hoat tinh sinh hoc trong dich trich ly (flavonoid,
polyphenol, triterpenoid, va vitamin C).

Bang 3.7 trinh bay anh huong cua céc yéu té (Nong do enzyme: Xi; nhiét do
trong qua trinh thiy phan bang enzyme: Xz; thoi gian thuy phan: Xs) ¢ bac 1, bac 2,
va tuong tac dén ham lwong polyphenol téng, flavonoid, saponin va vitamin C trong
dich trich thu duoc. Két qua xur ly théng ké va Bang 3.8 cho thay phuong trinh bac 2
Véi cac ham muc tiéu TPC, TFC, TSC, va vitamin C c6 y nghia thong ké. Dong thoi,
gia tri lack of fit khong c6 y nghia thong ké. Do vay, c6 thé két luan mo hinh c6 thé
giai thich anh huéng cua diéu kién trich ly (ty 1& enzyme b sung, nhiét do trong qué
trinh thity phan bang enzyme va thoi gian thay phan) dén cac ham muc tiéu.
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Bang 3.7 Bé tri thi nghiém t6i wu héa cdc yéu té anh huwéng dén qua trinh trich ly

cac hoat chat sinh hoc tir trai nhau

M4 héa Gia tri thyc caa yéu td
STT Néng dé enzyme ITlhiét do troi]g QI‘Jé. Thoi giaAn
X1 | Xa | X3 (%) trinh thiy phan bang | thay p?han
enzyme (°C) (phat)
1 a|0]0 0,35 55 52,5
2 |-1-1]-1 0,5 50 45
3 |-1/-1/1 0,5 50 60
4 |[-1]1 -1 0,5 60 45
5 |11 |1 0,5 60 60
6 0Ola|o 0,75 47 52,5
7 0| 0] a 0,75 55 40,5
8 |0]0|O0 0,75 55 52,5
9 0/0]O0 0,75 55 52,5
10 0] 0] O 0,75 55 52,5
11 (0] 0 | A 0,75 55 64,5
12 10O A ] O 0,75 63 52,5
13 |1 |-1]-1 1 50 45
14 |1 (1|1 1 50 60
15 |11 ]-1 1 60 45
16 |1 (1|1 1 60 60
17 A 0] 0 1,15 55 52,5

X1: ty 1é enzyme bé sung; Xz: nhiés dé trong qua trinh thiy phan bang enzyme; Xa:
thoi gian thuy phan
Dua vao phuong trinh va hé s6 hdi quy, gia tri p & Bang 3.8, thiét 1ap phuong

trinh hdi quy bac hai thé hién muc do anh hudéng cua tirng yéu té khao sat va sy twong
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tac gitra chiing dén tirng chi tiéu. Phuong trinh hoi quy bac hai (bién thuc) ddi voi
ham lugng Polyphenol tong thu duoc (Y1); ham lwgng Flavonoid tong (Y2), ham
lugng Saponin Triterpenoid (Y3) va ham lugng vitamin C (Y4) nhu sau:

Y1 =-71,44 + -43,10X1 + 3,99X2 — 0,19X5 — 9, 41X3% — 0,04X7? - 3,79X3? +
0,75X1X2 + 0,34 X1 X3 + 4,47X2X3

Y, = 70,89 — 28,91X; — 2,09X2 + 0,04X3 -0,94X12 + 0,01X22 - 0,0023X32 +
0,57X1X2 - 0,008X1X3 + 0,004X2X3

Y3 =-31,21 + 206,70X1 — 6,76X> + 6,95X3 — 35,06X12 + 0,07X2? — 0,03X3? -
0,50X1X2 — 2,02X1X3 — 0,02X2X3

Y4 = 6,95 — 2,44X; + 0,23X2 + 0,10X3 - 0,28X1% — 0,002X2? - 0,004X3? +
0,07X1X2 — 0,01X1X3 — 0,001 X2X3

Trong d6 : Y1, Y2, Y3, Yalan luot 1a ham luong polyphenol tong, ham luong
flavonoid tong, ham luwong saponin triterpenoid va ham luwong vitamin C thu dwgc
trong qué trinh trich ly. X1 : Nong d6 enzyme ; Xz nhiét do trong qué trinh thiy phan
bang enzyme ; Xz thoi gian thuy phan.
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Bang 3.8 Du dodn hé s6 Ciia phwong trinh bac 2 véi cac ham myc tiéu Polyphenol

tong, Flavonoid, Saponin va vitamin C

Chi tiéu theo doi
Ham luwgng TPC | Ham lwong TFC | Ham lwong TSC Ham lwong Vit C
Thong s6! (mg/g vck) (mg/g vck) (mg/g vck) (mg/ g vck)
Héso | . Heéso | . Heso | Hé sb _
hdi quy Giatrip héi quy Giatrip héi quy Giatrip héi quy Giatrip
Hangsé | 14,16 7,28 59,11 1,04
Bac nhat
X1 0,471 | 0,0202* | 0,104 | 0,3713 | 5,327 | 0,0030* | 0,085 0,0041*
Xz -0,216 | 0,2124 | 0,492 | 0,0027* | -1,173 | 0,3600 0,011 0,6196
Xs -0,714 | 0,0027* | 0,233 | 0,0687 | 4,366 | 0,0082* | -0,065 0,0148*
Bac hai
Xu -0,614 | 0,0115* | -0,085 | 0,5174 | -2,298 | 0,1384 | -0,016 0,5023
X22 -1,178 | 0,0003* | 0,366 | 0,0217* | 2,145 | 0,1625 | -0,052 0,0619
Xa3 -0,2 0,3055 | -0,163 | 0,2319 | -2,046 | 0,1801 -0,018 0,4548
Tuong tac
X12 0,943 | 0,0023* | 0,708 | 0,0014* | -0,625 | 0,6958 0,08 0,0166*
Xi3 0,628 | 0,0171* | -0,015 | 0,9171 | -3,783 | 0,0430* | -0,014 0,6125
X23 0,167 | 0,4338 0,16 0,2874 | -0,818 | 0,6105 -0,044 0,1356
Hé so
R? 0,94 0,91 0,88 0,87
Lack of fit 0,49 0,57 0,40

Xi: ty Ié enzyme bo sung; Xz: nhiét dé trong qua trinh thizy phan bang enzyme; Xs: thoi gian thay

phan; ‘a, 14 hang sé; ai, aj, & lan liot 1a hé so bdc 1, bdc 2 va twong tac ciia phirong trinh bdc 2.
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Hinh 3.5, 3.6, 3.7 va 3.8 lan luot thé hién twong quan giira cac yéu té khao sét
dén ham luong Polyphenol téng, Flavonoid tong, Saponin tong va vitamin C.
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Két qua phan tich bang phan mém JMP 16.0 d3 xac dinh dugc md hinh téi vu
hoa diéu kién trich ly, dugc trinh bay qua Hinh 3.9. Dua vao mé hinh, diéu kién trich
ly ti wu 1a ndng d6 enzyme 1%, nhiét do trong qua trinh thiy phan bang enzyme
60°C va thai gian thay phan 51 phat. Vi diéu kién téi vu nay, ham luong TPC, TFC,
TSC va vitamin C cao nhat trong dich trich (tinh theo vck) 1an luot 1a 13,54 mg GAE/
g, 8,78 mg QE/g, 62,45 mg AE/ g, va 1,17 mg AA/ g.

13.54124 I :

(12.68799, 13
14.3945] 11

TPC

8.780508
[8.192722,
9.368296]

TFC

62.44661
[55.96074,
68.93249]

TSC

40

1.4
1.172068 1.2
[1.062335, 1
1.281801] g g

Vit C
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Hinh 3.9 M@ hinh tdi wu diéu kién trich ly dich trai nhau
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Pé xac dinh mo hinh t6i wu c6 thé mo ta su thay d6i ham luong cac hop chat co
hoat tinh sinh hoc khi trich ly ¢ cac diéu kién khac nhau, thi nghiém véi 3 1an Iap lai
& diéu kién tdi wu duoc thuc hién. Két qua trinh bay & Bang 3.9. Két qua so sanh cho
thdy (Hinh 3.9 va Bang 3.9) khong c6 su khac biét dang ké vé ham luong TPC, TFC,
TSC, va vitamin C gitta diéu kién trich ly t6i wu tir phuong trinh va thuc nghiém. Biéu
nay cho thiy, phuong trinh t6i wu du doan ham lugng cac hop chit khi thay déi diéu
kién trich ly.

Bang 3.9 Két qua tham tra gizza md hinh va thi nghiém thyc té

Ham lwong (tinh theo vck)

TPC TFC TSC Vitamin C
(mg GAE/g) | (mg QE/g) | (mg AE/g) | (mg AA/ Q)

biéu kién tdi wu tir
13,54 8,78 62,45 1,17
phuong trinh

Piéu kién toi wu tir
13,29+£0,31 | 840+0,08 | 63,19+1,66 | 1,16 £0,15
thwc nghiém

3.3.6  Quy trinh céng nghé trich ly cac hep chat c6 hoat tinh sinh hec
3.3.6.1 Quy trinh cdng nghé

Quy trinh cdng nghé trich ly cac hop chat c6 hoat tinh sinh hoc tir tréi nhau bang
phuong phép tién xt 1y siéu am trudc khi trich ly bang enzyme duoc trinh bay qua
Hinh 3.10.
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Hinh 3.10 Quy trinh cong nghé trich ly cac hop chdt ¢d hoat tinh sinh hoc tir trai

nhau
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3.3.6.2 Thuyét minh quy trinh

Trai nhau tuoi sau khi thu mua & d6 chin ddng déu lya chon nhiing trai dep va
c6 ngay tudi tir 100 — 107 ngay ké tir luc ra hoa, sau d6 dugc bao quan trong thai gian
2-3 ngay & nhiét d6 méi truong va tién hanh dong lanh & nhiét d6 -10°C. Mau nhau
d6ng lanh va sau khi ra dong s& gidp cho viéc pha vd mang té bao va thuan lgi cho
qua trinh trich ly tiép theo. Nhiéu nghién ctru d cho thay qué trinh dong lanh c6 hd
trg tich cuc dén qua trinh trich ly va dong thoi voi thoi gian dong lanh ngan khéng
lam giam ham luong polyphenol va vitamin C trong mét s loai trai cay nhu qua viét
quéc (Lohachoompol & ctv, 2004) va qua mam xdi (de Ancos & ctv, 2000).

X ly nguyén liéu bao gom: rra, cat lat, ngam. Nguyén liéu nhau dugc rira sach
tap chat bén ngoai. Nguyén liéu sau khi dé rao duoc cat lat véi bé day lat cat la 4,5-
5,0 mm, dugc ngam trong 1% dung dich metabisulfit (khdi luong/ thé tich) trong 1
gio. Ty I€ nhau va nudéce 1a 1: 4.

S4y: Mau sau khi ngdm duoc sdy khay bang khong khi néng ¢ 60°C trong 7-8
gid dén d6 am nguyén liéu dat khoang 8%. Khéi luong mau nhau dem say 1a 2 kg/m2.
Lat nhau sau khi say khé duoc nghién bot va ray véi kich thude ludi sang 0,5 mm.

X ly siéu am: Bot nhau dugc hoa tron vao nudce véi ty 18 1: 16 (khdi lugng/ thé
tich). Sau d6 duoc xur 1y siéu am (Elma S180H, Puc) vai tan sé 37 kHz, ¢ 50°C trong
vong 10 phat. Mau dugc dat ngap trong bé sao cho khoang céch tir bé mat chat long
trong binh dén muc nude chira trong bé vao khoang 2 cm. Sau khi tién xir Iy bang
siéu &m, mau duoc chuyén sang qua trinh chiét xuat bang enzyme.

Thity phan bang enzyme: Can enzyme (1%, khéi lugng enzyme tinh theo khéi
lwong chat khd cua bot nhau) cho vao hdn hop mau sau khi siéu am, dung parafilm
bit kin miéng binh, lic déu va dem & ¢ nhiét d6 60°C trong thoi gian 51 phit. Piéu
kién xur 1y enzyme di dugc t6i uu hoa sir dung phuong phap bé mat dap ting sao cho
ham lugng polyphenols, flavonoids, saponin va vitamin C cao nhat.

Loc: Mau sau khi u duoc loc thd bang vai loc, sau dé loc lai bang gidy loc
Whatman véi kich thuée 16 15-20 um thu duoc dich trich gidu hop chat c6 hoat tinh
sinh hoc.
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Dich trich ly: Véi cac diéu kién trich ly enzyme tdi wu, dich trich thu dugc co
ham lugng c&c hop chat cd hoat tinh sinh hoc da dugc tham tra nhu sau:

Polyphenols: 13,29 + 0,31 mg GAE/g vck

Flavonoids: 8,40 + 0,08 mg QE/g vck

Saponin: 63,19 + 1,66 mg AE/g vck

Ascorbic acid: 1,16+ 0,15 mg AA/g vck.

3.4  Két qua phan tich cac hep chit co hoat tinh sinh hec don 1é trong dich

trich trai nhau
3.4.1 Pinh tinh cac hep chat c6 hoat tinh sinh hoc don 1é

Két qua dinh danh céc hop chat c¢d hoat tinh sinh hoc don 1¢ trong trai nhau dugc
trinh bay qua sac ky d6 ion tong (TIC) Hinh 3.11 va cac hop chat ¢ hoat tinh sinh
hoc duoc dinh danh c6 trong dich trich trai nhau dugc thé hién trong Bang 3.10. Két

qua di dinh danh duoc 16 chét sinh hoc don 1 ¢6 trong dich trich trai nhau.
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Hinh 3.11 Sdc ky dé ion tong (TIC) cua dich trich trai nhau
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Bang 3.10 Cac hop chdt c6 hogt tinh sinh hoc dinh danh ¢ trong dich trich trai
nhau si dung UHPLC-QTOF-MS/MS & ché dé ion am

sTr| hotgdlan o, Chit dinh danh
Iuwu (phut) ’
1 5,18 389,1100 Deacetylasperulosidic acid
2 5,90 421,1366 Nyctanthoside; 6-Epimer
3 661 4111522 2-Methylpropanoic acid; [B-D-Glucopyranosyl-(1—6)-
B-D-glucopyranosyl] ester
3-Methyl-3-buten-1-ol; O-[B-D-Glucopyranosyl-(1—2)-
4 7,38 409,1723 . o
B-D-glucopyranoside] (Nonioside K)
5 7,51 431,1196 asperulosidic acid
3-Methyl-3-buten-1-ol; O-[B-D-Xylopyranosyl-(1—6)-
0 781 319,1622 B-D-glucopyranoside] (Nonioside L)
B-D-Glucopyranosyl-(1—2)-[B-D-glucopyranosyl-
7 8,15 601,2365 (1—6)]-D-glucose; B-Pyranose-form, 1-O-Hexanoyl
(Nonioside E)
8 874 439 1837 Hexanoic acid; [B-D-Glucopyrano.syl.-(l—>6)-B-D-
glucopyranosyl] ester (Nonioside D)
9 8,98 609,1478 Rutin
Octanoic acid; [B-D-Glucopyranosyl-(1—6)-p-D-
10 9,19 791,3199 | glucopyranosyl-(1—6)-[B-D-glucopyranosyl-(1—2)]-pB-
D-glucopyranosyl] ester
1 10,37 629 2666 2'6 -D|-O-(B-D-gIucopyranosyl)_-l .-O-octanoyI-B-D-
glucopyranose (Nonioside B)
12 10,56 4672142 6 -O-(B-D-GIucopyranosyl)-1_-0_-octanoyl-B-D-
glucopyranose (Nonioside C)
13 10,63 489.1996 2,4,7-Decatrienoic acid; (2E,4Z,7Z)-form, [B-D-
Glucopyranosyl-(1—2)-p-D-glucopyranosyl] ester
14 11.19 657 2089 1-O-decanoy|-2,6-d|-O-(b-d-g|gcc?pyranosyl)-b-d-
glucopyranose (Nonioside F)
15 12,25 495,2458 Decanoic acid; [B-D-Glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester
B-D-Glucopyranosyl-(1—2)-[B-D-glucopyranosyl-
16 13,69 755,3732 (1—6)]-D-glucose; B-Pyranose-form, 1,6'-Di-O-

octanoyl
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Két qua dinh danh cho thay trong dich trich trai nhau c6 céc hop chat c6 hoat
tinh sinh hoc chinh thuoc nhém flavonoids nhu rutin, nhom iridoids nhu
Deacetylasperulosidic acid, Nyctanthoside; 6-Epimer, asperulosidic acid. Ngoai ra,
cac chit thuoc nhoém saccharide fatty acid ester nhu 2',6'-Di-O-(B-D-glucopyranosyl)-
1'-O-octanoyl-B-D-glucopyranose (Nonioside B), 6'-O-(B-D-Glucopyranosyl)-1'-O-
octanoyl-pB-D-glucopyranose (Nonioside C), B-D- lucopyranosyl-(1—2)-[B-D-
glucopyranosyl-(1—6)]-D-glucose; B-Pyranose-form, 1-O-Hexanoyl (Nonioside E),
1-O-decanoyl-2,6-di-O-(b-d-glucopyranosyl)-b-d-glucopyranose (Nonioside F) va
cac hemiterpene glycoside ciing dugc tim thay trong dich trich trai nhau gébm c6 3-
Methyl-3-buten-1-ol; O-[B-D-Glucopyranosyl-(1—2)--D-glucopyranoside]
Noniosid K), 3-Methyl-3-buten-1-ol; O-[B-D-Xylopyranosyl-(1—6)-p-D-
glucopyranoside] (Nonioside L).

Két qua nay twong ddng véi cac nghién ciru da duoc bao céo vé cac hop chat co
hoat tinh sinh hoc c6 trong nhau. Bén canh cac hop chat polyphenol, flavonoids thi
cac hop chat nhu Iridoid-, Hemiterpene- va Fatty Acid — Glycoside ciing 13 nhitng
hop chat phé bién trong dich trich tir trai nhau (Akihisa & ctv, 2012; Dalsgaard & ctv,
2006; Inada & ctv, 2020; Singh, B. & Sharma, 2020). Cac hop chat fatty acid ester c6
kha ning khang oxy hoa, ic ché qua trinh hinh thanh sic t6 (Vuanghao & Laghari,
2017). Ngoai ra, trai nhau duoc xem nhu 1a mot nguon thuc pham doi dao caa iridiods,
trong d6 dac biét 1a Deacetylasperulosidic acid chiém khoang 78% tong s6 ham luong
iridoids c6 trong trai nhau vai cac hoat tinh nhu chéng oxy hoa, chéng viém, chong
tang huyét &p giam hinh thanh san pham glycat hoa bén viing (AGEs) (Almeida &
ctv, 2019; Deng & ctv, 2011; Dussossoy & ctv, 2011; Wei & ctv, 2011; West & ctv,
2016).

3.4.2  Pinh lwgng mdt sé hop chat cd hoat tinh sinh hoc don 16

Két qua phan tich dinh luong cac hop chat cé hoat tinh sinh hoc ¢6 trong dich
trich trai nhau bang phuong phap HPLC dugc trinh bay qua so d6 sic ky (Hinh 3.12)
va biéu dd sic ky mot vai chat chuan (bao gom rutin, gallic acid va quercetin) duoc
trinh bay qua Hinh 3.13.
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Két qua cho thay c6 nhiéu hop chat cd hoat tinh sinh hoc da duoc tach ra trén
biéu dd sic ky. Két qua nay ciing sé 13 co so cho xac dinh dinh lugng cac hop chat c6
hoat tinh sinh hoc trong twong lai khi c6 cac chat chuan tuong tng. Mot vai hop chat
(bao gom gallic acid, quercetin va rutin) dd dugc dinh luong trinh bay trong Bang
3.11. Dé xuat thiét 1ap va tiép can duoc nhiéu loai chat chuan twong tmg dé co thé
cung cép duoc nhiéu thdng tin vé dinh luong hon.
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Hinh 3.12 Biéu dé sdc ky cac hop chdt c6 hogt tinh sinh hoc dich trich nhau bang
HPLC
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Hinh 3.13 Biéu do sdc ky cac chat chudn phan tich bang HPLC

Bang 3.11 Ham lrong cac hop chdt c¢d hoat tinh sinh hoc trong dich trich nhau

Vit chit kho (%)

Rutin (ug/mL)

Gallic acid (pg/mL)

Quercetin (ug/mL)

7,04 £ 0,22

35,34 +0,11

3,58 +£0,39

0,82 +£0,16

Mot sb nghién ctru cho thiy ham lwong rutin, gallic acid, va quercetin trong dich
trich trai nhau cé thé cao hon (Bittova & ctv, 2015; Thoo & ctv, 2013b). Tuy nhién,

viéc so sanh ham lwong cac hop chét cd hoat tinh sinh hoc gitta cac phwong phép c6

thé khac nhau vi c6 su khac biét trong nguon nguyén liéu vé gidng, do chin, diéu kién

tréng,... Cac cong dung quan trong cua cac hop chat cé hoat tinh sinh hoc nay da

dugc cong bd rong rii nhu gallic acid gitp chdng ung thu, chng di tng, chong viém

bén canh tac dung diéu tri trim cam, nhiém tring (Choubey & ctv, 2015); quercetin

véi tac dung chéng viém, @ ché lipoxygenase (Deng & ctv, 2007). Do d6, trai nhau
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cling nhu dich trich tir chdng 12 mot ngudn tiém ning cho cac hop chat c6 hoat tinh

sinh hoc dang dugc quan tam.

3.5 Anh hwéng cia cac diéu kién khio sat va toi wu 1én kha ning vi bao céc

hop chat cd hoat tinh sinh hoc trong dich trich nhau
3.5.1 Cong thirc va ty 18 vé bao trong vi bao bing siy phun

Bang 3.12 trinh by anh huéng cua ty & vé bao dén hiéu suat cac hop chét co
hoat tinh sinh hoc trong bét vi bao nhau. Két qua xu Iy sé liéu cho thay ty 18 vo bao
c6 anh hudéng dang ké dén hiéu suat vi bao cac hop chét ¢ hoat tinh sinh hoc thu
duoc trong bot vi bao nhau (p<0,001) (Apintanapong & ctv, 2003; Rocha-Selmi &
ctv, 2013; Zhang& ctv, 2020). Theo két qua Bang 3.12, ty 1& vo bao gum arabic va
maltodextrin thich hop la 2:1 (w/w).

Gia tri 1a trung binh + SD sau khi phan tich théng ké; Céc gia tri trong cling mét
cot theo sau bai cac ki ty khac nhau (a-c) 1a khac nhau c6 ¥ nghia (P <0,05). HS-TPC.:
Hiéu suat vi bao tinh theo ham lugng polyphenol, HS-TFC: Hiéu suat vi bao tinh theo
ham luogng flavonoid, HS-TSC: Hiéu suat vi bao tinh theo ham lwgng flavonoid
(Bhandari & ctv, 1997).

Bang 3.12 Anh hurong cua ty 1é vé bao dén hiéu sudt vi bao cac hep chat c6 hoat

tinh sinh hoc
Ty 1€ vé bao GA: MD (w/w) | HS-TPC (%) | HS-TFC (%) | HS-TSC (%)
1:1 68,5+ 2,22 74,6 +2,0° 72,9 +5,8°
1:2 54,2 +1, 4° 64,9 + 1,4° 68,4 + 5,82
1:3 58,9 + 2,6" 65,3 £ 2,7° 49,5+ 2,4°
2:1 81,2 +10,9° 80,4 +0,9° 88,2 + 4,5
3:1 77,5+0,4% 81,6 +5,9° 95,2 + 3,5°¢

Trong thi nghiém nay ban dau da st dung thém mot s loai vo bao khac nhu

Whey Protein, p-Cyclodextrin, khi két hop vai céc loai chat bao khéc khdng phi hop
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cho qua trinh dong hda va siy phun, d6 nhét caia cac hdn hop dich cd chira céc chat
nay cao, kho tan. Vo6 vi bao khong st dung GA ty I€ 100% vi d6 nhét dich vi bao cao
khdng thich hop thuc hién qué trinh say phun.

Khi két hop gum arabic (GA) va maltodextrin, cac dung dich chtra cac loai chat
bao nay d& tan hoan toan va co thé sy phun duoc. Ty 1é khac nhau giita 2 loai chét
bao ciing anh huéng dén két qua vi bao bang phuong phap sdy phun. Kha ning vi bao
TPC, khi ting GA thi hiéu suit ting dan, khi ty 1¢ GA va MD 1a 2:1 thi hiéu suat vi
bao khong ting nita. DPSi vi TFC va TSC, kha ning vi bao ting dan khi ting ty 18
GA 16én, d6i véi ty 16 GA va MD thi khi dat ty 1& 2:1 va 3:1 c6 tang hiéu suat vi bao
nhung khong nhiéu. Cong thic chat tao mang duoc chon thyuc hién cho cac thi nghiém
tiép theo lay ty 16 GA va MD 14 2:1 vi khi ting ty 1&¢ GA trong hdn hop c6 thé ting
hoac giam hiéu suat vi bao mot chiat nhung hiéu qua khdng cao, khdng khéc biét dang
ké.

Qua trinh sy phun dugc sir dung pho bién dé vi bao cac thanh phan man cam
vé6i su phan hay boi cac tac nhan bén ngoai. Trong sé cac polymer duoc st dung 1am
chat mang, maltodextrin 1a mot trong nhirng chat mang quan trong va duoc st dung
phd bién nhit vi nd tao thanh dung dich c6 d6 nhét thip & ndng do sir dung cao — mot
dic tinh rat quan trong trong qué trinh siy phun. Ngoai ra, maltodextrin con cé uu

diém gié thanh ré va co vi dé chiu (Rocha-Selmi & ctv, 2013).
3.5.2 Ty lé ndng do vo bao

Két qua phan tich thdng ké cho thiy, nong d6 vo bao ¢6 anh hudng dang ké dén
hiéu suat vi bao tinh theo TFC (p<0,001) va TS (p<0,01), nhung hiéu suét vi bao tinh
theo TPC khdng bi anh huang vé mat théng ké khi nong do vo bao thay doi (p>0,05).
Két qua ¢ Bang 3.13 cho thay nong d6 vo bao thich hgp nam trong khoang 20-25%.
Trong nghién ciru nay, véi muc tiéu chon nong do vo bao thap nhat co thé sao cho
van dat duoc that thoat cac hop chét c6 hoat tinh sinh hoc thap nhat, nén nong do vo
bao 20% va ty 1& ¢ dinh vo bao: dung dich 1a 7: 3 dugc chon cho cac thi nghiém tiép
theo.
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Gia tri 1a trung binh + SD sau khi phan tich théng ké; Céc gia tri trong cling mét
cot theo sau bai cac ki tu khac nhau (a-c) 1a khac nhau c6 y nghia (P <0,05). HS-TPC.:
Hiéu suét vi bao tinh theo ham lwgng polyphenol, HS-TFC: Hiéu suat vi bao tinh theo

ham luvong Flavonoid, HS-TSC: Hiéu suét vi bao tinh theo ham lugng Flavonoid.

Nong do vo bao & 20% cho thiy hiéu suat vi bao nhin chung dat hiéu suét cao
nhét trong c4c nong d6 khao séat. V&i cac san pham bot nhau ¢6 cung khéi lwong thi
bot say phun tir dung dich ndng d6 vo bao 20% s& chira ham lwong céac hop chat sinh
hoc nhiéu hon ndng d6 vo bao 25% va 30%. Két qua do duoc cho thay rang khi ting
nong do vo bao I&n khong ty 18 thuan vai ty 1é hoat chat duoc vi bao diéu nay cé thé
giai thich 1a ¢ diéu kién siy di chon trong khoang thi nghiém thi & nong d6 20% ty 1¢
cac hoat chat duoc gitt lai dat hiéu qua tét nhat tinh trén mot don vi khéi lwong bot
nhau siy phun. Ddi vi TPC nhan thay rang ¢ ca 3 ndng d6 chat bao thi hiéu suat vi
bao trén mot don vi khéi luong khdng cé su thay d6i dang ké, voi cling mic hiéu suat
néu chon ty Ié chat bao thap nhat dé vi bao thi tiét kiém duoc chat bao, kha ning hoa
tan dé tao nguy@n liéu sdy phun ciing d& hon nguoc lai néu ty 18 chat bao cao c6 nghia
ham luong chat khé ciing cao, diéu nay thuan loi cho kha ning 1am khé, thoi gian say
cling nhanh hon.

Theo cac gia tri thong ké ¢ Bang 3.13, thay rang d6i vai hiéu suat vi bao TFC,
& mizc ndng do chat bao 1 20%, hiéu suat vi bao cao hon dang ké so véi nong do chat
bao & 25% va 30%, hiéu suat vi bao TFC c¢6 xu huéng giam dan khi ting néng do
chat bao vi thé mic ndng d6 vo bao ¢ 20% duoc chon dé tiép tuc nghién cau.

Bang 3.13 Anh hwrong cia nong do Vo bao dén hiéu sudt vi bao c&c hop chdt ¢ hoat
tinh sinh hoc

Nong dd vé bao (%, wiw)

HS-TPC (%)

HS-TFC (%)

HS-TSC (%)

20 73,2+0,6% 83,4+0,8 82,1 +1,0
25 71,5+ 3,42 67,6 0,9 66,5 + 1,2
30 75,9 +0,8? 62,6 +0,9° 61,6 +1,1°
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3.5.3  Anh huwéng cia nhiét do siy phun diu vao

Khoang nhiét do siy phun dau vao khao sét tir 140°C dén 180°C. Két qua anh
huong cua nhiét do siy dau vao dén hiéu suét vi bao cac hop chit c6 hoat tinh sinh
hoc va do am cua bot nhau vi bao (Nijdam, J. & Langrish, 2006) duoc trinh bay qua
Bang 3.14 Két qua xir ly thdng ké cho thiy, nhiét 6 siy dau vao c6 anh huong dang
ké dén hiéu suit vi bao tinh theo ham lugng c4c hop chat c¢é hoat tinh sinh hoc va do
am cua bot vi bao thu dugc (p<0,001).

Gia tri 1a trung binh + SD sau khi phan tich théng ké; Céc gia tri trong cling mét
cot theo sau boi cac ky tu khac nhau (a-c) 1a khac nhau c6 y nghia (P <0,05). HS-
TPC: Hiéu suét vi bao tinh theo ham lwong polyphenol, HS-TFC: Hiéu suat vi bao
tinh theo ham luong Flavonoid, HS-TSC: Hiéu suat vi bao tinh theo ham luong
Flavonoid.

Theo két qua Bang 3.14, nhiét d6 siy phun dau vao thich hop nham bao vé céc
hop chat c6 hoat tinh sinh hoc nam trong khoang 170-180°C (Santiago-Adame & ctv,
2015; Zhang, Khoo, Swedlund, & ctv, 2020). O hai nhiét d6 siy phun dau vao nay,
d6 am caa bot vi bao turong di thap, khoang 3,04-3,44%. Boi vi ddi véi TPC, & nhiét
d6 140 dén 150°C, hiéu suat vi bao TPC giam, tir 150 dén 170°C hiéu suat vi bao ting
kha nhanh diéu ndy c6 thé duoc giai thich khi nhiét do say cao, mot sé luong 16n cac
hat bot c6 d6 am bay hoi rat nhanh tir bé mit va 16p voé nhanh chéng trg nén khé rao
va ctng lai va giit bé mat nhanh chéng tro thanh mot 16p bao bao vé céc chat dugc
bao bén trong han ché sy that thoat (Nijdam, T. & ctv, 2006). Piéu nay ciing cho thay
rang néu nhiét do qué cao ciing s& dan dén nudc trén bé mat bc hoi qua nhanh can
tré qua trinh thoat hoi nude trong long céc hat cau khién cac chat bao cd thé phan tng
VvGi am gay that thoat. Toc do thoat hoi nudc 1am anh huong dén kha nang giai phong
am khoi bé mit céc giot ciing giai thich 1y do d6 am bot sy phun cé su khac nhau

theo nhiét d6 dau vao.
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Bang 3.14 Anh huong cua nhiét do sdy phun dau vao dén ham lwong cac hop chat

c6 hogt tinh sinh hoc va dé am

Nhiét do 2
. HS-TPC (%) | HS-TFC (%) | HS-TSC (%) | P am (%)
dau vao (°C)

140 68,5 £ 2,2° 69,9 +£1,8° 66,3 £ 5,2° 4,66 + 0,112
150 54,2 +1,4° 60,9 +1,3° 62,2 +£5,3? 3,71 +0,19°
160 58,9 +2,6° 61,2 +2,6° 45,0+ 2,2 3,24 +0,09¢
170 81,2 +£10,9° 75,4 £0,8° 80,2 +4,1° 3,04 +0,07¢
180 77,5 £ 0,4% 76,5+ 5,5° 88,1 +5,2¢ 3,44 + 0,09¢

Tuong tu, kha ning vi bao TFC ciing giam dan khi nhiét d6 sy tang tir 140 dén
150°C, & nhiét ¢ dau vao o nhiét d6 150 dén 180°C, kha nang vi bao TFC ciing ting
lén khé cao (tir 60.9% lén 76.5%), su taing ham luong flavonoid khi ting nhiét d6 say
phun trong khoang 150-180°C c6 thé 1a do su tring hop va tong hop cac hop chat
polyphenol méi gop phan 1am ting ham luong cac hop chat nay trong két qua phan
tich (Santiago-Adame & ctv, 2015).

Kha nang vi bao TSC giam dan khi ting nhiét do tir 140 dén 160 °C, va dat hiéu
suat cao khi nhiét do sy dat tir 170 dén 180 °C. O nhiét d6 dau vao 140°C dén 160
°C hiéu suat thu hdi khi vi bao cac hop chat c6 hoat tinh sinh hoc kha thap, d6 am bot
sau khi sdy & cac nhiét d6 trung binh tir 3 dén 5%. Khi nhiét do dau vao dat 170 dén
180 °C thi hiéu suit vi bao cao hon han so véi 160 °C tro xuéng. Trong khoang nhiét
d6 140 dén 160 °C, hiéu suat vi bao TSC giam nhanh chéng c6 thé giai thich rang
TSC thét thoat chiu anh huang kha manh boi nhiét do, nhiét do ting toc d6 hao hut
cling tang. Khi dat nhiét 6 dau vao cao hon muc 160 °C, hiéu suat vi bao TSC ting
rd rét didu nay 1a do toc do bay hoi rat nhanh khién cho vt liéu tudng bao nhanh
chéng tré thanh 16p vo viing chic bao quanh vat liéu 16i tranh dugc tac dong cua nhiét

d6, am thoat ra ngoai nhanh chdng nén ciing it phan tng vai vat lieu 16i.
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Hiéu suat vi bao tang tir khi tang nhiét d6 vao tir 170 °C do thoi gian tiép xdc
vé6i nhiét cua dich vi bao ngén hon, d6 am giam nhanh gidp cho qua trinh vi bao cac
hoat chat tét hon, han ché viéc that thoat. Tir 140 dén 160 °C, thoi gian cac hop chat
c6 hoat tinh sinh hoc tiép xtc véi nhiét d6 cao lau hon va duoc vi bao chdm hon nén
ham luong hop chat c6 hoat tinh sinh hoc giam nhanh. Két qua twong tu ciing dwoc
bdo céo boi Santiago-Adame & ctv (2015) ddi véi cac vi bao cua bot qué véi
maltodextrin trong d6 tac dong cua ba nhiét d6 siy khac nhau (140, 160 va 180°C) da
duoc danh gia (Santiago-Adame & ctv, 2015). Ho nhan thay cac vi hat c6 hinh thai
rd rang hon va min hon, khong c6 vét niat rd rang hoac két ty hat trong qué trinh say
phun ca & 160 va 180°C. Twong ty, trong nghién ctu ché tao cac vién nang siéu nho
say kho chaa nudc ép trai nhau (Zhang, Khoo, Swedlund, & ctv, 2020) bang cach st
dung hdn hop cia maltodextrin va Gum Arabic dé khao sét tinh chat hoa ly caa bot
va kha nang tiép can sinh hoc ctia cac hop chat c6 hoat tinh sinh hoc trong qua trinh
tiéu hoa trong 6ng nghiém ciing lya chon nhiét do khdng khi dau vao 170 + 2 °C
(Zhang, Khoo, Swedlund, & ctv, 2020).

Dua trén cac két qua do dugc vé hiéu suat vi bao TPC, TFC va TSC, sau khi xu
ly théng k&, nhan thay rang nhiét ¢ dau vao trong khoang 170 dén 180 °C cho két
qua vi bao dat hiéu qua tét nhat dbi véi cac khoang nhiét do dau vao da chon. Theo
nghién ciu cuia Kha & ctv (2021), khi say nhau tuoi o nhiét do 50 dén 80 °C, thi kha
nang giit duge ham luong TPC, TFC va TSC va giam rd rét khi ting nhiét do say lén
70°C va 80°C (Kha & ctv, 2021). Néu so sanh nhiét do sdy nhau tuoi khong dugc vi
bao vai sdy phun thi yéu t6 vat liéu tuong va nhiét d6 dau vao anh huong rat I16n dén
hiéu suat vi bao va su that thoét cac hop chit c6 hoat tinh sinh hoc.

3.5.4 Anh huwéng cia nhiét do siy phun dau ra

Khoang nhiét do say phun dau vao khao sat tir 82 dén 98°C. Két qua anh huong
cua nhiét do siy phun dau ra dén hiéu suat vi bao cac hop chat cé hoat tinh sinh hoc
va d6 am cua bot nhau vi bao duoc trinh bay qua Bang 3.15. Két qua xir ly thong ké
cho thay, nhiét d6 siy dau ra c6 anh hudng dang ké dén ham lwong TPC va d6 am

(p<0,001), tuy nhién khdng anh huéng vé mat théng ké d6i véi TFC va TSC (p >0,05)
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(Zhang, Khoo, Chen, & ctv, 2020). Két qua cho thdy ham luong cac hop chat ¢ hoat
tinh sinh hoc, dic biét 14 TPC giam khi nhiét d6 siy phun dau ra cao (97-98°C). Ngoai
ra, nhiét do say phun dau ra cang cao thi do am cang thap.

Nhin chung thdy nhiét do dau ra qua cao luong hao hut hop chit c6 hoat tinh
sinh hoc s& c6 xu huéng giam di, tuy nhién ddi véi TFC va TSC thi thay d6i nay
khong nhiéu. Nhiét d6 dau ra cao ciing anh hudng dén sy hao hut caa TPC trong qué
trinh sdy. Nhiét do dau ra cang cao thi 4m cua bot sdy phun cang thip, diéu nay ciing
anh huong téc d6 nhap liéu va téc do tao hat. Tuy nhién nhiét do ra it anh huong dén
kha nang vi bao hon di véi nhiét do dau vao, va viéc kiém soat nhiét do dau ra ciing
kho hon.

Tuong tu, trong nghién ciu cia Zhang, Khoo, Swedlund, & ctv (2020) ché tao
cac vién nang siéu nho sy kho chira nudc ép trai nhau bang cach sir dung hdn hop
ctiia maltodextrin va Gum arabic dé khao sét tinh chat hoa ly cia bot va kha nang tiép
can sinh hoc cua cac hop chat c6 hoat tinh sinh hoc trong qua trinh tiéu hoa trong 6ng
nghiém ciing lya chon nhiét d6 khéng khi dau ra 1a 90 + 20°C (Zhang, Khoo,
Swedlund, & ctv, 2020).
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Bang 3.15 Anh hwrong cua nhiét do sdy phun dau ra dén ham lirong cac hop chdt co

hogt tinh sinh hoc va dé am

Nhiét d¢
diu ra (°C)

HS-TPC (%)

HS-TFC (%)

HS-TSC (%)

Po am (%)

82-83 83,6 +1,2° 80,1 + 3,42 83,9 +4,72 5,37 +0,172
87-88 78,0 £0,8° 74,3 + 1,52 85,4 +0,3? 4,65+ 0,07°
91-93 84,4 +0,9? 79,1+ 3,3 80,2 +2,9? 3,56 +0,12¢
97-98 77,2 £ 0,4 76,7 +2,3% 80,6 +£0,5% 2,16 +0,09¢

Gié trj 1a trung binh + SD sau khi phan tich thong ké; Cac gié tri trong cting mét cot
theo sau boi cac ky tw khac nhau (a-c) la khdac nhau co y nghia (P <0,05).

HS-TPC: Hiéu sudt vi bao tinh theo ham lwong polyphenol, HS-TFC: Hiéu sudt vi
bao tinh theo ham lwrong Flavonoid, HS-TSC: Hiéu sudt vi bao tinh theo ham lirong

saponin.

3.5.5 Toi wu héa siy phun trong quy trinh vi bao dich trich nhau

Tir cac thi nghiém mot yéu to don (nhiét do siy phun dau vao va dau ra), khoang
nhiét d6 siy phun dau vao va dau ra lan lugt duoc chon 1a 170-180 va 82-92 °C. Véi
nhiét do siy phun dau ra dao dong tir 82 dén 92 °C, toc d6 nap lidu dao dong tuong
ng tir 1.6 lit/gio. Két qua anh hudng caa cac nhiét do say phun dau vao va dau ra d&én
ham luong TPC, TFC, TSC, d6 am va hoat 46 nuéc duoc trinh bay qua Bang 3.16.

Két qua xtr ly théng ké cho thdy mo hinh phuong trinh bac 2 ¢6 thé mé ta sy
thay d6i cua ham lugng TFC (p<0,001), TSC (p<0,05), va d6 am (p<0,01) nhung
chua thé mo ta cho sy thay d6i cia TPC (p>0,05) va aw (p>0,05) khi nhiét d6 say
phun dau vao va dau ra thay d6i. Mac di mé hinh bac 2 c6 thé md ta su thay doi cua
d6 am nhung gia tri P lack of fit c6 y nghia (p < 0,01) nén chi tiéu d6 am khong duoc
lya chon khi d4nh gia mé hinh tiép theo. Do vay, dé téi wu hoa nhiét do siy phun,
hiéu suat vi bao tinh theo ham luong TFC va TSC duoc thuc hién. Biéu dd 3D va
duong ddng mic cua TFC va TSC bi anh huong bai nhiét d6 sy dau vao va dau ra

duoc trinh bay ¢ Hinh 3.14. M6 hinh hoa nhiét do sdy phun dau vao va dau ra dugc
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trinh bay qua Hinh 3.14. Theo Bang 3.17, két qua tir md hinh du doan dugc phuong
trinh t6i wu (bién thuc) mo ta anh huong cua nhiét do say dén ham luong TFC va TSC
nhu sau:
HS-TFC (%) = -2449,20 + 27,87X1+ 0,76 X2 — 0,08X12 + 6,82X2? — 0,01 X1 X2
HS-TSC (%) = -5690,24 + 62,01X1 + 5,56 X2 — 0,18X12 — 0,03X2%— 0,0025X1X>

Bang 3.16 Bdng thiét ké thi nghiém va két qua thuc nghiém thu duwroc tir cac ché dé

say khéac nhau

X1 (°C) X2 (°C) Yi Y2 Ys Ys Ys
170 82 88,9 72,2 67,9 643 | 0724
170 87 85,6 76,6 648 | 543 | 023
170 92 89,1 77,0 688 | 5,31 0,19
175 82 94,3 88,4 920 | 446 | 019
175 87 86,7 85,7 895 | 466 | 0,19
175 87 87,9 86,9 962 | 4,52 0,21
175 87 86,9 856 | 896 | 454 | 021
175 92 90,1 87,0 962 | 4,22 0,19
180 82 88,8 649 | 804 | 434 | 0722
180 87 88,0 56,0 97,8 | 440 | 017
180 92 86,2 583 | 804 | 388 | 013

Y1, Y2, Y3, Y4, Ys, cac bién phu thugc HS-TPC (%), HS-TFS (%), HS-TSC (%) lan
lirot 14 hiéu sudt vi bao tinh theo TFC, TFC, va TSC, dé am (%) va hoat dg nuréc

aw. X1va Xz: lan luot 1a nhiét dé sdy dau vao va dau ra.
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(A) Nhigt @ diu vao (°C)
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(B) Nhiét d dau ra (°C)

Hinh 3.14 M6 hinh téi wu nhiét &g sdy phun dau vao va dau ra

EY-TFC (%)

EY-TSC (%)

©O o ¥ VW ©W o ¥ W ©W O o
XN ~ N KN K ®©O ® © © & o
i

175 82

Hinh 3.15 Biéu d6 3D va dwong dong mirc biéu thi dnh hwong cua nhiét do say
phun dau vao va dau ra dén hiéu sudt vi bao tinh theo TFC (A) va TSC (B)
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Bang 3.17 Hé sé hoi quy cia md hinh biéu dién anh hweng cua nhiét dé sdy dén

hiéu sudt vi bao

o HS-TFC (%) HS-TSC (%)
HE so hoi quy* — S
Hé so hoiquy | tratio | Hésohoiquy | tratio
Hang sb
o 86,03 83,03 93,72 26,577
Bacl
a1 -1,77 -9,42" 9,52 3,40"
az -0,53 -0,65 0,85 0,30
Bac 2
ai -19,68 -15,51™ -15,34 -3,56"
az 1,72 1,36 -2,54 -0,59
Tuong tac
are -2,85 -2,82° -0,23 -0,07
R? 0,97 0,84
P <0,001 0,04
P value of lack of fit 0,076 0,18

‘P <0,05; P <0,01; ""P < 0,001

la, 14 hang so; ai, aj, aij lan lwot 12 hé sé bdc 1, bdc 2 va twong tdc ciia phiong trinh

bdc 2.

Pé xac dinh mo hinh t6i wu c6 thé mo ta su thay d6i ham luong cac hop chat co

hoat tinh sinh hoc khi say phun ¢ diéu kién nhiét d6 dau vao va dau ra khac nhau

(Nijdam, J. & Langrish, 2006), thi nghiém véi 3 1an l3p lai ¢ diéu kién say phun toi

wu duoc thuc hién véi nhiét dd dau vao va nhiét do dau ra tdi vu 1an luot 12 175 °C

va 82 °C. Két qua trinh bay & Bang 3.18 cho thay khdng c6 su khac biét dang ké vé
hiéu suat vi bao tinh theo TFC (2,2%) va TSC (0,4%) gitta diéu kién siy phun ti uvu
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tir phuong trinh va thuc nghiém. Diéu ndy cho thiy, phuong trinh t6i wu dy doan dugc
hiéu suat vi bao cac hop chat cd hoat tinh sinh hoc khi thay ddi diéu kién say phun.

Bang 3.18 Két qua tham tra giiza md hinh va thi nghiém thyec té

HS-TFC (%) HS-TSC (%)
Piéu kién t6i wu tir phwong trinh 88,3 90,3
Piéu kién t6i wu tir thuc nghiém 90,3+2/4 89,9+3,1

Két qua théng ké tir c4c s liéu thuc nghiém cho thay tdi wu tir mé hinh va thuc
nghiém c6 su tuong quan voi nhau, véi cac thi nghiém so bo ta ¢ thé xay dung mo
hinh téi wu gan séat vai thuc té thi nghiém, tir 6 co thé du doan duoc hiéu qua caa
qua trinh ti uu (Osorio & ctv, 2010).

Ttr md hinh téi wu nhiét d6 dau vao va ra c6 thé thay sy anh huong caa nhiét do
dau vao rd rét hon anh hudong caa nhiét d6 dau ra dén kha ning vi bao cac hop chat
c6 hoat tinh sinh hoc. Khi nhiét o say cao, mét s6 luong 16n c4c hat bot c¢6 xu hudng
min bé mat vi 46 4m bay hoi nhanh chéng tir bé mit va 16p vé nhanh chéng tré nén
kho rdo va ciing lai va giit bé mat nhan min (Nijdam, J. & Langrish, 2006). Su t6i wu
vé nhiét do dau vao va ra khi say phun can thiét dé cai thién cac dic tinh bé mat cua
cac hat bot duoc tao ra trong nghién cizu hién tai. N6 1a mong muén dé c6 duoc cac
hat hinh cau min dé ti da hoa su on dinh caa bot, dic biét 1a néu nd s& duoc sir dung

nhu mot tac nhan phat tan ¢ kiém soét (Osorio & ctv, 2010).
3.5.6  Quy trinh cong nghé vi bao bang phwong phap siy phun

Quy trinh cdng nghé vi bao cac hop chat c6 hoat tinh sinh hoc tir dich trich trai

nhau bang phuong phéap sy phun duoc trinh bay qua Hinh 3.16.
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Hinh 3.16 Quy trinh cong nghé vi bao c&c hep chat cé hoat tinh sinh hoc nhau dang

bot
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Thuyét minh quy trinh

Nhau sau khi dugc vé sinh va cip dong. Quy trinh trich ly duoc miéu ta tai Muc
3.3.6.1 dé tao ra dich trich ly tir trai nhau.

Dung dich vé bao bao gom (maltodextrin va gum arabic véi ty 1& 1: 2, khéi
luong/khéi lugng) ¢d nong do 20% duoc khudy déu trong nuéc am (khoang 50°C)
cho dén khi tan hoan toan. Sau d6 dung dich vé bao duoc khudy tron véi dung dich
nhau sau ¢6 dic. Dung dich nhau dugc cho tir tir vao dung dich vé bao trong sudt qua
trinh khudy tron. Ty 1& khdi luong phdi tron gitra dung dich vo bao va dich nhau cd
dic duogc cb dinh 12 7:3.

Pong hoa: sir dung may dong hda téc do cao dé ddong hda hon hop dich (gom vo
bao va dich trich ly nhau tao thanh hdn hop déng nhat. Hon hop dich nhau duoc dong
hoa véi toe do 10.000 (vong/phat) trong 10 phat va 4p suat 10MPa. Trong qué trinh
ddng hoéa, nhiét do tm cua hon hop 1a khoang 40°C + 3°C.

Say phun: str dung thiét bi say phun, khai dong may va chinh céc théng sb sau:

e Tdc d6 Automizer 15.000 vong/phut;

e Nhiét do dau vao 175°C;

e Tdc d6 nhap liéu 1,6 lit/gio;

o Khi nhi¢t d vao dat 175°C va nhiét do dau ra 1a 100°C thi bt dau hit dich vao
say, nham tao mot 16p bot trang may va diéu chinh nhiét ¢ dau ra cho phi hop;

e Nhiét 46 dau ra xuéng 82°C thi lay lwong bot trang may ra va bat dau quéa trinh

say phun.

Thanh pham bét nhau vi bao sau khi siy phun dugc thu nhan déng vao tdi zip
trang bac (Hinh 3.17). Vi quy trinh cdng nghé trén, hiéu suat vi bao cua bot vi bao
cac hop chit c6 hoat tinh sinh hoc nhau tinh theo TFC va TSC lan luot 12 90,3% va
89,9%. Thanh pham bot vi bao c¢6 ham luong TPC, TFC, TSC lan luot 1a 2,03 mg
GAE/100g bot; 8,67 mg QE/100g bot; 25,72 mg AE/100g bot. Bot vi bao c6 do am
va hoat d6 nudc lan luot 14 4,74% va 0,21. Thanh pham c6 thé bao quan trong thoi

gian tdi thiéu Ia 12 thang & nhiét o méi truong.
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Hinh 3.17 B4t nhau vi bao bang sdy phun dwroc bao quan trong tai zip
3.5.7 Cau tric hat vi bao va kich thwéc cia bét vi bao

Két qua phan tich cAu trac hat vi bao biang thiét bi SEM ¢ cac do phong dai khac
nhau duoc trinh bay qua Hinh 3.18. Két qua cho thiy hat c6 kich thuéc twong ddi
ddng déu va quan trong 1a hat khong bi v& khi phong dai 18n 2000 lan. Diéu nay chang
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to hat c6 cau trdc bén vitng, c6 kha nang bao vé tét cac hop chat co hoat tinh sinh hoc

bén trong hat vi bao.

Hinh 3.18 Cdu tric hat vi bao toi wu duwoc phan tich bang SEM

Cac hat bt vi bao ¢6 dang cau va khong bi v, cho thiy kha ning vi bao cta
chat bao va quy trinh 1a thich hop, cac hat bot c6 kha ning giir duoc cac hop chit c6
hoat tinh sinh hoc mot cach bén viing, nhu vay han ché ti da viéc that thoét hop chat
c6 hoat tinh sinh hoc ciing nhu gitp cho thoi gian bao quan ma con luu gitt phan Ién
hop chat ¢ hoat tinh sinh hoc dugc tt hon. Nhu da thay trong Hinh 3.18, bot duoc

bao boc khong cé vét nit va I8 rdng, diéu nay rat quan trong dé ngan ngira hop chat
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c6 hoat tinh sinh hoc trich ly tir trai nhau tiép xtc voi khong khi va bi phan hay do
qua trinh oxy hoa.

Hinh anh SEM di chi ra rang cac hat duy tri mot hinh dang giéng hinh cau véi
bé mat nhin hozc nhin tiy thude vao diéu kién sy (Hinh 3.18). Hau hét cac hat khdng
xuat hién mot ty & dang ké cac vét nat hodc vét nit & bé mat bén ngoai, cho thay
chdng lai cdu trdc vat ly bén ngoai. CAc hat vi bao duoc tao ra khdng c6 anh huong
rd rang c6 d6 tham khi thip hon, tir d6 cho thidy mot bién phap bao vé hiéu qua hon
cac hop chat hoat tinh sinh hoc khoi cac phan wng oxy hoéa va tranh su giai phong
khong mong mudn cua ching (Shamaei & ctv, 2017).

O d6 phong dai 200 lan thay hau hét cac hat cd hinh dang giéng nhau, nhung
cac hat bot nay khong & dang cau hoan toan ma hoi nhan diéu nay c6 thé do nhiét do
say (Nijdam, J. & Langrish, 2006). Nhiét d6 c6 anh huéng dén qua trinh hinh thanh
bé mat cua hat bot vi ¢ su xuat hién cua cac bot khi nho. Céc bot khi hinh thanh va
phong 1én do nhiét d va &p suat bén trong phan tir hat bén trong Ién hon bén ngoai,
dbi véi mot s hat khi phan ter hat vi bao ng ra, s& thoat hoi nuéc nhanh tao ra dang
hat cau cho céc hat bot, khi nhiét do bot sdy giam di mot sb hat ¢ bé mat xep xudng
nhung khong bi v& ra 1am cho hat bot 6 bé mit hoi nhin khong con dang hinh cau.
Viéc nhiét d6 dau vao cao va giam dot ngot & dau ra cé thé anh huéng dén hinh dang
hat bot, viéc toi wu nhiét do dau vao va ra c6 anh huong dén hinh dang hat bot siy
phun. Khi nhiét d6 sy cao, mot s6 lugng 16n cac hat bot o xu hudng min bé mit vi
d6 am bay hoi nhanh chong tir bé mat va 16p vo nhanh chéng tra nén kho rao va cing
lai va giit b& mat nhan min (Nijdam, J. & Langrish, 2006). Tuy nhién, khi nhiét do
say tuong ddi thip, Cac hat duoc tao ra c6 xu hudng co lai va hinh thanh cac bé mat
nhin nheo (Tonon & ctv, 2008). Piéu nay xay ra vi dd 4m van con trong 16p vo ngoai,
van mém va dé& bj thay di hinh dang va cac hat d& bi giam thoat hoi nuéc khi ngudi
(Nijdam, J. & Langrish, 2006). Nhiét d6 dau vao siy cao hon cé xu hudng tao ra cac
hat c6 bé mat min hon va d6 nhan thap va cac héc 16i 16m. Thuc té 1a do nuéc bdc
hoi nhanh va ap suat cao hon bén trong céc hat trong qué trinh vi nang & nhiét do cao

hon ngan can su co lai (Medina-Torres & ctv, 2016). Mat khac, sy phan tach nudc
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cham hon ¢ nhiét do thap hon, cho phép nhiéu thoi gian hon dé cac hat bién dang,
nhin nheo va mat cau trdc (Beirdo-da-Costa & ctv, 2013).

Kich thuéc cua bot vi nang sé anh huong téi dac tinh bao quan, kha nang Iuu
gitr hoat tinh sinh hoc, xur Iy va van chuyén bot. Vi bao c6 kich thude cang nho s& ¢6
kha ning luu trit hoat chat thip hon vi bao c6 kich thuéc I6m, vi kich thuéce cang nho
thi bé mat tiép x(c voi moi trueong cang 1on, dé bi anh huéng béi didu kién méi trudng
(Zhang, Khoo, Swedlund, & ctv, 2020). Ngoai ra, cac yéu t6 nhu ty trong khéi, do
hoa tan, d6 hut am, kha niang chay ciing bi anh huong boi kich thude hat (Janiszewska-
Turak & ctv, 2017). Bot vi nang say phun thuong c6 phd phan b kich thude rong va
da dang vé kich thudc do su phan tan giot khi phun. Diéu nay Ii giai cho két qua phan
tich DLS cua bt vi bao 6 chi sé phan tan (polydispersity index-P1) kha cao. Két qua
phan tich DLS cho thay bét vi bao ¢6 kich thudc tir 174-279 nm, phan b kha dong
déu (Hinh 3.19).
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Hinh 3.19 Biéu do phan bé kich thudéc bét vi bao

Bot vi bao c6 dién thé zeta -40,1 mV (Hinh 3.20) cho thiy bot c6 d6 6n dinh cao

va c6 kha nang phan tan tot trong méi trudng long. Két qua nay twong dong véi nghién
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clru trudc Ve viéc st dung Gum va maltodextrin (MA) 1am vé vi bao bot nhau, tuy
nhién mau bt vi bao trong nghién ctru nay c6 d6 on dinh ciing nhu kich thude dat
nhé hon (Janiszewska-Turak & ctv, 2017). Su khac biét nay c6 thé dén tur ty Ié cua

cac thanh phan trong vé vi bao.
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Hinh 3.20 Biéu dé dién thé zeta cua bét vi bao
3.5.8  Pong hoc that thoat cac hop chat cd hoat tinh sinh hec ciia bt vi bao

Su thay d6i ham luong TPC, TFC, va TSC cua bot vi bao & nhiét d6 bao quan
40 va 50°C dugc trinh bay qua Hinh 3.20. Nhin chung, tdc do that thoét cac hop chat
c6 hoat tinh sinh hoc cao hon ¢ nhiét d6 cao (50°C so véi 40°C). Dua vao hé sé goc
ctia phuong trinh, tinh duoc gié tri Q1o cia TPC, TFC va TSC lan luot 14 2,86; 2,0 va
2,0. Vi gia tri Qo tinh duoc, néu ty 18 that thoat ham lwong céc hop chit ¢6 hoat tinh
sinh hoc trong bot vi bao la -50%, thi thoi gian bao quan cua bét vi bao & nhiét do
25°C tinh theo TPC, TFC, va TSC duoc xac dinh lan luot 1a: 2,5; 1,9; va 1,1 nam.
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Hinh 3.21 Bdng hoc that thoat polyphenol (A), flavonoid (B) va saponin (C) theo
thoi gian bdo quan
Dua vao hé sd goc cia phuong trinh, tinh duoc gia tri Q10 cua TPC, TFC va
TSC lan luot 12 2,86; 2,0 va 2,0. Véi gia tri Q10 tinh dugc, néu ty 1¢ that thoat ham

lugng cac hop chét sinh hoc trong bot vi bao 1a -50%, thi thoi gian bao quan cua bot
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vi bao & nhiét do 25°C tinh theo TPC, TEC, va TSC duoc xéac dinh lan luot 1a; 2,5;

1,9; va 1,1 nam.

Sy that thoat cac hop chat c6 hoat tinh sinh hoc trong bot say phun cham dong
nghia voi kha ning luu giit cac hop chat c6 hoat tinh sinh hoc trong bét siy phun tét,
diéu nay phi hop véi yéu cau cua san pham la bao quan 1au dai ma it anh huong dén
chat luong san pham. Thoi gian bao quan lau c6 ¥ nghia trong qua trinh van chuyén,
st dung, bao quan, luu trir. Khi phdi hop véi cac san pham dang bot hoic mot sb san
pham khéc it 1am anh huéng dén thoi gian bao quan, han ché duoc viéc sir dung phu

gia néu dua vao san Xuat.
3.5.9 Puong cong hap phu am ciaa bt vi bao

Anh huéng cua do 4m cta bot vi bao nhau téi wu duoc xac dinh ¢ moéi truong
Vvé6i 5 diéu kién do 4m twong ddi khac nhau trong 30 ngay ¢ nhiét d6 moi trueong. Hinh
3.22 cho thay céc gia tri d am can bang (Mo) ting 1én khi d6 am twong ddi can bang
tang 1én. Nhin chung, diéu kién an toan nhat cho su 6n dinh bao quan lau dai cua vi
bao la phu thudc vao Mo (Figura & Teixeira, 2007). M6 hinh BET va GAB dugc sir
dung dé du doan gia tri Mo dugc trinh by qua Hinh 3.22. Gia tri Mo (Bang 3.19) caa
bot vi bao t6i wu tinh theo md hinh BET va GAB lan luot 13 4,48% (R? = 0,99) va
6,51% (R? = 0,86) (Hinh 3.22 A,B).

Bang 3.19 Hé sé ciia cde mé hinh dwong cong hdp phu cia bét vi bao nhau

Hé s6
M hinh
Mo C K R?
BET 4,48 -323,20 - 0,99
GAB 6,51 13,74 -0,09 0,86

105



0.2

y =0.2237x - 0.0069
2 =
0.16 | R>=0.9931
E
2 012 -
£
]
< 0.08 -
0.04 -
0 T T T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Aw ( A)
Aw vs Aw/MC
0.05
. ..
0.04 :
o y
o 003
p= y = -0.1255x2 + 0.1313x + 0.0127
Z R>=0.8586
0.02
0.01
0
0 0.2 0.4 0.6 0.8 1
Aw

(B)
Hinh 3.22 M6 hinh BET (A) va GAB (B) cua bgt vi bao nhau
Mo hinh BET c¢6 d9 chinh xé&c hon so vdi md hinh GAB, do ¢ gia tri R? 16n
hon. Vi thé ¢6 am cua san pham bot vi bao nén bang hoic nho hon 4,48%. M, dé han
ché dén muc téi da cac hu hong do phan tng hoa hoc, va vi sinh. Céc chi sb chi tiét
khac duoc trinh bay trong Phu luc 14.7. Tuy nhién, thuc pham thuong khong duoc

1am kho dén dudi gia tri Mo do nhiét luong can thiét ting thém dé 1am béc hoi nuéc.
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Do d6, 6 am bao quan cta san pham duoc tdi uu sao cho bang hoic cao hon mot
chit so vai gia tri Mo dé dat duoc thoi han sir dung t6i da voi s hu hong téi thiéu
(Fellows, 2022). Mau bot nhau duoc vi bao dugc sir dung trong nghién ciru nay c6 do
am 4,74% gan véi Mo, cho thay rang mau c6 thé dugc bao quan trong mét thoi gian
dai.

Nhin chung, cac tinh chat héa hoc va vat Iy cua bot bi anh hudong dang ké boi
quéa trinh hap phu hoic giai hdp phu nuée. D6 4m twong ddi (ERH) c6 anh hudng
dang ké dén d6 am cua bot vi bao ciing nhu 1a cac hop chat c¢o hoat tinh sinh hoc. Sy
phan huy ciia cac hop chat ¢ hoat tinh sinh hoc trong bt vi bao anh huong bai do
am tuong dbi. Vi thé, yéu té bao bi han ché hiit am can duoc quan tAm dé tao ra san

pham c6 chat lugng 6n dinh cao.

Anh huéng cta diéu kién do am ddi voi bot nhau sdy phun 1a duoc xac dinh &
nhiét d6 moéi trudng (30 °C) trong ndm loai mudi khac nhau diéu kién do am tuong
db6i va thoi gian ma trong lwong can bang cua cac mau da dugc thu dugc. Hinh 3.23
md ta mdi quan hé dd thi giira trang thai can bang d6 am EMC, %, d.b.) va do am
tuong ddi can bang (ERH, %) ddi véi TPC, TFC, TSC cua cac mau bot nhau say phun
duoc gitt & nhiét d6 moi trudng xung quanh, cho thdy mét hinh dang sigma. Nhin
chung, khi ERH ting 1én, gi4 tri EMC & nhiét d6 khong doi tang 1én. Piéu nay phu
hop voi nhiéu tac gia da bao céo rang cac dang nhiét am dbi voi hoa chat kho thuong
thé hién mot duong cong biéu thi trong ERH nam trong khoang 643 (Janjai & ctv,
2006; Tan, Sing Pei & ctv, 2015; Yan & ctv, 2008).

Tuy thudc vao nhiét do bao quan, cac mau bot cho thay su gia ting rat nho EMC.
Trong pham vi nay, d6 am va hoat d6 nuéc cua cac mau kha thap, cho thay ring co
mét luong nhoé nuéc tu do dang ké bén trong bot nhau siy phun. Do d6, cac mau c6
thé nhiéu hon 6n dinh vé mit vat ly, hda hoc. Tuy nhién, sir dung quy trinh siy dé c6
thuc pham bén trong khoang ERH nay 1a cuc ky kho khan va tén kém (Tan, Sing Pei

& ctv, 2015). Nguoc lai, do d6 4am hap phu cao nén thuan lgi cho cac phan ang hoa
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hoc, sinh hoc va vi sinh. Piéu chinh theo phwong phap BET, d6 am Mo (%, d.b.) cua
mau duoc giit ¢ nhiét do ¢ 30 °C xap xi 4,5 (R% = 0,99).

Mat khac, phuong trinh GAB mang lai gia tri cao hon ctia Mo trong khoang 6.5
(R? = 0,86). Nhitng két qua nay chi ra rang phuong trinh GAB chinh xac hon trong
viéc dy doan Mo, dugc chi ra bai gia tri R? cao hon. Noi chung di thy rang Mo cua
mét san pham thyc pham khé duoc chon cho thoi han sir dung kéo dai. Diéu nay 1a
do cé&c phan tng bi cham lai vé mat héa hoc, vt Iy va sinh hoc ¢ mic d6 am dudi Mo
su phan hay thuc pham xay ra & mic cao hon d6 am do su gia ting cua vi sinh vat.
D6 am bao quan bot nhau thi nghiém xung quanh mic Mo, ¢ day 1a tir 4,5% dén
khoang 6,5%.
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Hinh 3.23 Anh hwong cia do am twong doi dén polyphenol, flavonoid, saponin va dé am
can bang cua bét vi bao
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Tuy nhién, thuc pham hiém khi duoc 1am khé dén dudi mac M, do nhiét ting
can thiét cho su bay hoi. Mot san pham d6 am phai bang hoic cao hon gié tri M, cua

n6 mot chat dé cung cap thoi han sir dung téi wu véi sy hu hong cham nhat.
3.5.10 Do két tinh va do bén nhiét cha vi bao

Do két tinh ciia bot vi bao ¢6 anh hudng dén tinh on dinh cua bot. Vi thé, bot vi
bao dugc xac dinh cau tric 12 két tinh hay vo dinh hinh thong qua phuong phap nhiéu
xa tia X. Hinh 3.24 thé hién gian dd nhiéu xa tia X caa bot vi bao 1a vé dinh hinh véi
cac dinh khuéch tan va rong diéu nay tuong dong vai cac nguyén liéu ban dau 1a Gum,

MA va cao chiét trai nhau.

10 20 30 40 50 60
2 Theta

Hinh 3.24 Gidn do XRD cua (A) bét vi bao, (B) Cao chiét trai nhau, (C) MA, (D)
Gum
Bén canh d¢, gian ¢6 XRD cua bot vi bao (Hinh 3.24 A) gan nhu twong dong
Vi gian do cua Gum (Hinh 3.24 D) va MA (Hinh 3.24 C), diéu nay chiing t6 toan bo
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bao chiét di duoc bao bot boi Gum va MA. Bong thoi, su twong dong nay cho thay
rang nhiét do siy phun khong lam thay doi tinh chat ciing nhu do két tinh cua cac
nguyén liéu ban dau, dam bao tinh chat hoa Ii cia nguyén liéu trudc va sau say.
Nhiét do hoa kinh (nhiét chuyén pha, Tg) 1a mét thdng sé quan trong cua thuc
pham say phun vi théng sé nay cho phép du doan do 6n dinh va chit lugng san pham
trong qua trinh san xuat va bao quan. Dong thoi, thdng sé nay ciing anh huéng dén
qua trinh két tinh, d6 dinh va do nén cua san pham 1a cac hat vi bao. Cu thé, néu nhiét
d6 bao quan cao hon Tg thi chit lugng caa san pham bi anh huong. Hinh 3.25 thé
hién phd DSC cuia nguyén lidu san xuat vi bao gdm Gum, MA, cao va san pham cudi
cung 1a bot vi bao. Két qua cho thdy Tg lan lugt 12 170°C (Gum), 175°C (MA), 120°C
(cao) va 170°C (Vi bao) (Iturri & ctv, 2021). Gia tri Tg vi bao xap xi véi nguyén liéu
Gum va MA va cao hon cao chiét ban dau diéu nay cho thady Gum va MA di bao boc
cao chiét thanh cong va c6 kha ning bao vé cao trudc moi truong nhiét do cao. Bén
canh d6, pho DSC cao ty do ¢6 dinh thu nhiét & 58°C thap hon so véi Gum & 71°C,
MA & 69°C va vi bao 1a 76°C, diéu d6 ching to cao tu do kém 6n dinh hon so véi cao
da duoc vi bao bai Gum va MA. Pdng thoi, nhiét phan hay cua cao ty do khoang
140-160°C thap hon nhiéu so véi vi bao 12 210°C. Tém lai, vi bao cao chiét nham 6n
dinh hé cao va bao vé cao trudc tac dung ciia méi trudng nhiét do cao nham ban quan
san pham tot hon, diéu nay s& dugc chung té mot 1an nira & két qua bao vé hoat chat

Cua vi bao trong moi truong nhiét do cao.
3.5.11 Kha ning twong tac ciia cac thanh phan trong bét vi bao

Phuong phéap phd hdng ngoai bién doi FTIR duoc dung dé phan tich lién két
cling twong tac ctia cac thanh phan cé trong bot vi bao thé hién qua cac nhém chat
hitu co khac nhau dén tir phan 16i 1a cao chiét trai nhau va phan vé bao gom Gum va
MA (Hinh 3.26).
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Hinh 3.25 Phé DSC cua bét vi bao, cao chiét, Gum va MA

Pau tién, diy dao dong tir 3000-3500 cm* ¢6 trong tat ca cac mau la lién két
hydro va lién két -OH trong cau trdc alcoholic cua phenolic ¢6 trong cao chiét vi tri
nay trang vai lién két gidn dai cua nhém -OH trong nudc du sau khi sdy (Smith,
2018). Lién két & vi tri 2800-2900 cm™ thudc vé lién két C-H caa nhém CHa hoic C-
H. Vi tri 1690 cm™ thudc vé amide | trong cau tric cia Gum, vi trong thanh phan cu
trdc Gum c6 mot lugng nho peptide din dén dao dong gidn dai cua amide | 1a dao
dong kéo dai cia nhdm C-N két hop voi dao dong udn cong N-H (Panyoyai & ctv,
2016). Tuong ty, MA la mot Oligosaccharide bao géom cac D-glucose dugc ndi thanh
chudi dai nén pho FT-IR c6 cac lién két tuong dong véi cao véi Gum vi trong cong
thirc cau tao ¢ chira nhdém -CHp, -CH, -OH va vong benzene. Cac dinh ¢ vi tri 1019-
1148 cm't 1a céc lién két kéo gidn caa C-O, udn C-H (Zhang, Khoo, Swedlund, & ctv,
2020). Bén canh do6, cac lién két & vi tri 846 va 740 cm™ thudc vé vong benzene
(Ballesteros & ctv, 2017).
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Hinh 3.26 Phé FTIR cua (A) bét vi bao, (B) Cao chiét trai nhau, (C) MA, (D) Gum

Do d6, mau bot vi bao thé hién day du tin hiéu cua cac thanh phan trude khi siy
phun nhu cao chiét, Gum, MA. Tuy nhién cudng do cta cac mii tin hiéu 1a khac nhau
d6i voi mau bot vi bao va cac thanh phan trong bot do ham lwgng phdi tron 16n hoac
nho s& anh hudng dén cudng do tin hiéu. Pong thai, khdng tim thay tin hiéu mai nao
trén phd FT-IR cua bot vi bao cho thdy khdng c6 lién két hda hoc méi nao xuét hién
sau qué trinh say phun. Tir d6 c6 thé xac dinh 1a d4 vi bao thanh cong dich chiét trai
nhau ma khéng 1am anh hudng dén tinh chat hda hoc cua cao chiét.

3.5.12 Ty trong gd va ty trong khéi cia bot vi bao

Tuong tac cua cac hat bot anh hudng dén tinh chat chay cua bot nén viéc so sanh
ty trong gd va ty trong khdi c6 thé danh gia twong ddi tinh chat chay cua bot (Bang
3.20). Tinh chét nay thé hién kha ning sap xép hat va dic tinh nén cua bot. Biéu nay
danh gia duoc kha nang tng dung bot vi bao dich chiét nhau dé bao ché vién nén

mang hoat tinh sinh hoc nhu mét loai thyc pham chirc nang. Chi s6 Carr trung binh
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cua bot vi bao 12 16,71+0,16, gia tri nay cho thay bot vi bao c6 tinh chit tron chay
tuong ddi tot. Bén canh chi sé Carr, ty 1&é Hausner ciing thé hién tinh chat chay cua
bot vat liéu, ty 1& ndy co gia tri tir 1-1,1 thi bot cd tinh chat chay ty do, 1,1-1,25 Ia
chay trung binh va 1,25-1,4 1a khd chay (Deepika & ctv, 2013). Déi vé6i bot vi bao
nhau ty 1& Hausner c6 gié trj trung binh 1a 1,19 thé hién bot c6 tinh chét chay trung
binh va ph hop véi chi s6 nén. Do d6, gia tri Carr va Hausner cho thay bot vi bao c6
kha nang nén thanh vién nén dé ung dung trong linh vuc thyc pham chic ning mang

hoat tinh sinh hoc.

Bang 3.20 Gia trj ty trong va chi sé Carr, ty 16 Hausner cua bét vi bao

Ty trong khdi | Tytronggd | Chisé Carr | Ty Ié Hausner

Lan 1 0,556 0,668 16,667 1,200
Lan 2 0,572 0,691 17,142 1,207
Lan 3 0,578 0,683 16,327 1,182

3.6 Kha ning giai phong va bao vé cac hoat chat trong bdt nhau vi bao
3.6.1 Kha nang giai phdng cuaa vi bao trong méi trwong in vitro pH 7,4

Bot nhau vi bao duoc kiém tra véi cac thanh phan TPC, TFC va TSC lan luot 13
11110,4, 7585,2 va 56807,8 pg/g. Hinh 3.27 thé hién phan trim phéng thich cua TPC,
TFC va TSC trong bot vi bao khi tién hanh giai phong trong méi truong dém PBS
7,4. Két qua cho thay hop chat TPC c6 phan trim phong thich kha thap. Cu thé, TPC
hau nhu chi giai phong trong 15 phiit dau va phan trim phong thich khong ting trong
105 phut tiép theo. TPC giai phdng cham va phong thich kém 1a do polyphenol thudc
phan nhém khdng flavonoid c6 phan ki nudc 1am han ché kha ning giai phong caa
hop chit (Debelo & ctv, 2020).

Bén canh d6 khi polyphenol giai phong cham ciing c¢6 lgi vé mat bao vé
polyphenol khéng bi tac dong bai méi trudng va kiém soat phong thich tét. Bidu nay
phu hop véi tinh chat kho giai phong cua polyphenol tir cao chiét duoc bao vé bai hat
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nano fibroin phong thich trong méi trudng pH 7,4 da dugc cong bd bai nhém nghién
ctru ctia Pham Duy Toan & ctv (2023), véi hiéu suat giai phong dat khoang 25% trong
3 gio (Pham, Huynh, & ctv, 2023; Pham, Nguyen, & ctv, 2023).

Dbi véi TSC, phan tram phong thich ting tuyén tinh theo thoi gian, tuy nhién
qua trinh giai phong cham va kéo dai, trong 75 phat dau hiéu suit giai phong chua
dat 30%, sau d6 tang nhanh va dat 40% ¢ thoi diém 120 phit. Nguyén nhan do saponin
c6 kha ning hoa tan trong nuéc nén khi vé vi bao hoa tan giai phong cao chiét ra bén
ngoai thi phan trim giai phong saponin bat dau ting nhanh (Gucli-Ustiindag &
Mazza, 2007). Bi voi TFC, bot vi bao c6 phan tram phong thich ting tuyén tinh theo
thoi gian va dat cuc dai khoang 80% tai thoi diém 120 phut.
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Hinh 3.27 Hiéu sudt gidi phdng TFC, TPC, TSC theo thoi gian cia bét vi bao

Diéu nay cd thé giai thich 1a do flavonoid 1a mot nhoém Ién bao gom nhiéu hop
chat nhu flavon, flavonol 1a cac hop chét tan trong nuéc nén dé dang phong thich khi
bot vi bao dugc phan tan vao dém. Bén canh d6, hop chat Chalcon thugc nhom

flavonoid tan trong méi trudng kiém nhe va trong maéi trudong chira H*, OH" ¢6 thé
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chuyén thanh flavonol, tan trong nuéc (Dias & ctv, 2021). Vi thé, TFC trong bot vi
bao ¢ phan trim phéng thich cao nhét trong ba hop chat TFC, TPC va TSC.

Bang 3.21 cho thdy TSC c6 ham luong giai phong dwoc cao nhat trong ba hoat
chat d TFC c6 hiéu suat cao nhat, diéu nay duoc Ii giai 1a do lugng TSC ban dau
trong dich chiét c6 nong d6 d6 cao nhit kéo theo ham luwong trong bot vi bao caa TSC
la cao nhat, nén khi giai phong c6 ham luong phong thich dwoc rat cao khoang
4507,19 pg. Bdi véi TPC va TEC c6 ham luwong giai phong duoc lan luot 12 442,14
Hg va 1000,00 pg trong 120 phut. Do d6, bot vi bao hoan toan cé kha nang giai phong

hoat chat tir dich chiét nham dap tng cac yéu cau vé hoat tinh sinh hoc cia ché pham.

Bang 3.21 Ham lwong TPC, TFC va TSC giai phdng theo thoi gian te bét vi bao
trong moi truong PBS pH 7,4

Theoti gian Ham lwgng TPC Ham lwgng TFC Ham lwgng TSC
(Phat) (Hg) (Hg) (Hg)

0 0,000 0,000 0,00+0
15 406,88+2,0 525,00+2,6 468,75+3,5
30 428,94+3,4 560,50+1,5 737,50+2,8
45 439,09+1,9 509,00+2,3 792,69+2,9
60 448,42+2,7 631,25+3,0 1148,69+2,1
75 439,48+3,1 755,75%19 1799,00£2,8
90 441,5142,3 682,50+3,8 2458,7543,1
105 442,98+3,9 945,00+2,4 4109,13+2,4
120 442,14+17 1000,00+3,3 4507,19+3,3
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3.6.2 Kha nang bao vé hoat tinh TPC, TFC va TSC trong méi trwong in vitro
mo phong pH tiéu hoa

Bang 3.22 cho thay ham lwong giai phong hoat chat trong méi trudng tiéu hoa
& giai doan da day ham luong dat cao nhat ddi véi TPC véi 1102,54 ug va giai doan
rudt non dat cao nhat ddi vai TSC (27380,77 pg). Ham lugng TPC & ca hai giai doan
khdng c6 su chénh Iéch qua 16n do TPC kho tan trong moi truong nudc nén ham
lwong giai phong khong ting nhiéu.

Hinh 3.28 cho thay hiéu suét giai phéng TPC, TSC va TFC cua bot vi bao theo
thoi gian trong moi truong mo phong duong tiéu héa. Hiéu qua giai phong cac hoat
chat duoc trinh bay trong Bang 3.23. Trong giai doan md phong dich vi da day (pH
1,2) ca ba hoat chat diéu giai phéng cham va hiéu suat thap trong 2 gid (<20%) cho
thdy & giai doan ndy vo vi bao da phat huy hiéu qua bao vé hoat chat trong méi trudng
acid.

Trong giai doan md phong rudt non (pH 6,8), ca ba hoat chat c6 su thay doi
manh mé vé hiéu suat giai phong. TPC tiép tuc giai phong tuyén tinh trong méi trueong
pH 6,8 nhung khong c6 su chénh léch qua cao vé hiéu suat trong sudt qua trinh, hiéu
suat giai phong cao nhat khoang 30% gan tuong duong véi hiéu suat & méi trudng
pH 7,4. Biéu nay cd thé ly giai 1a do polyphenol 1a hop chit cé ciu tric cong kénh va
rat it tan trong nudc nén kho tan ra trong hé dém.

Bang 3.22 Ham luong hoat chat TPC, TFC va TSC giai phong trong méi truong
mo phong dich vi da day va dich ruét

Maoéi trudong Ham lwgng TPC | Ham lwgng TFC | Ham lwong TSC
(Hg) (k) (k)

MO phong da day
1102,54 1138,29 961,52

(pPH1,2)

MO phong dich rugt
1505,18 2507,39 27380,77

(pH 6,8)
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Hinh 3.28 Biéu do phong thich hoat chdt TPC, TSC va TFC trong méi trieong mo

phong dwrong tiéu hda cua bot vi bao

Déi v6i TSC, 1a mot hop chit tan duoc trong nudce nén khi trai qua moi trudng
acid da day vo vi bao hoa tan thi dén méi truong pH 6,8 bat dau giai phong TSC va
hiéu suat ting nhanh, tuyén tinh theo thoi gian, dat hiéu suat cuc dai khoang 97%, gan

nhu toan bo hoat chat TSC dugc giai phong.

Péi véi hoat chat TFC qua trinh giai phong ban dau kha cham sau d6 ting nhanh
& giai doan cudi 12 do khi chuyén sang méi trudng PBS c¢6 su hoa tan flavonoids dién
ra tuong ty nhu moéi truong pH 7,4. Nhin chung, bot vi bao trong moi truong mod
phong duong udng da bao vé thanh cong hoat chit trude sy tin cong cua acid dich vi
da day, dong thoi giai phong tét hoat chat & rudt non giup co thé c6 thé hap thu dugc
t6t hon, nhat la TSC va TFC.
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Bang 3.23 Hiéu sudt gidi phdng TPC, TSC, TEC trong bét vi bao theo thoi gian

Thai gian (phut)

Hiéu suét giai phong (%)

TPC TSC TFC

0 0,00 0,00 0,00
30 9,13+1,30 1,29+0,90 11,47+1,80
60 10,62+2,60 1,58+3,40 15,53+1,65
90 12,13+1,12 1,92+2,90 17,37+2,19
120 13,61+2,00 2,09+2,89 20,59+2,16
150 14,22+2,80 18,17+3,2 22,31+2,66
180 15,87+1,35 63,57+1,75 20,62+1,12
210 16,48+4,00 73,51+2,01 21,24+2,50
240 17,39+1,60 73,88+1,87 21,07+2,00
270 19,42+2,30 86,10+3,00 23,87+4,00
300 20,47+2,09 85,53+2,10 24,02+3,50
330 20,35+3,70 88,52+2,50 23,21+1,20
360 21,11+2,70 91,52+1,50 26,01+0,98
390 23,10+2,00 86,85+1,80 32,29+1,57
420 24,50+1,80 90,64+2,75 51,06+1,96
450 26,11+2,90 95,31+1,80 70,63+2,67
480 29,12+1,50 97,12+3,50 74,01+1,99
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3.6.3 Kha ning bao vé hoat chat TPC, TFC va TSC trong méi truong nhiét

do cao

Pé danh gia kha ning bao vé hoat chiat TPC, TFC va TSC trong mdi trudng
nhiét d6 cao, tién hanh danh gia sy phan haty vi nhiét ciia c4c mau, trén co s¢ d6 danh

gi& kha nang bao vé cua vi hat (Bang 3.24).

Bang 3.24 Hiéu sudt bao vé hogt chdt cua vi bao va cao chiét trong méi trwong

nhiét do cao
Hiéu suat bao vé (%)
Nhiét do _
Mau TPC TFC TSC

Cao ty do 80,03+3,2 58,78+4,5 26,72+1,8

60°C
Vi bao 84,9442 8 71,17+4,2 38,15+1,9
Cao ty do 43,63+4,5 30,06+3,6 12,87+4,7

100°C
Vi bao 77,99+3,8 61,26+2,3 21,22+3,7

Céc hop chat TPC, TFC va TSC la céc hop chat hitu co dé bi anh huéng/phan
hay bai méi truong nhiét do cao. Bdi véi mau cao tu do, sau khi t trong méi truong
60°C trong 1 gio, lwong hoat chat TPC, TFC, TSC con lai lan luot 12 80,03%, 58,78%,
26,72%, ¢ thé thiy trong mdi trudng nhiét cao TSC bi anh hudng nang né, mot luong
I6n hoat chat bi phan huy béi nhiét d, tiép theo 1a TFC va it bi anh huéng nhat 1a
TPC. Khi cao di dwoc vi bao t trong ciing méi trudng véi cao tu do o hiéu suat bao
vé kha cao v&i TPC 84,94%, TEC 71,17% va TSC 38,15%. Diéu nay chirng minh 16p
V6 Vi bao cd thé bao vé hoat chit tot hon so voi cao tu do. Tuong tu, khi ting nhiét
d6 1én 100°C, cao chiét tu do chiu anh huéng nang né vé hinh déang, tir cao da dong
kho bi chay va c6 hién tugng phan hiy. Do d6, lwong hoat chat trong cao mat di dang
ké, cu thé TPC, TFC va TSC chi con lai 43,63%, 30,06%, 12,87%, diéu nay anh
huang nghiém trong dén chat lugng san pham. D4i vai hat vi bao ¢ mi truong 100°C,

ham Iuong hoat chat duoc bao vé khé cao vai hiéu suat TPC, TFC va TSC lan luot 12
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77,99%, 61,26%, 21,22%, véi hiéu suat bao vé nay hoat tinh sinh hoc cua hop chat
van con duge dam bao. Bén canh d6, hiéu suat bao vé hoat chat nay hoan toan phu
hop v&i d6 bén nhiét cua vi bao di dugc kiém tra bang phuong phap DSC véi nhiét

phan hay 1én dén 210°C d6i véi vi bao va chi khoang 120-140°C d6i vai cao tu do.
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CHUONG 4: KET LUAN VA KIEN NGHI
Két luan

Lu4n 4n nghién ctru: “Nghién ciu trich ly va vi bao mét sé hop chat c6 hoat tinh
sinh hoc tur trai nhau (Morinda. L)” da khao sat cac mau nhau dai dién va xac dinh
duoc do tudi khi thu hoach va thoi gian bao quan c6 anh huéng dang ké dén ham
lugng céc hop chat co hoat tinh sinh hoc, bao gdm TPC, TFC, TSC, vitamin C. Nghién
ctru ndy da dinh danh duoc 16 hop chat don 1¢ ¢6 trong trai nhau bang phuong phap
LC-MS/MS va dinh lugng duoc 03 hop chat don 1¢ (rutin, gallic acid, va quercetin)
bang phuong phap HPLC.

Pé tai da xay dung duoc phuong trinh hdi quy bac 2 nham t6i wu hoa diéu kién
trich ly cac hop chat cé hoat tinh sinh hoc tir trai nhau dua trén cac thi nghiém maot
yéu t6. Cac yéu to danh gia téi wu bao gom ty Ié enzyme, ty 1é dung moi, nhiét do
trong qua trinh thity phan bang enzyme va thoi gian thity phan. Két qua quy trinh thu
duoc ¢ néng d6 enzyme 1%, nhiét d6 trong qué trinh thity phan bang enzyme 60°C
va thoi gian thay phan 51 phut.

Tir d6 c6 thé xay dung duoc phuong trinh cong nghé vi bao céc hop chit sinh
hoc c6 trong nhau thong qua phuong phap sy phun. Phuong trinh hdi quy bac 2 cua
quy trinh vi bao thé hién qua dich chiét trai nhau siy phun c6 ty ¢ vo bao
(maltodextrin va gum arabic véi ty & 1: 2, kI/ kl) & ndng do 20%, va ty Ié khdi lugng
phdi tron gitra dung dich vo bao va dich nhau 1a 7:3. Nhiét do téi uu hoa dau vao va
dau ra lan luot 12 175°C, 82°C. Két qua cho dwoc bot nhau vi bao véi cau tric dong
nhét va on dinh véi thoi gian bao quan tdi thiéu 1 nam trong diéu kién 25°C.

Viéc vi bao dich chiét trai nhau bang phwong phap sy phun cho hiéu qua giai
phdng céc hoat chét sinh hoc cao trong diéu kién va thoi gian phi hop. Tuy nhién, bot
nhau vi bao ciing duoc bao vé tét trong diéu kién acid tiéu héa trudce khi duoc giai
phdng hiéu qua trong md phong rudt non.

Két qua bot nhau sdy phun c6 nhiéu tiém ning tng dung trong thyc té cling nhu

san xuat. Phan bao quan cho thy y nghia thuc tién khi ban than san pham 1a bot nén
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c6 thé luu gitr 1au ma it bi thay doi tinh chat héa ly, cing véi viéc kéo dai thoi gian

giam ham luong hop chét co hoat tinh sinh hoc nho tang kha ning bao quan, giam chi

phi cling nhu thuén tién cho cac qua trinh van chuyén va sir dung.

Kién nghi

Pé tiép tuc hoan thién dé tai nghién ctiru: “Nghién cau trich ly va vi bao mot sd

hop chat c6 hoat tinh sinh hoc tir trai nhau (Morinda. L)” trong thoi gian t6i. Do do,

mot sO kién nghi dugc dé xuat nhu sau:

Nghién ctu trich ly cac bo phan khac caa nhau bing cong nghé trich ly cua dé
tai nhu 14, ré va than;

Panh gia chat lugng dich trich thong qua xac dinh hoat tinh khang khuan,
khang oxy hoa,... va chat luong bao quan va dong goi lam co so cho viéc (ng
dung rong rai trong tuong lai;

Véi quy trinh cong nghé xay dung, bao gom trich ly va vi bao, duoc dé xuat
tién hanh thir nghiém & quy mo pilot véi s6 luong nguyén vat liéu va cong suat
may moc gia ting, b sung cac quy trinh thao tac chuan hoéa, ciing nhu danh
gia tiém ning chudi cung tng;

Nghién ctru co ché giai phong hat vi bao va (ng dung san pham vi bao trong
cac thuc pham dang nuée nhu nudc trai cay, sia;

Nghién ctu tng dung san pham vi bao dang bot trong cac san pham thuc pham
nhu banh, cac san pham thit (xuc xich, cha)...;

Nghién ctru thém cac phuong phéap hd tro trong quy trinh céng nghé, cling nhu
danh gia tinh chuyén giao cong nghé trén cac ddi twong nguyén vat lieu khac

trong thuc pham.
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PHU LUC

Phu luc 1: Sy thay ddi mau sic trai nhau theo thai gian bao quan khac nhau

Ngay thu 1

Ngay thir 5

Ngay thir 6 Ngay thir 7
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Phu luc 2: Hinh anh mau trai nhau twei va bét nhau sir dung trong nghién ciru
tir viing trong tai Tién Giang véi két qua phan tich TPC, TFC, TSC cho thay

khong c6 s khac biét y nghia so véi mau tir ving trong Binh Phudrc.

O LIBJ TONG HAM LUONG CAC HOP CHATCO HOATTINH SINH HOC TIEN GIAN(

Chi tiéu Lan 1 Lén 2 Lian3 |Trung binh
TPC 7,81 7,89 7,82 7,84
TFC 3,36 3,44 3,37 3,39
TSC 29,29 30,1 29,5 29,63

SO LIBU TONG HAM LUONG CAC HOP CHAT COHOATTINH SINH HOC BINH PHUI

Chi tiéu Lan 1 Lin 2 Lan3 |Trung binh
TPC 7,79 7,84 7,78 7,80
TFC 3,25 3,57 343 3,42
TSC 28,98 29,19 30,33 29,5

Phu luc 3: Khao sat anh hwéng ciia dd chin dén ham lwong cac hoat chét sinh

hoc trong trai nhau

Phu luc 3.1: Bang két qua do am va thé tich mau tai cac do chin

Chi < . . Lan
. Mau Lan1l | Lan2
tiéu 3

Dat do chin tir 90 — 95 ngay ké tir ngay rahoa | 80,81 | 80,81 | 80,81
" Dat do chin tir 100 — 107 ngay ké tir ngay ra
Am | Petdechintu i JAyKEWNIYTE | 6515 | 82,15 | 82,15
(%) oa |

Pat do chin tr 110 — 117 ngay ké tir ngay ra

hoa 82,83 | 82,83 | 82,83
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Pat do chin tir 90 - 95 ngay ké tir ngay rahoa | 58,80 | 59,00 | 58,50
Thé | Patdo chintr 100 — 107 ngay ké tir ngay ra
, 59,10 | 59,50 | 59,80
tich hoa
(ML) | patdo chin tir 110 — 117 ngay ké tir ngay ra
63,40 | 63,50 | 62,80
hoa
Phu luc 3.2: Bang két qua do UV-vis mau tai cac do chin
Chi x A > s
’ Miu Lan1 Lan 2 Lan 3
tieu
Dat d6 chin tr 90 — 95 ngay k& tir ng?
at do chin tu > ngay ke tir ngay ra 043979 | 042633 | 040082
Dat do chin tr 100 — 107 ngay ké tir ngs
Tpe | Patdo chin ti gAY KEWNGdY | 049341 | 047205 | 04843
ra hoa
Pat d6 chin tr 110 — 117 ngay k& tir ng3
at do chin ti Ay REWNOY | 050502 | 0,51814 | 0,49622
ra hoa
Dat do chin tr 90 — 95 ngay ké tir ng
at do chin tir > ngay ké tir ngay ra 0,19826 | 0,19151 | 021399
Dat do chin tr 100 — 107 ngay ké tir ngs
TEC | P#t do chin ti OYIEIINOY | 027281 | 0,28274 | 0,34104
ra hoa
Pat d6 chin tr 110 — 117 ngay k& tir ng3
at o chin tur QAYKETINIAY | 44949 | 046784 | 0,50985
ra hoa
5 5 chin & — s k; | 3
at do chin tr 90 hi: ngay ke tur ngay ra 026162 | 025305 | 022313
Dat d6 chin tir 100 — 107 ngay ké tir ngs
Toc | P2 o chin tu ngay ke tu ngay 0,27604 | 0,28389 | 0,26827
ra hoa
Dat d¢ chin tir 110 — 117 ngay ké tir nga
at ¢ chin ti NgayRetingay | 33363 | 0,35409 | 0,37044
ra hoa
Pat d6 chin tr 90 — 95 ngay Ké tir ng?
at do chin tu ngay ke tu ngay ra 12 1,3 1,3
hoa
Vit [ Dat g chin tir 100 - 107 ngay ké tirng?
at d6 chin tir 100 — 107 ngay ké tir ngay 15 1,6 15
C ra hoa
Pat d6 chin tr 110 — 117 ngay k& tir ng3
at do chin tur ngay ke tu ngay 17 1,6 1,6
ra hoa
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Phu luc 3.3: Két qua xt ly thdng ké anh huong cua do chin dén ham lwong TPC trong
trai nhau

Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob > F
Do chin tréi 2 8.8962368 444812 92.2629 <.0001*
Error 6 0.2892680 0.04821
C. Total 8 9.1855048

Means and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower95% Upper95%
Chin 1/3 3 533726 0.278363 0.16071 4.6458 6.0288
Chin 2/3 3 6.68947 0.139567 0.08058 6.3428 7.0362
Chin hoan toan 3 7.76744 0.218333 0.12605 7.2251 8.3098

Confidence Quantile
t Alpha
2.44691 0.05

Connecting Letters Report

Level Mean
Chin hoan toan A 7.7674402
Chin 2/3 B 6.6894723
Chin 1/3 C 5.3372642

Levels not connected by same letter are significantly different.
Phu luc 3.4: Két qua xt ly thdng ké anh huong cua do chin dén ham luong TFC trong
trai nhau

Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob > F
D6 chin trai 2 15.815565 7.90778 102.3124 <.0001*
Error 6 0463743 0.07729
C. Total & 16.279308

| Means and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower 95% Upper 95%
Chin 1/3 3 148586 0.094470 0.05454 1.2512 1.7205
Chin 2/3 3 254707 0.365082 0.21078 1.6402 3.4540
Chin hoan toan 3 467413 0.299436 0.17288 3.9303 5.4180

Confidence Quantile
t Alpha
2.44691 0.05
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Connecting Letters Report

Level Mean
Chin hoan toan A 46741274
Chin 2/3 B 2.5470739
Chin 1/3 C 1.4858618

Levels not connected by same letter are significantly different.

Phu luc 3.5: Két qua xir Iy théng ké anh huéng cua d6 chin dén ham lwong TSC trong

trai nhau
Summary of Fit
Rsquare 0.960574
Adj Rsquare 0.947432
Root Mean Square Error 1.788732
Mean of Response 27.66742
Observations (or Sum Wgts) 9
Analysis of Variance
Sum of
Source DF Squares Mean Square FRatio Prob > F
Do chin tréi 2 467.72627 233.863 73.0923 <.0001*
Error 6 19.19737 3.200
C. Total 8 486.92364

Means and Std Deviations

Std Err
Level Number Mean StdDev Mean Lower 95% Upper 95%
Chin 1/3 3 20.2300 2.12866 1.2290 14.942 25.518
Chin 2/3 3 253473 081752 04720 23.316 27.378
Chin hoan toan 3 37.4250 2.09742 1.2109 32.215 42.635

Confidence Quantile
t Alpha
2.44691 0.05

Connecting Letters Report

Level Mean
Chin hoan toan A 37.424985
Chin 2/3 B 25.347305
Chin 1/3 C 20.229964

Levels not connected by same letter are significantly different.
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Phu luc 3.6: Két qua xt Iy thdng ké anh huong cua do chin dén ham luong vitamin

C trong trai nhau

Summary of Fit

Rsquare 0.943163
Adj Rsquare 0.924217
Root Mean Square Error 0.113854
Mean of Response 1.909294
Observations (or Sum Wgts) 9

Analysis of Variance

Sum of
Source DF Squares Mean Square FRatio Prob>F
D6 chin tréi 2 1.2906325 0.645316 49.7826  0.0002*
Error 6 0.0777761 0.012963
C. Total 8 1.3684086

Means and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower 95% Upper 95%
Chin 1/3 3 141472 0.072908 0.04209 1.2336 1.5958
Chin 2/3 3 197868 0.035997 0.02078 1.8893 2.0681
Chin hoan toan 3 233449 0.179657 0.10373 1.8882 2.7808

Confidence Quantile

t Alpha
2.44691 0.05

Connecting Letters Report

Level Mean
Chin hoan toan A 2.3344876
Chin 2/3 B 1.9786775
Chin 1/3 C 14147162

Levels not connected by same letter are significantly different.
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Phu luc 4: Két qua xir ly théng ké khao sat anh hwéng cia thoi gian bao quan

dén ham lweng cac hoat chat sinh hec trong trai nhau

Phu luc 4.1: Bang két qua do am va thé tich mAau tai cac thoi gian bao quan

Chi tiéu Thai gian bao quan (ngay) Lanl | Lan2 | Lan3
0 80,81 80,81 80,81
1 81,22 81,22 81,22
2 81,36 | 81,36 | 81,36
3 81,99 | 81,99 81,99
Am (%)
4 82,16 | 82,16 82,16
5 82,25 | 82,25 | 82,25
6 84,55 | 84,55 84,55
7 84,55 | 84,55 84,55
0 58,80 | 59,00 | 58,50
1 60,10 58,0 58,40
2 59,50 | 59,50 59,10
i 3 60,40 60,50 61,00
Theé tich (mL)
4 60,10 60,70 60,40
5 62,00 61,70 61,90
6 65,50 65,20 64,90
7 65,50 65,20 64,90
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Phu luc 4.2: Bang két qua do UV-vis mau tai cac thoi gian bao quan

Chitiéu | Thoi gian bao quan (ngay) Lan 1 Léan 2 Lan 3

0 0,49341 0,47205 0,4843
1 0,49878 0,50881 | 0,53031
2 0,49429 0,55788 | 0,56193
3 0,55941 0,56246 | 0,55033

TPC
4 0,45148 0,48497 | 0,44255
5 0,33723 0,33406 | 0,34466
6 0,24167 0,2688 0,2615
7 0,24167 0,2688 0,2615
0 0,27683 0,30552 | 0,27435
1 0,29944 0,29827 | 0,30564
2 0,3142 0,31908 | 0,33392
3 0,391222 | 0,36526 | 0,39495

TFC
4 0,27683 0,30552 | 0,27435
5 0,23571 0,23961 | 0,25417
6 0,12444 0,14295 | 0,12724
7 0,12444 0,14295 | 0,12724
0 0,29861 0,32576 | 0,28249
1 0,28975 0,26958 | 0,27859
2 0,31032 0,29924 | 0,26013

TSC
3 0,57912 0,58534 0,5634
4 0,49658 0,49357 | 0,47942
5 0,5626 0,482 0,49264
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Chitiéu | Thei gian bao quan (ngay) Lan 1 Lan 2 Lan 3

6 0,29247 0,29562 | 0,32165
7 0,29247 0,29562 | 0,32165
0 15 1,45 14
1 1,3 14 14
2 2,2 2,2 2,3

Vit C 3 2,3 2,3 2,3
4 1,7 1,6 1,7
5 1,0 1,1 0,9
6 0,5 0,7 0,5
7 0,5 0,7 0,5
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Phu luc 4.3: Két qua xu ly théng ké anh huong cua thoi gian bao quan dén ham luong
TPC trong trai nhau

Summary of Fit

Rsquare 0.986424
Adj Rsquare 0.980606
Root Mean Square Error 0.253499
Mean of Response 5.696667
Observations (or Sum Wgts) 21
Analysis of Variance
Sum of
Source DF Squares Mean Square FRatio Prob>F
Ngay bao quan 6 65.368800 10.8948 169.5375 <.0001*
Error 14 0.899667 0.0643
C. Total 20 66.268467

Means and Std Deviations

Std Err

Level Number Mean StdDev Mean Lower 95% Upper 95%
Ngay 0 3  6.24000 0.086603 0.05000 6.0249 6.4551
Ngay 1 3 6.68667 0.174738 0.10088 6.2526 7.1207
Ngay 2 3 7.15333 0.513842 0.29667 5.8769 8.4298
Ngay 3 3 7.84333 0.055076 0.03180 7.7065 7.9801
Ngay 4 3 498000 0.350000 0.20207 4.1106 5.8494
Ngay 5 3  4.81000 0.085440 0.04933 45978 5.0222
Ngay 7 3

2.16333 0.122202 0.07055 1.8598 2.4669

Confidence Quantile

t Alpha
2.14479 0.05

| Connecting Letters Report

Level Mean
Ngay 3 A 7.8433333
Ngay2 B 7.1533333
Ngay 1 C 6.6866667
Ngay 0 D 6.2400000
Ngay 4 E 4.9800000
Ngay 5 E 4.8100000
Ngay 7 F 2.1633333

Levels not connected by same letter are significantly different.
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Phu luc 4.4: Két qua xu ly théng ké anh huong cua thoi gian bao quan dén ham luong
TFC trong trai nhau

|Summary of Fit

Rsquare 0.970291
Adj Rsquare 0.957558
Root Mean Square Error 0.129754
Mean of Response 2.350215
Observations (or Sum Wgts) 21
| Analysis of Variance
Sum of
Source DF Squares Mean Square FRatio Prob > F
Ngay bdo quan 6 7.6979192 1.28299 76.2050 <.0001*
Error 14 0.2357038 0.01684
C. Total 20 7.9336230

IMeans and Std Deviations

Std Err

Level Number Mean StdDev  Mean Lower95% Upper95%
Ngay 0 3 2.22422 0.159956 0.09235 1.8269 2.6216
Ngay 1 3 241408 0.051784 0.02990 2.2854 2.5427
Ngay 2 3 2.64779 0.083307 0.04810 2.4408 2.8547
Ngay 3 3 3.39009 0.164668 0.09507 2.9810 3.7991
Ngay 4 3 245909 0.178268 0.10292 2.0162 2.9019
Ngay 5 3 210883 0.097040 0.05603 1.8678 2.3499
Ngay 7 3

1.20741 0.119720 0.06912 0.9100 1.5048

Confidence Quantile

t Alpha
2.14479 0.05

Connecting Letters Report

Level Mean
Ngay 3 A 3.3900917
Ngay2 B 2.6477872
Ngay4 B C 2.4590864
Ngay 1 CD 2.4140819
Ngay 0 DE 2.2242209
Ngay 5 E 2.1088258
Ngay 7 F 1.2074092

Levels not connected by same letter are significantly different.
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Phu luc 4.5: Két qua xu ly théng ké anh huong cua thoi gian bao quan dén ham luong
TSC trong trai nhau

| Summary of Fit

Rsquare 0.964368
Adj Rsquare 0.949097
Root Mean Square Error 1.629394
Mean of Response 21.04191
Observations (or Sum Wgts) 21
| Analysis of Variance
Sum of
Source DF Squares Mean Square FRatio Prob > F
Ngay bao quan 6 1005.9552 167.659 63.1503 <.0001*
Error 14 37.1689 2.655
C. Total 20 1043.1241

|Means and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower95% Upper95%
Ngay 0 3 259838 234083 1.3515 20.169 31.799
Ngay 1 3 241880 1.50673 0.8699 20.445 27.931
Ngay 2 3 25.7089 289132 1.6693 18.527 32.891
Ngay 3 3 296331 049809 0.2876 28.396 30.870
Ngay 4 3 193011 0.50992 0.2944 18.034 20.568
Ngay 5 3 134966 1.30063 0.7509 10.266 16.728
Ngay 7 3 8.9818 0.52468 0.3029 7.678 10.285

I Confidence Quantile

t Alpha
2.14479 0.05

|Connecting Letters Report

Level Mean
Ngay 3 A 29.633074
Ngay0 B 25.983807
Ngay2 B 25.708943
Ngay 1 B 24.188008
Ngay 4 C 19.301123
Ngay 5 D 13.496610
Ngay 7 E 8.981772

Levels not connected by same letter are significantly different.
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Phu luc 4.6: Két qua xu ly théng ké anh huong cua thoi gian bao quan dén ham luong

vitamin C trong trai nhau

| Summary of Fit

Rsquare 0.954631
Adj Rsquare 0.935187
Root Mean Square Error 0.183721
Mean of Response 2.085542
Observations (or Sum Wgts) 21
| Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob > F
Ngay bdo quan 6 9.943142 1.65719 49.0970 <.0001*
Error 14 0.472548 0.03375
C. Total 20 10.415689

| Means and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower95% Upper95%
Ngay 0 3 2.61937 0.233462 0.13479 2.0394 3.1993
Ngay 1 3 2.51457 0.161880 0.09346 2.1124 2.9167
Ngay 2 3 2.68294 0.218365 0.12607 2.1405 3.2254
Ngay 3 3 2.65978 0.149824 0.08650 2.2876 3.0320
Ngay 4 3 2.00800 0.250368 0.14455 1.3860 2.6299
Ngay 5 3 1.19339 0.071223 0.04112 1.0165 1.3703
Ngay 7 3 092074 0.132954 0.07676 0.5905 1.2510

|Confidence Quantile

t Alpha
2.14479 0.05

Connecting Letters Report

Level Mean
Ngay 2 A 2.6829399
Ngay 3 A 2.6597850
Ngay 0 A 2.6193735
Ngay 1 A 2.5145663

Ngay4d B 20079970
Ngay 5 C  1.1933931
Ngay 7 C 09207414

Levels not connected by same letter are significantly different.
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Phu luc 4.7: Két qua khao sat tién xir Iy va nhiét d6 siy bang khi néng nguyén liéu

dau vao, bang gia tri TPC, TFC va TSC tuong (ng tién xu ly véi acid ascorbic
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Nhiét d say TPC (mg GAE/g) | TFC (mg QE/g) | TSC (mg AE/g)
Nhau tuoi 31,595a £ 0,530 7,965a = 0,233 43,175a = 6,752
50°C 12,845c¢ + 0,120 1,865c £ 0,120 21,865c +£ 1,817
60°C 13,945b + 0,289 2,510b £ 0,098 31,160bc £ 4,454
70°C 12,680c + 0,098 2,010c = 0,028 37,105ab + 2,043
80°C 11,815d + 0,219 1,765c £ 0,106 30,045bc £+ 1,506

Cac gia tri trong cung mét cot khdng chia se chir cai (a-d) la khac nhau co y nghia
thong ké (p <0,05).
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Phu luc 5: Két qua xir Iy théng ké khao sat anh hwéng cia loai enzyme dén hiéu

qua trich cac hgp chat sinh hec trong trai nhau

Phu luc 5.1: Bang két qua do am va thé tich mau

Chi tiéu Méiu Lan 1 Lan 2 Lan 3
Mashzyme 6,93% 6,93% 6,93%
Am (%) Pectinase 6,03% 6,03% 6,03%
Cellulase 6,03% 6,03% 6,03%
Mashzyme 36,30 36,80 37,10
Thé tich (mL) Pectinase 33,50 34,00 33,00
Cellulase 34,00 34,10 33,80
Phu luc 5.2: Bang két qua do UV-vis mau tai cac do chin
Chi tiéu Mau Lan 1 Lan 2 Lin 3
Mashzyme 0,47119 0,46809 0,47802
TPC Pectinase 0,43975 0,44039 0,43039
Cellulase 0,43757 0,43391 0,44504
Mashzyme 0,55812 0,57428 0,57617
TFC Pectinase 0,52033 0,51775 0,49329
Cellulase 0,49809 0,49251 0,50758
Mashzyme 0,71884 0,68876 0,68312
TSC Pectinase 0,68702 0,65121 0,66470
Cellulase 0,63274 0,6433 0,63649
Mashzyme 0,5 0,483333 0,466667
Vit C Pectinase 0,5 0,5 0,483333
Cellulase 0,5 0,483333 0,483333
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Phu luc 5.3: Két qua xur Iy thong ké anh huang cua loai enzyme dén hiéu qua trich

TPC trong trai nhau

Summary of Fit

Rsquare 0.959502
Adj Rsquare 0.946003
Root Mean Square Error 0.163285
Mean of Response 8.096857
Observations (or Sum Wgts) 9
Analysis of Variance

Sum of
Source DF Squares Mean Square FRatio Prob>F
Loai enzyme 2 3.7901975 1.89510 71.0785 <.0001*
Error 6 0.1599722 0.02666
C. Total 8 3.9501698
Means and Std Deviations

Std Err

Level Number Mean StdDev Mean Lower95% Upper95%
Cellulase 3 7.71034 0.069956 0.04039 7.5366 7.8841
Mashzyme 3 9.01099 0477725 0.10261 8.5695 9.4525
Pectinase 3 7.56925 0.208581 0.12042 7.0511 8.0874

d Confidence Quantile

t Alpha
2.44691 0.05

Connecting Letters Report

Level Mean
Mashzyme A 9.0109857
Cellulase B 7.7103383
Pectinase B 7.5692481

Levels not connected by same letter are significantly different.

Phu luc 5.4: Két qua xt ly thong ké anh huong cua loai enzyme dén hiéu qua trich ly

TFC trong trai nhau

Sumn_'lary of Fit

Rsquare 0.943569
Adj Rsquare 0.924759
Root Mean Square Error 0.153383
Mean of Response 4928618

Observations (or Sum Wgts) 9
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Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob > F
Loai enzyme 2 23602832 1.18014 50.1625 0.0002*
Error 6 0.1411583 0.02353

C. Total 8 2.5014414

Means and Stﬂ Deviations

Std Err
Level Number Mean StdDev Mean Lower 95% Upper 95%
Cellulase 3 454428 0.053486 0.03088 4.4114 4.6771
Mashzyme 3 5.65238 0.164281 0.09485 5.2443 6.0605
Pectinase 3 458919 0.201818 0.11652 4.0878 5.0905

| Connecting Letters Report

Level Mean

Mashzyme A 5.6523825
Pectinase B 4.5891887
Cellulase B 45442826

Levels not connected by same letter are significantly different.

Phu luc 5.5: Két qua xt ly thong ké anh huong cua loai enzyme dén hiéu qua trich ly

TSC trong trai nhau

Summary of Fit

Rsquare 0.954519
Adj Rsquare 0.939359
Root Mean Square Error 0.736048
Mean of Response 35.92956
Observations (or Sum Wgts) 9
Analysis of Variance
Sum of
Source DF Squares Mean Square FRatio Prob>F
Loai enzyme 2 68221619 341108 62.9623 <.0001*
Error 6  3.250596 0.5418
C. Total 8 71472215

Confidence Quantile
t Alpha
2.44691 0.05

Connecting Letters Report
Level Mean
Mashzyme A 39.758915
Pectinase B 34.625051
Cellulase B 33.404716

Levels not connected by same letter are significantly different.
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Phu luc 5.6: Két qua xu ly thong ké anh huong cua loai enzyme dén hiéu qua trich ly

vitamin C trong trai nhau

Summary of Fit

Rsquare 0.471503
Adj Rsquare 0.295337
Root Mean Square Error 0.066138
Mean of Response 0.664027
Observations (or Sum Wgts) 9

Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob > F
Loai enzyme 2 0.02341500 0.011707 2.6765 0.1476
Error 6 0.02624536 0.004374
C. Total 8 0.04966036

I Means and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower 95% Upper 95%
Cellulase 3 0628320 0.072998 0.04215 0.44698 0.80966
Mashzyme 3 0736160 0.030208 0.01744 0.66112 0.81120
Pectinase 3 0627601 0.082954 0.04789 0.42153 0.83367

1 Confidence Quantile

t Alpha
2.44691 0.05

Connecting Letters Report

Level Mean
Mashzyme A 0.73615954
Cellulase A 0.62831962
Pectinase A 0.62760067

Levels not connected by same letter are significantly different.
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Phu luc 6: Két qua xir Iy théng ké khao sat anh hwéng cha xir 1y siéu Am dén kha

niing trich ly cac hop chit sinh hoc trong trai nhau

Phu luc 6.1: Két qua xur ly théng ké khao sat anh huong caa xu 1y siéu am dén hiéu

qua trich ly TPC trong trai nhau

Summary of Fit
Rsquare 0.953595
Adj Rsquare 0.936193
Root Mean Square Error 0.29972
Mean of Response 8.416348
QObservations (or Sum Wgts) 12
Analysis of Variance
Sum of
Source DF Squares Mean Square
Xu ly sieu am 3 14.768034 492268
Error 8 0.718658 0.08983
C. Total 11 15.486692
IMeans and Std Deviations
Level Number Mean Std Dev
Enzyme 3 9.03844 0.038589
Enzyme- siéu am 3  8.98064 0.376986
Siéu am 3 649773 0.440683
Sieu am - enzyme 3 9.14857 0.14669%

Confidence Quantile

t Alpha
2.30600 0.05

| Connecting Letters Report

Level Mean
Sieu am - enzyme A 9.1485748
Enzyme A 9.0384441
Enzyme- siéu am A 8.9806432
Siéu &m B 64977315

F Ratio Prob > F

54.7986 <.0001*
Std Err

Mean Lower 95%
0.02228 8.9426
0.21765 8.0442
0.25443 5.4030
0.08469 8.7842

Levels not connected by same letter are significantly different.

152

Upper 95%
9.1343
9.9171
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9.5130



Phu luc 6.2: Két qua xur ly théng ké khao sat anh huong caa xu 1y siéu am dén hiéu
qua trich ly TFC trong trai nhau

Summary of Fit
Rsquare 0.466264

Adj Rsquare 0.266114
Root Mean Square Error 0.229278

Mean of Response 3.997084
Observations (or Sum Wgts) 12

Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob > F
Xu ly sieu am 3 0.36738315 0.122461 2.3296 0.1508

Error 8 0.42054563 0.052568
C. Total 11 0.78792878

I Means and Std Deviations

Std Err
Level Number Mean StdDev Mean Lower95% Upper 95%
Enzyme 3 4.05716 0.143200 0.08268 3.7014 44129
Enzyme- siéu &m 3 3.93725 0.077675 0.04485 3.7443 4.1302
Siéu am 3 3.75689 0.414487 0.23930 2.7272 4.7865
Sieu am - enzyme 3 4.23704 0.109241 0.06307 3.9657 4.5084

d Confidence Quantile

t Alpha
2.30600 0.05

| Connecting Letters Report
Level Mean
Sieu am - enzyme A 42370409
Enzyme A B 40571589
Enzyme-siéudam A B 3.9372455
Siéu &m B 3.7568922

Levels not connected by same letter are significantly different.
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Phu luc 6.3: Két qua xur ly théng ké khao sat anh huong caa xu 1y siéu am dén hiéu

qua trich ly TSC trong trai nhau

| Summary of Fit

Rsquare 0.899575
Adj Rsquare 0.861916
Root Mean Square Error 1.313498
Mean of Response 32.05179
Observations (or Sum Wgts) 12
| Analysis of Variance
Sum of
Source DF Squares Mean Square FRatio Prob>F
Xu ly sieu am 3 12363647 412122 23.8873 0.0002*
Error 8 13.80222 1.7253
C. Total 11 137.43869

1 Means and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower 95% Upper 95%
Enzyme 3 30.8308 1.96288 1.1333 25.955 35.707
Enzyme- siéu &m 3 342060 1.55353 0.8969 30.347 38.065
Siéu am 3 274232 074106 0.4279 25.582 29.264
Sieu am - enzyme 3 357473 029251 0.1689 35.021 36.474

i Confidence Quantile

t Alpha
2.30600 0.05

4 Connecting Letters Report

Level Mean
Sieu am - enzyme A 35.747269
Enzyme- siéuam A 34.205963
Enzyme B 30.830772
Siéu &m C 27423157

Levels not connected by same letter are significantly different.
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Phu luc 6.4: Két qua xur ly théng ké khao sat anh huong cia xu 1y siéu am dén hiéu

qua trich ly vitamin C trong trai nhau

Summary of Fit

Rsquare 0.638209
Adj Rsquare 0.502538
Root Mean Square Error 0.073506
Mean of Response 0.474252
Observations (or Sum Wgts) 12
Analysis of Variance
Sum of
Source DF Squares Mean Square FRatio Prob>F
Xu ly sieu am 3 0.07624958 0.025417 47041  0.0355*
Error 8 0.04322464 0.005403
C. Total 11 0.11947422

Means and Std Deviations

Std Err
Level Number Mean StdDev Mean Lower95% Upper 95%
Enzyme 3 0.515416 0.090276 0.05212 0.29116 0.73967

0.508600 0.070018 0.04042 0.33467 0.68253
0337271 0.023135 0.01336 0.27980 0.39474
0.535721 0.089582 0.05172 0.31319 0.75825

Enzyme- siéu am
Siéu am
Sieu am - enzyme

[V SRR N R V)

1 Confidence Quantile

t Alpha
2.30600 0.05

1 Connecting Letters Report

Level Mean
Sieu am - enzyme A 0.53572058
Enzyme A 0.51541644
Enzyme- siéu am A 0.50859996
Siéu dm B 0.33727081

Levels not connected by same letter are significantly different.
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Phu luc 7: Két qua xir ly thdng ké khao sat anh hwéng cha ty 18 nwéc/ bst nhau

dén kha ning trich ly cic hop chat sinh hec

Phu luc 7.1: Bang két qua do am va thé tich mau sau trich ly

Chi tiéu Ty & nuwéc/ bt nhau (mL/g) Lan 1 Léan 2 Lan 3
8:1 10,99% | 10,10% | 10,15%
) 12:1 10,99% | 10,10% | 10,15%
Am (%)
16:1 10,99% | 10,10% | 10,15%
20:1 10,99% | 10,10% | 10,15%
8:1 22,3 21,0 22,4
. 12:1 40,9 38,0 38,8
The tich (mL)
16:1 52,0 52,6 49,9
20:1 61,1 67,0 69,9

Phu luc 7.2: Bang két qua do UV-vis

Chi tiéu Ty 1& nwéc/ bot nhau (mL/g) Lan 1 Léan 2 Lan 3
8:1 0,81127 | 0,75871 | 0,77669
12:1 0,56738 | 054252 | 0,56722
TPC
16:1 0,46945 | 0,41842 | 0,51269
20:1 0,37087 | 0,33971 0,3552
8:1 0,46270 | 0,33073 | 0,31004
12:1 0,26440 | 0,34478 | 0,26494
TFC
16:1 0,26704 | 0,18911 | 0,27829
20:1 0,23692 | 0,13927 0,2195
8:1 0,64858 | 0,54831 | 0,54613
12:1 0,48338 | 0,41256 | 0,40139
TSC
16:1 0,36911 | 0,28934 | 0,38105
20:1 0,26584 | 0,21308 | 0,25543
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Phu luc 7.3: Bang két qua chuan do vitamin C

Ty 1é nwéc/ | Thé tich thudc thir chuan d (gia tri trung binh 3 1an lap)(mL)
bt nhau ‘ ‘ ‘

(mLJg) Lan1 Lan 2 Lan 3
8:1 0,95 0,77 0,65
12:1 0,85 0,62 0,53
16:1 0,78 0,70 0,53
20:1 0,62 0,48 0,52
Mau chuan 0,88 0,78 0,55

Phu luc 7.4: Két qua xur ly thong ké anh huang cua ty Ié nudc/ bot nhau dén higu qua

trich ly TPC trong trai nhau

4 Summary of Fit

Rsquare 0.811645
Adj Rsquare 0.741012
Root Mean Square Error 0.686283
Mean of Response 10.02773
Observations (or Sum Wgts) 12
4 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob > F
Ty & nudc/ bét nhau 3 16.236265 541209 114910 0.0029*
Error 8 3.767876 0.47098
C. Total 11 20.004141
IMeans and Std Deviations
Std Err
Level Number Mean StdDev Mean Lower 95% Upper95%
12/1 3 10.2346 0.662495 0.38249 8.5889 11.880
16/1 3 111133 0916152 0.52894 8.8375 13.389
20/1 3 10.6768 0.535154 0.30897 9.3474 12.006
8/1 3

8.0862 0.565079 0.32625 6.6825 9.490

Connecting Letters Report
Level Mean
16/1 A 11.113317
20/1 A 10.676803
12/1 A 10.234597
8/1 B 8.086210

Levels not connected by same letter are significantly different.

157



Phu luc 7.5: Két qua xur ly thong ké anh huang cua ty 1é nude/ bot nhau dén hiéu qua

trich ly TFC trong trai nhau

| Summary of Fit

Rsquare 0.367495

Adj Rsquare 0.130306

Root Mean Square Error 1511111

Mean of Response 6.295744

Observations (or Sum Wgts) 12
| Analysis of Variance

Sum of

Source DF Squares Mean Square FRatio Prob > F
Ty 1& nuéc/ bét nhau 3 10.613798 3.53793  1.5494 0.2754
Error 8 18.267658 2.28346

C. Total 11 28.881456
I Means and Std Deviations

Std Err

Level Number Mean StdDev  Mean Lower 95% Upper95%

12/1 3 647752 095879 0.5536 4.0958 8.859

16/1 3 699115 149164 0.8612 3.2857 10.697
20/1 3 7.00533 2.0911 1.2102 1.7983 12.212

8/1 3

470899 1.26329 0.7294 1.5708 7.847

[ Confit_:ience Quantile

t Alpha
2.30600 0.05

| Connecting Letters Report

Level Mean
20/1 A T7.0053267
16/1 A 6.9911467
12/1 A 64775167

8/1 A 47089867
Levels not connected by same letter are significantly different.
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Phu luc 7.6: Két qua xur ly thong ké anh huang cua ty 1é nude/ bot nhau dén hiéu qua

trich ly TSC trong trai nhau

Summary of Fit

Rsquare 0.452584
Adj Rsquare 0.247303
Root Mean Square Error 7.651865
Mean of Response 51.28566
Observations (or Sum Wgts) 12
Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob > F
Ty & nudc/ bot nhau 3 387.26281 129.088 2.2047 0.1652
Error 8 468.40832 58.551
C. Total 11 855.67112
Means and Std Deviations

Std Err

Level Number Mean StdDev Mean Lower95% Upper 95%
12/1 3 56.2831 898285 5.1863 33.969 78.598
16/1 3 571199 871360 5.0308 35474 78.766
20/1 3 482585 6.55852 3.7866 31.966 64.551
8/1 3 434811 587977 3.3947 28.875 58.087

Confidence Quantile
t Alpha
2.30600 0.05

Connecting Letters Report
Level Mean
16/1 A 57.119880
12/1 A 56.283140
20/1 A 48.258530
8/1 A 43481100

Levels not connected by same letter are significantly different.
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Phu luc 7.7: Két qua xur ly thong ké anh huang cua ty 1é nude/ bot nhau dén hiéu qua
trich ly vitamin C trong trai nhau

Summary of Fit

Rsquare 0.708163
Adj Rsquare 0.598724

Root Mean Square Error 0.146422

Mean of Response 0.718474
Observations (or Sum Wgts) 12
Analysis of Variance

Sum of
Source DF Squares Mean Square FRatio Prob > F
Ty 1& nudc/ bot nhau 3 041619247 0.138731 64709 0.0156*
Error 8 0.17151478 0.021439
C. Total 11 0.58770724
9 Means and Std Deviations
Std Err

Level Number Mean StdDev Mean Lower95% Upper95%

12/1 3 0.664697 0.192569 0.11118 0.18633 1.1431

16/1 3 0.877927 0.187740 0.10839 041155 1.3443

20/1 3 0.894580 0.072988 0.04214 0.71327 1.0759

8/1 3 0.436693 0.090005 0.05196 0.21311 0.6603

| Connecting Letters Report
Level Mean
20/1 A 0.89458000
16/1 A 0.87792667
12/1 A B 0.66469667
8/1 B 0.43669333

Levels not connected by same letter are significantly different.
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Phu luc 8: Két qua xir Iy théng ké khao sat anh hwéng cia ty 1é enzyme dén kha

niing trich ly cic hop chat sinh hoc

Phu luc 8.1: Bang két qua do am va thé tich mau sau trich ly

Chi tiéu Ty & enzyme (%) Lan 1 Lan 2 Lan 3
0 9,18% 9,18% 9,34%
) 0,1 9,18% 9,18% 9,34%
Am (%)
0,5 9,18% 9,18% 9,34%
1 9,18% 9,18% 9,34%
0 14,7 16,6 18,1
. 0,1 17,2 20,2 22,8
The tich (mL)
0,5 245 23,8 24,7
1 25,85 24,7 24

Phu luc 8.2: Bang két qua do UV-vis

Chi tiéu Ty 1é enzyme (%) Léan 1 Léan 2 Lan 3
0 0,69144 0,69339 0,66177
0,1 0,75964 0,74067 0,69188
TPC
0,5 0,80119 0,69932 0,70032
1 0,69016 0,66264 0,77566
0 0,36092 0,48568 0,46850
0,1 0,41644 0,49940 0,41174
TFC
0,5 0,44195 0,34743 0,28764
1 0,40776 0,25626 0,27589
0 0,48846 0,56512 0,44313
0,1 0,48393 0,48065 0,54757
TSC
0,5 0,55452 0,48865 0,53204
1 0,52128 0,51251 0,54882
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Phu luc 8.3: Bang két qua chuan do vitamin C

Ty 18 Thé tich thudc thir chuén dé (gia tri trung binh 3 1an lap) (mL)
enzyme (%) Lan1 Lan 2 Lan 3
0 0,783 0,800 0,733
0,1 1,000 1,033 0,917
0,5 0,867 0,883 0,783
1 0,817 0,833 0,833
Mau chuan 1,2 1,133 0,983

Phu luc 8.4: Két qua xir ly théng ké khao sat anh huong cua ty & enzyme dén kha

nang trich ly TPC trong trai nhau

1 Summary of Fit
Rsquare 0.865416
Adj Rsquare 0.814946
Root Mean Square Error 0.60632
Mean of Response 7.119317
Observations (or Sum Wgts) 12
I Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob > F
Ty 1& enzyme (%) 3 18.911382 6.30379 17.1474  0.00087
Error 8 2.940989 0.36762
C. Total 11 21.852371

I Means and Std Deviations

Std Err
Level Number Mean StdDev Mean Lower 95% Upper 95%
0 3 520470 0437674 0.25269 41175 6.292
0.1 3 6.78853 0.642697 0.37106 5.1920 8.385
0,5 3 830410 0.746327 0.43089 6.4501 10.158
1 3 8.17993 0.555762 0.32087 6.7993 9.561

[ Confit_:ience Quantile

t Alpha
2.30600 0.05

| Connecting Letters Report

Level Mean
0,5 A 8.3041000
1 A 8.1799333
0,1 B 6.7885333
0 C 5.2047000

Levels not connected by same letter are significantly different.
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Phu luc 8.5: Két qua xtr ly thdng ké khao sat anh huong cua ty 1é enzyme dén kha

nang trich ly TFC trong trai nhau

JSumn_'lary of Fit

Rsquare 0.140698
Adj Rsquare -0.18154
Root Mean Square Error 1.175726
Mean of Response 4727025
Observations (or Sum Wgts) 12

Analysis of Variance

Sum of
Source DF Squares Mean Square FRatio Prob>F
Ty 1& enzyme (%) 3 1.810690 0.60356  0.4366 0.7329
Error 8 11.058655 1.38233
C. Total 11 12.869344

Means and Std Deviations

Std Err
Level Number Mean StdDev Mean Lower 95% Upper 95%
0 3 425967 1.05654 0.60999 1.6351 6.8843
0,1 3 5.19360 0.92127 0.53190 2.9050 7.4822
0,5 3 5.01677 1.19539 0.69016 2.0472 7.9863
1 3 443807 146128 0.84367 0.8080 8.0681

1 Connecting Letters Report

Level Mean
0,1 A 5.1936000
0,5 A 5.0167667
1 A 4.4380667

0 A 4.2596667
Levels not connected by same letter are significantly different.

163



Phu luc 8.6: Két qua xtr ly thdng ké khao sat anh huong cua ty 1é enzyme dén kha

nang trich ly TSC trong trai nhau

Summary of Fit

Rsquare 0.763849
Adj Rsquare 0.675292
Root Mean Square Error 4.61693
Mean of Response 36.86943
Observations {(or Sum Wgts) 12
Analysis of Variance
Sum of
Source DF Squares Mean Square FRatio Prob>F
Ty 1& enzyme (%) 3 551.58762 183.863  8.6255 0.0069*
Error 8 17052836 21316
C. Total 11 722.11598

Means and Std Deviations

Std Err
Level Number Mean Std Dev Mean Lower 95% Upper 95%
0 3 27.2007 3.94805 2.2794 17.393 37.008
0.1 3 33.8397 7.33960 4.2375 15.607 52.072
0.5 3 426836 370133 2.1370 33.489 51.878
1 3 437538 145176 0.8382 40.147 47.360

| Connecting Letters Report

Level Mean
1 A 43.753800
0,5 A 42.683567
0,1 B 33.839667
0 B 27.200700

Levels not connected by same letter are significantly different.

Phu luc 8.7: Két qua xtr ly théng ké khao st anh huong cua ty 1é enzyme dén kha

nang trich ly vitamin C trong trai nhau

Summary of Fit

Rsquare 0.834981
Adj Rsquare 0.773099
Root Mean Square Error 0.032976
Mean of Response 0.337592
Observations (or Sum Wgts) 12
Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob > F
Ty & enzyme (%) 3 0.04401798 0.014673 13.4931  0.0017*
Error 8 0.00869937 0.001087
C. Total 11 0.05271735
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I Means and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower 95% Upper95%
0 3 0.233300 0.024031 0.01387 0.17360 0.29300
0.1 3 0361700 0.050173 0.02897 0.23706 0.48634
05 3 0.377600 0.030800 0.01778 0.30109 0.45411
1 3 0377767 0.017500 0.01010 0.33429 042124

I Confi;ience Quantile

t Alpha
2.30600 0.05

| Connecting Letters Report
Level Mean
1 A 0.37776667
0.5 A 0.37760000
0.1 A 0.26170000
0 B 0.23330000

Levels not connected by same letter are significantly different.
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Phu luc 9: Két qua xir ly théng ké khao sat anh hwéng caa nhiét d§ trong qua

trinh thily phan bang enzyme dén kha ning trich ly cac hop chét sinh hoc

Phu luc 9.1: Bang két qua do am va thé tich mau sau trich ly

Chitiéu | Nhiét ddp (°C) Lan 1 Lan 2 Lan 3
40 10,95% 9,84% 10,60%
Am (%) 50 10,95% 9,84% 10,60%
60 10,95% 9,84% 10,60%
40 50,0 50,0 51,8
Thé tich
50 51,6 51,1 53,2
(mL)
60 52,3 52,3 52,5

Phu luc 9.2: Bang két qua do UV-vis

Chi tiéu | Nhiét @6 ("C) Lan 1 Lan 2 Lan 3
40 0,49903 0,51635 0,54722
TPC 50 0,50788 0,54409 0,54824
60 0,53124 0,55253 0,53511
40 0,20201 0,22336 0,21664
TFC 50 0,25626 0,24296 0,21025
60 0,28061 0,25478 0,24698
40 0,31666 0,35108 0,34524
TSC 50 0,33397 0,37813 0,32849
60 0,31359 0,36316 0,32759
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Phu luc 9.3: Bang két qua chuan do vitamin C

Thé tich thudc thir chuin dé (gia tri trung binh 3 1an lip)
Nhiét do
o (mL)

(0) . ; 5
Lan1l Lan 2 Lan 3
40 0,35 0,50 0,42
50 0,32 0,45 0,43
60 0,33 0,45 0,47
MAu chuin 0,55 0,55 0,55

Phu luc 9.4: Két qua xur ly thong ké khao sat anh huang cua nhiét o trong qué trinh

thay phan bang enzyme dén kha ning trich ly TPC trong trai nhau

1 Sumn_'lary of Fit

Rsquare 0.342267
Adj Rsquare 0.123023
Root Mean Square Error 0.640617
Mean of Response 12.79318
Observations {(or Sum Wgts) 9
| Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob > F
Nhiet do (oC) 2 1.2813387 0.640669 15611  0.2845
Error 6 24623438 0.410391
C. Total 8 3.7436825
Means and Std Deviations
Std Err
Level Number Mean StdDev  Mean Lower 95% Upper 95%
40 3 12.2802 0.847988 0.48959 10.174 14.387
50 3 129224 0.688371 0.39743 11.212 14.632
60 3 13.1769 0.195533 0.11289 12.691 13.663

Confidence Quantile
t Alpha
2.44691 0.05
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| Connecting Letters Report

Level Mean
60 A 13.176933
50 A 12922400
40 A 12.280200

Levels not connected by same letter are significantly different.

Phu luc 9.5: Két qua xur ly théng ké khao sat anh huang cua nhiét do trong qué trinh

thay phan biang enzyme dén kha ning trich ly TFC trong trai nhau

| Summary of Fit

Rsquare 0.707333
Adj Rsquare 0.609778
Root Mean Square Error 0.569487
Mean of Response 6.785733
Observations (or Sum Wgts) 9
| Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio Prob > F
Nhiet do (oC) 2 4.7029490 2.35147 7.2506  0.0251*
Error 6 1.9458937 0.32432
C. Total 8 6.6488428
| Means and Std Deviations
Std Err
Level Number Mean StdDev  Mean Lower 95% Upper 95%
40 3 5.89680 0.367008 0.21189 4.9851 6.8085
50 3 6.79297 0.683751 0.39476 5.0944 8.4915
60 3 7.66743 0.608881 0.35154 6.1549 9.1800

| Confidence Quantile
t Alpha
2.44691 0.05

| Connecting Letters Report

Level Mean
60 A 7.6674333
50 A B 6.7929667
40 B 5.8968000

Levels not connected by same letter are significantly different.

Phu luc 9.6: Két qua xur ly théng ké khao sat anh hudng cua nhiét do trong qué trinh

thity phan bang enzyme dén kha nang trich ly TSC trong trai nhau
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| Summary of Fit

Rsquare 0.129498

Adj Rsquare -0.16067

Root Mean Square Error 4.137033

Mean of Response 56.10772

Observations (or Sum Wgts) 9
| Analysis of Variance

Sum of

Source DF Squares Mean Square FRatio Prob>F
Nhiet do (oC) 2 15.27644 7.6382 0.4463 0.6596
Error 6 102.69027 17.1150

C. Total 8 117.96671

| Means and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower 95% Upper95%
40 3 546102 377935 2.1820 45.222 63.999
50 3 57.7861 4.00699 23134 47.832 67.740

60 3 559268 458319 2.6461 44.542 67.312

i Confidence Quantile
t Alpha
2.44691 0.05

Connecting Letters Report
Level Mean
50 A 57.786100
60 A 55926833
40 A 54610233

Levels not connected by same letter are significantly different.

Phu luc 9.7: Két qua xur ly thong ké khao sat anh hudng cua nhiét o trong qué trinh

thity phan bang enzyme dén kha nang trich ly vitamin C trong trai nhau

| Summary of Fit

Rsquare 0.01882

Adj Rsquare -0.30824

Root Mean Square Error 0.151007

Mean of Response 0.865633

Observations (or Sum Wgts) 9
| Analysis of Variance

Sum of

Source DF Squares Mean Square F Ratio Prob > F
Nhiet do (0C) 2 0.00262429 0.001312 0.0575 0.9446
Error 6 0.13681895 0.022803

C. Total 8 0.13944324

IMeans and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower 95% Upper95%
40 3 0.866933 0.147157 0.08496 0.50138 1.2325
50 3 0.844100 0.153286 0.08850 0.46332 1.2249
60 3 0.885867 0.152505 0.08805 0.50702 1.2647
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| Conﬁ;ience Quantile

t Alpha
2.44691 0.05

| Connecting Letters Report

Level Mean
60 A 0.88586667
40 A 0.86693333
50 A 0.84410000

Levels not connected by same letter are significantly different.
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Phu luc 10: Két qua xir ly théng ké khao sat anh hwéng cia thai gian thay phan

enzyme dén kha ning trich ly cac hop chit sinh hoc

Phu luc 10.1: Bang két qua do am va thé tich mau sau trich ly

Chi tiéu Thai gian (phat) Lan 1 Lén 2 Lan 3
30 8,36% | 9,15% | 9,36%
Am (%) 45 8,36% | 9,15% | 9,36%
60 8,36% | 9,15% | 9,36%
30 54,4 51,4 53,3
Thé tich (mL) 45 57,7 54,1 54,4
60 56,2 54,5 54,3

Phu luc 10.2: Bang két qua do UV-vis

Chi tiéu Thoi gian (phut) Lan 1 Lan 2 Lan 3
30 0,48467 0,49463 0,47402
TPC 45 0,48233 0,50525 0,49802
60 0,49167 0,49271 0,48732
30 0,21625 0,27267 0,20863
TFC 45 0,23017 0,20563 0,21373
60 0,24250 0,21214 0,23451
30 0,31665 0,32205 0,32092
TSC 45 0,30225 0,34134 0,32943
60 0,30628 0,30110 0,31932
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Phu luc 10.3: Bang két qua chuan do vitamin C

Thé tich thudc thir chuin dé (gia tri trung binh 3 1an lip)
Thot gian
(mL)
(phat) . ; 5
Lan1l Lan 2 Lan 3
30 0,40 0,43 0,42
45 0,42 0,42 0,37
60 0,35 0,40 0,33
MAu chuin 0,47 0,58 0,48

Phu luc 10.4: Két qua xu ly théng ké khao sat anh huong cua thoi gian thiy phan

enzyme dén kha nang trich ly TPC trong trai nhau

| Summary of Fit
Rsquare
Adj Rsquare
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

| Analysis of Variance

Source DF
Thai gian (phut) 2
Error (5]
C. Total 8

0.852516
0.803354
0.173964
12.19226

9

Sum of
Squares

1.0496042
0.1815802
1.2311844

i Means and Std Deviations

Level Number Mean
30 3 11.7244
45 3 125300
60 3 123224

| Confidence Quantile

t Alpha
2.44691 0.05

Std Dev
0.204566
0.086868
0.203462

Mean Square

0.524802 173412 0.0032*
0.030263
Std Err
Mean Lower 95% Upper 95%
0.11811 11.216 12.233
0.05015 12.314 12.746
0.11747 11.817 12.828
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4 Connecting Letters Report

Level Mean
45 A 12.529997
60 A 12.322367
30 B 11.724420

Levels not connected by same letter are significantly different.

Phu luc 10.5: Két qua xu ly théng ké khao sat anh huong cua thoi gian thiy phan

enzyme dén kha ning trich ly TFC trong trai nhau

Summary of Fit

Rsquare 0.065607
Adj Rsquare -0.24586
Root Mean Square Error 0.763045
Mean of Response 6.65681
Observations (or Sum Wgts) 9
Analysis of Variance
Sum of
Source DF Squares Mean Square FRatio Prob > F
Thai gian (phut) 2 0.2452850 0.122643 0.2106  0.8158
Error 6 3.4934221 0.582237
C. Total 8 3.7387071

1 Means and Std Deviations

Std Err
Level Number Mean StdDev  Mean Lower 95% Upper 95%
30 3 6.67601 0.988163 0.57052 4.2213 9.1307
45 3 644570 0.632970 0.36545 48733 8.0181

60 3 6.84871 0.607943 0.35100 5.3385 8.3589

Connecting Letters Report

Level Mean
60 A 6.8487133
30 A 6.6760133
45 A 6.4457033

Levels not connected by same letter are significantly different.
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Phu luc 10.6: Két qua xur ly théng ké khao sat anh huong cua thoi gian thay phan

enzyme dén kha ning trich ly TSC trong trdi nhau

Summary of Fit
Rsquare

Adj Rsquare

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance

Source DF
Thai gian (phut) 2
Error [
C. Total 8

0.521105
0.361473
1.841029
53.80261

9

Sum of
Squares

22.128768
20.336327
42.465095

Means and Std Deviations

Level Number Mean
30 3 52.8233
45 3 56.0153
60 3 52.5693

Std Dev
0.95676
245128
1.80111

Connecting Letters Report

Level Mean
45 A 56.015300
30 A 52.823270
60 A 52.569260

Mean Square

F Ratio Prob>F

0.1098

55.200
62.105

11.0644  3.2644
3.3894
Std Err
Mean Lower 95% Upper 95%
0.5524 50.447
14152 49.926
1.0399 48.095

Levels not connected by same letter are significantly different.

Phu luc 10.7: Két qua xu ly théng ké khao sat anh huong cua thoi gian thiy phan

57.043

enzyme dén kha nang trich ly vitamin C trong trai nhau

| Summary of Fit
Rsquare
Adj Rsquare
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

| Analysis of Variance
Source DF
Thai gian (phut)
Error

C. Total

0.411233
0.214977
0.073965
1.006023

9

Sum of
Squares

2 0.02292689
6 0.03282468
8 0.05575158

Mean Square
0.011463
0.005471
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I Means and Std Deviations

1.0868
1.2721

Std Err
Level Number Mean StdDev  Mean Lower 95% Upper 95%
30 3 1.03958 0.018998 0.01097 0.99239
45 3 1.04380 0.091906 0.05306 0.81550
60 3 093469 0.087205 0.05035 0.71806

| Confidence Quantile
t Alpha
2.44691 0.05

| Connecting Letters Report

Level Mean
45 A 1.0438033
30 A 1.0395800
60 A 0.9346867

Levels not connected by same letter are significantly different.
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Phu luc 11: Két qua xir Iy téi wu héa trich ly cac hop chit sinh hec

Phu luc 11.1: Bang két qua do 4m va thé tich mau sau trich ly

Chi tiéu Mau Lan 1 Lan 2 Lan 3

1 6,82% 6,82% 6,82%

2 7,05% 7,05% 7,05%

3 6,93% 6,93% 6,93%

4 6,65% 6,65% 6,65%

5 7,70% 7,70% 7,70%

6 7,35% 7,35% 7,35%

7 7,25% 7,25% 7,25%

8 7,25% 7,25% 7,25%

. 9 7,16% 7,16% 7,16%
Am (%)

10 7,16% 7,16% 7,16%

11 7,35% 7,35% 7,35%

12 7,66% 7,66% 7,66%

13 7,49% 7,49% 7,49%

14 7,49% 7,49% 7,49%

15 7,18% 7,18% 7,18%

16 7,18% 7,18% 7,18%

17 6,55% 6,55% 6,55%

Mau tham tra 7,04% 7,04% 7,04%

1 53,70 53,6 52,53

X 2 47,70 52,70 53,10

Theé tich (mL)
3 53,20 54,15 53,15
4 50,50 52,1 51,40
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Chi tiéu Mau Lan 1 Lan 2 Lan 3
5 50,30 53,1 52,00
6 54,20 57,2 54,90
7 52,00 54,0 53,70
8 52,90 53,7 53,00
9 52,50 55,5 57,50
10 54,60 56,2 52,80
11 52,30 55,0 55,30
12 50,15 53,8 54,20
13 55,00 51,5 55,50
14 54,50 53,1 53,50
15 53,40 59,5 58,80
16 55,80 56,4 56,20
17 50,10 56,2 54,30
MAu tham tra 56,30 55,5 56,00
Phu luc 11.2: Bang két qua do UV-vis

Chi tiéu MAiu Lan 1 Lén 2 Lan 3

1 0,46471 0,45814 0,4137

2 0,50815 0,52585 0,51988

3 0,41290 0,41341 0,37492

TPC

4 0,43200 0,44614 0,43017

5 0,36026 0,35462 0,36102

6 041618 0,42893 0,42767
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Chi tiéu Miu Lan 1 Lan 2 Lin 3

7 0,55889 0,54596 0,53649

8 0,52488 0,53594 0,52941

9 0,47812 0,48393 0,48231

10 0,49103 0,49314 0,47912

11 0,44033 0,43624 0,44215

12 0,36357 0,39297 0,39349

13 0,40778 0,42092 0,44712

14 0,42490 0,4177 0,41646

15 0,44479 0,44935 0,46485

16 0,47463 0,47546 0,47175

17 0,46006 0,46922 0,48807

MAiu thim tra 0,44895 0,45616 0,46947
1 0,5161 0,51208 0,51732

2 0,58114 0,49416 0,46491

3 0,51247 0,49278 0,54208

4 0,47857 0,50038 0,45048

5 0,53814 0,51183 0,51358

TFC 6 0,52962 0,50655 0,52865
7 0,47641 0,47942 0,47304

8 0,53529 0,5384 0,53279

9 0,48163 0,48267 0,45747

10 0,48898 0,50141 0,45015

11 0,49064 0,52898 0,49223
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Chi tiéu Miu Lan 1 Lan 2 Lin 3
12 0,7114 0,58977 0,60506
13 0,42954 0,4496 0,42348
14 0,44891 0,42656 0,43489
15 0,53936 0,53563 0,52969
16 0,55781 0,62373 0,63411
17 0,51706 0,4995 0,48431
Miu thim tra 0,55771 0,5614 0,55056
1 0,38979 0,40477 0,41828
2 0,36112 0,39523 0,38462
3 0,48703 0,50217 0,49316
4 0,38061 0,3598 0,46467
5 0,4784 0,4699 0,46527
6 0,52761 0,54909 0,54045
7 0,40192 0,38866 0,30484
8 0,4364 0,5224 0,43305
TSC
9 0,49183 0,51059 0,48835
10 0,47981 0,49689 0,50102
11 0,53704 0,51509 0,50368
12 0,56614 0,55469 0,43236
13 0,55577 0,54138 0,53887
14 0,55215 0,54578 0,49181
15 0,49956 0,48693 0,48032
16 0,47215 0,47572 0,51581
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Chi tiéu Miu Lan 1 Lan 2 Lin 3
17 0,48380 0,46195 0,48125
MAu thim tra 0,71268 0,71796 0,74472
1 0,483333 0,466667 0,45
2 0,533333 0,55 0,483333
3 0,433333 0,4 0,416667
4 0,55 0,483333 0,433333
5 0,366667 0,383333 0,366667
6 0,433333 0,416667 0,45
7 0,483333 0,483333 0,55
8 0,5 0,5 0,466667
9 0,483333 0,433333 0,433333
10 0,45 0,416667 0,45
11 0,533333 0,4 0,45
Vit C
12 0,416667 0,366667 0,333333
13 0,5 0,45 0,416667
14 0,433333 0,466667 0,4
15 0,55 0,466667 0,483333
16 0,4 0,366667 0,4
17 0,55 0,516667 0,466667
Maiu thim tra 0,483333 0,466667 0,45
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Phu luc 11.3: Do thi thé hién mdi twong quan ham lwong TPC trén thyc té va mod

hinh du doan

~ Response TPC

1 Actual by Predicted Plot

16

15

14

13

12

TPC thuc té

11

10

9 10 11

4 Parameter Estimates
Term
Intercept
Nong do enzyme(0.5,1)
Nhiét dé 0(50,60)
Thai gian G(45,60)
Nong do enzyme*Nhiét d6 u
Nong do enzyme*Thai gian
Nhiét d6 ¢*Thai gian

N&ng dé enzyme*Nong dd enzyme

Nhiét d6 a*Nhiét do o
Thai gian *Thai gian G

4 Analysis of Variance

Sum of
Source DF
Model 9 35915790
Error 7 2.278963
C. Total 16 38.194753

12
TPC Dy doan RMSE=0.5706 R5q=0.94
PValue=0.0016

13

Estimate
14.160357
0.4710366
-0.216159

-0.71372

0.9425
0.6275
0.1675
-0.613896
-1.178349
-0.199833

Squares Mean Square
3.99064

0.32557 Prob=>F

0.0016*

14

Std Error t Ratio

0.324937
0.157526
0.157526
0.157526
0.201732
0.201732
0.201732
0.180784
0.180784
0.180784

F Ratio
12.2576
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15 16

Prob> |t|
<.0001*

0.0202*

43.58
2.99
-1.37
-4.53
4.67
3.1
0.83
-3.40
-6.52
-1.11




Phu luc 11.4: Do thi thé hién mdi twong quan ham lwong TFC trén thyc té va mod

hinh du doan

~ Response TFC

4 Actual by Predicted Plot

9.5
.
9
85
©
g 8
< °®
Y 75
—
K
6.5
6 3
6 6.5 7 715 8 8.5 9 95
TFC Predicted RMSE=0.3931 RSg=0.91
PValue=0.0073
| Parameter Estimates
Term Estimate Std Error t Ratio
Intercept 7.2780512 0.223841 32.51
N&ng do enzyme(0.5,1) 0.1036585 0.108516 0.96
Nhiét dé 1(50,60) 0.4920732 0.108516 4.53
Thdi gian ((45,60) 0.2332317 0.108516 2.15
Nong do enzyme*Nhiét dé G 0.7075 0.138968 5.09
Nong dé enzyme*Thdi gian U -0.015 0.138968  -0.11
Nhiét do 0*Thdgi gian 0.16  0.138968 1.15
Nong dé enzyme*Néng do enzyme -0.084889 0.124538  -0.68
Nhiét dé a*Nhiét do a 0.3662825 0.124538 2.94
Thai gian a*Thdi gian G -0.163014 0.124538  -1.31
1 Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio
Model 9 10414012 1.15711 7.4895
Error 7 1.081482 0.15450 Prob > F
C. Total 16 11.495494 0.0073*
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Prob: |t|
<.0001*
0.3713
0.0027*
0.0687
0.0014*
0.9171
0.2874
0.5174
0.0217*
0.2319



Phu luc 11.5: Db thi thé hién mdi trong quan ham lwong TSC trén thyc té va mo

hinh du doan

1 »/Response TSC

4 Actual by Predicted Plot
70

65

60

55 o

TSC Actual

50
45 *

40
40 45 50 55 60 65 70
TSC Predicted RMSE=4.3372 R5gq=0.88
PValue=0.0172

Parameter Estimates

Term Estimate Std Error tRatio Prob>|t|
Intercept 59.105218 2.469954 2393 <. 00071*
Nong dé enzyme(0.5,1) 5.3271341 1.197408 445 0.0030*
Nhiét d6 u(50,60) -1.172866 1.197408  -0.98 0.3600
Thai gian 1(45,60) 43664634 1.197408 3.65 0.0082*
Ndng dé enzyme*Nhiét dd a -0.625 1.533431 -041  0.6958
Nong dé enzyme*Thi gian -3.7825 1.533431  -247 0.0430*
Nhiét d6 u*Thdi gian u -0.8175 1.533431  -0.53 0.6105
Nong do enzyme*Nong do enzyme -2.298049 1.374201 -1.67 0.1384
Nhiét dé a*Nhiét do a 2.1453106 1.374201 1.56  0.1625
Thai gian G*Thai gian 4 -2.046096 1.374201 -1.49 0.1801

4 Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio
Model 9 937.5881 104.176 5.5380
Error 7 131.6789 18811 Prob>F
C. Total 16 1069.2670 0.0172*
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Phu luc 11.6: Db thi thé hién mdi trong quan ham lwong vitamin C trén thuc té va

m6 hinh du doan

~ Response Vit C

A Actual by Predicted Plot
1.4

1.3
1.2
1.1

1

Vit C Actual

0.9
0.8
0.7

0.6
06 07 08 09 1 1.1 1.2 13 14
Vit C Predicted RMSE=0.0734 R5q=0.87
PValue=0.0213

I Parameter Estimates

Term Estimate Std Error tRatio Prob>|t|
Intercept 1.0396498 0.041789 24.88 <.0001*
Nong dé enzyme(0.5,1) 0.0849085 0.020259 419 0.0041*
Nhiét do u(50,60) 0.0105183 0.020259 0.52 0.6196
Thai gian 1(45,60) -0.065091 0.020259 -3.21  0.0148*
Nong dé enzyme*Nhiét do u 0.08125 0.025944 3.13  0.0166*
Nong dé enzyme*Thdi gian t -0.01375 0.025944 -0.53 0.6125
Nhiét dé U*Thai gian U -0.04375 0.025944 -1.69 0.1356
Nong dé enzyme*Nong dd enzyme -0.016442  0.02325 -0.71  0.5023
Nhiét d6 u*Nhiét dé u -0.051599  0.02325 -2.22 0.0619
Thei gian G*Thai gian 0 -0.018396  0.02325 -0.79 0.4548

4 Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio
Model 9 0.24826049 0.027584 5.1228
Error 7 0.03769245 0.005385 Prob > F
C. Total 16 0.28595294 0.0213*
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Phu luc 12: Phwong trinh dwong chuén
Phu luc 12.1: Buong chuan TPC

Ty I¢ acid gallic va mat do quang hap thu:

Ty I€ acid gallic (ng/mL) Mat dé quang A
10 1,00E-01
40 0,40033
70 0,67061
100 0,93314
130 1,2067

Puong chuan acid gallic:

001
< 001 } y = 0,0092x + 0,0214
001 R2 = 0,9994
]
S, 001
;g- 001
£.000
= 000
000

0 10 20 30 40 50 60 70 80 90 100110120130
Ty 1€ acid gallic (ng/ml)

Phu luc 12.2: Pwong chuan TFC

Ty & quecertin va mat do quang hap thu:

Ty 1€ quecertin (pg/mL) Mat do quang A
200 0,16028
400 0,33837
600 0,49295
800 0,59425
1000 0,76287
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Puong chuan quecertin:

< y =0,0007x + 0,0314
o0 08 1 R? = 0,9929
S 06
=
< 04
ey
02

0

0 200 400 600 800 1000

Ty 1€ quecertin (ng/mL)

Phu luc 12.3: Pwong chuan TSC

Ty & aescin va mat d6 quang hap thu:

Ty 1€ aescin (pg/mL) Mat d¢ quang A
100 0,16890
200 0,29428
300 0,44046
400 0,53870
500 0,67160

Puong chuan aescin

08 r
07 F y =0,0012x + 0,0478
w06 F R2=10,9973
s 05 r
(: 04 r
= 03
25. 02 -
01 r

0 100 200 300 400 500
Ty 1€ aescin (ug/ml)
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Phu luc 13: Pwong chuan

Phu luc 13.1. Pwong chuan cia acid Gallic

Puong chuan cua acid gallic dugc thiét 1ap trong khoang nong do tir 0 dén 60
ng/mL. Dung dich chuan dugc chuan bi bang cach hoa tan 0,01 + 0,001 (g) acid gallic
trong nudc cat va cho vao binh dinh mirc 100 mL. Dung micropipet chuyén dung dich
chuan vao binh dinh mic 100 mL va thém nudc cat dén vach. Lay 1 mL dung dich
chuén d4 pha lodng, tron véi 5 mL thude thir Folin - Ciocalteu 10% trong 6ng nghiém,
lac déu. Tiép tuc thém 4 mL Na,COs 7,5% sau 5 phut. Bé cac 6ng phan (ng trong
bong tdi trong 60 phdt va gia tri OD duoc do & budc séng 765 nm bang may quang
phd UV-Vis. Tét ca cac thur nghiém dugc thuc hién trong ba lan.

Bang B.1: P§ hap thu tiéu chuian (acid gallic)

Nong d¢ acid Gallic (ug/mL) Do hap thu (nm)
10 0,1520
20 0,2410
30 0,3480
40 0,4412
50 0,5868
070 0.0107x + 0.0329
y =0.0107x + 0.
2080 R? = 0.9917
50.50
2040
= 0.30
n(&
2.0.20
= 0.10
0.00
0 20 40 60

Nong d9 acid Gallic (pug/mL)

Hinh B.1. Puong chuan cua acid Gallic (TPC)
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Phu luc 13.2. Puong cong chuan cia Quercetin

Pha lodng dung dich quercetin 1000 ppm trong dung dich ethanol 80%. Tur
dung dich quercetin 1000 ppm, tiép tuc pha lodng thanh dung dich cao 800, 600, 400
va 200 ppm. Ap dung cho mdi néng d6 dich vu da pha lodng va thém 1 mL vao 6ng
nghiém chtra 4 mL nuéc cat. Tiép tuc thém 300 pL dung dich natri nitrit 5%. Sau 5
phut, thém 300 pL dung dich nhdm clorua 10% vao hdn hop. Tiép theo, thém 2 mL
dung dich natri hydroxit 1M sau 6 phut, sau d6 tron déu dung dich va téng thé tich
duoc thém nuéc cat dén 10 mL. Po d6 hap thu ¢ 510 nm.

Bang B.2: P§ hap thu cia chat chuan (Quercetin)

Nong d¢ Quercetin (pg/mL) Po hap thu (nm)
200 0,1602
400 0,3384
600 0,4929
800 0,5942
1000 0,7626
0.90
0.80 y =0.0007x + 0.0314
2 =
070 R = 0.9929
£ 060
g' 0.50
2. 0.40
'S
<030
o 0.20
0.10
0.00
0 200 400 600 800 1000 1200

Nong dé Quercetin (ug/mL)

Hinh B.2. Buong chuin caa Quercetin (TFC)
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Phu luc 13.3. Pwong chuin caa Aescin

Pha lodng dung dich Aescin 500 ppm, tir dung dich aescin 500 ppm, tiép tuc
pha lodng thanh dung dich cao 400, 300, 200, 100 ppm. Ap dung cho ting néng do
dich pha lodng. Ly 0,3mL médi dung dich di pha lodng cho vao 6ng nghiém, thém
0,3mL dung dich vanilin 8% va 3mL acid sunfuric 72%. Hon hop duoc u ¢ 60 °C
trong 15 phat va lam ngudi trong nude da trong 10 phat. Sau do do gia tri OD & budc
song 560nm, nudc cat 1am mau dbi chung véi vanilin va dung dich acid sulfuric.

Bang B.3: P§ héap thu cia chat chuin (Aescin)

Nong dé Aescin (ug/mL) P$ hap thu (nm)
100 0,1689
200 0,2943
300 0,4405
400 0,5387
500 0,6716
0.8
0.7 y =0.0012x + 0.0478
' Rz =0.997
0.6 0.9973
05
E 0.4
~ 03
£ 0.2
& 0.1
- 0.0

0 100 200 300 400 500 600
Nong d6 Aescin (ug/mL)

Hinh B.3. Puong chuan cia Aescin (TSC)
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Phu luc 14: Sé liéu thd

Phu luc 14.1. Xac dinh loai vé bao

Bang két qua do am va thé tich mau:

Ty 1é chat tao mang Lin 1 Lén 2 Lin 3
Gum + Malto (1:1) 3,72 4,18 3,86
Gum + Malto (1:2) 3,52 4,25 3,68
Am (%) Gum + Malto (1:3) 3,63 3,89 411
Gum + Malto (2:1) 4,19 4,35 3,77
Gum + Malto (3:1) 3,86 4,33 4,12
Gum + Malto (1:1) 47,4 475 47 4
Gum + Malto (1:2) 475 478 47,4
Thé tich (mL) Gum + Malto (1:3) 48,1 47,9 47,8
Gum + Malto (2:1) 47,3 47,6 47,5
Gum + Malto (3:1) 47,2 47,3 475
Bang két qua do mat d6 quang céc loai chit tao mang khéac nhau:
Ty 1é chat tao mang Lan 1 Lan 2 Lin 3
Gum + Malto (1:1) 0,4362 | 0,4078 | 0,4254
Gum + Malto (1:2) 0,349 | 0,3296 | 0,3376
TPC Gum + Malto (1:3) 0,3752 0,3466 | 0,3691
o o Gum + Malto (2:1) 0,5614 | 0,4304 | 0,4995
f Z Gum + Malto (3:1) 0,4783 | 0,4781 | 0,4728
; 8 Gum + Malto (1:1) 0,4195 | 0,4804 | 0,4538
Gum + Malto (1:2) 04615 | 0,3924 | 0,4237
Ts¢ Gum + Malto (1:3) 0,3178 | 0,3065 | 0,3324
Gum + Malto (2:1) 0,5188 | 0,5605 | 0,5247
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Gum + Malto (3:1) 0,5814 0,6177 0,5542
Gum + Malto (1:1) 0,4243 0,4016 0,4125
Gum + Malto (1:2) 0,3617 0,3679 0,3592
TFC Gum + Malto (1:3) 0,3502 0,3775 0,3582
Gum + Malto (2:1) 0,4411 0,4446 0,4396
Gum + Malto (3:1) 0,4859 0,4283 0,4323
Phu luc 14.2 Xac dinh nong d$ chat tao mang trong dich say phun
Bang do am va thé tich mau ¢ cac nong d6 chat tao mang khac nhau:
Ty 16 chéttaomang | Lan1 | Lan2 | Léan3
20% 37 | 417 | 42
Am (%) 25% 3,52 3,67 3,68
30% 33 | 325 | 356
20% 47,5 47,3 47,6
Thé tich (mL) 25% 46,7 46,8 46,7
30% 461 | 45 | 462
Bang két qua do mat ¢ quang cac nong do chat tao mang khéc nhau:
Ty 1é chat tao mang Lan 1 Lan 2 Lan 3
20% 0,4154 | 0,4206 | 0,4118
TPC 25% 0,4339 | 0,3956 | 0,4145
30% 0,4505 | 0,4427 | 0,4426
(80 (ZD
= < 20% 0,4141| 0,3782 | 0,3871
(<o 8
g TSC 25% 0,3546 0,333 | 0,3014
30% 0,3097 | 0,3382 | 0,3256
TFC 20% 0,5906 | 0,6007 | 0,5897
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Ty 1€ chét tao mang Lan 1 Lan 2 Lén 3
25% 0,4968 | 0,5011 | 0,4898
30% 0,4621 | 0,4735| 0,4716
Phu luc 14.3 Xac dinh nhiét dd diu vao
Bang do am va thé tich miu ¢ c4c nhiét do vao khéc nhau:
Nhiét d6 vao Lan 1 Lén 2 Lan 3
140 d6 3,72 4,18 3,86
150 d6 3,52 4,25 3,68
Am (%) 160 do 3,63 3,89 411
170 do 4,19 4,35 3,77
180 do 3,86 4,33 4,12
140 d6 47,4 47,5 47,4
150 d6 475 47,8 47,4
Thé tich (mL) 160 d6 48,1 47,9 47,8
170 do 47,3 47,6 47,5
180 do 47,2 47,3 47,5
Bang két qua do mat do quang & cac nhiét do vao khac nhau:
Nhiét do vao Lan 1 Lén 2 Lan 3
140 d6 0,4362 0,4078 0,4254
150 d6 0,3496 0,3296 0,3376
TPC 160 d6 0,3752 0,3466 0,3691
170 do 0,5614 0,4304 0,4995
tg- Q 180 do 0,4783 0,4781 0,4728
) < 140 do 0,4195 0,4804 0,4538
s O 150 do 0,4615 0,3924 0,4237
TSC 160 do 0,3178 0,3065 0,3324
170 do 0,5188 0,5605 0,5247
180 do 0,5814 0,6177 0,5542
TFC 140 do 0,4243 0,4016 0,4125

192




150 do 0,3617 0,3679 0,3592
160 do 0,3502 0,3775 0,3582
170 do 0,4411 0,4446 0,4396
180 do 04859 | 04283 | 0,4323
Phu luc 14.4 Xac dinh nhiét do diu ra
Bang do 4m va thé tich mau ¢ céc nhiét do ra khac nhau:
Nhiét do ra Lan 1 Lén 2 Lan 3
82-83 d6 5,56 5,23 531
Am (%) 87-88 3o 4,72 4,63 4,59
91-93d6 3,6 3,65 3,42
97-98 @6 2,06 2,17 2,24
82-83 do 47,6 47,4 47,3
Thé tich (mL) 87-88 do 47,6 47,5 47,6
91-93 do 47,5 47,4 47,5
97-98 d6 47,6 47,4 47,5
Bang két qua do mat do quang & cac nhiét do ra khac nhau:
Nhiét do ra Lan 1 Lan 2 Léan 3
82-83 do 0,497 0,5137 0,5027
87-88 do 0,4684 0,478 | 0,4769
TPe 91-93d6 0,5149 0,5153 | 10,5246
97-98 d6 0,4791 0,4855 0,4813
82-83 d6 0,3044 0,3373 | 0,3251
gQ 87-88 do 03292| 03279| 0,3282
g é T=e 91-93d6 0,325 0,3069 | 0,3126
97-98 d6 0,3191 0,3226 0,3185
82-83 do 0,4457 0,4864 | 0,4703
87-88 do 0,4416 0,4287 0,4431
TFC 91-93d6 0,4581 0,4601 0,4915
97-98 do 0,4705 0,4486 0,4681
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Phu luc 14.5 T6i wu nhiét dj sy

Bang do am va thé tich miu ¢ céc gia tri nhiét d6 khac nhau:

Nhiét d9 vao (39 C) | Nhi¢tdpra @y C) | Lan1 | Lan2 | Lan3
170 82 648 | 643 | 637
170 87 545 | 551 | 5,32
170 92 533 | 525 | 5,36
175 82 419 | 457 | 461
: 175 87 433 | 501 | 4,65
AM
175 87 456 | 468 | 4,31
(%)
175 87 469 | 438 | 456
175 92 425 | 431 | 411
180 82 412 | 433 | 458
180 87 434 | 466 | 421
180 92 386 | 4,01 | 377
170 82 474 | 475 | 474
170 87 475 | 478 | 474
170 92 481 | 479 | 478
175 82 473 | 476 | 475
7 175 87 469 | 472 | 475
Thé tich
175 87 476 | 475 | 473
(mL)
175 87 472 | 473 | 475
175 92 474 | 479 | 475
180 82 476 | 474 | 473
180 87 474 | 475 | 476
180 92 475 | 476 | 474
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Bang két qua do mat do quang & cac gia tri nhiét ¢ khac nhau:

Nhigt dg vao Nhigt do ra Lan1 | Lan2 | Lan3
(@9 C) (@9 C)
170 82 0,3859 | 0,3768 | 0,3689
170 87 0,3652 | 0,3689 | 0,3652
170 92 0,3758 | 0,3841 | 0,3751
175 82 0,4089 | 0,4047 | 0,4055
175 87 0,3788 | 0,3806 | 0,3707
TPC 175 87 0,3805 | 0,3806 | 0,3788
175 87 0,3783 | 0,3652 | 0,3821
175 92 0,3871 | 0,3876 | 0,3926
180 82 0,3877 | 0,3873 | 0,3789
180 87 0,3851 | 0,3714 | 0,385
8 (20 180 92 0,3848 | 0,3624 | 0,3789
-~ < 170 82 0,5056 | 0,4998 | 0,5103
§ 8’ 170 87 0,5035 | 0,4814 | 0,4789
170 92 0,5297 | 0,4889 | 0,5165
175 82 0,3446 | 0,4022 | 0,3455
175 87 0,3531 | 0,3629 | 0,3612
TSC 175 87 0,3437 | 0,3433 | 0,3541
175 87 0,3437 | 0,3631 | 0,3629
175 92 0,3803 | 0,3752 | 0,3798
180 82 0,3346 | 0,2991 | 0,3405
180 87 0,4252 | 0,3045 | 0,4227
180 92 0,3034 | 0,3365 | 0,3371
TFC 170 82 0,5091 | 0,5141 | 0,5385

195




Nhi¢t dg vao Nhigt o ra Lanl | Lan2 | Lan3
(d6 C) (@ C)
170 87 0,5829 | 0,5407 | 0,5391
170 92 0,5469 | 0,5501 | 0,5643
175 82 0,6336 | 0,6332 | 0,6615
175 87 0,6296 | 0,6325 | 0,6147
175 87 0,6301 | 0,6257 | 0,6405
175 87 0,6144 | 0,6283 | 0,6298
175 92 0,6359 | 0,6302 | 0,6318
180 82 0,5821 | 0,4254 | 0,4352
180 87 0,4123 | 0,4217 | 0,422
180 92 0,4318 | 0,4459 | 0,4322
Bang két qua do hoat d6 nudc & cac gié tri nhiét do khac nhau:
Nhiét d6 vao (d6 | Nhiét d6 ra (do . . .
Q) Q) Lan1 Lan 2 Lan 3
170 82 0,245 | 0,251 | 0,234
170 87 0,195 | 0,214 | 0,267
170 92 0,172 | 0,211 | 0,183
175 82 0,196 | 0,187 | 0,201
Hoat d¢ 175 87 0,188 | 0,212 | 0,195
nuée 175 87 0,221 | 0,193 | 0,215
(aw) 175 87 0,203 | 0,218 | 0,179
175 92 0,202 | 0,197 | 0,184
180 82 0,223 | 0,214 | 0,232
180 87 0,156 | 0,187 | 0,177
180 92 0,135 | 0,114 | 0,126
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H&n hep dich vi bao truéc khi siy ti wu

Bang do 4m va thé tich mau hdn hop dich trudc khi say tbi wu:

Lén 1 Lén 2 Lan 3
77,9 78,3 78,2
Am (%)
48,2 47,9 48,3
Thé tich (mL)
Bang két qua do mat do quang hon hop dich trudc khi sdy tdi vu:
Lan 1 Lan 2 Lan 3
0,67957 0,67869 0,68012
TPC
0,39543 0,3404 0,3391
(g. (D
- Z TSC
(4. )
> O
0,49175 0,4914 0,48772
TFC
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Phu luc 14.6. Bao quan

Céc gia tri do dwoc tai 40°C

40°C
Thoi gian (gio) MC aw TPC TFC TSC
0 5,51 0,2055 2,04 8,53 28,44
21 5,82 0,22 1,95 7,83 27,80
96 5,72 0,25 1,92 7,44 26,00
312 5,39 0,25 1,91 7,36 25,90
624 5,23 0,26 1,85 7,16 24,10
Cac gia tri do dwoc tai 50°C
50°C
Thoi gian (gio) MC aw TPC TFC TSC
0 5,51 0,214666667 1,96 8,39 27,45
21 591 0,223333333 1,94 7,83 25,48
96 5,80 0,234333333 1,92 7,56 24,50
312 5,31 0,23 1,88 7,38 23,20
624 5,58 0,25 1,77 6,86 20,29
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Phu luc 14.7. Pwong cong hép thu

Hé s6 a Héséb
0,006 0,0144
10 23 57 76 87
TPC 1,87 2,17 2,09 2,24 2,09
SD (TPC) 0,060794 | 0,021615 | 0,038202 0,04848 0,0055
Po am 5,81 8,32 15,50 16,86 21,47
SD (P am) 0,21166 | 0,117189 | 0,168028 | 0,095394 | 0,215484
10 23 57 76 87
TFC 4,735313 | 5,572539 | 5917825 | 7,005746 | 8,069455
SD (TFC) 0,045561 | 0,147115 | 0,356041 | 0,28548 | 0,308952
Moisture (%) 5,81 8,316667 | 15,50333 16,86 21,47333
SD (P 4m) 0,21166 | 0,117189 | 0,168028 | 0,095394 | 0,215484
10 23 57 76 87
TSC 26,34697 | 25,69833 | 24,59075 | 27,22428 | 25,16524
SD (TSC) 0,699386 | 0,284768 | 0,198772 | 0,730019 | 0,783542
Po Am 5,81 8,316667 | 15,50333 16,86 21,47333
SD (P9 4m) | 0,21166 | 0,117189 | 0,168028 | 0,095394 | 0,215484
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Hé s6 a Héso b
0,0219 0,0031
10 23 57 76 87
Saponin 1,7 1,98 2,13 1,78 1,63
Moisture content 3,836667 6,41 9,163333 11,32 16,67

0.2 -

Aw/(1-Aw)*m

y = 0.2237x - 0.0069
R?=0.9931

Aw/MC

0.1

0.2 0.3

0.4 0.5 0.6 0.7 0.8 0.9

Aw
Mo hinh BET (A) cua bot vi bao nhau
Aw vs AW/MC
y =-0.1255x? + 0.1313x + 0.0127
R? =0.8586
0.2 0.4 0.6 0.8 1
Aw
Mo hinh GAB (B) cua bot vi bao nhau
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Phu luc 15: Cong thirc tinh toan

Phy luc 15.1: Ham luong TPC, TFC va TSC

PV.D
m.(100%—W).1000

Ham luong = (mg/g vck)

Trong do:
P: Ham luong tinh tir phuong trinh dudng chuan (pg/mL).
V: Thé tich dich trich thu dugc sau loc (mL).
D: Hé s6 pha lodng.
m: khdi lugng miu ban dau (g).

W: Do 4m bot (%).

Phu luc 15.2 Ham lugng vitamin C

0,1.V2.V
V1.1.m.(100%—-W)

Ham luong = (mg/g vck)

Trong do:
0,1: Ham luong dung dich vitamin C chuan (mg/mL).
V1: Thé tich thubc tha chuan d6 1mL vitamin C 0,2mg/mL.
V2: Thé tich thubc thi chuan d6 ImL mau (mL).
V: Thé tich dich trich thu dwgc sau loc (mL).
m: Khéi lwong mau ban dau (g).

W: Do am bot (%)
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