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TOM TAT

Nghién ctu vi khuan chuyén hoa nito trong nén day ving nudi tom him
(Panulirus sp.) phuc vu nudi trong thuy san duoc thuc hién véi cac ndi dung sau:
(1) Nghién ctru da tién hanh phan I1ap va dinh danh vi khuan tir cac mau bun duoc
lay tir nén day dudi cac 16ng bé nudi tdm him ¢ ving Vinh Xuan Dai, tinh Pha Yén
trong thoi gian 12 thang; (2) Nghién ciru tao méi trueong 1€én men dang long va dang
ban ran phu hop cho cac chung vi khuan cé kha ning tao ché pham sinh hoc xt 1y
moi truong; (3) Péanh gia ché pham vi sinh xu 1y méi trudong trong mé hinh wong
tdm thé chan trang giai doan post 5 & qui md 1md,

Két qua nghién ctru da phan 1ap dugc céc chang vi khuan c6 kha nang chuyén
héa ammonia va nitrite. Cac chung vi khuan dwoc dinh danh bang phuong phap
kiém tra ddc diém hinh théi, sinh hoa bing kit API 20E, 20NE, phuong phap giai
trinh tu ving 16S — rRNA va xac dinh kha niang chuyén hdéa ammonia va nitrite;
trong d6 c¢6 3 chang vi khuan Bacillus licheniformis B85, Pseudomonas stutzeri
KL15, Rhodococcus rhodochrous Tg cé kha nang chuyén héa ammonia, nitrite tot
nhat.

Luén an d3 nghién ciu dugc thanh phan méi truang dang long pht hop cho su
phét trién caa 3 chang vi khuan trén mé hinh Box — Behnken nhu sau: thanh phan
moi trudng cho vi khuan B.licheniformis B85 & mat sb 3,14 x 10X CFU/mL bao
gém 3,94 g/L mat ri duong, 15,56 g/L cao nim men va 1,13 g/L NaCl; Mat d6 vi
khuan P.stutzeri KL15 1a 2,37 x 101 CFU/mL véi thanh phan méi truong gdm 4,95
g/L mat ri dudng, 19,08 g/L cao nam men va 1,13 g/L MgSOq. Pbi véi chung vi
khuan R.rhodochrous To, thanh phan méi truong 1a 7,93 g/L glucose, 6,1 g/L pepton
va 2,95 g/L NaCl v&i mat s6 vi khuan 12 2,52 x 10° CFU/mL.

Ba chung vi khuan trén dugc nudi cdy trén méi treong bén ran véi ty 1é giéng,
thoi gian va do am thich hop, sau d6 duoc sy va nghién min dé tao ché pham vi
sinh dang bot vai mat sé vi khuan 10° CFU/g. Ché pham vi sinh dang bot duoc bao
quan & hai khoang nhiét do: nhiét d6 lanh 4 - 8°C va nhiét d6 phong 28-32°C. O



nhiét d 4 - 8°C, mat sb vi khuan duoc bao quan tét hon, sau 360 ngay thi mat do vi
khuan P. stutzeri KL15, R.rhodochrous Ty ¢6 giam tir 10° CFU/g con 108 CFU/g, vi
khuan B.licheniformis B85 giam tir 10° CFU/g con 107 CFU/g. Bdi véi bao quan ¢
nhiét do phong 28-32° C, sau 360 ngay, mat do vi khuan P. stutzeri KL15 va
R.rhodochrous Ty c¢6 giam tir 10° CFU/g con 10° CFU/g, mat sé vi khuan B.
licheniformics B85 giam tir 10° CFU/g con 108 CFU/g. Vi khuan B. licheniformics
B85 1a nhom vi khuan sinh bao tir nén c6 mat do vi khuan cao hon so véi 2 ching vi
khuan con lai.

Két qua danh gia hiéu qua xir Iy moi truong cta ché pham vi sinh trén mé hinh
wong gidng tdm thé chan tring & giai doan postlarvae 5 trong bé xi mang 1m? cho
thiy kha ning kiém soat tét ham luong TAN. NOz va NO3 véi ty 16 ché pham la
0,5% véi mat d6 108 CFU/g, sir dung dinh ky 6 ngay/1 lan.
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SUMMARY

The study on nitrogen-metabolizing bacteria in the bottom of lobster
(Panulirus sp.) culture area for aquaculture was carried out with the following
contents: (1) The study was conducted to isolate and identify bacteria from sludge
samples which were taken from the bottom of lobster cages in Xuan Dai Bay, Phu
Yen province during 12 months (2) Research on create suitable liquid and semi-
solid media for bacterial strains to make biological products to treat the
environment; (3) Experimenting with the use of microbiological products for
environmental treatment in the 5-day old postlarvae of white leg shrimp rearing in
1m? - cement tanks.

The results shown that bacterial strains capable of metabolizing ammonia and
nitrite in the bottom sludge, strains were identified by morphological, biochemical
and DNA marker characterization by APl 20E, 20NE kit and 16S - rRNA region
sequencing method and determined the ability to metabolize ammonia, nitrite.
Three strains of Bacillus licheniformis B85, Pseudomonas stutzeri KL15, and
Rhodococcus rhodochrous T9 were able to metabolize ammonia and nitrite in
highest efficience. The thesis has optimized the composition of liquid medium of 3
bacterial strains on the Box - Behnken model as follows: the composition of the
medium of Bacillus licheniformis B85 at the density of 3,14 x 10 CFU/mL
includes molasses, yeast extract and NaCl. The density of Pseudomonas stutzeri
KL15 was 2,37 x 10'* CFU/mL with the media composition including molasses,
yeast extract and MgSO4. For the strain Rhodococcus rhodochrous T9, the media
composition was glucose, peptone and NaCl with a bacterial density of 2,52 x 10
CFU/mL.

The above three bacterial strains were cultured on semi-solid media with
suitable time and humidity, then dried and ground to produce a powdered probiotic
product with a bacterial density of 10° CFU/gram. Powder microbiology mode is
stored at two temperature ranges: cold temperature 4-8°C and room temperature 28-
32°C. At a temperature of 4 - 8°C, the bacterial density was better preserved, after
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360 days, the density of P.stutzeri KL15, R.rhodochrous T9 decreased from 10°
CFU/g to 10°% CFU/qg, B.licheniformis B85 reduced from 10° CFU/g to 107 CFU/qg.
For storage at temperature 28-32°C, after 360 days, the density of P.stutzeri KL15
and R.rhodochrous T9 decreased from 10° CFU/g to 10° CFU/g, the density of
B.licheniformics B85 reduced from 10° CFU/g to 10° CFU/g. B. licheniformics B85
is a group of spore-forming bacteria, so it has a higher concentration of bacteria
than P.stutzeri KL15 and R.rhodochrous TO.

The results of evaluation of the environmental treatment efficiency of
probiotic products in water of the white leg shrimp nursing cement tank showed the
ability to control the content of TAN, NO2 and NO3 well with a density of 108
CFU/qg, used periodically every 6 days.
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DANH SACH CHU VIET TAT

AOB : Ammonia-Oxidizing Bacteria (vi khuan oxi héa ammonia)
BC : BUn thu tai 1ong chim

BT : Bun thu tai 1dng treo

BTNMT : Bo Tai Nguyén Mbi Truong

CPVS : Ché pham vi sinh

DX : Design Expert

FCR : Hé s6 chuyén dbi thtc an

KL : Khuan lac

MPN : Most Probable Number ( phuong phap s6 ¢ X4c suit cao nhat)
MT : moi trudng

NOB : Nitrite — Oxidizing Bacteria (vi khuan oxi hoa nitrite)
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MO PAU

1. TINH CAP THIET CUA PE TAI

Trong 10 niam (giai doan 2010 - 2019) nghé nudi tdm hum Viét Nam di c6 sy
phat trién nhanh ca vé quy mé sé luong long, thé tich 16ng nudi va san lwong tdm
him nubi, timg budc phat trién theo hudng san xuat hang hoa, phuc vu cho xuat
khau, gop phan tao viéc 1am, nang cao thu nhap cho ngudi nudi va thac day phat
trién kinh té - xa hoi cho cac tinh ven bién mién Trung. Trong giai doan 2010 -
2019, s6 lugng 16ng nudi tom hum ting binh quan 1a 18,2%/nim, thé tich 16ng nudi
tang binh quan 16,2%, san luong ting binh quan 13 6,2%/mim. O Viét Nam, tém
htm phan bé tir Quang Binh tgi Binh Thuan nhung sé lwong long nudi va san lugng
Ibng nudi tdm hum tap trung phét trién chi yéu o cac tinh Phi Yén, Khanh Hoa.
Nam 2019, tong s6 luegng 16ng nudi ¢ 02 tinh (Phti Yén va Khanh Hoa) udc tinh dat
185.166 long, chiém 97,8% sb luong nudi tdm ham Viét Nam, san luong dat 2.273
tan chiém 95% san lwong nudi ca nudc (trich dan theo Tong cuc thuy san, 2015).
Tuy nhién, hé luy caa toc do phat trién nudi tdm céng nghiép da din dén tinh trang
6 nhiém moi treong va dich bénh, do vay nghé nudi tém bién ¢ Viét Nam da gap
nhitng tré ngai 16n. San lugng tdm nudi suy giam, anh huéng 16n dén doi séng kinh
té ctia nhiéu dan cu va di co nhiéu dau hiéu rd rang vé su suy thodi méi truong &
nhiéu vaing nudi tdm hum (Vinh va Huong, 2009).

Theo Hoang va ctv (2009), viéc cho tom hum an dua hoan toan vao thic an
tuoi bao gém ca gia tri thap, nhuyén thé, gidp xac va hé sé thirc an thudng vuot qué
20, nghia 1a mot lwong 16n chat hitu co di vao madi truong nudi. Theo nghién ciu
cua Lai Van Hung va Pham Btc Hung (2010) cho biét FCR cua tdm hom P.
ornatus va P.homarus an bing cé tap/ca gié tri thap 1a 26,60 + 5,02 va 26,00 + 1,41.
Hau hét cac chat thai ran 1a dén tir dong vat than mém va giap xac, nhitng loai nay

chiém 80% thanh phan cua cé tap va trong luong vo caa ching la khoang 70% khoi



lugng co thé twoi. Vi vy, dé san xuat mot kg P. ornatus va P. homarus, khoang 15
kg chat thai rin duoc thai ra cac khu vuc ving vinh nudi tdm him. Béi véi cac long
nudi céng nghiép chat thai trong qué trinh nudi c6 thé chira dén trén 45% nito va
22% la cé4c chat hitu co khac. Cac loai chit thai chira nito va phdt pho & ham luong
cao gay nén hién tuong pha dudng moi truong nudce, phat sinh tao doc trong moi
treong nudi trong thay san (Theo Tong cuc thuy san, 2015). Thiac dn nudi tdm hum
la thire dn twoi va phan Ié6n khdng thu gom thic an thira dem vao bd ma thai thang
vao mdi truong nudc. Cu thé, chat lugng nudc nudi tom hum dang ¢6 sy bién dong
theo chiéu hudng xau hon. Ham luong NHs hau hét vuot tiéu chuan cho phép, NO;
- ¢6 Xu huéng ting ¢ ting d4y. Gia tri nito tong & tang day tap trung twong d6i cao
hon céc tang con lai, thap nhat & mac 0,1 mg/l va cao nhat 12 0,2 mg/l, ¢ su phan
tang xay ra d6i voi nhdm théng sé dinh dudng nhu nitrite, nitrate, ammonia, nito
tong (Hoang Thi My Huong va ctv, 2018).

Ngay 05/11/2020, B6 Néng nghiép va PTNT di ban hanh Quyét dinh sb
4431/QD-BNN-TCTS phé duyét Dé &n phét trién nudi va xuat khau tém hum dén
nam 2025 véi muc tiéu phat trién nudi va xuat khau tdm him theo hudng bén viing
va hiéu qua, bao dam chat lwong va an toan thyc pham, dap ang yéu cau tiéu thu
trong nudc va xuat khau. Cu thé, tong san luong tom hum nudi dat 3.000 tan; gia tri
kim ngach xuat khau dat 200 triéu USD; tirng budc hinh thanh c&c ving san xuét va
xuat khau tdm hum trong diém. Cung véi san lugng ndy, van dé lién quan dén moi
truong ciing duoc nhian manh nhu ving nudi dugc kiém soat méi trudng, dich bénh,
bao dam an toan thuc pham, an toan lao dong (Tong cuc thay san, 2020). Ngoai ra,
theo bao cao “Téng hop quy hoach nuéi tdm hum dén nim 2020 va dinh hudng
2030” cua Tong cuc Thuy San (Tong cuc thuy san, 2015) thi viéc phat trién san
luong tdm hum phai song song vaéi viéc quan ly moi treong nubi tbm hum nhu st
dung thac an cong nghiép thay thé thic an tuoi, nudi tom hum bang hé thd
ng bé trén ba, sir dung ché pham vi sinh quan Iy mai truong nudi. Do d6, viéc phan
lap va tuyén chon vi sinh vat chuyén h6a ammonia, nitrite, chiu dugc d6 min cua
bién tir nén day vung nudi tdm him ¢ Vinh Xuin Pai dé san xuat ché pham vi sinh

va danh gia hiéu qua chuyén hoa nito cua cac chung vi sinh vat & bé nudi tdm thé



chan trang giai doan post 5 1a mot giai phap tich cuc, c6 nhiéu trién vong va y nghia
thuc tién dé dinh hudng san xuat ché pham vi sinh quan ly méi truong nudi trong
thity san nuéc man trong tuong lai, han ché dang ké luong chét hiru co thai ra moi
truong, gop phan phat trién nghé nudi thay san mét cach bén viing. Tur nhiing
nguyén nhan trén ma dé tai ""Nghién ciu vi khuan chuyén hoa nito trong nén
day viing nudi tdm him (panulirus sp.) phuc vu nudi tréng thiy san” da duoc
thuc hién.
2. MUC TIEU PE TAI

Phan lap va tuyén chon céc chang vi sinh vat c6 ngudn géc tir nén day ving
nudi tdm him & Vinh Xuan Dai, Phi Yén ¢ kha ning chuyén héa nito nham lam
co s khoa hoc trong viéc chon lya cac chung vi khuan hitu ich dé tao ché pham vi
sinh dang léng, bot va thir nghiém hiéu qua caa ché pham trén bé uvong nudi tdm thé
chan trang giai doan post 5.
3. POl TUQNG VA PHAM VI NGHIEN CUU

Luan an phan 1ap va chon loc cac chung vi sinh vét chuyén hda ammonia va
nitrite trong nén day ving nudi tdm hum ¢ Vinh Xuan Dai, Tinh Phi Yén. Mau
bln cua nén day duoc thu thap tir bun tai ving nudi tdm him ¢ Vinh Xuan Dai.

Luan &n nghién ctu cac yéu té anh huong nhu mdi trudng, thoi gian va mat
d6 gidng, nhiét o, pH dé tao ché pham vi sinh vét dang léng.

Luan an nghién ctiru cac yéu té anh huong dén qué trinh tao ché pham vi sinh
chuyén héa ammonia, nitrite dang bot nhu: mdi truong, thoi gian, do am, ty 18
gidng va diéu kién bao quan ché pham.

Luan &n danh gia kha niang chuyén hda ammonia va nitrite trong md hinh
nudi tdm thé chan tring ¢ giai doan wong gidng trong bé nham danh gia hiéu qua
cua ché pham vi sinh.

4. NQI DUNG NGHIEN CUU
- Phan lap, tuyén chon va dinh danh cac nhém vi khuan chuyén hoa
ammonia va nitrite tir bin & nén day ving nudi tdm him Vinh Xuan Dai, Phi Yén.
- Tao ché pham vi khuan dang long va ché pham vi khuan dang bot.

- Panh gia kha ning cai thién chat luong nuéc caa nhém vi khuan chuyén



héa nito & nude nudi tdm thé chan tring trong phong thi nghiém va mé hinh nudi
wong giéng tdm thé chan tring giai doan post 5 & bé 1m3.
5. Y NGHIA KHOA HQC, THU'C TIEN VA TiNH MOI CUA PE TAI
Y nghia khoa hoc ciia dé tai
Luan an dd bd sung nhitng chung vi khuan duoc thu thap tir nén day ving
nuéi tbm hum ¢ Vinh Xuéan Pai, Phd Yén co kha nang xu ly ammonia va nitrite,
séng & d6 man cua nudc bién vao ngudn co so dir liéu khoa hoc chung vé tng dung
vi khuan hiru ich, 1am tién dé cho nhitng nghién ciu tng dung vi khuan chuyén
hoa ammonia, nitrite trong mdi truong nudi tdm nudc man.
Y nghia thuc tién caa deé tai
Két qua cua luan an da tao dugc ché pham vi sinh dang long va bot, danh

gia duoc hiéu qua caa ché pham trong bé nudi tdm thé chan tring & giai doan wong
gidng, hd tro cho nghé nuoi tom nudc lg phat trién bén viing, gop phan cai thién 6
nhidm méi trudng ving nudi tdm nudce lg, 1am nén tang dinh hudéng cho viéc san
xuat va ang dung ché pham vi sinh xt Iy méi truong nuwdc nudi tdm ham trong
tuong lai.
Tinh méi caa luan an

Luén &n da phan 1ap, tuyén chon tir nén day vung nudi tdm ham khu vuc Vinh
Xuan Dai, Tinh PhG Yén ba chung vi khuan Bacillus licheniformis B85,
Pseudomonas stutzeri KL15, Rhodococcus rhodochrous Ty ¢6 kha ning chuyén hoa
cac hop chat ammonia, nitrite, nitrate.

Luan an d3 xay dung duoc qui trinh phan 1ap ba ching vi khuan tir méi truong
nudc man.

Luan 4n da nghién ctru duoc diéu kién nudi cay, thanh phan mai truong long
va ban ran phu hop cho su phat trién cua ba chung vi khuan 1am co so cho viéc san

xuat ché pham vi sinh vat.



CHUONG 1
TONG QUAN TAI LIEU

1.1. Téng quan tinh hinh nudi tém hum léng bé

Theo ngudn cung cap cia FAO (2014) lugng tdm him cua cac nude nhu
Philippine, Indosesia, Australia lién tuc tang truéng trong vong 10 nam lién tuc tir
2004-2014, tir vai chuc tan ting 1én gan 1000 tan/nim. Hau hét nghién ctu vé nudi
t6m hum duoc thuc hién & Nhat Ban, Uc, My, New Zealand, Mexico, Nam Phi, An
Do va Viét Nam. Ngudn gidng tdm him tha nuéi co thé tir khai thac tu nhién hoic
nhan tao. Do giai doan bién thai cua 4u tring tdm ham qué dai, nén qué trinh san
Xuit giéng twong dbi phic tap, chi phi cao; vi vay ngudn gidng (giai doan au tring
puerulus va tdm con nho) do khai thac tu nhién van chiém wu thé (V4 Vian Nha,
2006; Phillips va Matsuda, 2011). Nudi tdm him gai d duoc nhiéu nuéc quan tam,
nhung chi ¢6 vai nudc nudi thuong pham thanh céng. Trong khu viuc Pong Nam A,
nudi thwong pham tdm hum gai cha yéu tap trung vao 7 loai: tdm ham béng P.
ornatus, tom hum da P. homarus, tom hum sen P. versicolor, tdm hum do P.
longipes, tdom hum ma P.penicillatus, tdm hum soi P. stimpsoni va tdm hum tre P.
polyphagus.

O Viét Nam, nghé nudi tém hum gai phét trién dang ké, phan 16n dya vao
ngudn giéng tu nhién. Nghé khai thac tdm hum c6 san luegng duéi 100 tin mdi nim
(Thuy va Ngoc, 2004), chu yéu tir nghé 13n va cung cap cho thi treong néi dia. Tinh
Phi Yén c6 hang loat viing vinh kin, hodc nira kin ¢6 mili d4, dao che chan cac tac
dong song va nudc du sau nén rat phd hop cho nudi tdm hum (¢dm Cu Méng, Vinh
Xuan Pai, Viing R6) (Téng Phudc Hoang Son, 2015). Theo két qua béo céo cua
Téng cuc thuy san (2015), san lugng tdm hum dao dong tir 20 tan (Binh Dinh) véi
500 16ng, 450 tin (Pht Yén) dén 650 tin (Khanh Hoa). Thi x4 Séng Cau c6 khoang
1.000 ha dién tich mat bién dugc sir dung dé nudi tdm him, san lugng tém hum
thuong pham vao khoang 400-500 tan/nim, chiém gan 70% san luong cua toan tinh
(Téng cuc thay san, 2015). Nghé nudi tdm him ¢ Vinh Xuan Dai ¢6 3 hinh thic 1a

nudi trong 16ng treo, 16ng chim va két hop ca hai hinh thic (Hoang Thi My Huong



va ctv, 2018).
1.2. Hién trang 6 nhiém méi treong nwéc ving nudi tom him Vinh Xuin Dai
Vinh Xuan Dai thudc thi xa Séng Cau, tinh Phi Yén c6 dién tich mit nuéc
hon 13.000 ha. Pay la vung chira dung hé sinh thai da dang, phong pha va la ving
nuéc ly tuong phét trién nghé nudi tdm ham bang 16ng, bé vai san lugng hang nim
vai tram tan. Tuy nhién, trong nhimg nim gan day, tinh trang phat trién qua nhanh
dién tich nuéi trong thuy san trén vinh két hop véi cac hoat dong san xuat va doi
séng cua con ngudi da gay suc ép 1én mdi trudong vinh Xuan Pai. Chat thai tir long,
bé nudi trong thay san thai ra, ¢6 vao Vinh. Luong chat thai nay tich tu qua nhiéu
nam thang s& anh huong xau dén chat luong nude noi day. Cac hoat dong khai thac
va danh bat thuy san trén Vinh ciing gay 6 nhiém va suy thoai méi truong. Sé tau
thuyén hién c6 trén Vinh khi hoat dong thuong xuyén sé thai ra mét luegng chét thai
dang ké nhu vang dau, m& tir dong co. Mot sé hoat dong khai thac trai phép nhu
khai thac san ho, sir dung phuong tién khai thac huy diét hang loat, gay nguy co 6
nhidm bién, & nhiém ving nudi va giam da dang sinh hoc (Bui Hong Long, 2001).
Viéc st dung thtre an tuoi da 1am cho méi trudong nudi ngay cang phi dudng, chat
lugng nudc giam di, tao diéu kién cho dich bénh bung phéat (Tuan va Mao, 2005).
Két qua lay mau méi trudng nudc ving nudi tdm him caa Trung tm Quan tric
MBoi trudng va Bénh thay san khu vuc mién Trung caa Vién Nghién ciu nudi trong
thay san I11 cho thay tram tich tai ving nudi dang bi & nhiém hitu co, sulfur, hop
chat nito va cac chat doc hai (Fe2+, Fe3+...). Nudi tdm ham Iong san sinh mot luong
I6n chat thai vao trong moi trudng nudc nhu phan tdm, ngudn thirc dn du thira thoi
rira bi phan huy, céc chat ton du tir cac loai vat liéu dau vao nhu hoa chat, véi va
cac loai khoang chat diatomit, dolomit, Iwu huynh lang dong, cac chat doc hai co
trong dat phén Fe?+, Fed+, AP+, SO, cac thanh phan chaa H2S, NHs... 1a san
pham cua qué trinh phan huy yém khi ngap nudc tao thanh. Béi voi cac 16ng nudi
cdng nghiép chat thai trong qué trinh nudi c6 thé chtra dén trén 45% nito va 22% la
c4c chat hiru co khac. Cac loai chat thai chira nito va phdt pho ¢ ham luong cao gay
nén hién tuong phu dudng moi truong nudc, phat sinh tao doc trong mdi truong

nuéc nudi trdng thay san (Tong cuc thuy san, 2015). Chét lwong nudc tai cac ving



nudi tom hum ciling bi suy giam nghiém trong do ham Iuwgng NHs va H»S cao trong
tang nudc sat day va ting day, duoc coi 1a nhitng nguyén nhan cha yéu 1am cho tém
hum chét hang loat (Tong cuc thay san, 2015). Theo Hoang Thi My Huong va ctv
(2018), chat lugng nudc & Vinh Xuan Dai, dic biét 1a o ting day, dang dién bién
ngay cang xau hon. Nong d6 ammonia (NHs) hau hét vuot tiéu chuan cho phép, dic
biét 1a & tang day. Nong do nitrite (NO2) ¢ xu huéng ting ¢ tang day, nong do
nitrate (NO3") hau nhu 6n dinh. Gia tri Nito téng ¢ ting day twong ddi cao hon céc
tang con lai.
1.3. Vi sinh vat trong moi tredng nwéc man

Mdi trudng nude bién ¢ dai duong chiém 97,2% tong luong nudc toan cau.
Pai duong c6 d6 sau kha 16n, phan nudc ¢ d6 sau 1000 m trd xudng chiém 75% thé
tich dai duong. Noi sau nhat cia dai dwong 1a 11000 m. Phan nudc dudi do sdu 100
m thuong c6 nhiét do 6n dinh 1a 3°C. Cu xuéng sau 10 m thi &p suét nudc bién tang
1 atm, & noi sdu nhit cua dai dwong &p Suét co thé dat toi sip xi 1000 atm. Mdi
truong nudc bién con dugc dic trung bdi do man (3,3 - 3,7%). Su hoa tron va
chuyén dong cua nudc bién 1a do thuy triéu, chung chay, chuyén dong ndi 1én theo
nhiét do, gi6. (Nguyén Lan Diing va ctv 2002; Nguyén Lan Diing va Nguyén Nit
Kim Thao, 2006). Vi sinh vat sdng trong mdi truong nude bién chiu tic dong cua ap
sudt, co thé thiy dugc mdi twong quan giira vi sinh vat va ap suat. Mot sd vi khuan
c6 kha nang ton tai trong pham vi dao dong ap suét tir 0 - 400 atm, tuy nhién ching
thudng phat trién tot nhat ¢ ap suét khi quyén. Nhiéu vi khuan sinh truéng tét ¢ ap
suat cao va dugc goi 1a vi sinh vit wa ap (barophile). Vi sinh vt wa ap trung
binh (moderate barophile) sinh truéng tot nhit & 400 atm, tuy nhién ching cé thé
ton tai ¢ 1 atm. Vi Sink vdt wa dp cwc doan (extreme barophile) chi co thé phat trién
& 4p suat cao. Sy thay d6i ap suat c6 anh hudng rat 16n téi cac qua trinh sinh hoc
ctia vi sinh vat nhu phan bao, lip rap tién mao, tong hop DNA, van chuyén chit qua
mang, sinh tong hop protein. Cac protein hinh thanh kénh van chuyén vat chat &
mang thuong hoat dong c6 hiéu qua & mot ap suat nhat dinh. Ngoai ra, vi sinh vét
bién con chiu anh hudng ciia anh sang, ngudi ta chia dai dwong thanh 2 viing: viing

c6 anh sang (c6 thé quang hop) va ving khéng c6 anh sang (khong thé quang hop).



Hau hét chat dinh dudng ¢ dai duong xuat hién trong ving nudc tir bé mit toi do
sdu 300 m. Pay 13 ving anh sang c6 thé xuyén toi, & day co su phat trién cua thuc
vat phu du (tao va vi khuan lam). Chi ¢6 1% chét hitu co c6 ngudn gdc quang tong
hop t&i duoc thém dai dwong, phin con lai bi phan huy trong qué trinh roi xudng.
Nguédn dinh dudng tai day dai duong rat han ché vi vay day 1a ving ton tai cac vi
sinh vét c6 kha niang phat trién trong diéu kién nghéo dinh dudng. Chu trinh nito va
lwu huynh ciing dong vai trd quan trong trong méi trudng nude bién va tac dong 16n
dén cac qua trinh & mac do toan cau. Ham luong nito trong nudc bién thudng dao
dong, ¢ ving nudc bién chira nong do oxi thap thi s& xay ra hién tuong phan nitrate
hoa (str dung NO3 va NO2 12 chét oxi hda va giai phong nito vao khi quyén) din
dén lam giam ty 1€ N: P trong nudc. Nguoc lai, sy ¢ dinh nito xdy ra manh m¢ s€
lam tang luong nito trong nude. Piéu ndy cho thay nito chir khong phai phospho da
han ché cic hoat dong sinh hoc trong mdi truong bién. Chu trinh Cacbon & trong
moi trudng bién van chua duge nghién ctiru k¥, tuy nhién mét diéu rd rang 1a vi sinh
vat c¢6 anh hudng 16n t6i chu trinh cacbon ¢ day. Vi sinh vat ¢ dai duwong tac dong
dén chu trinh cacbon toan cau va méi lién hé gitra dai duong va khi quyén. Hau hét
su bién ddi cua cacbon xay ra ¢ ving nudc bé mat, chat hitu co khong tan (POC),
chét hitu co hoa tan (DOC) va métan hydrat 1a ngudn cacbon chinh ¢ dai duong.
Pai duong con chira HCO3 va CO2 hoa tan ¢d ngudn gde tir khi quyén. Do su bd
sung chat hitu co tir dat lién nén s luong vi sinh vat tong sd & ving bd bién nhiéu
hon 14 ¢ ving giita bién (Prescott, 2002; Nguyén Lan Diing, 2006).
1.4. So @6 chu trinh chuyén héa nitoe trong hé sinh thai bién

M6 hinh chu trinh chuyén hoa Nito trong hé sinh thai bién duogc biéu dién trén
so do hinh 1.1 (Poan B9, 1997, 1998; Nguyén Ngoc Tién va ctv, 2011). Trong chu
trinh, nguyén t56 Nito duwoc chuyén hod qua 5 hop phan: thuc vat noi
(Phytoplankton- sinh khéi duoc ky hiéu 1a PHY), dong vat ndi (Zooplankton -
Z00), chat hiru co hoa tan (Dissolved Organic Matter - DOM), Amoni (Amonium -
AMO), Nitrit (Nitrite - NIT), Nitrat (Nitrate — NAT) (Poan B9, 1997, 1998;
Nguyén Ngoc Tién va ctv, 2011).



Hinh 1.1. So d chu trinh chuyén hoé Nito trong hé sinh thai bién
Cha giai: PHY: Phytoplankton; ZOO: Zooplankton; DOM: Chdt hizu co hoa tan; AMO: Amoni;
NIT: Nitrat; 1... 9: C&c qua trinh chuyén hod, —: Huong chuyén hoa
Qua trinh chuyén hoa 1: Quang hop cua Phytoplankton.

Trong qué trinh nay dudi tac dong cua nang lwong anh sang mat troi,
Phytoplankton d& st dung khi CO, nuéc va cac mudi dinh dudng trong d6 co
amoni, nitrit va nitrat cia mai truong dé tong hop chét hitu co. Qua trinh nay da
chuyén hoé nito vo co tir mdi trudng thanh nito lién két trong té bao tao (Iam giam
AMO, NIT va NAT va lam ting PHY). Khéi luong gia ting cua quan thé
Phytoplankton trong mét don vi thoi gian thuc hién quang hop (thuong tinh trong 1
ngay) chinh 14 nang suét sinh hoc so cap thd, mot tham sé quan trong dé danh gia
tiém ning sinh hoc cta ving bién. Cudng d6 qua trinh nay phu thudc vao sinh khoi
quan thé Phytoplankton, nong do cac mudi dinh dudng amoni, nitrit, nitrat, nhiét o
moi trudng va nang luong bac xa quang hop.

Qua trinh chuyén hoa 2: H6 hap caa Phytoplankton.

Trong qua trinh nay, mot phan luong chat hiru co duoc thanh tao trong quang
hop bi 6xy hoa lam giam sinh khdi PHY, kém theo d6 1a su giai phong mot s hop
phan vo co trong d6 c6 cac hop chat nito vo co, 1am tang nong d6 AMO va NIT.
Qué trinh chuyén hoa 3: Dinh dudng cua Zooplankton.

Trong qua trinh nay Zooplankton si dung Phytoplankton 1am thirc dn dé ton
tai va phét trién. Cuong d6 st dung thtrc dn ctia Zooplankton phu thudc vao ham

lugng thie an (PHY), sinh khéi va ban chat quan thé Zooplankton. Qua trinh
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chuyén hoé nay 1am giam sinh khdi quan thé Phytoplankton, trong d6 phan thirc an
thuc sy duoc st dung vao dong hoé s& 1am tiang sinh khdi quan thé Zooplankton,
phan khong st dung s& tro lai méi trudng va lam ting sinh khdi chat hitu co
(DOM).

QUua trinh chuyén hoa 4: H6 hap cua Zooplankton.

Ho hap cua Zooplankton 1a qua trinh nguoc lai véi ddng hoa cua nd. Trong
quéa trinh ndy phan vat chat (ning luong) di 14y duoc do ddng hod thirc an lai bi oxy
hoa dé giai phong ning luong va Zooplankton str dung ning luong nay dé ton tai va
phét trién. Co ché hd hap cua Zooplankton duoc thé hién don gian qua phan Gng
sau: CnH2nOn + nO2 = nCO2 + nH20 + Q, kém theo nang luong duoc giai phong la
cac san pham vat chat duoc thai ra mdi trudng dudi dang cac san pham bai tiét,
trong d6 c6 amoni. Nhu vay, hd hip cia Zooplankton d 1am giam sinh khéi ZOO
va ting nong d6 AMO. Cuong d6 qué trinh nay phu thuoc cha yéu vao nhiét do moi
truong.

Qua trinh chuyén hoa 5 va 6: Chét ty nhién cua quan thé Phytoplankton va
Zooplankton.

Qua trinh nay lam giam sinh khéi cac quan thé va lam tang sinh khdi chat hitu
co (DOM). Béi v6i PHY, cudng d6 qué trinh chét tu nhién bi gidi han bai nong do
cac mubi dinh dudng (AMO va NIT), ddi voi ZOO - bi giGi han boi ham luong thirc
an (PHY).

QUua trinh chuyén hoa 7: Khoang hoa chét hitu co.

Phan huy va khoang hoa chat hitu co trong bién (cac xac chét, cac san pham
du thira trong céc hoat dong song) 1a mét tap hop cac qua trinh Iy-hoé-sinh hoc rat
phtic tap, ¢ su tham gia cua céc sinh vat (chu yéu 1a vi sinh vat phan giai) va céac
chat nhu O, nudc. Trong qua trinh phan huy, ning luong con lai trong chét hitu co
duoc giai phong va cac sinh vat phan giai st dung niang luong nay dé ton tai va phat
trién. San pham cudi cing cua qué trinh phan huy va khoang hoa chat hitu co 1a cac
chat vd co dugc hoan lai cho méi truong. Cudng d6 qua trinh nay phu thugc ban
chat chét hitu co, lwong céc sinh vat phan giai va nhiéu diéu kién phan giai, trong d6

quan trong hon hét & nhiét d6 mdi truong va truc tiép lam ting ndng do cua chi
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riéng AMO. Déi véi chu trinh Nito, cac san pham v co dugc giai phong trong qué
trinh phan huy va khoang hoa la amoni, nitrit, nitrat.
1.5. Céac quéa trinh chuyén hoa nito' va vai tro cac nhom vi khuan tham gia
chuyén hoa

Trong nudc nito tdn tai ¢ nhiéu dang khac nhau nhu & mdi truong trén can
nhu nito phan tir, cac hop chat nito vo co va cac hop chat hitu co phuc tap c6 trong

cac co thé sdng (protein, acid amin).

Oxy héa bii vi khudn .
NH;+H = NH, - > | NOy
- ) Khir bé vi khulin
F M r
S
g 1
HE N\% | Nttone Khing kb | A|E
g-g % 1 F § g
'a y
N trong déng vi . .n NOY
trons et Thirc &n N trong thye vt Thyo vét hép thy YO

Hinh 1.2. Vong tun hoan nito (Boyd, 1998)

Khi co thé sinh vat chét di, cac chat hitu co chua nito s& bi thdi raa va
amon hoé dudi tac dung cua cac vi sinh vat thanh NH; hay NH,". Dang NH," s& bi
chuyén hoa thanh dang NO3 nhd nhom vi khuan nitrate hoa. Cac hop chét nitrate
lai duoc chuyén hoa thanh dang nito phan tr do tac dung cua cac vi khuan phan
nitrtate hod. Khi nito phan tir s& duoc ¢ dinh lai du6i dang hop chét hitu co nho
nhém vi khuan c¢é dinh dam. Céc qué trinh trén két hop lai tao ra vong tuan hoan
nito trong thuy vuc. Trong tat ca cac qué trinh nay déu c6 sy tham gia cua céc
nhém vi khuan khac nhau. Néu sy hoat dong caa mot nhém vi khuan nao d6 nging
tré, toan bo tién trinh chuyén hoa nito s& bi anh huong gay tich tu mot sé hop chat
nito trong thuy vuc ¢ thé gay nén su bién ddi chat lwong nudc 1am anh huéng dén
doi song cac thuy sinh vat séng trong thuy vuc dé (Kiéu Hitu Anh va Ngd Tu
Thanh, 1985).

Qua trinh amén hoé

Qué trinh amdn hoa protein 12 qué trinh phan hay cac hop chat hiru co chira
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nito, giai phdng NH; do nhiéu vi sinh vat hiéu khi va ky khi gay ra nhu vi khuan,
nim méc va xa khuan véi nhiét do téi vu 1a tir 25 — 30°C, qua trinh ammon hoa
protein giir vai trd quan trong trong viéc chuyén nito tir dang khé hap thu sang dang
mudi amén ma thyc vat d& hap thy, gilp 1am sach cac thuy vuc. Nhd qué trinh nay
ma NH; lubn ludn dwoc phuc hdi, cung cap dinh dudng cho thyc vat thay sinh.
Ngoai protein va uré, nhiéu lodi vi sinh vat c6 kha ning amén hoa kitin 1a mot hop
chat carbon cé chira géc amin. Kitin 1 thanh phan caa vé ngoai cac loai giap xac va
con tring séng trong nuéc. Hang nam, kitin dwogc tich luy lai trong thuy vuc véi
mot lwong dang ké. Nhom vi sinh vat phan hay kitin c6 kha ning tiét ra enzyme
kitinase va kitobiase phan huy phan tir kitin thanh céc géc don phan tir. Sau d6 goc
amin s& duoc amdn hoa thanh NH; (Kiéu Hitu Anh va Ngd Ty Thanh, 1985).
Giai dogn nitrite hoa

Vi khuan nitrate hoa thuc hién qué trinh oxy hod NH," tao thanh NO,™ bang

oxy khéng khi va tao ra ning luong theo phuong trinh: NH," + 3/2 0, — NO, +

H,O + 2 H" +Q. Giai doan nay la giai doan oxy hoa NH," thanh NO,™ duogc goi la
giai doan nitrite ho4. Ning luong nay duoc vi khuan st dung dé dong hoa CO,
thanh carbon hitu co (sinh khdi vi khuan). Nhém vi khuan nitrite hoa bao gom 4
giong khac nhau: Nitrosomonas, Nitrosococcus, Nitrosobrio, Nitrozolobus va
Nitrosospira (Watson va ctv, 1989; Bock and Koops, 1992; trich dan boi Herber,
1999).
Giai dogn nitrate hoa

NO, tao thanh trong giai doan nitrite hoa s& tiép tuc bi oxy hoa thanh NO3"

nho mot nhdm vi khuan khac theo phuong trinh: NO, +% 0, — NOs; + Q. DPay

la giai doan oxy hod NO," thanh NO3™ dugc goi la giai doan nitrate hoa (Cole,1994).
Nhom vi khuan thuc hién nitrate hoa nay bao gdm 3 giéng: Nitrobacter, Nitrospira
va Nitrococcus (Watson va ctv 1989; Bock and Koops, 1992). Qua trinh nitrate hoa
la mot khau quan trong trong vong tuan hoan nito trong thuy virc. Qué trinh nay ¢
tam quan trong trong quan ly chat lwong nudc trong nudi trong thay san. Khi qué

trinh nay xay ra manh chét thai amon doc hai s& duoc chuyén hoa nhanh sang dang
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nitrate khong doc dbi vai sy séng va sinh truéng cua tom ca (Kiéu Hitu Anh va Ngo
Tu Thanh, 1985; L& Xuan Phuong, 2007). Ngudi dau tién nghién cau vé vi khuan
Nitrate hdéa va hoat dong sinh ly cua chung la nha khoa hoc Nga Winogradsky. Nam
1889, 6ng chirng minh vi khuan nitrate hoa 1a nhiing loai vi sinh vat dinh dudng vo
co bang tong hop héa hoc. Pay 1a nhdm vi khuan hiéu khi tu dudng hoa ning va
bao gom hai nhém nho tham gia vao hai giai doan cua qué trinh nay.
Qua trinh khe Nitrate

Quié trinh vi sinh vat khir Nitrate (hoac Nitrite) dén Nito phan tir kém theo su
oxy hoa cac chat hiru co dé giai phong CO2 va H20, duoc goi la qué trinh phan
Nitrate hoa (hoac khtr Nitrate). Qué trinh phan Nitrate c6 thé xay ra ¢ diéu kién ky
khi va hiéu khi, nhung diac biét manh m& khi khdng c6 mit oxy cua khong khi.
Phuong trinh tdng quéat nhu sau: 10(H) + 2H* + 2NOs.~ — N2 + 6H20. Vi khuan
phan nitrate hda 1a nhém vi khuan phan b rong réi trong tu nhién. Chidng 1a céc
loai ky khi khong bt bugc, hoat dong manh trong mdi trudng trung tinh hodc hoi
kiém va ky khi. Nhitng loai vi khuan phan nitrate hoa thuong la: Pseudomonas,
Achromobacter, Azospirillum, Thiobacillus, Paracocus (Lwong Buc Pham va ctv,
1998; Nguyén Dirc Lugng va ctv, 2006).
1.6. Pic diém ciia cac nhom vi khuan tham gia qué trinh chuyén hoa Nite
1.6.1. Pic diém sinh hec cia vi khuan Bacillus

Vi khuan Bacillus 12 nhom tryc khuan, té bao hinh que va thing, kich thudc
0,5-2,5 x 1,2-10 pm, di dong bﬁng chu mao, 13 vi khuan Gram duong, catalase
dwong tinh. Nhém vi khuan nay thuong tim thay trong méi truong c6 d6 pH bién
dong cao, sinh truong dudi diéu kién hiéu khi hodc ky khi khong bt bude, sir dung
khi oxy lam chit nhan electron khi trao d6i khi trong qua trinh trao d6i chat. Thudc
chi Bacillaceae, dung riéng ré hodc két thanh chudi hay thanh soi. Chlng c6 kha
nang tao ra bao tir khi xay ra cac diéu kién khac nghiét nhu thiéu chéat dinh dudng,
nhi¢t do cao. Bao tir c6 mang nhiéu 16p, chira it nudc tu do va do do6 co thé chiu
dung tot véi nhiéu tac dong bat 1gi c6 thé 1am chét cac té bao dinh dudng (Gorden,
1973; Luong Dic Pham, 1998). Bao tir c6 tinh khang nhiét cao, khang birc xa,
khang hoa chét, khang ap suat tham thau. Khi gip diéu kién thuan loi c6 thé nay
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mam, phat trién thanh té bao sinh dudng. Thudng thi ngudi ta quan sét thiy tap doan
cta gidng sinh vét ndy rat rong 16n, c6 hinh dang bat dinh va dang phat trién lan
rong. Mot dic diém nita cia nhom vi khuan Bacillus 12 c6 bao nhay (giac mac), 6
cdu tao polypeptit, gilp cho vi khuan Bacillus c6 kha ning chiu duoc cac diéu kién
khic nghiét & do bao nhay c6 kha nang dy trir thire dn (Luong Dirc Pham, 1998).
Tt ca cac loai thudc chi Bacillus déu c6 kha ning di dudng va hoai sinh nho
st dung cac hop chét hiru co da dang nhu duong, acid amin, acid hiru co. Hau hét
déu 14 loai wa nhiét trung binh v&i nhiét d6 t4i wu 1a 30-45°C, nhung ciing c6 nhiéu
loai wa nhiét v&i nhiét d6 tdi wu 13 65°C. Pa sb Bacillus sinh truéong & pH = 7, mot
s6 pht hop v&i pH= 9-10 nhuw Bacillus alcalophilus, hay c6 loai phi hop véi pH =2-
6 nhu Bacillus acidocaldrius. Cac loai vi khuan di dudng hoai sinh thudc gidng
Bacillus (B. subtilis, B. licheniformis, B. megaterium,...) c6 kha nang phan huy cac
hydratcarbon thanh nhitng phan nhé hon, tao ra cac san pham cta qua trinh trao ddi
chat nhu cac khi (NHS3, CO2...), acid formic, acid acetic, acid propinic, acid béo,
acid lactic...cac chat khoang va sinh khéi méi cua vi sinh vat (Tang Thi Chinh va
bang Dinh Kim, 2007). Ngoai ra Bacillus subtilis con lam sach méi truong nho kha
nang sinh cac enzyme (protease, amylase, cellulose, kitanase, lipase) phan huy céac
hop chat hitu co va kiém soét sy phat trién qua muc cua céc vi sinh vét gy bénh do
co ché canh tranh nguon dinh dudng, gitt cho maéi truong lubn & trang thai can bang
sinh hoc (Tang Thi Chinh va Pang Dinh Kim, 2007). Vi khuan Bacillus c6 tac dung
canh tranh tét véi cac vi khuan khac dé tai tao lai hé vi khuan duong rudt (Luong
DPtc Pham va H6 Sudng, 1978). Nhdm vi khuan Bacillus 12 G (+) thuong phan hay
vat chat hitu co thanh CO2 t6t hon nhém G (-) ma NHs ludn dugc phuc hdi, cung
cap dinh dudng cho thuc vat thay sinh (Kiéu Hitu Anh va Ngd Tu Thanh, 1985).
Bacillus licheniformis 1a mot vi khuan gram dwong, wa nhiét, ky khi tly nghi.
Nhiét d6 phat trién t6i wu 1a khoang 50°C va c6 thé ton tai & nhiét d6 cao hon. Nhiét
d6 t6i uu cho su tiét enzyme 1a 37 °C, 6 thé ton tai & dang bao tir dé chng lai moi
truong khic nghiét, hodc & trang thai sinh dudng khi diéu kién tét, hoat dong t6t &

pH tir 8-10 (Logan va ctv, 2015).



15

1.6.2. Pic diém sinh hoc caa vi khuan Rhodococcus

Phat trién dudi dang que hodc khuan ty co chit phan nhanh. O tat ca cac
chang, chu trinh séng déu bat ngudn tir giai doan hinh cau hodc que ngin. Bang
cach phan doan, cac té bao hinh ciu s& tao thanh dang que roi dang soi, soi phan
nhanh va hé sgi. Mot s6 chung con tao khuédn ty khi sinh phan nhanh hoic bé soi.
Chuing khong c6 kha ning chuyén dong cling nhu khong hinh thanh bao tir hay ndi
bao tir. Vi khuan gram duong, hiéu khi, hda di dudng hitu co, catalase duong tinh.
Hau hét cac chung déu moc tt trén cic mdi trudng tiéu chuan & 30°C, sé khac can
thiamin cho sinh truéong. Khuan lac ¢6 thé san sui hodc tron nhin, c6 mau vang
sam, kem, vang, vang da cam, d6 hodc khong mau. Nhay cam voéi lysozyme, khong
phan huy duoc casein, cellulose, chitin, elastin hay xylan. C6 thé st dung duoc rat
nhiéu loai hop chét hitu co 1dm ngudn cacbon va ngudn ning lwvong (Nguyén Lan
Diing va Nguyén Kim Nit Thao, 2006). R.rhodochrous c6 thé déng hoa nguon C
hitu co va vo co, n6 c6 thé s dung cac loai monosaccharide, cac disaccharide,
duong 5C, polysaccharide dac biét 1a glucose 1a nguon tét nhat. Bé nubi cay R.
rhodochrous thuong sir dung peptone, cao nam men, casein. Nhiét do téi da cua
R. rhodochrous 1& 45 - 55°C, nhiét do téi thiéu 1a 5 - 15°C. Khoang nhiét do toi
thich cho sy phét trién cua R. rhodochrous 33 - 35°C. (Nguyén L&n Diing va
Nguyan Kim Nit Thao, 2006).
1.6.3. Piac diém sinh hoc ciia vi khuan Pseudomonas

Vi khuan Pseudomonas thuong 1a vi khuan Gram &m (-), hinh que. C6 chién
mao & cuc nén c6 kha ning di chuyén tbt trong nudc, khdng cé kha ning tao bao ti.
Vi khuan Pseudomonas 1 vi khuan séng tu do, chiing hién dién khip noi nhu trong
moi trudng dat, trong nudce, thuc vat, dong vat, mot sé 1am hu thuc pham. Chidng cé
kha ning ho hap hiéu khi hay ky khi trong méi truong khéng cd oxi. Nhiét do thuan
loi dé chdng phat trién 1a tir 30°C — 37°C (Ngd Thanh Phong, 2012). Pseudomonas
sp. 1a nhém vi khuan da dang, pho bién va co vai trd quan trong trong chu trinh
chuyén hoa carbon va nito nho vao hé enzyme phong pht (Spiers va ctv, 2000).

Vi khuan Pseudomonas stutzeri 1a mot vi khuan Gram am, hinh que, khéng

hinh thanh bao tir, c6 phan tng duong tinh véi oxydase va catalase, c6 thé phat trién
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t6i wu ¢ nhiét @6 35°C, khoang nhiét d6 phil hop 1a 4 - 44°C, phat trién tét nhat &
nong do6 mudi NaCl 2%, khoang nong d¢6 mudi ma vi khuan cé thé chiu duoc 1a 1-
5%, vi khuan phét trién tét nhat & pH 7 (Van Niel va Allen, 1952; Stanier va ctv,
1966). Vi khuan P. stutzeri thuong sir dung cac hop chat hitu co 1am chat cho dién
tr cua nd, mot sb trong sé dé6 bao gdm: glucose, lactate, acetate, succinate,
pyruvate, sucrose va fumarate va s& nhan dién tir bang céch st dung oxy, néu né ¢
trong diéu kién hiéu khi, hoic nitrat, néu né ¢ trong diéu kién ky khi. (Chakraborty
va ctv, 2017).
1.6.4. Pic diém sinh hoc caa vi khuan Stenotrophomonas

Stenotrophomonas 14 mét chi vi khuan Gram am, bao gdm it nhat muoi
loai. Cac ngudn chira Stenotrophomonas chinh 1a dat va thuc vat (Ryan va ctv,
2009). Céc loai Stenotrophomonas bao gdém tir sinh vat dat thong thuong (S.
nitritireducens) dén cac mam bénh co hdi & nguoi (S. maltophilia), phan loai phan
tir ciia chi van chua rd rang. Loai phd bién nhat, S. maltophilia rat linh hoat va c6
thé c6 loi cho su phat trién va stc khoe cua cay trdng, co thé dugc sir dung trong
ndng nghiép, kiém soat sinh hoc, xir Iy sinh hoc va cac chién luoc xir ly thuc vat
cling nhur san xuat cac phan tir sinh hoc ¢é gia tri kinh té. Stenotrophomonas ciing
c6 thé 1a phytopathogenic khong gidng nhu cac chi c6 quan hé ho hang gan Xylella
va Xanthomonas (Kubra va ctv, 2016). Cac thanh vién cua chi Stenotrophomonas
cé vai tro sinh thai quan trong trong chu trinh nito va luu huynh. Céac loai
Stenotrophomonas, dic biét 1a S. maltophilia va S. rhizophila, thuong duoc tim thiy
cuing voi cac loai thuc vat, chang han nhu dwa chudt, cai dau, khoai tay, dau tay, co
linh lang, huéng duong, ngd, gao, lta mi, cac loai co dai khac nhau, lidu va duong.
Stenotrophomonas cé thé dugc phan 1ap tir than ré hoic tir cac md bén trong thyc
vat, dic biét I tir cic md mach cua ré va than. Stenotrophomonas spp. ¢6 thé dinh
cu mot cach hiéu qua céc chat sinh hoc khac nhau nhu thuc vat, con nguoi va moi
truong bién. Stenotrophomonas spp. tao ra hormone ting trudng thyuc vat indole - 3
- acetic acid (IAA), no ciing co thé thiic day sy phat trién caa thuc vat do su ¢b dinh
nito va qua trinh oxy hoa luu huynh nguyén té, do d6 cung cap sulphat cho cay. Cac

chang S. maltophilia c6 tiém ning thay phan cuc ky cao; ching tao ra nhiéu
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enzyme nhu protease, chitinase, glucanase, DNase, RNases, lipase (Ryan va ctv,
2009).
1.6.5. Pic diém sinh hoc ciia cac nhém vi khuan chuyén héa nite' khac

Providencia stuartii 12 mét loai truc khuan Gram &m thuong dugc tim thay
trong dit, nude va nudc thai. P. stuartii 1a lodi phd bién nhét trong sé 5 loai duogc
tim thay trong chi Providencia, véi Providencia rettgeri, Providencia alcalifaciens,
Providencia rustigianii, P heimbachae. Providencia stuartii c6 thé duoc t ¢ 37 ° C
trong thach dinh dudng hoic mdi trudng dinh dudng. P.stuartii 12 n6 di chuyén qua
I6ng roi, khéng tao bao tu, 1én men khéng lactose, catalase duong tinh va oxidase
am tinh. N6 ciing c¢6 thé phat trién trong diéu kién yém khi va trén Simmon’s
Citrate Agar (Edward Charbek va Nirav Patel, 2019).

Alcaligenes faecalis 1a mot 10ai vi khuan Gram am, hinh que thudng duoc
tim thay trong moi truong. Ban dau né duoc dit tén cho phét hién dau tién trong
phan, nhung sau d6 duoc tim thiy phd bién trong dit, nuéc va méi trudng lién quan
dén con ngudi. N6 duong tinh v&i xét nghiém oxidase va xét nghiém catalase,
nhung am tinh v&i xét nghiém nitrat reductase. Vi khuan phan giai uré, tao ra
amoniac lam tang d6 pH ctia méi truong (Huang, 2020).

Nitrosomonas la mot trong 5 giéng vi khuan oxy héa ammonium (AOB)
gom: Nitrosomonas, Nitrosocystis, Nitrosocossus, Nitrosolobus va Nitrosospira.
Tat ca cac vi sinh vat nay déu gidng nhau vé mat sinh ly-sinh hda nhung khac nhau
vé mit dic diém hinh thai hoc va ciu tric hoc (Nguyén Lan Diing va ctv, 2002).
Nitrosomonas thuéc nhdm vi khuan Gram am, déu c6 hinh que nhung cac té bao vi
khuan khéac nhau c6 hinh dang va kich thuéc khac nhau. C6 3 hinh dang co ban
dugc xéac dinh: hinh que rat ngan rong 0,8 u m va dai 1 - 2 u m, hinh que rong 1 -
1,3 umvadai 2 - 2,5 u m, hinh dang tht ba 1a nhitng té bao rong 1,2 p m va dai 2
-2,5 u m (Mecklejohn, 1950; Engel va Alexander, 1958). Vi khuan Nitrosomonas
la nhoém vi khuan ty dudng hod nang va hiéu khi bat budc. Cac loai thuoc giéng
Nitrosococcus chi ¢6 thé duoc tim thay trong méi truong nude man (Bollmann va
ctv, 2002; Grommen va ctv, 2004).

Nitrobacter 1a thuéc nhém vi khuan tu dudng hoé ning vo co va hiéu khi
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bat budc, nhan ngudn ning luong tir qua trinh oxy hoa NO, thanh NOj', phan b
rong, dugc phat hién trong nhiéu méi trudng khac nhau nhu dat, nudc ngot, nude
bién, nudc thai cong nghiép va ndng nghiép (Watson va ctv, 1989). Gibng
Nitrobacter gdm hai loai da duoc phat hién, d6 1a loai N.agilis do Wignogradsky
phan lap tir ¢it nam 1890. Loai N. hamburgensis do Bock va ctv. phat hién nam
1893 (Watson va ctv, 1989). Nitrospira phan bd trong méi trudng nuéc man (
Grommen, 2004) ¢6 hinh que dai va rat manh, chiéu rong 0,3 - 0,4 pu m va dai 2,7 -
6,5 i m. Trong 4 giéng thuoc nhém vi khuan nitrite héa chi c6 Nitrobacter duoc
chitng minh ¢é nhiéu trong dat va bun (Schmidt va Belser 1994; Degrange va
Bardin, 1995).
1.7. Céc yéu t6 anh hwéng dén quéa trinh nhan sinh khai vi khuan
1.7.1. Ngudn Cacbon

Cacbon tham gia trong hau hét cac cau tric cia té bao, tir t& bao chat dén
thanh té bao, tir phan tir enzyme dén acid nucleic. Vi sinh vét ¢6 kha niang sir dung
nhiéu hop chat hiru co dé 1am nguén cacbon cho qua trinh sinh truéng va phat trién.
Ngudn cacbon vi sinh vat str dung dugc rat phong pha, n6 6 thé s dung duoc céc
loai cacbon nhu monosaccaride, cac disaccaride, duong 5C, cac polysaccaride, mat
ri duong, tinh bot, cellulose. Chinh vi thé ngudn C 1a ngudn nguyén liéu chinh dugc
sir dung cho viéc nhan sinh khéi vi sinh vét (Tran Thi Thanh, 2000).
1.7.2. Nguon Nito

Bén canh d6, ngudn Nito 13 yéu té dinh dudng quan trong thtr hai sau carbon,
tao ra cac amino acid can thiét cho qua trinh chuyén hoa protein ciia té bao vi
khuan. Vi sinh vat c6 thé st dung ngudn Nito v6 co hoic hitu co nhu amoni, nitrate,
glutamate, asparagin, alanine, cao nim men, bot bap, bot dau nanh, peptone, cao
thit. (Tran Thi Thanh, 2000).
1.7.3. Ngudn khoang va vitamin

Vi khuan can duoc cung cap cac nguyén té khoang nhu P, S, Ca, K, Fe, Mn...

dé phat trién. Céc nguyén té nay c6 thé dugc cung cap dudi dang mudi dé tao cac
ion khoang chat trong méi trudang hoic ciing ¢ thé cung cap dudi dang truc tiép voi

dung luong can thiét dé ching tham gia vao qué trinh chuyén hda céc chat gidp cho
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qua trinh trao d6i chat cua vi khuan dugc thuan loi (Nguyén Lan Diing va ctv,
2002). Tuy nhién cac nguyén t6 khoang chi giéi han nhiing nong do thich hop, néu
vuot qua gidi han d6 thi s& giam hiéu suat 1én men. Vitamin dugc bd sung trong qué
trinh 1&n men thdng qua cac ngudn nguyén lidu giau vitamin nhu mat ri hay bot bép,
ba dau nanh (Tran Thi Thanh, 2000; Nguyén Lan Diing va ctv, 2002).
1.7.4. Mat d¢ giong

Mait do gidng anh hudng khong nho dén su phat trién cia vi khuan. Néu ty 16
nap giéng qua thap sé kéo dai thoi gian nudi ciy, dé gay tap nhiém, hiéu suat thu
hdi sinh khéi thap. Néu ty 18 nap giéng qua cao, thoi gian nudi ciy duoc rdt ngin
nhung lugng sinh khdi khong cao do vi khuan phat trién qua nhanh 1am ngudn thic
an sém bi can kiét, dong thoi chung con sinh ra mot sé hop chat gay wc ché qua
trinh sinh truéng. Do d6, can chon duoc mat do giéng ban dau phu hop dé qua trinh
nhan sinh khéi vi sinh vat duoc dién ra thuan lgi nhat (Tran Thi Thanh, 2000).
1.7.5. Thoi gian nudi ciy

Thoi gian 1a yéu t6 quan trong anh hudng dén sinh khéi, xac dinh thoi diém
thu sinh khéi ctia cac ving vi khuan nhiéu nhét c6 ¥ nghia thyc té trong viéc tao ché
pham sinh hoc (Nguyén Puc Lugng va ctv, 2006).
1.7.6. Nhiét d¢

Nhiét d6 13 yéu t6 anh hudng sau sic dén cac hoat dong trao d6i chit ciing nhu
c4c qua trinh sdng cua té bao vi khuan. Mdi vi khuan phat trién trong mot khoang
nhiét d6 nhat dinh. Khi nhiét d6 vuot qua mirc chiu dung thi qua trinh sinh truong
va phat trién cta vi khuan bj tc ché, sd luong té bao giam va ty 1¢ chét cua té bao
tang cao (Nguyén Lan Diing va ctv, 2002).
1.7.7. D$ pH

Tung loai vi khuan c6 thé phat trién duoc trong cac mdi truong pH khéc nhau,
tuy nhién van con phu thudc vao dic diém chung va dic diém cia moéi truong phan
lap ra chung d6. Néu diéu kién pH khong thich hop s& gay wc ché su phat trién cua
vi khuan. (Nguyén Lan Diing va ctv, 2002).
1.7.8. Pong hec cia qua trinh vi sinh vat

Nghién ctu dong hoc vi sinh vat 1a nghién cau toc d6 sinh truéng cua té
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bao va tc do tao thanh san pham, ciing nhu cac yéu té anh huong dén méi truong
xung quanh dén céc toc do nay, va yéu té anh huong nay sé dugc khao sat trong
thuc té dé xac dinh thdng sé cho tiing giai doan cua qua trinh (Lwong Btc Pham,
1998).

1.8. So lrgc vé ma tran Plackett - Burman va Box - Behnken

1.8.1. Gidi thiéu phwong phap bé mit dap wng (RSM)

Phuwong phap bé mat dap ¢ng bao gom céac ki thuat toan hoc va thong ké dé
mé hinh hoa va phan tich cac van dé nhu thiét ké, phat trién, t6i vu quy trinh hay
san pham. RSM dugc tng dung trong rat nhiéu linh virc khac nhau nhat 1 trong cac
quy trinh cong nghiép c6 nhiéu yéu té anh huong dén chét lwong san pham dau ra.
Trong RSM, mot ham dap ang phu thudc vao nhiéu bién (cac yéu té dau vao) khac
nhau cd thé duoc biéu dién gan dung dudi mot da thic ¢6 dang: y = f(x) + &, trong
d6 12 ham muc tiéu, X = X1, Xz,...,Xk 1a cac yéu t6 dau vao, p 1a cac hé s6 ung véi cac
bién, va ¢ 1a sai s6 (Myers va ctv, 1989).

RSM ¢4 rat nhiéu cong cu thiét ké t6i uu: cac thiét ké bac mot nhu thiét ké hai
cap do (2% Factorial Design), thiét ké Plackett - Burman; cac thiét ké bac hai nhu
thiét ké ba cap do (3% Factorial Design), thiét ké diém trung tm CCD, thiét ké
BBD. Tly vao muc dich cua ting nghién ctu, dic diém thiét ké va didu kién tién
hanh ma lya chon tirng cdng cu thiét ké pht hop (Nguyén Canh, 2004).

1.8.2. Ma tran Plackett - Burman

Plackett va Burman (1946) di dua thiét ké Plackett - Burman vao thuc nghiém.
Trong thiét ké nay ching cho phép sir dung N thi nghiém dé danh gia N - 1 anh
huong chinh. Thiét ké dua trén ma tran Hadamard, trong d6 sé lugng thi nghiém 1a
boi s6 cua 4, tic 1a N =4, 8, 12, 16... (N 14 s6 cac nghiém thuc). Thiét ké nay thich
hop cho viéc nghién ciu 1én dén k = (N - 1) / (L - 1) nhan t6, trong d6 L 1a sé lwong
cac muc, k 12 s6 nhan t. Thi nghiém Plackett - Burman 1a dang dic biét cua thi
nghiém hai muc riéng. Trong nghién ciru mot qua trinh hay mot dbi twong thuong
¢ nhiéu yéu té anh huong dén qua trinh do. S6 luong cac yéu té anh huong dén
ham muc tiéu khong it. Muc dich thuc nghiém sang loc dugc thiét ké dé giam bét s6

thi nghiém can tién hanh biang cach chi ra cac bién c6 anh huong manh nhat dén
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ham muc tiéu. Can cr vao d6 ching ta ¢ thé chon ra mot sé it bién dé tién hanh thi
nghiém téi wu hoa. Thiét ké nay sur dung hai cip d6 cho mdi yéu t6, muc d6 cao hon
dugc ki hiéu 1a « + > va thap « - ”, mdi muc do dugc sap xép thir nghiém tinh theo
chu ki (Plackett & Burman, 1946; Nguyén Canh, 2004).

1.8.3. Ma tran Box-Behnken (BBD)

Ma tran BBD la mot ma tran ¢d 3 mirc 46 khong day du duoc phét trién boi
Box va Behnken vao nim 1960. Ma tran BBD cho phép: uéc luong cac tham sb cua
md hinh bac hai, xay dung cac thiét ké lién tiép, phét hién thiéu sét caa md hinh di
liéu, va sir dung céac khdi thiét ké truc giao (Ferreira va ctv, 2007).

Ma tran BBD duoc str dung phd bién trong nghién cttu ¢éng nghiép vi cé tinh
kinh té. S6 thi nghiém phai thuc hién trong thiét ké BBD 1a N = 2k (k - 1) + Co, it
hon nhiéu so vai thiét ké day da 3 mirc do ¢c6 N = 3k hay thiét ké CCD c6 N = 2% +
2k + Co (v6i k 12 s6 yéu td dau vao va Co la sb thi nghiém tai tdm) khi c6 nhiéu yéu
t6 dau vao (Ferreira va ctv, 2007). bac biét BBD khéng chira thi nghiém ma cac
yéu to dau vao dong thoi & gia tri cao nhét hodc thap nhat. Vi vay, thiét ké nay tranh
dugc nhiing thi nghiém ¢ cac diéu kién dic biét nay c6 thé dan dén nhirng két qua
khéng mong mudn. Mai yéu té duoc dua vao thi nghiém véi 3 mirc d6 1a cao (+1),
thap (-1) va ¢ gitra (0). Thi nghiém duogc thyuc hién vai tat ca cac yéu té & mic do 0
duoc goi la thi nghiém tai tam (Ferreira va ctv, 2007).

1.9. Céc yéu t6 anh hwéng dén moi trudng nwéc nudi tdm thé chan triang
1.9.1. Ammonia téng cdng (TAN - Total Ammonia Nitrogen)

Ammonia cd thé chiém téi 40 — 90% céc chat bai tiét nito (Vi Thé Try, 1995)
va rat doc dbi véi tém, khi co nong do trong ao/bé khoang 1 mg/L c6 kha ning giy
hién tugng tdm chét, khi ndng do 16n hon 0,1 mg/L s& anh huong dén su ting
truong caa tém. Do d6, can duy tri ndng do NH3 nho hon 0,1 mg/L dé an toan cho
tém nudi (Boyd, 1998). Trong ao/bé nudi thuy san, NHs c6 duogc tir cac qua trinh
phan hay cac hop chét hitu co ¢6 chira N, nho cac vi khuan hiéu khi va yém khi.
NH; (dang ty do) hoa tan trong nudc tao thanh NH4* (dang ion) cho dén khi can
bang. Khi pH ting, su chuyén doi tir NH4* sang NHs ciing ting, gy doc cho tom.

NH; c6 doc tinh cao hon NH4* vi NH3 khdng mang dién tich d& thim qua té bao
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mang ca, tdm, déng thoi c6 kha ning hoa tan chat béo (Pham Vian Ty va Vi
Nguyén Thanh, 2009). Sy hién dién cua NH3trong ao nudi phu thudc vao nhiéu yéu
t6 trong d6 dang ké nhit 1a d6 man, nhiét d6 va pH, ham luong NH4* dao dong tir
0,2-2 mg/L va NH3 < 0,1 mg/L s& dam bao té t cho su phat trién cua tdm thé chan
tring. Ham luong TAN trong cac ao TN thuong duoc duy tri < 2 mg/L phu hop cho
tang truong va phét trién caa tém thé chan trang (Whetstone va ctv, 2002).
1.9.2. Nitrite va Nitrate
Poc tinh cua nitrite tac dong dén hé thong tuan hoan va hé théng mién dich

cua dong vat. Nitrite xam nhap vao mau va kim hadm viéc gan oxy vao sit cua
hemoglobin nén ngan can kha ning van chuyén oxy. Theo Whetstone va ctv (2002)
nong do nitrite trong ao nudi tdm phai nho hon 0,23 mg/L duoc xem 14 an toan va
Boyd (1998) cho rang ddi véi ao nudi thay san nong do nitrite nho hon 0,3 mg/L
Theo Zweig va ctv. (1999), nitrate 1a san pham cudi clng cua qué trinh nitrate hoa
va nong do thudng cao hon ca ammonia va nitrit nhung it doc hon. Nong do nitrate
cao c6 thé anh hudng dén qué trinh tham thau va van chuyén 6xy, nhung nong do
doc hai cao hon nhiéu so v&i ammonia va nitrite (Lawson, 1995). Nong d6 nitrate
cao ciing c6 thé dan dén hién tuong phi dudng va phat trién qua mic cia tao va
thue vat thay sinh, c6 thé co tac dong tiéu cuc dén cac loai thay san nudi (Zweig va
ctv., 1999).
1.10. Tinh hinh nghién citu ng dung ciaa vi sinh vét trong nudi tréng thiy san
1.10.1. Tinh hinh &ng dung vi sinh vét trong nudi tréng thiy san trong nuéc

O Viét Nam, viéc ¢ing dung vi sinh trong nuéi trong thaty san phét trién ngay
cang nhanh voi nhiéu loai ché pham sinh hoc ra doi c6 nguon gdc trong nuéc hay
nuéc ngodi. Lai Thay Hién (2008) d4 phan lap va san xuat dugc 2 ché pham
Nitrobact 1, 2, &ng dung cho co s nudi tom & Thira Thién Hué, 2 ché pham vira co
hiéu qua xir ly & nhidm nudc nudi tém va vira ¢d hiéu qua kinh té. Pham Thi Tuyét
Ngan (2012) da nghién cau quan thé vi khuan chuyén dam trong bun day ao nubi
tdm st (Penaeus monodon), d& phan 1ap va dinh danh 4 chang vi khuan Bacillus
cereus B8, B9, B37 va B38, 1 ching vi khuan Bacillus amyloiquefaciens B41, 1

chang vi khuan Bacillus subtilis B67, 2 chung vi khuan Nitrosomonas nitrosa S8,
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S12 va 2 chung vi khuan Nitrobacter winogradskyi N10, N12. Lé Thanh Huyén va
ctv (2014) da phan lap vi khuan oxy hoa ammonium tai khu vuc nudi thuy san ven
bién huyén Tién Lang va huyén dao Cat Hai, thanh phb Hai Phong, chon loc duoc 1
chang vi khuan c6 hoat tinh oxy ho4 ammonium cao & nhiét do 25 — 30°C, pH tir 6
- 8, oxy hoa tan > 2 mgl/l, téc d6 loai b6 ammonium trong hé théng nudi lién tuc véi
vat liéu dinh bam 1a hat nhya néi dao dong trong khoang tir 18,72 - 25,34 g/m3
Ingay, trung binh 1a 20,95 g/m3 /ngay. Tran Pinh Vi Nguyén va ctv (2014) di dinh
danh va nghién ciu diéu kién nudi cdy thich hop cua 4 chung Bacillus phan lap tur
tém hum bong (Panulirus ornatus). Két qua cho thay ca 4 chung déu c6 hoat tinh
khang khuan va cé 3 chung c6 kha ning sinh protease ngoai bao. Trong d6, Bacillus
pumilus c6 kha nang khang khuan manh nhat vai chung Vibrio owensii DY05 méi
dugc chitng minh gay bénh nguy hiém trén tdm hum bong. Phuong Thi Huong va
Vii Van Hanh (2017) khao sat ty pH 7, 37° C, sir dung 7% gidng, véi ngudn carbon
chinh 1a glucose (1,5%), ngudn nito chinh 1a peptone (1%), bd sung 50 mM ion
Ca?*thi sau 24 gid 18n men chung vi khuan B. subtilis BSVN15 dat dugc mat do
6,33x10'* CFU/ml. Pham Thi Tuyét Ngan va ctv (2020) tuyén chon dugc 2 chung
vi khuan chuyén hoa dam tiém ning trong bun day ao nudi tdm thé chan trang la
chang vi khuan TB7.2 tuong ng véi hiéu suat oxy héa ammonia cao nhat 39,02%
va ham lugng NO> - sinh ra 1a 0,11 mg/L. Chiung TV4.2 c6 kha nang oxy hoa nitrite
dat hiéu suat 27,8% véi ham lugng nitrate sinh ra nhiéu nhat, dat 7,8 mg/L sau 5
ngay nghién ctu, c6 tiém ning tng dung xir Iy nuée nudi trong thay san.

Cao Ngoc Diep va ctv (2009) di ang dung thanh céng loai vi khuan
Pseudomonas stutzeri loai bo N trong nudéc ao cé tra nhiém ammonium cao va vi
khuan Pseudomonas stutzeri con loai bé N trong nudc rac thai hitu co (Cao Ngoc
Diép va Nguyén Thi Hoang Nam, 2012). B sung vi khuan Bacillus subtilis va xa
khuan Streptomyces paravulus giup thiic day nhanh phan hay vat chat hitu co trong
moi trudong nudi tdm thé chan trang (Pham Thi Tuyét Ngan, 2016). Hoang Phuong
Ha va ctv (2017) tao ché pham sinh hoc chira cac chung vi khuan nitrate hoa c6
hiéu qua chuyén hda ammoni trén 95% trong hé loc ¢ diéu kién phong thi nghiém,

va ung dung thanh cong tai ddm, ao nubi tréng thuy san cua cac Tinh Thanh Hoa va
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S6c Trang véi ham lwong TAN ludn thap hon 0,1mg/L khi sir dung ché pham vi
khuan nitrate hoa. Cac ché pham vi sinh sir dung trong nudi tdm bao gom CPVS xir
ly chét hiru co, CPVS xir ly khi doc & day ao, CPVS dbi khang Vibrio gay bénh,
CPVS bd sung vao thic in, dic biét hai chang CPVS xir Iy khi doc va déi khang
Vibrio duogc st dung nhiéu hon bai cac ho nudi tdm ban tham canh va tham canh
(Nguyén Thi Ngoc Tinh va ctv, 2017).
1.10.2. Tinh hinh &ng dung vi sinh vét trong nudi tréng thiy san trén thé giéi
Trén thé gidi, viéc tng dung vi sinh vat vao nubi trong thuy san duoc thuc
hién kha pho bién, da c6 rit nhiéu nghién ctru cia cac nha khoa hoc trén thé gidi
duoc cong bd 1am tién d& cho nghién ctru nay. Tac gia Grommen va ctv (2002), ciy
hdn hop vi khuan nitrate héa (Nitrosomonas va Nitrobacter) trong mot san pham
probiotic ¢d tén thuong mai 1a ABIL (ammonia binding inoculum liquid) vao bé loc
tuan hoan trong hé thong nudc ngot va nude lo, két qua cho thdy voi ham luong
ABIL 3 - 5 mg/L c6 thé loai bdo TAN va NO, dudi muc phét hién trong vong 4 - 14
ngay van hanh trong ca hai hé thong néi trén. Meunpol va ctv (2003) str dung “ché
pham vi sinh” v&i ching vi khuan Bacillus S11 trén vao thirc dn vién cong nghiép
cho 4u tring tom su dn, sau khi cho in thirc dn tron ché pham vi sinh trong mot
thang thi cdy vi khudn V. harveyi rdi suc ozone vao ting bé (0,333 - 0,341 mg
Os/mL) cho thiy ti 1& song ciia tom dugc xac dinh sau 6 ngay dat cao nhat 75% &
nghiém thirc bd sung vi khuan va ty & song chi dat 18% ¢ dbi chimg. Mot thi
nghiém khac ctia Grommen va ctv (2004), cho thdy lodi vi khuin chiém wu thé
trong bé loc tuan hoan ca 2 hé théng nuoc 1o va nude ngot co bo sung ABIL 1a N.
marina. Diéu nay cho thdy vi khuan ndy co thé ton tai ca trong 2 mdi truong va
tham gia vao qua trinh nitrite hoa trong bé lo. Deeseenthum va ctv (2007) nghién
ctru cac chung vi khuan Bacillus KKUO2 va Bacillus KKUO03 d4 phan 1ap tir rudt
tdm cang xanh dugc tron vao thic an, c6 két qua twong déi tot véi su ting trudng
chiéu dai va trong luong 4u trang cia tdm cang xanh & cac bé c6 cho vi khuan vao
cao hon (7,48 cm) va (3,32 g) so v6i bé ddi chitng (6,6 cm) va (2,1 g). Mujeeb va
ctv (2010) da thir nghiém 2 chang vi khuan Bacillus NL110 va Vibrio NE17 dugc

phan l4p tir tring va 4u trung dé nghién ctru trén au tring tdm cang xanh, két qua
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cho thay c6 sy cai thién dang ké vé trong luong va toc do tang trudng cta au tring.
Ty 1é sdng cta 4u tring cao hon so v6i nghiém thtrc khong coé sir dung ché pham,
chat luong nudc dugce cai thién, lam giam ham lugng nitrate va amonia, cai thién hé
théng mién dich cua 4u trung nhu té bao mau va hoat dong cia phenoloxidase.
Nghién cau cua Zhang va ctv (2011) cho thdy chung vi khuan Pseudomonas
stutzeri YZN - 001 khéng nhiing c6 kha nang chuyén héa ammonium ma con
chuyén hoa ca nitrite voi 275,08 mg/l NO; sau 24 gio, da chuyén hoa hoan toan
171,4 mg/l NOs™ sau 18 gio. Mot thi nghiém tai Vinh Cam Ranh vao nam 2014 cta
tac gia Lucy Towers, nhitng con tdm hum P.ornatus dugc lya chon, c6 chiéu dai
mai 98,1 + 3,8 mm va trong lugng 866,7 + 95,6 g, duoc cho an hang ngay vai ca tap
(c4 nho va cua) tron voi ché pham sinh hoc Sanolife Bacillus véi lidu luong 4 g/kg
hodc 8g/kg thirc an trudc khi cho dn. Két qua cho thiy, ché pham Sanolife Bacillus
c¢6 kha nang tc ché cac chung vi khuan gy bénh da dugc phéan 1ap tir mau mau nhu
Vibrio, Rickettsia hay nhoém virus TSV va WSSV. Ngoai ra, viéc cung cap men vi
sinh Sanolife (8 g/kg thirc dn) din dén su khac biét dang ké vé chu ky thay 16ng,
chiéu dai mai va ty 1¢ dé trang. Sarmila Muthukrishnan va ctv (2015), phan 1ap vi
khuan tir mau nudc thai sau khi thu hoach tom cay trén méi truong Nitrate Agar
(SRL, Sisco Research Laboratoau ries Pvt. Ltd, Mumbai, India) c6 bd sung 2%
(w/v) NaCl, sau d6 cho dich huyén phtl vi khuan dugc cho vao trong mdi binh 25L
nuéc thai, tién hanh do TAN va Nitrite sau 24 gio trong 5 ngdy, danh gia dugc hiéu
suit chuyén TAN va nitrite ctia 3 chung vi khuan trong thoi gian 5 ngay cao nhét 1a
73,80% (TAN), 91,61% (nitrite). Lei Yang va ctv (2016) da st dung phuong phap
giai trinh tu gen ving 16S rRNA véi cap moi 27F and 1492R dinh danh 3 ching Vi
khuan khtr nitrate trong mau bun, két qua 3 chung vi khuan di dudng khu nito 1a
Acinetobacter junii, Pseudomonas putida va Pseudomonas aeruginosa. Hastulti,
(2019) da dinh danh vi sinh vat chuyén héa nitrite tir nu6e nudi cua, két qua dinh
danh duoc 3 chung vi khuan Pantoea calida, Pseudomonas stutzerii va Halomonas
sp. voi do twong dong 1a 99%, tmg dung cac chung vi khuan vao trong chuyén hoa

nitrite.


https://thefishsite.com/contributors/lucy-towers
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CHUONG 2
PHUONG PHAP NGHIEN CUU

2.1. So @b nghién cieu

So dd cac bude nghién ciu thé hién nhu trong Hinh 2.1

Nghién cttu phan 1ap vi khuan tir nén day ving nudi tém hum (Panulirus sp.)
va danh gia chuyén hoa nito trong nudi trong thuy san

v

A 4

Phan lap, tuyén chon va dinh danh cac nhém vi
khuan tir nén day vung nudi tdm ham (Panulirus sp.)

v l A 4

Danh gia hiéu qua chuyén hda
nito trong nudi trong thuay san

Nhém vi Nhém Vi Nhém Vi Téi wu hoa thanh phan moi
khuin khuan khuan | traong nhan sinh khc‘)j long céac
Bacillus sp. AOB NOB chung vi khuan
chuyén hoa chuyén hoa chuyén hoa
ammonia & ammonia & nitrite &
neén day nén day nén day Tao ché pham vi sinh
vung nuoi vung nuoi vung nuoi dang bot
tom hum tém hum tobm hum
Y
l Thir nghiém sir dung ché
. . pham vi sinh chuyén hoa nito
Tuyen ghc_)n chun_g Vi _kh_Uan co kha nang . trong bé wong nudi tom thé
chuyén héa ammonia, nitrite, nitrate cao nhat chan tring giai doan post 5

Hinh 2.1. So db tién trinh nghién ctru
2.2. Thoi gian va dia diém nghién ciru
Luan an duoc thyuc hién tir thang 8/2016 dén thang 07/2017 tai Vinh Xuan
Pai, Huyén S6ng Cau, Tinh Phl Yén, tir thang 08/2016 — 08/2020 tai phong thi
nghiém Cong Nghé Vi Sinh, Vién Nghién ciru Céng Nghé Sinh Hoc va Méi Truong
va Trai thuc nghiém Khoa Thuy San, Truong Dai Hoc Néng La&m Tp.HCM.
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2.3. Phwong phap thu miu bun day
2.3.1. Vi tri thu miu

Mau thu tir thang 8/2016 — 7/2017, dinh ky mdi thang 1 lan (12 lan thu mau)
tai 11 long treo va Iong chim, tong sé6 mau thu vé 1a 132 mau bun. Mau bun dugc
thu bang hé thdng éng PVC di duoc tiét tring bang dung dich con 70%. Tai mdi
khu vuc nudi tdm, mau bun dugc thu tai nén day tai 3 vi tri (M1, M2, M3) nhu Hinh
2.2 (M1 cach M2: 1 — 2 mét, M2 cach M3: 1-2 mét) (TCVN 6663-13:2000).

"""""""""""""""" - R A
Dong chay C
7-8m
S
Do dich chuyén cua thir h
+—> < >
M1 M3

(M1, M2, M3: Céc diém ldy mdu bun)
Hinh 2.2. M6 ta su thai ph&n va thae an thira (Price va Morris, 2013)

Mau nuée, bun dugc giit lanh bang nudc da va chuyén vé phong thi nghiém
trong vong 12 - 24 gio, sau do duoc bao quan ¢ 4°C, xu ly trong vong 2 gio. Cac
thong tin nhu dia chi 1ong, thi tu 16ng, ngdy thang, thai gian thu mau duoc ghi day
du trén nhan va dan trén chai thu mau (TCVN 6663-3:2016, TCVN 6663-15:2004).
2.3.2. Phwong phap phan tich hoa ly ciia miu ban:

Chi tiéu phan tich trén do dinh ky: 1 thang/1 lan, trong 12 thang.

e Do mian: do bang khuc xa ké c6 thang do 100. Po pH bang may do pH

e Ammonia: St dung phuong phép tric quang 4500 NHs — F (APHA, 2012)

e Nitrite: Sir dung phuong phép trac quang 4500 NO- - B (APHA, 2012).

e Nitrate: Sir dung phuong phap tric quang 4500 NOs — D (APHA, 2012) dé
phan tich nitrate.

e Nito tong sb: sur dung phuong phap Kjeldahl theo TCVN 6638:2000.
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2.4. Ndi dung 1: Phan lap va dinh danh vi khuan chuyén héa Nito tir nén day
vung nudi tébm ham.

2.4.1. Phan lap va dinh danh vi khuan Bacillus sp. chuyén h6a ammonia
2.4.1.1. Phan lap vi khuan Bacillus sp.

Méi trwong phan 1dp vi khudn Bacillus sp.

Phan Iap trén mdi truong Tripticase soya agar (TSA) (phu luc 1.2) ¢6 bo sung
NaCl & cac nong do 1,5%, 2%, 2,5%, 3% va 3,5%. Vi khuan Bacillus ¢ kha ning
chiu dung dugc diéu kién nhiét do cao va c6 kha nang sinh bao tir khi gap diéu kién
bt loi, vi vay, phan 1ap Bacillus dugc tién hanh bang phuong phap xt ly & nhiét do
cao trén 80°C dé giét chét nhitng chung vi khuan tap khac khong c6 kha ning tao
bao tur, gitt lai nhitng chung vi khuan c6 kha ning tao bao tir (Nguyén Lan Diing va
ctv,2002, Nguyén buc Luong va ctv, 2006).

Tuyén chen cac ching vi khudn Bacillus sp. ¢6 khd ndng xi Iy ammonia.

Sau khi phan lap duoc cac chung vi khuan Bacillus sp., cac chang vi khuan
nudi cy trén mdi truong ammonium-calcium-carbonate agar (phu luc 1.2) trong 48
gio, duoc dem di kiém tra kha nang xu ly ammonia bing thubc thir bang bo test kit
NH4/NH3 Sera, dua vao thang mau caa bo kit Sera NHa/NH4 dé tuyén chon cac
chang vi khuan Bacillus sp. c6 kha ning chuyén mau mai truong sang mau vang
hay mau xanh nhat.
2.4.1.2. Phwong phap dinh danh sinh héa vi khuan Bacillus sp.

Tién hanh nhuém Gram, nhuém bao t, Xac dinh cac chi tiéu sinh ly, sinh
hoa theo khda phan loai bergey (phu lucl.2) nhu tinh di dong, san sinh catalase, su
khtr nitrate, thuy phan gelatin, thay phan tinh bot, phan (g Voges - proskauer
(VP), c4c phan tng 1én men dudng khao sat & cac nong d6 mudi khac nhau, phat
trién tai cac nhiét d6 khac nhau, methyl red thuc hién theo Sharmin va Rahman
(2007).
2.4.1.3. Phwong phap dinh danh sinh hoc phan tir vi khuan Bacillus sp.

Ly trich ADN: MAu vi khuan duoc ting sinh trong mdi truong LB dat mat do
108 CFU/mL duoc tién hanh tach chiét ADN bang bo kit AccuPrep Genomic ADN

extraction (theo hudng dan cia nha san xuat Bioneer, Han Quéc) (Boon va ctv,
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2002; Schuurman va ctv, 2004).

Kiém tra chdt lirong ADN sau khi trich (Schuurman va ctv, 2004).

Khuéch dgi viing gen muc tiéu bang phan @#ng PCR: Déi véi céc ching vi
khuan thuoc chi Bacillus sp. dugc thuc hién phan tng PCR va dinh danh véi cap
mdi ITS chung cho ving 16S-RNA 27F (5' AGATTTGATCCTGGCTCAG 3" va
1492R (5' GGTTACCTTGTTACGACTT 3') (Schuurman va ctv, 2004).

Kiém tra san phdm PCR: San pham PCR dugc kiém tra bang cach dién di
trén gel agarose 1,5% trong TBE buffer 0,5 X ¢ dién thé 100 V trong 35 phdt. Sau
d6 nhuém bang Gel Red, két qua duoc xem dudi dén UV va mau PCR dat yéu cau
s& duoc giai trinh tw, xir ly trinh ty bang fastPCR va so sanh trinh tu tai
NCBI/BLAST (Schuurman va ctv, 2004).

Gidi trinh te doan gen d@a khuéch dgi: Guii san pham PCR cho cong ty Nam
Khoa (dia chi 793/58 Tran Xuan Soan, phudng Tan Hung, quan 7, thanh phb Hb
Chi Minh). Thyc hién giai trinh tu theo phuwong phép Sanger, 1977. Tién hanh so
sanh trinh tu thu duoc véi ngan hang gen dé xac dinh tén loai vi khuan khao sét.

Xay dung cay phd hé: Thu thap céc trinh tu tham chiéu c6 trén GenBank cling
vGi Assession Number 1am co sé dé xay dung cdy pha hé. St dung cong cu
Alignment cua phan mén MEGA X déng hang céc trinh ty bang phwong phap
ClustalW, két qua Alignment dugc sir dung 1am co s nham xay dung cay pha hé.
Tién hanh xay dyng cay pha hé bang phan mém MEGA X theo phuong phap
Neighbor Joining vai hé sé bootrap 1a 1000 (Kurma va ctv, 2018)

2.4.2. Phan lap va dinh danh vi khuan chuyén h6a ammonia (AOB)
2.4.2.1. Mdi trwong phan lap vi khuan chuyén héa ammonia (phu luc 1.3.1)

M6i truong phan lap vi khuan: méi trudong ammonium-calcium-carbonate
duoc sir dung dé phan 1ap vi khuan dya theo phuong phap caa Ehrlich (1975).

M6i trudng nudi ting sinh vi khuian duoc chuan bi theo cong thic mai
truong cua Lewis va Pramer (1958) va MacDonad va Spokes (1980).

Thudc thir Griess — llosway (Nguyén Ptrc Luong va ctv, 2006)
2.4.2.2. Cac bwéc phan 1ap nhom vi khuan chuyén héa ammonia

Kiém tra sg hién dign nhém vi khudn chuyén héa ammonia: Mau bin duoc
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khuay déu roi chuyén 10g bun hdn hop vao chai chira 90mL nudc cat tiét tring, lac
déu sau d6 chuyén dung dich huyén phi vi khuan vao méi truong long ammonium
— calcium — carbonate c6 b6 sung NaCl cac nong do 1,5%, 2%, 2,5%, 3% va 3,5%,
pha lodng thanh nhiéu ndng d6. Céc dng falcol chira dung dich huyén pht vi khuan
nay va cac ong ddi ching &m (khdng cho dung dich vi khuan vao) dugc u trong tdi
& 28 °C trén may lac khoang 21 ngay. Ci sau 3 ngay kiém tra su hién dién nhom vi
khuan chuyén héa ammonia trong mau bun bang thubc thir Griess — llosway dé
cach kiém tra sy chuyén hda NH4* thanh NO2” (Pham Thi Tuyét Ngan va Nguyén
Hitu Hiép, 2010).

X&c dinh dwong tinh déi véi nhom vi khudn chuyén héa ammonia: Dung
dich thudc thir A, B, C dugc tron 1an theo ti I¢ 1:1:1 cho vao 5mL dich huyén phu vi
khuan, lic déu rdi dé yén 5 phit xem két qua. Cac ng duong tinh ¢ mau hdng
dam hay nhat, cac dng dbi chang &m khéng cho phan @ng mau (Pham Thi Tuyét
Ngan va Nguyén Hitu Hiép, 2010).

Phwong phép xdc dinh mdt dé vi khuan AOB theo MPN: Sé lan dwong tinh
hay am tinh cia mau bun dugc ghi nhan va tra bang thong k& Mac Crady dé suy ra
gia tri uéc doan sé lugng vi sinh vat trong mau. Pon vi tinh mat d cua vi khuan l1a
MPN/g (Ehrlich, 1975).

Nuéi ting sinh va phan Igp vi khudn: Bé thu duoc mat do vi khuan cao va
loai bo khuan tap, 20 mL mai trudng nudi tang sinh ¢6 chira NaCl duoc cho vao cac
dng falcon. Sau d6 cho 1 mL dung dich huyén phi vi khuan d xac dinh duoc c6 sy
hién dién caa nhém AOB duogc chuyén vao céc 6ng falcon chira mdi truong ting
sinh. Cac éng duoc u trong bong téi ¢ 28 °C trén may lac trong 21 ngay. Sau 7
ngay, thém vao cac ng mai truong trén dung dich 0,53 mg (NH4)2SO4 va 0,005 mL
NaOH 1M da tiét trang, kiém tra su c6 mat cia NO2™ & cac 6ng méi trudng phan 1ap
vi khuan bang thudc thir Griess — llosway. Sau 3 ngay, kiém tra kha nang nhiém vi
khuan di dudng trong cac 6ng d6 bang méi trudng phan 1ap vi khuan TSA (b sung
NaCl). Néu khéng c6 vi khuan di dudng phéat trién trén moi trudng TSA, chung to
d4 thu duoc gidng vi khuan chuyén hda ammonia thuan. Tién hanh hat 100 pl dich

huyén phi vi khuin cho vao dia chira mdi truong thach ammonium —calcium —
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carbonate 1 trong thoi gian 2 - 4 ngay dé phan lap vi khuan AOB (Lewis va Pramer,
1958; MacDonad va Spokes, 1980, Pham Thi Tuyét Ngan va Nguyén Hiu Hiép,
2010).

Luwu trii giong vi khudan: Sau khi nhém vi khuan AOB dugc lam thuan, giéng vi
khuan s& duoc giit & dng thach nghiéng trén madi truong LB agar, hay luu giir ¢ -
80°C véi 15% glycerol (Montras va ctv, 2008), dong thoi bao quan trong moi
truong long c6 chuaa 0,53 mg (NH4)2S04 va 0,005 mL NaOH 1M (Aleem va
Alexander, 1960; Pham Thi Tuyét Ngan, 2012).

2.4.2.3. Phwong phap dinh danh sinh héa vi khuan AOB

Phwong phdap nhuém Gram va phdn wng sinh hoa: theo Sharmin va
Rahman, 2007.

Dinh tinh khd néing chuyén héa ammonia cia cac ching vi khudn AOB:
Cho 1 mL dung dich huyén pht vi khuan da duoc phan 1ap vao chita méi truong
ammonium — calcium — carbonate, tién hanh u va lic trong & 28 °C véi 10 ngay.
Sau 10 ngay kiém tra kha niang chuyén hoéa NH4* thanh NO,™ cia nhdm vi khuan
AOB bang thudc thir 12 bo test kit NH4/NH3 Sera.

Phuwong phdp sie dung kit APl 20E va APl 20NE: Céc ching vi khuan sau
khi duoc xac dinh kha nang chuyén héa ammonia thi thuc hién cac phan tng sinh
hoa theo hudng dan caa hing Biomerieux, Phap (The global health network, 2013).
Theo huéng dan cua nha san xuét, cac kit APl 20E st dung cho nhoém vi khuan
gram am c6 phan tng oxidase am tinh, kit API 20NE sir dung cho nhém vi khuan
gram am c0 phan ng oxidase duong tinh.
2.4.2.4. Phwong phap dinh danh sinh hoc phan tir vi khuan AOB

Trich ADN va kiém tra chdt lweng ADN sau khi trich: thuc hién tung budc
nhu phwong phéap cua vi khuan Bacillus sp. & muc 2.4.1.3

Khuéch dai viing gen muc tiéu bang phdn @#ng PCR: Déi vai cac chung vi
khuan AOB thuc hién phan ang PCR va dinh danh véi cap mdi chung ving 16S —
rRNA 27F (5> AGATTTGATCCTGGCTCAG 3’) va 515 R (5’-TACCGCGGC
TGC TGG CAC-3”) (Schuurman va ctv, 2004).

Kiém tra sén pham PCR: thuc hién ting bude nhu muc 2.4.1.3.
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Gidi trinh tw dogn gen da khuéch dai: thyc hién tuong tuy muc 2.4.1.3.
Xay dung cay di truyén: thuc hién twong tu muc 2.4.1.3.

2.4.3. Phwong phap phan lap vi khuan chuyén héa nitrite (NOB)

2.4.3.1. Mdi trwong phan 1ap vi khuan chuyén hoa nitrite

M®i trudng nitrite — calcium — carbonate cho phan Iap vi khuan chuyén hoa
nitrite dua trén phuong phap cua Ehrlich, 1975.

MBoi trudng nudi tang sinh cho vi khuan chuyén héa nitrite duoc chuan bi theo
moi truong caa Aleem va Alexande (1960).
2.4.3.2. Cac bwéc phan 1ap vi khuan chuyén hoéa nitrite (NOB)

Kiém tra sw hién dign nhom vi khudn chuyén héa nitrite: thuc hién cac budc
nhu muc 2.4.2.2 trén mdi truong nitrite — calcium — carbonate ¢ bd sung NaCl &
cac nong do khac nhau. Céc dng falcol chira dung dich huyén phi vi khuan nay va
cac dng d6i chung am (khéng cho dung dich vi khuan vao) dugc u trong téi ¢ 28 °C
trén may lic khoang 21 ngay. Sau khi 1, kiém tra su hién dién cua NOz bang thubc
thir Griess — llosway (Pham Thi Tuyét Ngan, 2012).

Xdc dinh dwong tinh déi véi nhom vi khudn chuyén héa nitrite: Thuc hién
cac budc nhu muc 2.4.2.2, phan ang giita dung dich huyén pha vi khuan véi thuée
thir Griess — llosway c¢6 mau tring chang té c6 su hién dién cua nhém vi khuan
chuyén hoa nitrite (NOB) trong méi truong, con cac dng ddi chitng am mau hong
dam (Pham Thi Tuyét Ngan, 2012).

Phwong phdp xdc dinh mdt dg vi khuan NOB: twong ty cua muc 2.4.2.2

Nubi ting sinh va phan ldp vi khudn: thuc hién twong ty muc 2.4.2.2 trén
moi treong nitrate - calcium — carbonate, dung dich 20 phM NO- va 0,02 mL KOH
20% d4 tiét trung duoc thém vao cac 6ng moi truong nudi trén theo chu ky 4
ngay/lan (Aleem va Alexander, 1960).

Luwu triv giong vi khudn tuong tu muc 2.4.2.2 va dong thoi bao quan trong
moi truong long ¢ cac dung dich chira 20 UM NO2 " va 0,02 mL KOH 20% (Aleem
va Alexander, 1960; Pham Thi Tuyét Ngén, 2012).
2.4.3.3. Phwong phap dinh danh sinh héa vi khuan NOB

Phuwong phap nhugm Gram va phdn #ng sinh hoéa: thuc hién tuong tu
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2.4.2.3

Dinh tinh khd nédng chuyén hda nitrite ciia cac ching vi khugn NOB: Cac
chang vi khuan duoc nuéi ciy ting sinh trong mdi truong nitrite - calcium -
cacbonat, thuc hién tuong ty muc 2.4.2.3. Dich khuan sau khi ting sinh dugc danh
gia kha nang xu ly nitrite bang bo kist test NO, cua Sera.
2.4.3.4. Phwong phap dinh danh sinh hoc phan tir vi khuan NOB

Trich ADN va kiém tra chdt lweng ADN sau khi trich: thuc hién nhu muc
24.2.4

Khuéch dai viing gen muc tiéu bang phdn #ng PCR: sir dung cip moi twong
tu theo muc 2.4.2.4

Kiém tra sén pham PCR: thuc hién tuong tu nhu muc 2.4.2.4.

Gidi trinh tw dogn gen da khuéch dai: thuc hién tuong tu muc 2.4.2.4.

Xay dung cay di truyén: thuc hién tuong tu muc 2.4.2.4.

2.4.4. Khao sat qué trinh chuyén héa ammonium, nitrite, nitrate caa cac chiing
vi khuén di tuyén chen

Céc chung vi khuan sau khi tuyén chon dugc ting sinh trong méi trudong LB
dén khi dat mat d¢6 107 CFU/mL, sau d6 bd sung vao mdi truong dinh luong
ammonia c6 chita NH4* 10mg/l, mdi truong dinh lugng nitrite c6 chira NO2 0,53
mg/l, méi treong Nitrate Broth vai ham lugng NOz 13,34 mg/l, ¢ nhiét do phong.
Mau duoc thu tai thoi diém 12 gio dén 48 gio (nhdm vi khuan Bacillus sp.), thu mau
theo 1 ngay, 2 ngay, 3 ngay, 4 ngay, 5 ngay, 6 ngay, 7 ngay (nhom AOB), tir 12 gio
dén 72 gio (khao séat chuyén hda NOg') (Phatthongkleang, 2019; Sang, 2020).

Ham lwong NH4* trong cac mau duoc xac dinh bang phuong phap Phenat.
Ham lwong NO2 trong cac mau duoc xac dinh bang phuong phap Napthylamine.
Ham luong NOs™ duoc xac dinh bang phuong phép Salicylate (APHA, 2012) ( phu
lucl.5). Két qua dinh lwong ham luong dugc dua vé hiéu suat xu ly, tir d6 tuyén
chon céc chiang vi khuan c6 kha ning chuyén hda ammonia, nitrite, nitrate cao dé
tao ché pham sinh hoc. Cac két qua dinh lugng s& dugc dua vé hiéu suét xir ly theo
cdng thac sau:

H=2" x100%

a
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Trong d6: H 1a hiéu suat xir Iy (%); a 1a ham luong chat ban dau (mg/1); b 1a ham
luong chat sau thoi gian thir i (mg/l).
2.4.5. Khao sat kha ning chiu min caa cac chiing vi khuan

Khao sat kha ning chiu min cta c4c ching vi khuan cé dic tinh chuyén hoa
ammonia, nitrite, nitrate duoc khao sat bang cach: nudi cac chung vi khuan c6 mat
d6 1,2 x 108 CFU/mL (ODeoonm =1) trong moéi trudng LB cho tirng nhém vi khuan,
cd bd sung cac nong dd mudi NaCl khac nhau 2%, 3%, 4%, 5%, 6%, 7% (
Phatthongkleang, 2019) & nhiét do phong trong thoi gian 48 gio. Sau khi nudi cay,
tién hanh thu dich vi khuan, do OD bang may do quang phd ¢ budc song 600 nm.
Dbi chimg 1a méi trudng bd sung mudi khdng ¢6 vi khuan.

2.5. Ni dung 2: Tao ché pham vi sinh dang léng va dang bét

2.5.1. Khao sat cac yéu té anh hwéng nudi cdy va téi wu héa thanh phan moi
truong 18n men tao ché pham dang léng caa cac ching vi khuan

2.5.1.1. Khao sat cac yéu té6 anh hwéng dén sw ting sinh khéi ba ching vi
Khuan.

Khdo sat @énh huwéng ciia mdi trwong ting sinh dén phat trién vi khudn

Cay khuan lac vi khuan tir 6ng gidng vao 6ng nghiém chira nudc cat dd hap
khir tring da dwoc hap tiét trang (121°C/15 phat), lac déu trong thoi gian 10-20
phat, dem do OD & budc song 600 nm dé dya vao duong twong quan tuyén tinh,
suy ra mat do té bao vi khuan (log.CFU/mL). Sau d6, cho 1% luong vi khuan c6
mat d6 10’ CFU/mL nay vao 3 loai mdi trudng tang sinh: TSB, NB, LB (thanh phan
méi trudng ¢ phan phu luc). Sau 24 gio nudi cdy & nhiét d6 37°C, dém mat do
khuan lac va tinh mat d6 vi khuan dé chon loc méi truong tang sinh tdi wu cho ting
chang vi khuan.

Chi tiéu theo ddi mdi thi nghiém khao st cac yéu t6 anh hudng 1a mat do vi
khuan (CFU/mL) bang phuong phap dém khuén lac gian tiép trén thach dia va dung
ham Log co s6 10 trong phan mém Microsoft Excel theo cong thirc Iga = b véi a 1a
mat d6 vi sinh vat (CFU/mL), b 1a hé s6 quy d6i sang 10.lg nham xur 1y théng ké
theo phuong phéap phan tich ANOVA 1 yéu té qua phan mém MSTATC (Statistical
Aspects of Microbiological Criteria Related to Foods, 2016).
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Khdo sat @énh hweng ciia mdt dé giong dén sw ting sinh khéi vi khudn

Sau khi chon loc duoc mdi truong ting sinh, tiép tuc cin cir vao duong tuong
quan tuyén tinh mat dé vi sinh vat va ODgoonm dé chuén bi cac mat do vi khuan 10°,
107, 108 10° CFU/mL, sau d6 cho ty & gibng 1% c6 cac mat do vi khuan khéac nhau
vao méi trudng ting sinh da khao sat, lic trong thai gian 24 gio, nhiét d6 37°C, dém
khuan lac & mdi nghiém thac dé lya chon mat do vi khuan dau ra cao nhat.

Khdo sat @énh huéng ciia thoi gian dén sw tang sinh khéi vi khudn

Thuc hién thi nghiém véi méi truong, mat do giong da khao sat & thi nghiém
trén, thay doi khoang thoi gian ting sinh 1a 24 gio, 36 gio, 48 gio, 60 gio, 72 gio.
DPém khuan lac sau m&i mdc thoi gian dé lya chon thoi gian ting sinh téi wu nhét.
2.5.1.2. Khao sat cac yéu to6 anh hwéng dén qué trinh tao ché pham dang léng
Khdo sat @énh hwéng cia ty 1é nap gidng dén qua trinh nhan sinh khéi vi khudn
trén méi trromg san xudt léng.

Vi khuan sau khi tang sinh theo c4c diéu kién nhu méi truong, mat do gidng,
thoi gian da khdo sat & myc 2.5.1.1 va diéu chinh mat do dat 108cFu/mL s& duoc
ciy vao binh tam giac chira 500 mL mai truong san xuat (phan phu luc), véi ty 18
nap giéng lan luot 12 1,0%, 2,5%, 3,5%, va 5,0%, lic 150 vong/phit ¢ 30°C trong
thoi gian 24 gio. Tinh mat do vi khuan, tir d6 tim duoc ty 1¢ giéng tbt nhat.

Khdo sat @énh hweng cia thei gian nudi cdy dén qua trinh nhan sinh khéi cia vi
khudn trén mdi frwong sdn xudt léng.

Thuc hién thi nghiém véi ty 18 nap giéng da duoc xac dinh, khao sat cac méc
thoi gian sau: 12 gio, 24 gio, 36 gio va 48 gid, danh gia anh hudng cua thoi gian
nudi cdy dén qua trinh nhan sinh khéi cta vi khuan trén moi trudng san xuat, chon
duoc thoi gian nudi cy cho thi nghiém tiép theo.

Khdo sat anh hwéng cia nhiét dg dén qua trinh nhan sinh khéi cia vi khudn
trén moi trwong san xudt long.

Thuc hién thi nghiém véi ty 1é nap giong, thoi gian da duoc xac dinh, lic moi
treong san xuét vi khuan véi 150 vong/phlt & cac nhiét do 30° C, 33°C, 35°C, 37°C.
X&c dinh mat d6 vi khuan & mdi mic nhiét d6 dé chon duoc nhiét d6 nuoi ciy tot

nhét cho thi nghiém tiép theo.
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Khdo sét @énh hwéng ciia pH dén qué trinh nhan sinh khéi cia vi khudn trén moi
treomg sdn xudt léng.

Véi ty 18 nap gidng, thoi gian, nhiét 46 da xac dinh & thi nghiém trén, lic moi
treong san xuat vi khuan vai 150 vong/phut & pH 6; 6,5; 7; 7,5. Tir d6 xac dinh mat
dd vi khuan & mdi mirc pH nham chon duoc pH nudi céy tdt nhat cho thi nghi¢m.
Khdo sat, sang lec nguén nito va cacbon anh hwéng dén qua trinh nhan sinh
khéi vi khudn trén mdi srwong sdn xudt léng.

M®i truong san xuit TSB long dya moéi trudng ting sinh TSB ¢6 thay ddi mot
s6 thanh phan khoang va ham luong nito, cabon. Véi ngudn cacbon ban dau trong
moi truong san xuat TSB 1a glucose c6 ham luong 10g/L, thay doi cic ngudn
cacbon la maltodextrin va mat ri duong, sucrose véi 10g/L.

Sau khi lya chon dwoc ngudn cacbon tét nhat tiép tuc lwa chon ngudn nito.
Trong moi truong san xuat TSB, ban dau ngudn nito 14 pepton 10 g/L, thay doi cac
ngudn nito 1 cao nAm men, (NH4)2504 va NaNO3 véi 10 g/L.

Vi khuan sau khi tang sinh va didu chinh mat d¢ dat 108 CFU/ML s& duoc cdy
Vvao ting mai trudng dé lwa chon ngudn cacbon va nito véi véi ty 16 nap gidng, nhiét
d6, pH va thoi gian nudi cdy t6i uvu duoc xac dinh tir cac thi nghiém trude. Dém mat
d6 vi khuan sau d6 chon ra ngudn cacbon va nito anh huéng chinh dén qué trinh
nhan sinh khéi ctia vi khuén.
2.5.1.3. T6i wu hoéa c4c thanh phan mai trwdng nhan sinh khéi caa 3 ching vi
khuén bang phwong phap dap &ng bé mit (RMS).
sang loc cac yéu té co y nghia bang thiét ké Plackett — Burman cia vi khudn
Bacillus licheniformis B85 va Pseudomonas stutzeri KL15

Khi tién hanh khao sat don yéu t6, thi hai chung vi khuan Bacillus
licheniformis B85 va Pseudomonas stutzeri KL15 ¢6 cing st dung ngudn cacbon va
nito t6t nhat 1a mat ri duong va cao nam men. Sur dung thiét ké Plackett-Burman dé
sang loc cac thdng sd chinh trong mét sb lwong 16n cac yéu td cua qua trinh toi wu
va cho phép danh gi4 cac yéu t6, mdi yéu té da duoc kiém tra & hai cap do: muc
thap (-1) va mic cao (+1). Cac yéu t6 duoc chon cho nghién ciru nay 1a mat ri

duong, cao nim men, K2HPO4, MgSO4, NaCl va CaClz duoc liét ké trong Bang 2.1.
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Céc mubi vo co KoHPO4, MgSO4, NaCl va CaCl, duge sir dung trong thi nghiém
dua trén co so tir nghién ciru cia céac tac gia Peng va ctv (2014), Tran Qubc Tuin va
ctv (2014), Poan Thi Tuyét L& va ctv (2020) da ching minh 12 ngudn dinh dudng
anh huong dén quaé trinh phat trién sinh khéi vi sinh vat.

Bang 2.1. Cac bién trong ma tran Plackett — Burman cua 2 chung vi khuan
B.licheniformis B85 va P.stutzeri KL15.

Mire
Yéu to Ky hiéu -
Thap (-1) Cao (+1)

Mat ri duong (g/L) X1 2 6
Cao nam men(g/L) X2 9 25
K2HPOa4 (g/L) X3 1,25 5,00
MgSO4 (g/L) X4 0,25 1,50
CaCl (g/L) Xs 0,05 0,40

NaCl (g/L) Xe 1 5

Thiét ké ma tran Plackett-Burman trinh bay trong Bang 2.2, Bang 2.3. C4c yéu
td duoc sang loc cho do tin cdy cao (p<0,05) s€ dugc dua vao mod hinh tdi wu hoa st
dung phuong phép dap Gng bé mit theo phuong 4n ciu tric RSM — BBD (Plackett
& Burman, 1946; Nguyén Canh, 2004).

Bang 2.2. Ma tran thiét ké Plackett — Burman cuaa vi khuan B.licheniformis B85

thire X1 X2 X3 X4 Xs Xe
1 1 -1 1 1 -1 1
2 1 1 -1 1 1 1
3 -1 1 1 -1 1 1
4 -1 -1 -1 -1 -1 -1
5 -1 -1 1 -1 1 1
6 -1 -1 -1 1 -1 1
7 -1 1 -1 1 1 -1
8 1 1 1 -1 -1 -1
9 -1 -1 1 1 1 -1
10 1 1 -1 -1 -1 1
11 1 -1 -1 -1 1 -1

12 1 -1 1 1 -1 1
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Bang 2.3. Ma tran thiét ké Plackett — Burman caa vi khuan P. stutzeri KL15

Nghiém Cac bién
thire X1 X2 X3 Xa Xs Xe
1 1 1 -1 -1 -1 1
2 -1 1 -1 1 1 -1
3 1 -1 1 1 -1 1
4 1 1 -1 1 1 1
5 -1 1 1 -1 1 1
6 1 1 1 -1 -1 -1
7 -1 -1 1 -1 1 1
8 -1 1 1 1 -1 -1
9 -1 -1 -1 -1 -1 -1
10 -1 -1 -1 1 -1 1
11 1 -1 -1 -1 1 -1
12 1 -1 1 1 1 -1

Vi khuén sau khi ting sinh mat do dat 108 CFU/mL s& duoc cdy vao timg moi
truong c6 thanh phan duoc bd tri theo ma trdn Plackett - Burman véi ty 18 nap
gidng, nhiét do, pH, thoi gian da dugc xac dinh. Nhap mat d6 vi khuan vao ma tran
va xur Iy bang phan mém Design Exprert 11, chon ra 3 yéu t6 anh hudng chinh dén
quéa trinh nhén sinh khéi vi khuan.
sang lec cac yéu té co y nghia bang thiét ké Plackett — Burman cia vi khudn
Rhodococcus rhodochrous To,.

Bang 2.4. Cac bién trong ma tran Plackett - Burman cua vi khuan R.rhodochrous To.

o Mikrc
Yéu to Ky hi¢u -
Thap (-1) Cao (+1)

Glucose (g/L) X1 4 8
Pepton (g/L) X2 6 10
K2HPOa4 (g/L) Xs 1,25 5,00
MgSOs (g/L) Xa 0,25 1,50
CaCl2 (g/L) Xs 0,05 0,40

NaCl (g/L) Xe 1 5

Céc yéu td duoc chon cho nghién ctu nay la glucose, pepton, K2HPO4, MgSOsa,
NaCl va CaClz dugc liét ké trong Bang 2.4, thiét ké Plackett-Burman cho phép
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danh gia cac yéu to, mdi yéu to d& duoc kiém tra ¢ hai cap do: mac thap (-1) va
muc cao (+1).

Bang 2.5. Ma tran thiét ké Plackett — Burman cua vi khuan R.rhodochrous Tg

thire X1 X2 X Xa Xs Xs
1 1 1 1 1 1 1
2 1 1 1 1 -1 1
3 1 1 1 -1 -1 1
4 1 1 1 -1 1 1
5 1 1 1 1 1 1
6 1 1 1 1 1 1
7 1 1 1 1 -1 -1
8 1 1 1 1 -1 1
9 1 1 1 1 1 1
10 -1 1 -1 1 1 -1
11 -1 1 1 -1 1 1
12 1 1 1 -1 1 1

Téi wu héa cdc thanh phan méi trwong 18n men vi khudn Bacillus licheniformis
B85 va Pseudomonas stutzeri KL15 bang thiét ké Box — Behnken.

Str dung phuong phap thiét ké Box - Behnken dé tao md hinh kiém tra cac bién
can thiét cho qua trinh nhan sinh khbi vi khuan. Trong thi nghiém c6 ba mic do
khao sat 1a thap (-1), co s (0) va cao (+1). Ba yéu t6 anh hudng chinh dén qua trinh
nhan sinh khéi vi khuan dugc chon loc tir thiét ké ma tran Plackett-Burman s& dugc
sir dung trong ma tran Box - Behken (Bang 2.6 va 3.7), duoc ky hiéu lan luot 1a A
(Mat ri duong), B (Cao ndm men), C (MgSOs), C- (NaCl) (Box va Behnken, 1960).
Bang 2.6. Cac yéu tb si dung trong Box — Behnken cua Bacillus licheniformis B85

., Ky Khoang Mikc
Yeu to Don vi ] ]
hi¢u bién thién Thap (-1) Cosé (0) Cao (1)
Mat ri duong A g/L 2-6 2 4 6
Cao nam men B g/L 9-25 9 17 25

NaCl C g/L 1-5 1 3 5
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Bang 2.7. Ma tran thi nghiém Box — Behnken cua Bacillus licheniformis B85

Nghiém thirc A B C
1 1 1 0
2 0 1 -1
3 1 0 1
4 0 -1 1
5 1 -1 0
6 -1 0 -1
7 0 0 0
8 0 -1 -1
9 0 0 0
10 0 1 1
11 -1 -1 0
12 0 0 0
13 -1 0 -1
14 1 0 -1
15 -1 1 0
Bang 2.8. Cac yéu t6 su dung trong Box —Behnken cua Pseudomonas stutzeri KL15
o Ky Khoang Mikc
Yeéu to Pon vi
hiéu bién thién Thap (-1) Co'sé(0) Cao (1)
Mat ri duong A g/L 2-6 2 4 6
Caonammen B g/L 9-25 9 17 25
MgSOs4 C g/L 055-15 0,5 1,0 1,5

Sau khi xac dinh mat d6 vi khuan theo ma tran thi nghiém Box — Behnken cua
2 chang vi khuan, nhap mat do vi khuan vao ma tran trong phan mém Design
Expert 11, doc két qua & muc Analysis gdm ANOVA, Diagostics, Model Graphs va
muc Optimization dé x4c dinh phuong trinh hoi quy.
Bang 2.9 Ma tran thi nghiém Box — Behnken cua Pseudomonas stutzeri KL15

Nghiém thirc A B C
1 1 0 -1
2 0 0 0
3 1 1 0
4 0 -1 1
5 -1 0 -1
6 -1 0 1
7 0 -1 -1
8 0 0 0
9 0 1 -1



41

10 0 0 0
11 0 1 1
12 1 0 1
13 -1 1 0
14 1 -1 0
15 -1 -1 0

Ham dép tng dugc chon la mat do vi khuan Bacillus licheniformis B85 (Y,
CFU/mL), Pseudomonas stutzeri KL15 (Y2, CFU/mL). Tu d6 xac dinh mat do vi
khuan dat cao nhat & cac thong sb tbi uu.

Phuong trinh hdi quy cta méi truong 1én men Bacillus licheniformis B85 ¢ dang:
Y1=bo + biA + b2B + bsC’ + b12AB + b13AC’ + b2sBC’ + b11A? + b22B? + bas C2
Phuong trinh hoi quy ctia mdi trudng 1én men Pseudomonas stutzeri KL15 ¢ dang:
Y2 = bo + biA + b2B + bsC: + b12AB + b13AC + b2sBC + buA? + b22B? + bas C?
Trong d6: bo 1a hé sb hdi quy tai tAm; b, bz, bz 1a hé sb tuyén tinh

b1z, b13, b2z 13 hé s6 tuong tac; bii, b2z, bss la hé sb binh phuong

A, BvaC, C lacac bién doc lap.
Toi wu héa cac thanh phan méi srwong 1én men vi khudn Rhodococcus
rhodochrous Ty bang thiét ké Box — Behnken

Str dung phuong phap thiét ké Box - Behnken dé tao md hinh kiém tra cac bién
can thiét cho qua trinh nhan sinh khéi vi khuan. Trong thi nghiém c6 ba muc do
khao sat 1a thap (-1), co s (0) va cao (+1). Ba yéu t6 chinh anh huong dén qua trinh
nhan sinh khéi vi khuan dugc chon loc & ma tran Plackett-Burman s& duoc str dung
trong ma tran Box — Behken (Bang 2.10 va 3.11), duoc ky hiéu 1a A" (Glucose), B’
(Cao nam men), C: (NaCl) (Box va Behnken, 1960).

Bang 2.10. Céc yéu t6 sir dung trong Box — Behnken cua R.rhodochrous To.

L Ky Khoéng Mire
Yéu to Pon vi ] ]
hiéu bien thién Thap (-1) Co'sé(0) Cao (1)
Glucose A’ g/L 4-8 4 6 8
Pepton B’ g/L 6-10 6 8 10

NaCl c g/L 1-5 1 3 5
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Nhap mat do vi khuan vao ma tran Box — Behken ¢ Bang 2.11 duoc tao tir
phan mém Design Expert 11, doc két qua & muc Analysis gdm ANOVA,
Diagostics, Model Graphs va myc Optimization dé xac dinh phuong trinh hoi quy.

Bang 2.11. Ma tran thi nghiém Box — Behnken ctia Rhodococcus rhodochrous Ty

Nghiém thirc A B’ C’
1 0 0 0
2 1 0 1
3 1 1 0
4 0 -1 1
5 0 -1 -1
6 -1 -1 0
7 -1 1 0
8 0 1 -1
9 -1 0 -1
10 0 0 0
11 0 0 0
12 0 1 1
13 1 0 -1
14 -1 0 1
15 1 -1 0

Ham dap Gng duoc chon 1a mat do vi khuian Rhodococcus rhodochrous T
(Y3, CFU/mL). Tir d6 xé&c dinh mat do vi khuan dat cao nhat ¢ cac thong sd t6i uu.
Phuong trinh hdi quy ¢6 dang: Y3 = bo + b1A’ + b2B’ + bsC’ + b12A’B’ + b13A’C’
+ b2sB’C’ + buiA’? + b22B' + bas C2
Trong d6:  bo 12 hé s6 hoi quy tai tm; biz, bis, bzs 14 hé s6 twong tac
b1z, b13, b23 13 hé sb twong tac; bit, b2z, bss la hé s6 binh phuong
A’, B’, C: la cac bién doc lap.
2.5.2. Ché tao ché pham vi sinh dang bt
2.5.2.1. Khao sét cac yéu té anh hwéng dén diéu kién san xuit caa cac ching vi
khuan trén mdi truwong ban ran
Khdo sdt méi truwong anh hwéng dén sinh khoi cdc chiing Vi khudn
Céc ching vi khuan sau khi dugc t6i wu hda trén méi truong TSB san xuét s&
dugc nhan Ién theo dé xuét ciia md hinh. Sau d6 tién hanh chuyén dich vi khuan

16ng vao mdi trudng béan ran c6 chira cam gao, cam bép, cam lda mi, ba dau nanh va
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cac chat khoang (phu luc 2.4) d4 tiét trung voi ty & nap giong 5% (c6 mat do 108
CFU/mL) vao cac mdi truong véi dd am 50%, nhiét do phong. Sau 48 gio nubi cdy,
dém mat do vi khuan, lya chon méi truong tét nhat cho tirng chung vi khuan.
Khdo sat ty 1¢ nap giong dnh hwéng dén mdt d¢ cac chiing vi khudn

Sau khi di chon duoc thanh phan méi trudng ban ran phd hop cho tirng chung
vi khuan, khao sét ty 1 nap gidng vi khuan 1a 2,5%, 5%, 7,5% va 10% (mat do Vi
khuan 108 CFU/mL), & ¢ nhiét d6 30°C trong 48 gid dé chon ra ty 1 nap giéng tét
nhit.
Khdo sdt dp am anh huwong dén mdt dj cac chiing vi khudn

Sau khi chon dugc mdi trudng ban rin, ty 1& nap giébng phl hop cho timg
chung vi khuan, tién hanh khao sat do am nudi ciy cac chung vi khuan 1a 45%,
50%, 55%, 60%, ¢ & nhiét do 30°C sau 48 gid, dém mat sé vi khuan dé chon do am
t6t nhat.
Khao sat thoi gian dnh hwéng dén mat dé cac chiing vi khudn

Sau khi chon dwgc méi truong ban ran va ty 1é nap giong, do am phi hop thi
thuc hién thi nghiém dé khao sét thoi gian nudi cdy véi moc thoi gian 36, 48, 60,
72, 84, 96 gio, & nhiét do 30°C. Bém mat do vi khuan dé chon thoi gian tdi uu.
2.5.2.2. Bao quan ché pham vi sinh dang bét

Ché pham vi sinh dugc khao sat & 2 mac nhiét do: nhiét do phong (28 - 32°
C), nhiét @ ta mat (4 - 8°C) trong thoi gian bao quan la 30, 60, 90, 120, 180, 270,
360 ngay, sau mdi muc thoi gian tién hanh dém mat do vi khuan.
2.6. Noi dung 3: Panh gia chuyén hoa nite ciia cac ching vi khuan trong nudi
trong thiy san.
2.6.1. Panh gia sw chuyén hoa N cia cac ching vi khuan trong nwéc ao nudi
tdm thé chan triang é qui méd phong thi nghiém

Mau nuéc (@6 man lac thu nude 1a 21°%) caa ao nudi tdm thé chan trang duoc
1,5 thang (khong c6 tdm thi nghiém) duoc van chuyén vé PTN vao budi chiéu tdi va
duogc thuc hién ngay vao budi sang hém sau. Bo sung céc ty 1& ché pham vi sinh vat
c6 tong mat do vi khuan 108 CFU/gam (Supono va ctv, 2019; Jefri va ctv, 2020) vao

cac can 20L(chtra 20L nudc), theo ddi cac chi tiéu pH, ammonia, nitrite, nitrate,
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tong vi khuan hiéu khi, vi khuan chuyén héa ammonia, vi khuan chuyén héa nitrite
theo tirng ngay, trong thoi gian 5 - 6 ngdy nham danh gia hiéu qua chuyén hoa Nito
cua cac ché pham vi sinh va khao sat duoc ty 1& bd sung vi khuan vao nuéc ao nudi
tém thé chan tring. Thi nghiém c6 suc khi & tat ca cac binh, mdi binh chaa 20 lit
nuéc ao nudi tdm thé chan tring c6 du lwgng ammonia, nitrite véi cac nghiém thirc

nhu sau:

Nudc ao nudi tdm thé chan tring

Theo  doi
cac chi tiéu
L TAN, NOy
, pH, NOs,
Vi sinh vat
qua tung
noav

B sung ché pham vi sinh bao gom 3 vi khuan Tdt ca céc can duwoc sut
theo ty 1€ 0,1%, 0,2%, 0,3%, 0,4% va 0,5% khi 24/24, nhiét do
phong nrong doi 30°C

Hinh 2.3. So d6 bé tri thi nahiém

PC: khong b sung dich khuan.

NT1: bo sung 20 gam ché pham vi sinh d& phdi tron & mat o 108 (CFU/qg).

NT2: bd sung 40 gam ché pham vi sinh da phéi tron & mat do 108 (CFU/g).

NT3: b6 sung 60 gam ché pham vi sinh da phéi tron & mat do 108 (CFU/g).

NT4: bb sung 80 gam ché pham vi sinh da phéi tron & mat do 108 (CFU/g).

NT5: bd sung 100 gam ché pham vi sinh da phdi tron & mat do 108 (CFU/qg).
2.6.2. Panh gia sw chuyén hdéa N ciia cac ching vi khuan trong nudi tom thé
chan triang giai doan wong giéng & qui moé bé xi-ming 1m®
Chudan bj tdm thi nghiém

Tém dugc mua tir cong ty TNHH san xuat gidng Thuy San Chau My, Khanh
Hoi, x& Tri Hai, Ninh Hai, Tinh Ninh Thuan va da duoc kiém tra cac bénh do vi rat
dém trang (WSSV), dau vang (YHV), bénh gan tuy (HPV), hdi chitng Taura (TSV)
bang phuong phap RT- PCR. Nudc nudi duoc tién hanh kiém tra ¢6 man trong cac

bé dudng nham dam bao d6 man thich hop véi 6 man thuan tém gidng trude khi
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Xuat & trai san xuat giéng. Do kiém va pH ciing dugc kiém tra & khoang tdi wu cho
su phat trién caa tdm. Cap nudc bién vao khoang ¥ bé, xt Iy véi Chlorine nong do
diét khuan 30 ppm suc khi lién tyc tir 2 — 3 ngay. Sau khi tdm gidng nhap vé dugc
thuan trong 3 bé c6 thé tich 2m?/ bé véi thoi gian 3 ngay, st dung thac an caa cong
ty Chau My voi luong an 5g/bé/ingay, mot ngdy cho an 5 lan. Tém giéng dugc nhap
tir céng ty Chau My & giai doan post larva 5 dugc thuan trong 5 ngay. Khi da thuan
xong cho vao hé théng thi nghiém véi mat do tha 2000 con/m?/bé, cho an thirc dn
cua cdng ty Uni-President c6 ham luong protein thd téi thiéu 1a 40%, lugng an
trung binh 1a 10g/bé/ngay, mét ngay cho an 5 1an. Trude khi bd tri thi nghiém kiém
tra cac yéu té nhiét do, dé man, DO, pH, NHs, NO,, phai dam bao ring tdm khéng
bi sb¢ khi dua vao méi trudong nudc méi. Ngoai ra, kiém tra mau nudc ¢6 bi nhiém
Vibrio hay khong, dé tranh sai léch két qua thu mau sau nay. Tién hanh tha tdm vao
lGc troi mat, han ché téi da nhitng tac dong co hoc anh huong dén tdm. Theo doi
t6m sau khi bé tri c6 bi chét hay khong, néu chét sau ngay dau tién thi tién hanh b
sung thém.
Bé tri thi nghiém

Hé thng thi nghiém duoc thiét ké gom 12 bé ximang kich thugc 1 x 1 x 1 m
xép thanh hai day. Hé théng Aero Tube duoc lap song song véi hé thong khi nham
dam bao DO ludn 6n dinh trong sudt qua trinh bé tri thi nghiém. Vi hé théng Aero
Tube nudéc trong bé nudi ludn duoc khuiy dao gitp han ché kha niang dong day, tich
tu chat ban & cac goc chét. Thi nghiém thuc hién trong 30 ngay va khdng tién hanh
thay nugc trong sudt qua trinh nuéi, chi bé sung thém nudc do qua trinh bay hoi.
Cac théng sé chat luong mdi trudng nhu pH, nhiét do, d6 min, dé Kiém duoc xac
dinh trudc khi tha tom dé dam bao tdm khong bi sé¢ khi dua vao méi trudng nudc
méi. Cac nghiém thirc dam bao suc khi lién tuc dé duy tri ham lugng oxy hoa tan >
4 ppm, pH tir 7,5 — 8,5. Tur thi nghiém 3.6.1, chon ra duoc ba ty 1€ vi sinh thich hop
véi mat do 108 CFU/gam. Ché pham vi sinh dugc bd sung 6 ngay/ 1 lan/ 30 ngay
(ché pham vi sinh dugc bd sung tir ngay bat dau tha tom).
Thi nghiém duoc b tri theo kiéu hoan toan ngiu nhién vai tat ca 4 nghiém thic va

3 1an 13p lai, bao gom:
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Nghiém thtrc d6i chizng (NTPC): khong bo sung ché pham vi sinh

Nghiém thirc 1 (NT1): bo sung ché pham vi sinh véi ty 1¢ 0,3%
Nghiém thirc 2 (NT2): bé sung ché pham vi sinh véi ty 16 0,4%
Nghiém thirc 3 (NT3): bo sung ché pham vi sinh véi ty 1& 0,5%

2.6.3. Chi tiéu d4anh gia
Bang 2.12. Cac phuong phap danh gia chi tieu chat luong mdi truong nudc va Vi

sinh vat str dung trong thi nghiém.

Chi tiéu Phwong phap/dung cu S6 1an do
pH Phuong phap dién thé (may Hanna Hi) 1 ngay/ lan
Nhiét d6 Phuong phap dién thé (méay Hanna Hi) 1 ngay/ 1an
Phuong phap dién cuc oxy hoa tan (may 1 ngay/ 2
DO Hanna) lan
D6 min Khuc xa ké ATAGO 1 lan/ngay
B test kiém Sera va do bang phuong phap
Do kiem dinh phan thé tich 2 ngay/lan
Nitrate Phuong phép khtr Salicylate 2 ngay/lan
Nitrite Phuong phap Nathylamine 2 ngay/lan
Ammonia Phuong phap Phenate 2 ngay/lan
Téng VKHK Moi truong PCA 3 ngéy/lﬁn
Tong Vibrio M6i Truong TCBS 3 ngay/lan
Vi khuan AOB M6i Truong Winogradsky 1 3 ngay/ lan
Vi khuan NOB Moi Trudng Winogradsky 1 3 ngay/ lan

Cac chi tiéu vi sinh dwoc thuc hién theo phuong phap dém sé khuan lac
gian tiép va duoc tinh bang don vi hinh thanh khuan lac (CFU/mL) (TCVN 4884-

2:2015).

2.7. Xir ly théng ké

Str dung phan mém Excel dé tinh cac gié trj trung binh va do léch chuan. Téi

wu hoa bang phan mém Design Expert 11. Cac sb liéu mat do vi khuan dugc chuyén

vé dang log.CFU/g hay log.CFU/mL trudc khi phan tich théng ké. So sanh thong ké

gitta cac nghiém thic bang phuong phap phan tich ANOVA trong phan mém

MSTATC.
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CHUONG 3
KET QUA VA THAO LUAN

3.1. Ngi dung 1: Phan Iap va dinh danh vi khuan chuyén héa Nito' tir nén day

vung nubi tbm hum.

3.1.1. C4c chi tiéu méi truong trong mau bun dwec thu & Vung Vinh Xuan Pai
Céc chi tiéu vé pH, NO,, NO3, NHs, d6 man, N tong dugc kiém tra dinh ky

thu mau tai khu vyc nuéi tom htm, Vinh Xuan Dai, Tinh Phi Yén. Thoi gian theo

ddi cac chi tiéu moi truong trong 12 thang, tir thang 8/2016 — 7/2017

Bang 3.1 Céc chi tiéu méi trudng, mat do vi sinh ciia mau bun trong 12 thang.

Céc chi tiéu Ham hrgng Mat d¢ vi Khoang bién  Khoang bién thién
trung binh khuén trung thién cuaa cac cua mat do vi
cua cac chi binh chi tiéu moi khuan

tiéu moi trueong
trueong
pH 7,3+0,08 6,8-7,8
DP6 man 332 32-35
NH." (mg/kg) 0,425 + 0,02 0,327 - 0,489
NO," (mg/kg) 0,07 £ 0,05 0,042 - 0,092
NOs (mg/kg) 1,58+0,2 1,36-1,92
Nito tong (mg/kg) 615 + 19 529 - 693 1,1 x10*- 8,5 x 10°

Tong VKHK (CFU/g)
Vi khuan AOB (MPN/g)
Vi khuan NOB (MPN/qg)

9,3 x10*+ 0,21
8,1 x 10+ 0,16
3,5x10% 0,13

1,1 x10°- 7,5 x 10*
1x10%-1,4x10°
1,1 x10*-8,5 x 10°

Theo két qua ctia Bang 3.1 va phu luc 1.1, cho thidy ham luong trung binh,
khoang bién thién cac chi tiéu mdi trudong trong 12 thang thu mau, phd hop véi su
phat trién cua cac nhom vi sinh AOB, NOB. Ham lugng nito tong cao tir thang 6-
thang 12 va két qua mat do cta tong vi sinh vat hiéu khi ciing phat trién cao tur
thang 7- thang 12, do d6 cho thay rang, khi ham luong nito cao thi s& 1a ngudn dinh
dudng cho cac nhom vi khuan ¢ kha ning chuyén héa nito phat trién va chuyén
nito thanh cac chat don gian ma vi sinh vat c6 thé str dung duoc (Lwong Pirc Pham,
1998), trong d6 c6 NHs hay NHq4*. Vi thé, két qua cho thay ham luong ammonia cao
tir thang 7 — 12 va phd hop cho nhém vi khuan AOB phat trién cao trong thoi gian
d6. Sau khi vi sinh vét chuyén héa chét hiru co thanh ammonia, thi nhém vi khuan

khac trong chu trinh N lai tiép tuc chuyén hda ammonia thanh nitrite, vi vay ham
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lwong nitrite cao tir thAng 6 — thang 9 va mat s6 vi khuan NOB cao trong thang 8 va
thang 9. Nghién ctru ciia Strous va ctv (1999), pH phl hop cho su phét trién cua vi
khuan tham gia vao qua trinh nitrite hda la 6,7-8,3, ham lugng ammonia 1g/L va
nitrite 0,1g/L s& wc ché hoan toan su phat trién vi khuan tham gia vao qua trinh
nitrate hoa. Dapena-Mora va ctv,(2007) két luan rang hoat dong caa hé vi khuan
tham gia qué trinh nitrate héa giam 50% & nong d6 ammonia 770mg/l va nitrite 350
mg/L. Mot nghién ciru cua tac gia Xie (2017) da chi ra rang nhém vi khuan nitrate
hoa c6 thé song & ndng do NaCl tir 209/l dén 75g/1.

T6m lai, ham luong cac chi tiéu méi truong déu nam trong gisi han cho phép
cac vi sinh vat AOB, NOB phéat trién va tham gia vao quéa trinh chuyén hda
ammonia, nitrite trong bun vung nuéi tdm hum. Ngoai ra, sy hién dién cia nhom vi
khuén hiéu khi, vi khuan AOB, NOB ciing 1am tién dé cho viéc phan lap dinh danh
nhém vi khuan chuyén héa ammonia, nitrite trong ban.

3.1.2. Nhém vi khuén Bacillus sp. chuyén hda ammonia
3.1.2.1. Két qua phan lap vi khuan Bacillus chuyén héa ammonia

Mau bun tong 12 132 miu duoc thu thap tai khu vic nudi tdm him caa nguoi
dan ¢ Vinh Xuan Pai, tinh Ph Yén dugc tién hanh phan Iap, sau 18-24 gio nudi
cdy d4 phan lap duoc 93 kiéu khuan lac nghi ngd 1a vi khuan thudc chi Bacillus, ¢6
khuan lac dic trung nhu dang tron, bé mat khuan lac khd, nhin hoic hoi nhin, ria
rang cua khong déu, thm sam mau, mau tring xam dén vang nhat va catalase dwong
tinh (Collins and Lyne’s, 1986). Céc chang vi khuan nay duoc ky hiéu tir B1 — B93
va duoc luu trir trong thach nghiéng & 4°C dé st dung cho cac nghién ctu tiép theo.
Khuan lac sau 18-24h, tién hanh nhuém Gram va bao tir cua 93 chang vi khuan,
chon duoc 36 chung vi khuan thudc gram duong, té bao hinh que ngin, nhé, ding
riéng I8, c6 khi xép thanh chudi ngan, sinh bao tir (phu luc 1.2.2).
3.1.2.2 Chon loc kha niing xir Iy ammonia ciia cac vi khuan phan lap dwgc.

Tién hanh nubi cay 36 chang vi khuan trong mdi truong dinh luong
ammonia. Dich vi khuan sau nudi ciy dugc dem di kiém tra kha ning xu ly
ammonia bang thudc thtr bang bo kit Sera, két qua cho thay dich khuan céc chiang

vi khuan chuyén sang mau vang va mau xanh nhat so véi dbi ching van c6 mau
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xanh duong (theo thang mau caa bo kit Sera). Trong 36 ching vi khuan nghi ngo 1a
Bacillus sp., xac dinh dugc 13 chung vi khuan (B2, B5, B7, B9, B11, B12, B18,
B31, B58, B68, B74, B85, B91) c6 kha nang xir ly ammonia, tién hanh dinh danh
sinh hoa cua 13 chung vi khuan (phuy luc 1.2.2)

3.1.2.3. Két qua dinh danh sinh hda caa cac chiing vi khuan Bacillus sp.

Bang 3.2 (phu luc 1.2.2) cho thay cac chung vi khuan c6 két qua cac phan tng
sinh héa dic trung khéa phi hop vai khéa phan loai Bergey, sbng trong méi truong
chira NaCl 6,5%, c6 kha nang thuy phan tinh bot, protein va gelatin bai chidng bai
tiét ra cac enzyme ngoai bao dé thuy phan cac dai phan ta nhu protein, tinh bot
thanh céc amino acid va cac monosaccharide sau d6 van chuyén vao té bao cho qué
trinh trao d6i chat ( Nguyén Lan Diing va ctv, 2002).

Bang 3.2. Két qua cac phan ng sinh hoa cua 13 chang vi khuan Bacillus sp.

Phan wng Céc chang vi khuan Bacillus sp.

sinh hoa Bll Bl2 B18 B3l B58 B68 B74 B85 B9l

o8]
N
o
(3]
oy]
\'
o
©

+
+
+
+

Hoat tinh catalase + + + + + + + + +
Sinh indol

MR

VP

Str dung citrate
Khir nitrate

Tan chay gelatin
Di déng

Phan giai tinh bot
Phan giai casein
NaCl 5% 6,5%,
7%

Sucrose

Mannitol + + + + + + + + + + + + +

+ 4+ + + + + 4+ + o+
+ 4+ + + + + 4+ o+ o+
+ 4+ + + + + 4+ o+ o+
+ 4+ + + + + 4+ o+ o+
+ + + + + + 4+ o+ o+
+ 4+ + + + + 4+ + o+
+ 4+ + + + + 4+ + o+
+ 4+ + + + + 4+ + o+
+ 4+ + + + + 4+ o+ o+
+ 4+ + + + + 4+ o+

+ 4+ + + + + 4+ + o+
+ 4+ + + + + 4+ + o+
+ + + + + + 4+ o+

+
+
+
+
+
+
+
+
+
+
+
+
+

Glucose + o+ o+ o+ o+ + + + + + + + +

Dua vao khoa phan loai Bergey (phu luc 1.2.2), c6 thé nghi ngd 13 chang vi
khuan nay thuoc chi Bacillus, tuy nhién két qua sinh hda van chua xac dinh duoc
chinh xéc chi va loai vi khuan, do dé can thyc hién thém phuong phap giai trinh gen
viing 16S-rRNA dé dinh danh vi khuan.
3.1.2.4. Két qua dinh danh sinh hoc phan tir cac chiing vi khuan Bacillus sp.

Tiép tuc dinh danh 13 chung vi khuan Bacillus sp. (B2, B5, B7, B9, B11, B12,
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B18, B31, B58, B68, B74, B85, B91) dén loai bang phuong phap giai trinh tu ving
16S -rRNA.
Bang 3.3 Két qua dinh danh ving 16S — rRNA cua 13 chang Bacillus sp.

Chiing vi . Do twong Trinh tw Accession
STT “khuan Ten khoa hec ddng  thamchiéu  number
1 B2 Bacillus amyloliquefaciens 99% KJ767387.1 0L693024
2 BS Bacillus subtilis 100% MN256105.1 OL693021
3 B7 Bacillus subtilis 99% MT588731.1  OL693029
4 B9 Bacillus subtilis 99% GU227615.1  OL693030
5 B1l1l Bacillus subtilis 100% OK040143.1 OL693031
6 B12 Bacillus subtilis 99% MN252546.1  OL693032
7 B18 Bacillus subtilis 99% MF521959.1  OL693033
8 B31 Bacillus velezensis 99% CP053764.1  OL693025
9 B58 Bacillus velezensis 99% KC172050.1  OL693022
10 B68 Bacillus methylotrophicus 99% KC790301.1 OL693023
11 B74 Bacillus subtilis 99% MW251748.1  OL693026
12 B85 Bacillus licheniformis 99% HQ154527.1  OL693027
13 B91 Bacillus methylotrophicus 99% KR855691.1 0L693028
k| B68
ﬁE Bacillus methylotrophicus: KC790301.1
* B58
- # B12
B11
51 Bacillus velezensis: NR 075005.2
B91
. Bacillus amyloliquefaciens subsp. plantarum: KJ767387.1
a pos —— Bacillus amyloliquefaciens: JX489605.1
po Bacillus amyloliquefaciens: KJT67387.1
WE Bacillus methylotrophicus: KR855691.1
a7 Bacillus velezensis: CP053764.1:9461-9965
- — B2
55 L—— B31

99 Bacillus subtilis: MT310685.1
9 E Bacillus subtilis: MVV251748.1
Bacillus subtilis: KT873850.1
B74

95 B85
4 I: Bacillus licheniformis: HQ154527 .1

- — 818

- BS
%5 B7
3 B9

r— Bacillus licheniformis: MT279447.1
a0 —— Bacillus licheniformis: NR 074923.1
Pseudomonas aeruginosa: NG 0515371

1

Hinh 3.1. Cay pha hé cua cac ching vi khuan Bacillus sp.
Bang 3.3 cho thay céc doan trinh tu viing 16S cuaa cac chung Bacillus sp. khi

dem ddi chiéu véi ngan hang dir liéu gen déu c6 muc twong ddng véi cac trinh tu
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tham chiéu tir 99%- 100%. Hinh 3.1 cho thay cay pha hé duoc xay dung dua trén
c4c vung trinh tu 16S — rRNA cua 13 ching vi khuan phan lap déu duoc xéac dinh
thugc chi Bacillus sp. va khong phét sinh loai méi, ching to 13 chung vi khuan
phan lap dugc déu thudc chi Bacillus sp. O nhém phan nhanh dau tién, chang vi
khuan B2, B11, B12, B31, B58, B68, B91 cd lién quan dén céac chang vi khuan
Bacillus methylotrophicus, Bacillus velezensis, Bacillus amyloliquefaciens. Nhém
phan nhénh tht hai, chung vi khuan B5, B7, B9, B18, B74 lién quan dén chung vi
khuan Bacillus subtilis. Tuy nhién, trén ca hai phan nhanh, hé s bootstrap cua trinh
tu nhém vi khuan phan 1ap so véi trinh tu céc loai vi khuan thudc chi Bacillus tham
chiéu trén GenBank khé thip, chua du dé phan biét rd rang giira cac loai Bacillus,
nén chi két luan céc chung vi khuan thudc chi Bacillus sp. O mot nhanh phan nhém
nhé hon trong nhéanh hai, cho thay hé sé bootstrap cua chung vi khuan B85 véi trinh
ty tham chiéu 1a Bacillus licheniformis 12 95%. Do dd, chi c¢d thé xac dinh chung
B85 1a vi khuan Bacillus licheniformis, cac chang vi khuan con lai (B2, B5, B7, B9,
B11, B12, B18, B31, B58, B68, B74, B91) la vi khuan Bacillus sp. C4c trinh tu gen
cua 13 chang vi khuan Bacillus sp. dugc dua vao Genbank nhu 12 nguén dit liéu cho
nghién ctu so sanh.

3.1.2.5. Két qua danh gia kha niang chuyén héa ammonia cia cac ching vi
khuén Bacillus sp. da phan lap

Tién hanh nudi 13 chang vi khuan Bacillus sp. da duoc dinh danh (B2,
B5, B7, B9, B11, B12, B18, B31, B58, B68, B74, B85, B91) trong mdi truong
dinh lwong c6 chira (NH4)2S04. Cac chung vi khuan déu c6 kha ning chuyén hoa
ammonia trong d6 c6 7 chung chuyén hda ammonia véi hiéu suat tir 81- 92%
(B2, B7, B9, B11, B12, B18, B91) thé hién & phu luc 1.2.4 - bang 1.1 va 6 chung
vi khuan chuyén hda trén 97% (B5, B31, B58, B68, B74 va B85) ¢ hinh 3.2 (phu
luc 1.2.4 - bang 1.2).

Sau 6 gio cay vi khuan vao mai truong dinh lugng ammonia B58 va B74
thich tng v&i méi truong nhanh hon so vai 4 chung vi khuan con lai, vi khuan
B5 c6 kha nang thich nghi cham nhat véi hiéu suat chuyén hoéa ammonia la
11,8% so vé6i B58 va B74. Bén thoi diém 12 gio B5, B68 da bit dau phat trién
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manh mé& trong modi truong méi, sinh khéi ting nhanh nén kha ning xu Iy
ammonia cao nhat so véi cac chung con lai dac biét B5 c6 kha ning xir ly
ammonia gap 13,5 lan so véi thoi diém 6 gio, bén canh d6 B31 chuyén hoa
ammonia cham nhét.

120.00

100.00 bacch c 2 chedabe CbCH chb

80.00 mBs
[ TEN
60.00
WESS
40.00 by b B68
a =_b
B mBss
2000 ch¥pp? i mB74
.

6 gicr 12 gior 24 gior 36gio 48 gior
Thai gian (gio)

Hiéu suat chuyén héa ammonia (%)

Hinh 3.2. Hiéu suét chuyén hoa ammonia ctia 6 chung vi khuan Bacillus sp.

Pén 24 gio, hiéu suat chuyén hda ammonia cua tat ca cac chung déu ting vuot
bat so vé&i thoi diém truée do, diéu nay co thé giai thich vi tai thoi diém 24 gio vi
khuan phét trién manh nhat, qué trinh phan chia té bao manh mg va dat dwgc mat do
vi khuan cao nhit nén hiéu qua xir ly ammonia dat mic cao (>85%), ndi bat l1a
chang vi khuan B31 véi ham lwong ammonia bi xtr ly cao nhat gap 9,8 lan so véi 12
gio. Sau 24 gio (36 — 48 gio) do moi truong ngay cang can kiét dinh dudng (vi moi
truong khdng duoc cung cap lién tuc) va sy bién doi pH dan dén su suy giam mat
d6 té bao cling nhu kha nang xu Iy ammonia cua cac vi khuan cham lai (dat khoang
3,7 — 5,5 % so véi thoi diém 24 giod), ham lugng ammonia chuyén hda khong dang
ké tir 0,3 - 0,5 mg/L. Dén thoi diém 48 gid cho thiy tit ca 6 chung vi khuan
Bacillus déu c6 kha ning xu ly ammonia, véi 3 chung vi khuan B5, B31, B68 c6
ham Iwong ammonia bi chuyén hda cao nhat (> 99 %), tiép theo l1a B74, B85 ¢ hiéu
suat chuyén hda ammonia >98%, thap nhat 1a B58 véi hiéu suat dat 97,9 %. Theo
két qua nghién ciu cua Yang va ctv (2011) di phan lap duoc vi khuan Bacillus
subtilis A1 c6 kha nang xu ly ammonia dat 58,4% trong 60 gio trén mdi truong co
mudi acetate 1am ngudn carbon chinh (ti ¢ C:N la 6:1). Pham Thi Tuyét Ngan
(2012) da phéan lap trong ao tém sd, chung vi khuan Bacillus cereus, Bacillus

amyloliquefaciens, Bacillus subtilis trong bun nudi tdm st ¢ kha ning chuyén hoa
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dam. Ngoai ra, nghién ctu cua Xie va ctv (2013) da khao st kha nang phan giai
ammonia cua chang Bacillus amyloliquefaciens HN, nghién ctu duoc tién hanh &
ham lugng N-NH, 4mg/L trong thoi gian khao sat 72 gio va két luan chang Bacillus
amyloliquefaciens HN c6 kha ning phan giai ammonia, hiéu suat dat duoc tai thoi
diém 48 gio trén 79,8%. Phatthongkleang (2019) phan lap 5 chang vi khuén
Bacillus trong ban, nudc thai nudi tdm va nudc thai sinh hoat ¢ kha nang chuyén
hoa ammonia tir 84,21% - 94,86%. Sang (2020), khao sat kha nang phan giai
ammonia caa vi khuan Bacillus sp. SC16 trong 48 gio 1a 36,6% vai ham luong N-
NH, ban dau 1a 165,49 mg/L. Tac gia Xue Li va ctv (2021) da khao sat hdn hop vi
khuan Bacillus megaterium va Bacillus subtilis xt Iy ammonia trong hé théng nudi
ca chép trong thoi gian 15 ngay, cho thay hiéu suat chuyén hda ammonia 1a 46,3%.
Vi vay, két qua nghién cau caa phi hop véi céc két qua nghién ciu trong va ngoai
nudc va cac chung vi khuan Bacillus sp. trong nghién cau nay c6 hiéu suat xu ly
ammonia cao hon va thoi gian nhanh hon cac nghién ciru da tham khao, do @6 cac
chang vi khuan Bacillus sp. ndy mang lai nhiéu tiém nang to Ién trong thuy san
nham khic phuc hién trang 6 nhiém mai truong nudi trdng thuy san néi chung va
trén tdm hum noi riéng.
3.1.3. Két qua phan lap vi khuan chuyén hoa ammonia (AOB) tir mau bun
3.1.3.1. Két qua xac dinh vi khuin chuyén héa ammonia c6 trong miu bun.

Tong s6 132 mau ban thu tir 16ng nudi tdm ham (1dng treo va Iong chim) trong
thoi gian 12 thang nudi tdm tai vinh Xuan Dai, thi x4 Séng Cau, tinh Pha Yén duogc
pha lodng va chuyén vao moi trudng ammonium — calcium — carbonate, cac éng
nghiém chtra dung dich huyén phu vi khuan nay sau khi dugc t ¢ 28°C khoang 21
ngay da duoc kiém tra sy hién dién caa NO; bang thudc thir Griess — llosway. Phan
ng gitra dung dich huyén phu vi khuan véi thubc thir Griess — Ilosway theo ty 1¢
1:1:1 ¢6 mau hdéng dam hoic nhat chang to ¢6 sy hién dién cua nhdm vi khuan
chuyén hda ammonia (AOB) trong méi truong, con cac éng doi chung am khoéng
cho phan ttng mau (phu luc 1.3.2)

Sau khi kiém tra su hién dién caa nhém AOB trong 132 mau bun, loai bo bét

c4c mau bun cd mau hong nhat va ¢6 mat do vi khuan tir 101 - 102 MPN/gam, két
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qua c6 21 mau bin c6 mat do vi khuan nhém vi khuan oxy hda ammonium (AOB)
nam trong khoang tir 0,9x10% dén 2,1x10* MNP/g. Két qua nghién ciu c6 sy twong
ddng véi mot s6 nghién ctu trude do vé xac dinh mat d6 vi khuan nitrate héa bang
phuong phap MPN nhu Herbert (1999), khao sat mat do vi khuan nitrate hoa trong
dat cho két qua khoang 102-10*MPN/g. Hesselsoe va ctv (2001), thi duoc khao séat
1,79x10% MPN/g. Ngoai ra trong mét nghién ciu khac caa Pham Thi Tuyét Ngan
va Nguyén Hiru Hiép (2010), bién dong mat d6 vi khuan nitrate héa bing phuong
phap MPN trong ao nudi tdm su tham canh dao dong tir 7 dén 2,6x10° MPN/g. Do
d6, chon 21 mau bun c6 mat d6 nhém AOB tir 103 MPN/gam trg 1én dé tién hanh
phan 1ap vi khuan (phu luc 1.3.2).
3.1.3.2. Két qua diic diém hinh thai cia cac chiing vi khuian phan 1ap dwoc

Tir 21 mau bun ¢é sy hién dién caa nhém vi khuan chuyén héa ammonia, da
phan 1ap dugc 60 chang vi khuan c6 kha nang chuyén héa ammonia trong moi
truong ammonium — calcium — carbonate. Tat ca 60 chang vi khuan déu c6 hinh
dang khuan lac nho, vun cao trén moéi trudng phan 1ap, dang tron déu, mau trang
trong, tring sira, trang duc, vang duc hoic mau cam duc, duoc tién hanh nhuém
Gram dé quan sét hinh thai té bao duéi kinh hién vi & d6 phong dai 1000X, két qua
thu duoc 60 chung vi khuan té bao cd hinh cau hoic ovan, que ngin, que dai hoic
hinh tron va tat ca déu 1a vi khuan Gram am, khdng sinh bao tir (phu luc 1.3.2,
1.3.3)
3.1.3.3. Két qua xac dinh kha niing chuyén hoa NHs caa cac chiing vi khuén

Tat ca cac ching phan 1ap duoc c6 dic diém hinh thai nghi ngd thude nhoém

vi khuan AOB dugc chon dé tién kiém tra kha ning chuyén NHs thanh NO2, dung
dich huyén phu vi khuan dwgc chuyén vao méi truong ammonium — calcium —
carbonate. Sau 10 ngay kiém tra kha niang chuyén h6a NHz thanh NO, cia nhdm vi
khuan AOB bing thudc thir 1 b test kit NHs NH3 Sera. Trong 60 chung vi khuan
dugc khao sét c6 35 chung c6 kha nang chuyén héa ammonia, 25 ching vi khuan
khong c6 kha niang chuyén héa ammonia (phu luc 1.3.2). Kha niang chuyén héa cua
35 ching Vi khuan sau 10 ngay ¢ cac mic d6 khac nhau, trong dé6 c¢6 10 chang vi
khuan KL2, KL10, KL11, KL14, KL15, KL21, KL26, KL30, KL33, KL35 cho
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phan Gmg mau vang do sy c6 mit cia NO2” nén mirc d6 chuyén hda ammonia manh,
cac chung con lai cho mau phan tmg mau vang nhat hoi xanh 1a4 hon hoac c6 mau
xanh dwong nén kha nang chuyén hoa duoc xép vao mirc yéu va khong chuyén hoa.
Diéu nay cho thay mat do cta vi khuan AOB d ting cao nén kha ning chuyén hoa
NO; manh va trong thoi gian ngin. Két qua ndy hoan toan phu hop véi nghién ctu
ctia Lewis va Pramer (1958), Pham Thi Tuyét Ngan va Nguyén Hiru Hiép (2010) da
nghién ctru quan thé vi khuan chuyén hoa dam trong bun ao nudi tdm st (Penaeus
monodo).
3.1.3.4. Két qua dinh danh sinh héa cac chiing vi khuan

Sau khi chon duoc 10 chung vi khuan ¢ noi dung 3.1.3.3, tién hanh nhuém
gram, thur catalase, oxidase (phu luc 1.3.3), cac phan ang sinh hoa trén kit API
20NE va API 20E. Két qua phan ung sinh hoa theo kit AP1 20E va 20NE danh cho
vi khuan Gram (-) thé hién Bang 3.4, 3.5. Theo Stanley va Mandel (1971), vi khuan
tham gia qua trinh nitrite héa (AOB) bao gém c6 5 nhdm: Nitrosomonas,
Nitrosocystis, Nitrosogloea, Nitrosospira va Nitrosococcus, hinh dang té bao
Nitrosocystis, Nitrosospira c6 dang hinh xoan trong khi té bao Nitrosococcus c6
dang hinh tron. Tuy nhién theo két qua nhudém gram, hau nhu 1 que ngan va gram
am, do d6 khéng thé nhan dinh cac chung vi khuan thudc chi Nitrosomonas.

Bang 3.4. Mot sb phan tng sinh hoa cua cac chang vi khuan theo kit API 20NE

Chiing vi khuan

Phén @ng sinh hoa KL2 KL10 KL11 KL14 KL15  KL21 KL26
Gram - - - - - - -
Thoi gian & 24-48  24-48 24-48 24-48 24-48  24-48 24-48
NO;s (Khir nitrate) + + + + + - -

TRP (phan ng indole) - - - - - - -
GLU (lén men glucose) - - - - - - -
ADH (arginine - - - - + - -
dihydrolase)

URE (urease) - + - - +
ESC (esculin) - - - - -

GEL (gelatin) - - - - -
ONPG (B-galactosidase) - - - - -
GLU — assim (ddng hoa - + + + +
glucose)

+ + + +
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ARA (arabinose) + + - + + B +
MNE (mannose) - + - + + + +
MAN (D- mannitol) - - + + + - -
NAG (N -acetyl - + + + + + +
glucosamine)

MAL (D-maltose) - + + - - + +
GNT (Gluconate) - + + + + - R
CAP (capric acid) + - + + + . 3
ADI (adipic acid) + - + - - + -
MLT (malic acid) + + + + + + R
CIT (citrate) + + + + + + .
PAC (phenyl acetic acid) + - - - - + -
OX (oxidase) - + + + + + +

Ghi chd: (+): duong tinh; (-): am tinh;
Tra két qua trén phan mém Kit APl 20 NE V 8.0, cho thay chang vi khuan
KL2 c6 d6 tuong ddng véi nhdm vi khuan Acinetobacter baumannii/calcoaceticus
la 99,9%, chung KL10 co6 d6 twong dong la 99,9% véi chung vi khuan
Ochrobactrum anthropi, chang vi khuan KL 11 1& ching vi khudn Pseudomonas
aeruginosa véi do tuong dong 1a 82,9%, KL14 1a Pseudomonas fluorescens cé6 do
tuong dong 1a 99,1%, ching KL15 la Pseudomonas fluorescens co do tuong dong
la 99,8%, chang vi khuan KL21 c6 thé thudc cac chi Burkholderia hoic
Sphingomonas va vi khuan KL26 la vi khuan Sphingoacterium multivorum véi do
tuong dong 1a 99,9%.
Bang 3.5. Mot sb phan tng sinh héa caa cac chung vi khuan theo kit API 20E

Phan ng sinh hoa Chiing vi khuan

KL30 KL33 KL35
Gram - - -
Thoi gian u 24 - 48 gio 24 - 48 gio 24-48 gio

ONPG (B-galactosidase) - - ;

ADH (arginine dihydrolase) - - -
LDC (lysine decarboxylase) - - -

ODC (ornithine decarboxylase - - -
CIT (citrate) + + -
H2S (Hydrogen sunfite) - - -
URE (enzyme urease) - - -
TDA (enzyme tryptophan deaminase) + - -
IND (Indole test) +

VP (Voges-Proskauer) - + +
GEL (enzyme gelatin) - - -
GLU (1én men glucose) + - -
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MAN (D-Manose) - - -
INO (Inositol) + - -
SOR (Sorbitol) - - -
RHA(rhamnose) - - -
SAC (sucrose) - - -
MEL (melibiose) - - -
AMY (amygdalin) - - -
ARA (arabinose) - - -
OX (oxydase test) - - -
Ghi chu: (+): dwong tinh, (-) : &@m tinh;
Két qua trén phan mém API 20E V5.0, cho thdy chang KL30 la vi khuan

Providencia stuartii voi do twong dong 1a 97,5%. Chung vi khuan KL33 c6 thé xuat

hién 3 chi vi khuan d6 1a Alcaligenes, Moraxella hoic Bordetella voi do twong dong
la 59,9%. Chung vi khuan KL35 c6 thé 1a vi khuan Pseudomonas oryzihabitans voi
d6 twong dong 1a 39,8%.

Sau khi thuc hién phan ung sinh hoa bang kit API 20NE va 20E, tra két qua
trén phan mém API 20E V5.0, APl 20NE V 8.0 thi hau nhu két qua déu nhan dién
t6i lodi vi khuan. Tuy nhién, trong nghién ciu nay chi ding két qua sinh hoa dé
chon loc va nhan dién cac chung vi khuan téi chi, dé tiép tuc khang dinh téi loai vi
khuan, tién hanh dinh danh bang phuong phap giai trinh tu gen viing 16s-rRNA.
3.1.3.5. Két qua dinh danh bing giai trinh tw viing 16S — rRNA

Két qua dinh danh sinh hoc phan tr ¢a xac dinh duoc tén loai caa 9 chung vi
khuan c6 d6 twong dong trén 99% - 100% véi két qua Blast trén NCBI, tat ca 9
trinh ty vi khuan da dugc dang ky trén Genbank.

Bang 3.6. Bang két qua dinh danh phan tir cac nhdm vi khuan AOB

STT Chﬁng Vi Tén khoa hoc thig Trinh tlf Accession
khuan N tham chiéu number
dong
1 KL2 Acinetobacter baumannii 99% CP054302.1 OL764399
2 KL10 Ochrobactrum anthropi 100% AB120120.1 OL764398
3 KL11 Pseudomonas stutzeri 100% MT568614.1 OL764400
4 KL14 Pseudomonas stutzeri 99% KY355732.1 OL764401
5 KL15 Pseudomonas stutzeri 100% KY355732.1 0OL764402
6 KL26 Sphingoacterium multivorum 100% LT899971.1 OL764406
7 KL30 Providencia stuartii 100% MK640708.1 OL764403
8 KL33 Alcaligenes faecalis 100% CP048039.1 OL764404
9 KL35 Micrococus luteus 100% CP033200.1  OL764407
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Trén Bang 3.6 khong c6 két qua dinh danh chung KL21 boi vi khi so sanh
trinh ty caa chung vi khuan KL21 trén co so dir liéu cia NCBI thi ¢ d6 tuwong dong
99%, 100% khong xac dinh dwoc loai vi khuan nhung & d6 twong dong 98% thi
K21 la Massilia aurea, do d6 khdng két luan chung KL21. Chang KL10, KL2,
KL26, KL30 c6 két qua sinh hoc phan tir va két qua sinh héa (3.1.3.4) hoan toan
trung khép nhau, nén cé thé két luan dén loai (Bang 3.6). Ba chung KL11, KL14,
KL15 c6 két qua sinh hoa déu thugc chi Pseudomomas, két qua dinh danh ving 16S
— rRNA cho thay 3 chung vi khuan nay c6 d6 tuong dong 1a 99% va 100% Voi
khoang 500 nucleotite cho cac chung vi khuan Pseudomonas stutzeri.

Pseudomonas stutzeri: NR 103934 .2

Pseudomonas stutzeri: NR 1187981
100 [KLT1

KL14

KL15

Pseudomonas stutzeri: NR 1136521

KL30
Providencia stuartii: NR 114964 .1
kL 100 | Providencia stuartii- NR 024848 1

Providencia stuartii: MK640708.1

34

KL2

24 Acinetobacter baumannii: NR 117620.1

100 - Acinetobacter baumannii: NR 119358.1
Acinetobacter baumannii: NR 026206.1

KL10
4| 4100“ Ochrobactrum anthropi: NR 114979.1
o Ochrobactrum anthropi: NR 113811.1
Ochrobactrum anthropi: NR 0742431
Alcaligenes faecalis: NR 043445.1
43| KL33
9:4 Alcaligenes faecalis: NR 113606.1
Alcaligenes faecalis: MK894017.1
KL35
Micrococcus luteus: NR 075062.2
100 | Micrococcus luteus: NR 114673.1
Micrococcus luteus: NR 037113.1
KL26
| Sphingobacterium multivorum: NR 1154971
100 | Sphingobacterium muitivorum: NR 113706.1
Sphingobacterium multivorum: NR 0409531
Bacillus subtilis: MG976624.1

0.050

Hinh 3.3. Cay pha hé cua céc ching vi khuan AOB
Chung vi khuan KL 33, 35 khi tra cac phan tng trén phan mém API thi bang

két qua c6 kha nhiéu chi khac nhau, d twong dong céc chi ciing rat thap, do do két
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qua sinh hda khdng thé két luan duoc cac chung vi khuan dé thudc chi nao. Khi tiép
tuc thuc hién phuong phap giai trinh ty ving 16S — rRNA thi chang vi khuan KL33
cho két qua tring voi két qua sinh hoa & chi Alcaligenes, do d6 chung KL 33 c6 thé
sir dung két qua dinh danh 1a vi khuan Alcaligenes faecalis. Riéng chung vi khuan
KL35 cho két qua khong gidng nhau giira hai phuwong phap, tuy nhién khi str dung
phuong phép giai trinh ty ving 16s rRNA cho két qua Micrococus luteus véi do
tuong ddng 99%.

Cay cay pha hé ¢ hinh 3.3 duoc vé theo phuong phap Neighbor joining bang
phan mém MEGA X véi d¢ tin cay 1a 1000 Ian Iap lai thé hién & viing gen duoc giai
trinh ty hau nhu khong phéat sinh loai ¢6 ho hang gan hay loai khac, Cac trinh ty gen
cua 9 chang vi khuan phan 1ap duoc phan nhém véi cac trinh tu tham chiéu trén
NCBI c6 hé s6 bootstrap dat 99% - 100%. Do d6, d xac dinh dugc 9 loai vi khuan
AOB c6 kha nang chuyén hda ammonia thé hién & bang 3.6.
3.1.3.6. Két qua danh gia kha niing chuyén héa ammonia cia cac chiing vi
khuan tuyén chon

Tat ca 10 chung vi khuan sau khi b6 sung vao méi truong chira NH4*, cac
chang duoc nubi cay qua dém ¢ 30°C. Mau duoc thu tai cac thoi diém 1 ngay, 2
ngay, 3 ngay, 4 ngay, 5 ngay, 6 ngay, 7 ngay dé xac dinh nong do NO2". Thu dugc 6
chang vi khuan c6 hiéu suét chuyén héa trén 80% va 4 chung vi khuan chuyén héa

ammonia dudi 80% (bang 1.6, phu luc 1.3.6).

100.00

80.00

60.00
40.00

|

Dong vi khuan KL35

-

KL15

0.

=}

0

KL21

Hiéu suat chuyen héa Ammonia (%)

KL26

@1 ngay B2 ngay 3 ngay 4 ngay 5 ngay 6 ngay 7 ngay
Hinh 3.4. Hiéu suat phan giai NH4" cta cac chung vi khuan

Hinh 3.4 thé hién 6 chang vi khuan chuyén héa ammonia trén 80%. Sau 1

ngay hiéu suat chuyén hda ammonia caa cac chung vi sinh vat con thap, diéu nay co
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thé ly giai la do vi khuan méi chuyén tir méi truong tang sinh LB sang méi truong
ammonium — calcium — carbonat nén can thoi gian dé quen dan moi méi truong
méi. Sau 2 ngay, hiéu suat cua qua trinh chuyén hda NH4* thanh NO2 di bét dau
tang 1én mot luong nho so voi ngay thi 1, chang vi khuan KL26, KL30 va chang vi
khuan KL33 c6 hiéu suat phan giai NHs* cao hon so véi ching vi khuan con lai.
Pén ngay thir 3, hiéu suat xu Iy cua tat ca cac chung vi khuan déu bat dau ting
nhanh, cho thdy cac chung vi khuan da thich nghi dugc véi méi trudng va dang hoat
d6ng nhanh, manh hon. Sau 4 ngay, vi khuan chuyén h6a ammonia hoat dong manh
hon, hiéu suat chuyén h6a ammonia cua chung vi khuan KL26 dat trén 90% va vi
khuan KL 30, 33 dat trén 95%. Tir ngay thir 5 dén ngay tha 7 thi chung vi khuan
KL26, KL30, KL33 hau nhu hiéu suat chuyén hda ammonia khong thay doi va dbi
véi cac chung KL15, KL21, KL 35 thi dat hiéu suat xt ly trén 80%. Dua vao két
qua dinh danh muc 3.1.3.5 c6 thé két luan vi khuan Sphingoacterium multivorum
KL26, Providencia stuartii KL30, Alcaligenes faecalis KL33 c¢6 su chuyén hoa
ammonia nhanh nhét trong thoi gian 4 ngay (84 gio) véi hiéu suat xir Iy trén 90%.
Chung vi khuan Pseudomonas stutzeri KL15 va Micrococus luteus KL35 c¢6 hiéu
suat chuyén héa ammonia trén 80% trong 7 ngay. Téac gia Joo (2005) va ctv da
nghién ctu chung vi khuan Alcaligenes faecalis No.4 c6 tham gia vao qué trinh
nitrate h6a va khtr nitrate trong diéu kién hiéu khi. Mét nghién ctu cua Su va ctv
(2006), Joo va ctv (2006) da phan 1ap vi khuan Pseudomonas sp. va Alcaligenes
faecalis 1a 2 loai vi khuan di dudng, nitrate héa va phan nitrate-hoa trong diéu kién c6
oxy va ho da ung dung ching trong viéc loai bé N trong nudc thai trai chan nuéi ¢
Pai Loan va Han Qudc rét thanh cong, két qua trén phd hop véi nghién ctiu chon loc
nhom vi khuan chuyén héa ammonia trong ban nudi tdm him. Zhao va ctv, 2010 da
phan Iap va dinh danh chang vi khuan Providencia rettgeri c6 kha ning chuyén hoa
dugc NH4" qua NO2 khoang 44,5%. Tran va ctv (2019), d& phén lap 6 chung vi
khuan thuoc chi Pseudomonas sp. & cac hd nudi tdm thé va si & Soc Trang cd kha
nang chuyén héa ammonia véi hiéu suat 100% trong 96 gio. Pham Thi Tuyét Ngan
va ctv (2020), da phan lap duoc 2 chung vi khuan chuyén hda ammonia & tdm thé

chan trang, chung TB7.2 c6 kha ning oxy hda ammonia tét nhat dat 39,02%, ching
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TV4.2 c6 hiéu suat oxy hoa nitrite dat dén 27,8% sau 5 ngay, cac chung vi khuan
déu gram am. Zhang (2020), phan Iap va dinh danh 4 chang vi khuan Pseudomonas
sp., Acinetobacter sp., Bacillus sp., va Sphingobacterium sp. c¢6 kha ning chuyén
hda ammonia trong 24 gio véi hiéu suat 91,32% trong xir Iy nuéc thai chan nudi.
Tac gia L& Cong Tuan va ctv (2021), da phan lap duoc hai chang vi khuan
Pseudomonas (BFO1 va BF03) va 1 chung vi khuan Cupriavidus oxalaticus BF02
tir nude bién tinh Thuira Thién Hué, Viét Nam. Cac nghién cau cho thiy cac chung
vi khuan nay c6 kha ning loai b cac hop chét nito nhu amoni, nitrit va nitrat trong
moi trudong nudi cay. Két qua nghién cau cd su twong ddng Vvéi cac nghién ciu da
thuc hién trong va ngoai nuéc vé& cac chung vi khuan chuyén hda ammonia trong
nudc thai va nudc nudi tdm. Ngoai ra, két qua kha ning chuyén hda ammonia cua cac
chang vi khuan phan 1ap tir mau bun & Vinh Xun Dai c6 hiéu suat xir ly va thoi gian
chuyén héa ammonia nhanh hon cac nghién ciu d4 tham khao ngoai trir nghién cau
cua tac gia Tran va ctv (2019).

3.1.4. Két qua phan lap vi khuan chuyén héa nitrite tir mau bun

3.1.4.1. Két qua xac dinh vi khuan chuyén hoéa nitrite c6 trong mau bun.

Tong s6 132 mau ban thu tir 16ng nudi tdm ham (1ong treo va long chim) trong
thoi gian 12 thang nudi tdm tai vinh Xuan Dai, thi x4 S6ng Cau, tinh Phd Yén. Phan
tng gitta dung dich huyén pha vi khuan véi thube thir Griess — llosway ¢6 mau
trang chang té c¢6 su hién dién caa nhdm vi khuan chuyén hoa nitrite (NOB) trong
mdi truong, con cac 6ng ddi chung am mau héng dam (phu luc 1.4.2).

Két qua phan tich chi s MPN cho thay, 22 mau bun c6 mat d6 vi khuan NOB
khoang 10%-10° MPN/g tai ving day vinh Xuan Dai, kha twong déng véi cac nghién
ctu khac & trong va ngoai nudc. Theo nghién ciu vé mat do nhém NOB trong dat
cuia mot s tac gia nhu Degrange va Bardin (1995) dém quan thé NOB tir dat bang
phuong phap PCR nam trong khoang 10%, 102 hozc 103 CFU/g. Ngoai ra, Rennie va
Schmidt (1977) cho biét mat do cua ching cao hon, tir 103-10* CFU/g. O Viét Nam,
Pham Thi Tuyét Ngan va Nguyén Hiu Hiép (2010) ciing nghién ctru khao sat vé
bién dong nhom nitrite héa bang phuong phap MPN trong a0 nudi tdm su tham
canh véi mtc dao dong tir 5,5 dén 2,6x10® MPN/g. Hoat dong cua NOB giam ngay
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sau khi tiép xic véi anh ning mat troi (Degrange va Bardin, 1995) va NOB trong
bun thap 1a do hoat dong va sy phat trién cua ching dé bi tc ché bai cac yéu té moi
truong nhu ndong d6 NHz va pH cao; oxy hoa tan (DO) va NO, " thap, nhiét d6 thap
(Rennie va Schmidt, 1997). Ngoai ra, NOB bi gi¢i han manh baoi cuong do va thoi
gian chiéu sang chu yéu 1a anh sang xanh duwong va tim (Olson,1981). Trong cac ao
nudi thuy san, NOB duoc xéc dinh man cam véi &nh sang nhiéu hon nhom vi khuan
chuyén héa ammonia (AOB), diéu ndy gop phan lam mat can bang quan thé gita
ching (Vanzella va ctv,1985). Sau khi kiém tra sy hién dién cia nhdm NOB trong
132 mau bun, loai b b6t cac mau ban c6 mau héng dam va c6 mat do vi khuan
NOB duéi 102 MPN/g, chon dugc 22 mau bun ¢6 mat 6 nhém NOB tir 102 MPN/g
trg 1én dé tién hanh phan 1ap vi khuan nhém NOB.
3.1.4.2. Két qua dic diém hinh thai cia c4c ching vi khuian phan lap dwgoc

Tir 22 mau bun ¢6 su hién dién caa nhém vi khuan chuyén héa nitrite, da phan
lap dwgc 50 chang vi khuan cé kha nang chuyén héa nitrite trong méi truong nitrite
— calcium — carbonate agar. Tat ca 50 chung vi khuan déu c6 khuan lac nho, 19i,
nhay vun cao trén méi trudng phan lap, dang tron déu, mau tring trong, tring sira,
trang duc, vang duc va duoc tién hanh nhuém Gram dé quan sat hinh thai té bao
duéi kinh hién vi & @6 phong dai 1000X, két qua thu duoc 10 chung vi khuan té bao
c6 hinh cau, gram &m va 40 chung vi khuan cé hinh dang que ngan, que dai, trong
d6 c6 25 chung vi khuan Gram am, 15 chung vi khuan gram duong.
3.1.4.3. Két qua xac dinh kha ning chuyén héa NO;™ ciia c&c chiing vi khuin

Tat ca cac chung phan lap duoc co dic diém hinh thai nghi ngo thudc nhém
vi khuan NOB duoc chon dé tién kiém tra kha niang chuyén hoa NO2" thanh NOs'.
Sau 10 ngay kiém tra kha ning chuyén héa NO," thanh NO3™ ciia nhém vi khuan
NOB bang thudc thir 1a bo test kit NO2 Sera. Trong 50 chung vi khuan duoc khao
sat c6 40 chung c6 kha ning chuyén hoa nitrite, 10 chung vi khuan khong c6 kha
nang chuyén hoéa nitrite. Trong 40 chiing vi khuan, cho thdy kha ning chuyén hoa
ctia cac ching Vi khuan ¢ cac mic do khac nhau trong 10 ngay, trong dé c6 16
chung vi khuan CKT, Ca/1, Ca/2, Call, Cal2, Cs/l, Coll, C1o, TKT, Ty, T2/2, Tall,
T4/1, Ts/3, T7/3, T khi phan ung vdi bd test kit cho phan img mau vang do su c6
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mit cia NO3™ nén muac do chuyén hoa nitrite manh nén khéng con co nitrite, cac
chung con lai cho mau phan tmg mau cam hay mau dé nhat nén kha ning chuyén
hoa duoc xép vao mirc yéu (phy luc 1.4.2).
3.1.4.4. Két qua dinh danh sinh héa cac chiing vi khuan
Sau khi chon duoc 16 chung vi khuan tir myc 3.1.4.3, tién hanh nhuém gram,

thur catalase, oxidase va cac phan tng sinh hoa trén kit API. Trong d6 c6 10 chang
vi khuan 12 Gram (+) va 6 chung vi khuan gram (-).

Tién hanh dinh danh bang phan &ng sinh hda theo kit API 20E, 20NE st dung
cho vi khuan Gram (-), kit Coryne st sung cho Gram (+) thé hién Bang 3.11, 3.12
va 3.13. Kit API 20E sir dung cho nhém vi khuan gram am c6 phan @ng oxidase &m
tinh, API 20NE str dung cho nhdm vi khuan gram &m c6 phan tmg oxidase dwong
tinh. Theo Stanley va Mandel (1971), Nitrobacter, Nitrospina va Nitrosococcus la 3
nhoém vi khuan tham gia vao giai doan nitrite hoa, chuyén héa NO2 sang NOs’
nhung theo tac gia ndy 3 lodi vi khuan trén khac nhau vé hinh dang té bao.
Nitrobacter c6 dang hinh que ngan, trong khi Nitrospina c6 dang hinh que dai va
Nitrosococcus ¢6 dang hinh cau 16n. Tuy nhién theo két qua nghién cau hinh thai
thi hinh dang khuan lac va hinh dang Gram hau nhu la que ngan va gram am hay
gram duong, khdng thé nhan dinh chi vi khuan dya trén hinh thai khuan lac, do do
tién hanh dinh danh sinh héa va sinh hoc phan ti.

Dinh danh vi khudn bang cac phan #ng sinh héa va kit chudn dodn API
20E, API 20NE, API Coryne

Két qua Bang 3.7 cho thay khi tra phan mém API 20E V5.0, thi ca 4 chang vi
khuan TKT, T2/2, Caf2, Caf2 c6 dd twong dong voi ching vi khuan
Stenotrophomonas maltophilia 1a 96,7%. Hai chang vi khuan T, Ca/1 ¢6 d6 twong
d6ng 99,7% vai ching vi khuan Stenotrophomonas maltophilia.

Bang 3.7. Két qua phan ung sinh hda caa cac chang vi khuan theo kit API 20E.

Phan #ng sinh hda Chiing vi khuan
TKT T To/2 Co/2 Cs/l  Cul2
ONPG (B-galactosidase) + + + + + +

ADH (arginine dihydrolase) - - - - - -
LDC (lysine decarboxylase) - + - - + -
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Phan &ng sinh héa

Chiing vi khuan

T,/2

C,l/2

ODC (ornithine decarboxylase
CIT (citrate)

H2S (Hydrogen sunfite)

URE (enzyme urease)

TDA (enzyme tryptophan deaminase)
IND (Indole test)

VP (Voges-Proskauer)

GEL (enzyme gelatinase)
GLU (Ién men glucose)

MAN (D-Manose)

INO (Inositol)

SOR (Sorbitol)
RHA(rhamnose)

SAC (sucrose)

MEL (melibiose)

AMY (amygdalin)

ARA (arabinose)

OX (oxidase test)

Ghi chu. (+).: duwong tinh; (-): am tinh.

Bang 3.8. Két qua phan ng sinh hoa cua céc chung vi khuan theo kit APl 20NE.

Phan &ng sinh hoa

Chiing vi khuan

Ta/l

T4/l

CKT

Ca/1

NOs (khtr nitrate)

TRP (phan ung indole)

GLU (1én men glucose)
ADH (arginine dihydrolase)
URE (urease)

ESC (esculin)

GEL (gelatinase)

PNG (B-galactosidase)

GLU - assim (dong héa glucose)
ARA (arabinose)

MNE (mannose)

MAN (D-mannitol)

NAG (N-acetyl glucosamine)
MAL (D-maltose)

GNT (Gluconate)

CAP (capric acid)

ADI (adipic acid)
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MLT (malic acid)
CIT (citrate)
PAC (phenyl acetic acid)
OX (oxidase)
Ghi chu: (+): dwong tinh; (-): @m tinh.
Bang 3.8, tra phan mém APl 20NE V8.0, cho thy 2 chiang vi khuan CKT va

Ca/1 c6 do tuong dong 99,8% vai ching vi khuan Chryseobacterium indologenes.

+ - -

+ + + +
1
1

- + +

Chung vi khuan T3/l c6 do twong dong 72,5% véi ching vi khuan Delftia
acidovorans. Chiang vi khuan T4/1 c¢6 d6 twong dong 90,9% véi chung vi khuan
Acinetobacter junii/johnsonii.

Bang 3.9. Két qua phan ung sinh hoa cua cac chung vi khuan theo kit API Coryne

Phan ng sinh hoa Chiing vi khuan

Ce/l Col Cw To/3 Til3 T
NOs (khtr nitrate) + - - + + +
PYZ (Pyrazinamidase) + + - + + -
PYRA (Pyrrolidonyl arylamidase) - + - - - -
PAL (Alkaline — phosphatase) - + - + + -
Beta -GUR (beta- glucuronidase) - - - - - -
Beta -GAL (beta — galactosidase) + + + - - -
Alpha -GUL (alpha — glucosidase) - + - + + +
Beta -NAG (N — acetyl — beta — - - + - - -
glucosidase)
ESC (thuy phéan esculin) + + + + + +
URE (Thuy phan Ure) - - - - + -
GEL (thuy phan gelatinase) + + - + - -
Control (control fermentation) - - - - - -
GLU (1én men D-Glucose) - - + + -
RIB (I1én men D-ribose) - - - + - -
XYL (Ién men D-xylose) - - - - - -
MAN (Ién men D-mannitol) - - + - - -
MAL(Ién men maltose) - + + + - -
LAC (I&n men lactose) - - - + - -
SUR (Ién men sucrose) - + + + - -
GLYG (lén men glycogen) - - - - - -
CAT (catalase) + + + + + +

Ghi chu: (+): dwong tinh; (-): @m tinh.
Trén Bang 3.9, tat ca cac chung vi khuan gram duong déu cé phan tng
catalase duong tinh, thiy phan gelatine. Tra phan mém API Coryne V4.0 thay rang

chang vi khuan Cs/1 nay co d6 twong dong 89,2% véi chi vi khuan Arthrobacter
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spp., chung vi khuan Ce/1 ¢6 d6 tuong dong 98,7% véi chi Brevibacterium spp.,
chang vi khuan Cio c6 do twong dong 99,5% véi ching vi khuan Propionibacterium
avidum, chang vi khuan Ts/3 tuong dong véi 68,5% véi nhém Cellulomonas
spp./Microbacterium spp., chung vi khuan T+/3, To twong dong véi nhém vi khuan
Rhodococcus spp. 1an luot 12 92,9% va 94,3%. Két qua dinh danh sinh hoa khi kiém
tra trén phan mém déu cho két qua téi loai cua cac chung vi khuan, tuy nhién, trong
nghién ctu nay chi dung két qua sinh hda dé chon loc va nhan dién cac chang vi

khuan t&i chi, dé tiép tuc khang dinh téi lodi vi khuan, tién hanh dinh danh bang

phuong phap phén tich trinh tu gen ving 16s-rRNA.
3.1.4.5. Pinh danh vi khuan bing phan tich trinh tw gen 16S rRNA

Két qua dinh danh sinh hoc phan tir da x4c dinh duoc tén loai cua 16 chang vi

khuan c6 do twong dong trén 98% - 100% véi két qua Blast trén NCBI, tat ca céac

trinh ty vi khuan da duoc dang ky trén Genbank.

Bang 3.10. Két qua dinh danh 16 chang vi khuan NOB

Ch@ng A bo Trinh tu Accession
STT Vi Tén khoa hgc tuong % number

khudn ddng tham chieu
1 CKT  Chryseobacterium gleum 100% LR134289.1 OL774697
2 Ca/1 Chryseobacterium gleum 100% LR134289.1 OL774698
3 Ca/2 Stenotrophomonas pavanii 100% MN443620.1 OL774693
4 Cs/l Stenotrophomonas maltophilia 100% CP047310.1 OL774699
5 Cal2 Stenotrophomonas pavanii 100% MN443620.1 OL774694
6 Csl/l Arthrobacter nicotianae 98% KC178593.1 OL774687
7 Cd/l Bacillus megaterium 99% GU998818.1 OL774688
8 Cwo Oceanobacillus iheyensis 99% HM854234.1 OL774689
9 TKT  Stenotrophomonas pavanii 99% MN443620.1 OL774695
10 T1 Stenotrophomonas maltophilia 99% FJ811968.1 OL774699
11 T2/2 Stenotrophomonas pavanii 100% MZ436651.1 OL774696
12 Ta/l Delftia lacustris 99% CP065748.1 OL774701
13 T4/l Acinetobacter junii 99% MKO089549.1 OL774702
14 Ts/3 Bacillus aryabhattai 99% KU161293.1 OL774690
15 T/3 Rhodococcus aetherivorans 99% KP217189.1 OL774691
16 To Rhodococcus rhodochrous 99% KF803583.1 OL774692

Két qua dinh danh ¢ bang 3.10, chung vi khuan Stenotrophomonas

maltophilia, Stenotrophomonas pavanii c6 d6 trong dong 99% - 100% vai két qua
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BLAST trén co s& dir liéu cia NCBI va két qua sinh hoa trén kit APl 20E, 20NE
cho thay ca 6 chung vi khuan déu la Stenotrophomonas maltophilia. Trén cay pha
hé hinh 3.5, cho thdy cac chung vi khuan TKT, T2/2, C2/2, Cal2, Ca/1 va Ty tach
thanh mot nhéanh riéng véi 2 chung vi khuan Stenotrophomonas pavanii,
Stenotrophomonas maltophilia, c6 hé sé boottraps 85% voi chung vi khuan
MN416486.1Stenotrophomonas pavanii, tiép tuc so sanh véi hai trinh ty
NR116793.1, JF748683.2 Stenotrophomonas pavanii véi hé sé boottraps 100%.
Tham khao két qua nghién ciu cua tac gia Urszula va ctv (2009), Ramos va ctv
(2011), thyc hién nudi 6 ching vi khuan trén méi trudng 6 sy hién hién cua mudi
NaCl 4,5% va u & nhiét do 42°C thi hai chung vi khuan Cs/1 va T1 moc trén moi
truong (phu luc 1.4.5), con 3 chang vi khuan TKT, Ca/2, Ca/2, khong thay xuét hién
trén moi trudng hay chang T2/2 khoang 10 khuan lac c6 thé nhan dinh chung vi
khuan Ca/1 va T1 la Stenotrophomonas maltophilia va céc chung vi khuan TKT,
T2/2, Cal2, C4/2 la Stenotrophomonas pavanii.

Két qua dinh danh bang phuong phap phan tich trinh tu gen 16s — rRNA caa 2
chang vi khuan Co/1, Ts/3 & Bacillus megaterium, Bacillus aryabhattai. Két qua
sinh hoa phan 3.1.4.4 va sinh hoc phan tir cua hai chang vi khuan Co/1, Ts/3 ¢ su
khac nhau vé chi va loai vi khuan. Do d6, d thyuc hién thém 1 sé phan tng sinh hoa
theo khéa phan loai Bergey, cho thay hai chung ¢ phan ng thay phan tinh bét,
thuy phan casein, phan ung citrate duong tinh va phat trién & nong d6 NaCl 6,5%,
sinh bao tir, do dd c6 thé két luan 2 chang vi khuan thudc chi Bacillus (phu luc
1.4.4). Ngoai ra, trén cay pha hé, cho thay hai chung vi khuan Co/1, Ts/3 tao nhanh
Vvéi trinh ty hai chang vi khuan Bacillus megaterium, Bacillus aryabhattai véi do tin
cay 100%. Do d6, co thé két luan két qua dinh danh cua 2 chang vi khuan theo bang
3.10. Chuang vi khuan Cio ciing ¢6 két qua sinh héa va sinh hoc phan tir khac nhau
vé chi vi khuan, tuy nhién trén cay pha hé cho thay C10 phan nhanh vai trinh ty vi
khuan NR 028001.1 Oceanobacillus iheyensis vai do tin cdy 100%. Do d6 c6 thé
két luan két qua dinh danh chiang vi khuan nay theo bang 3.10.

Dua vao két qua sinh hoa va két qua giai trinh tu gen 16S rRNA cling Vi cay

pha hé & hinh 3.5, thdy cac chung vi khuan cing nhanh di truyén, khéng phat sinh
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loai méi, c6 d6 tin cay cao véi céc trinh tu vi khuan tham chiéu, cé thé khing dinh
chung vi khuan CKT va Co/1 la Chryseobacterium gleum, chung Ta/1 1a Delftia
lacustris, chung ky hiéu Ta/1 1a Acinetobacter junii, chang vi khuan Ce/1 la
Arthrobacter nicotianae, T+/3 la Rhodococcus aetherivorans va Tg la Rhodococcus

rhodochrous.

SampleC4/2
Sample Cz2/2
Sample TKT
Sample Ca/1
Sample T2/2
Sample T1
MN6E86363.1 Stenotrophomonas pavanii
NR 118008.1 Stenotrophomonas pavanii
MN416486.1 Stenotrophomonas pavanii
NR 040804.1 Stenotrophomonas maltophilia
l— AB008509.1 Stenotrophomonas maltophilia
a8 |_{: GU391033.1 Stenotrophomonas maltophilia
98 GU391032.1 Stenotrophomonas maltophilia
— NR 116793.1 Stenotrophomonas pavanii
85 L— FJ748683.2 Stenotrophomonas pavanii
99 MZ389068.1 Acinetobacter junii
—E KYO006113.1 Acinetobacter junii
100 MF185211.1 Acinetobacter junii
T{E NR 026208.1 Acinetobacter junii
a5 Sample T4/1

ﬁ NR 116495.1 Delftia lacustris

700 MH158542.1 Delftia lacustris
%'_T: KP119498.1 Delftia lacustris
100 Sample Ta/1

43 [: MW?703611.1 Chryseobacterium gleum
MN330160.1 Chryseobacterium gleum
100 NR 042506.1 Chryseobacterium gleum
70 LT009414.1 Chryseobacterium gleum
a6 Sample C2/1
100 Sample CKT
100 KY626313.1 Rhodococcus aetherivorans
100 KR920051.1 Rhodococcus aetherivorans

AB610652.1 Rhodococcus aetherivorans
LC085345.1 Rhodococcus rhodochrous
Sample T7/3
Ll NR 025208.1 Rhodococcus aetherivorans
Sample T9
100 KF803583.1 Rhodococcus rhodochrous
,— KJ619485.1 Arthrobacter nicotianae
Sample Cs/1
AJ315492 1 Arthrobacter nicotianae
NR 026190.1 Arthrobacter nicotianae
KF787109.1 Arthrobacter nicotianae
MT921735.1 Oceanobacillus iheyensis
MT573497.1 Oceanobacillus iheyensis
NR 075027.2 Oceanobacillus iheyensis
Sample C 10
NR 028001.1 Oceanobacillus iheyensis
Sample Co/1
Sample Ts/3
MT125931.1 Bacillus megaterium
GU384688.1 Bacillus megaterium
HM371417.1 Bacillus megaterium
NR 115953.1 Bacillus aryabhattai
MT125939.1 Bacillus aryabhattai
MW513461.1 Bacillus aryabhattai
MWO077247.1 Bacillus aryabhattai

100

Hinh 3.5. Cy pha hé cua cac chung vi khuan NOB
Theo tac gia Pham Thi Tuyét Ngan va ctv (2011), Nitrosomonas nitrosa va
Nitrobacter winogradskyi 1a 2 loai vi khuan nitrite hoa hién dién trong ao nudi tom

st tham canh, pht hop véi nghién ciru cia cac tac gia khac 1a nhoém vi khuan NOy
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bao gém 5 gidng khac nhau: Nitrosomonas, Nitrosococcus, Nitrosobrio,
Nitrozolobus va Nitrosospira (Waston va ctv, 1989; Bock and Koops, 1992;
Herbert, 1999). Tuy nhién, theo két qua dinh danh sinh hoc phan tir trong nghién
ctu nay di xac dinh dwoc céc loai vi khuan Stenotrophomonas pavanii,
Chryseobacterium gleum, Stenotrophomonas maltophilia, Delftia lacustris,
Acinetobacter junii, Rhodococcus rhodochrous, Arthrobacter nicotianae,
Rhodococcus aetherivorans, Bacillus megaterium, Bacillus aryabhattai,
Oceanobacillus iheyensis 1a cac chung chuyén héa NOy trong mdi trudng nudc
min duoc phan 1ap tir bin day o vinh Xuan Dai, tinh Pha Yén. Két qua phan 1ap vi
khuan chuyén hda NOz~ khac véi mot sé nghién ctu phan lap vi khuan chuyén héa
trong ao tdm thé chan tring, tdm st trong nudc va thé gisi. Hién nay, nhiing nghién
ctu vé nhém vi sinh vat chuyén hoa NO, trong ban nudi tdm ham con rat han ché,
cac loai vi khuan d& duoc xac dinh trong nghién ciru nay hién van chua duogc dé cap
dén viéc chuyén hoa NO, trong nudi trong thay san, tuy nhién c6 mot sé nghién
ctru trén thé gigi da minh chiing dic tinh cua vi khuan Acinetobacter sp. ¢ kha
nang chuyén hda NO2™ trong bin cua nudc thai xa ly thuc vat (Li, 2019), chang vi
khuan Delftia lacustris c6 kha nang phan hiy chat peptidoglycan trong tu nhién
(Jorgensen va ctv, 2009), chung vi khuan Stenotrophomonas maltophilia c6 kha
nang st dung cac hop chit thom (Urszula va ctv, 2009), chung vi khuan
Stenotrophomonas pavanii phan lap tir than caa mot giéng mia ¢ Brazil ¢6 kha ning
c¢b dinh Nito (Ramos va ctv, 2011), chung vi khuan Chryseobacterium gleum phan
hiy dau mo tai cac ving dat nhiém xing dau (Pinh Thi Van va Ngo Cao Cudng,
2018), chung vi khuan Rhodococcus sp. duoc sir dung lam probiotic cho c& hong
cam (Puntius conchonius), két qua ting truong vé chiéu dai, chiéu rong, trong
lwong cua ca hon han nghiém thirc d6i chang, ngoai ra, mau sic trong mé cé ciing
khac so véi ddi chiing (Vianey va ctv, 2016). Chang vi khuan Rhodococcus ruber
tao chat hoat héa bé mit sinh hoc d4 duoc phan Iap tai nugc 6 nhiém dau ven bién
Viing Tau (Lai Thi Hién va ctv, 2013).
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3.1.4.6. Két qua danh gia kha ning chuyén hoa nitrite ciaa cac ching vi khuan
tuyén chon

Sau khi dinh danh céc chang vi khuan, 16 chang vi khuan duoc nudi ciy trong
moi truong dinh lugng nitrite, khao sat tr 12 gio - 72 gio (bang 1.10, phu luc 1.4.6
trinh bay sai sé va tric nghiém phan hang theo thoi gian gitra cac nghiém thuc).
Hinh 3.6 cho thay kha ning chuyén héa NO2 ctua nhom vi khuan bat dau thich nghi
& giai doan 24 gio, bit dau ting cao sau 36 gio. O thoi diém 48 gio, hiéu suat xu ly
cua cac chung vi khuan déu tang 18n va dat trén 80%, dén giai doan 60 -72 gio thi

hiéu suat chuyén hda NO, ting nhe va duong biéu dién gan nhu nhu nam ngang.

F!uﬂ/

T2/2 131

100.00

- T

CKT
C2/1 ca/2 C3/1 caf2 1t "

Hiéu suat chuyen hoa nitrite (%)

T4/1 1o
Chung vi khuan

W12 g B24gitr W36 g 48 gity WGOgity W72 gy

Hinh 3.6. Hiéu suat chuyén hda NO;™ cta cac ching vi khuan

Sau 72 gid, hiéu suat chuyén hda nitrite caa céc chung vi khuan 1a tir 66,5
% - 98,21%, trong d6 c6 11 chang vi khuan CKT, Ca/1, C2/2, Ca/1, Caf2, TKT, T,
T2/2, Tall, T4/1, To hiéu suét chuyén héa nitrite trén 95%, chung vi khuan T2/2 c6
hiéu suat xtr ly cao nhat (98,21%) va chang thap nhat 1a Te (95,05%). Theo Nguyén
Vin Minh (2012) da phan lap tuyén chon ching vi khuan chuyén héa nitrite 84,17%
trong thoi gian 7 ngay trong nudc nudi trong thay san. Cac dong vi khuan NB1,
NB2 va NB5 dugc phan 1ap tir bun thai caa bé xir 1y sinh hoc thudc khu lién hop xu
ly chat thai Nam Binh Duong c6 kha ning chuyén hda nitrite (2 g/L) véi hiéu suat
tuong tng 1a 99,85%:; 97,15% va 98,44% sau 24 gid (Tran Ngoc Hung va Huynh
Thi Kim Trang, 2017). So sanh két qua cua nghién ctu véi cac tac gia trén, cac
chang vi khuan NOB trong nghién ctu ndy c6 kha nang chuyén héa cham hon céc
chang vi khuan tir nugce thai chin nudi, nhung lai c6 két qua chuyén hoa nitrite tot

hon chung vi khuan cing phan 1ap trong nuéc nudi trong thiy san. Ngoai ra, d6i voi
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cac chung vi khuan chuyén hoa nitrite duoc phan 1ap tai nén day Vinh Xuan bai thi
c6 két qua tuong tu voi nghién ciu cua nhom tac gia Nguyén Thi Phi Oanh va
Nguyén Thi Trac Mai (2019), cho rang nhém vi khuan chuyén héa NO,™ dugc phan
lap tai ao tdm thé chan tring ¢ Bac Liéu cho hiéu suat xtr ly NO2 12 97,2% trong
thoi gian 3 ngdy. Theo tac gia Shu Ma (2021), ching vi khuan Rhodococcus sp.
phan 1ap tr nudc thai lon, chuyén héa 85% ammonia véi téc do 1a 3,4 mg/L
ammonia trong 1 gio. Do d6, dé danh gia duoc thoi diém xir Iy NO2” manh nhét caa
ting chang vi khuan can phai tién hanh khao sat tai cac méc thoi gian lién tiép
nhau. Két qua dinh luong NO2™ thay, kha nang xir ly nitrite cia mdi chung vi khuan
tai cac thoi diém khéac nhau 13 c¢d su khac biét va tly thudc vao mdi trudng, chung
vi sinh vat.

3.1.5. Khao sat kha niing chuyén hoa cac hep chat chira nito va kha ning chiu
min cia cac nhom vi khuan thugc chi Bacillus, AOB va NOB.

Sau khi @3 phan 1ap va dinh danh 5 chang vi khuan thudc chi Bacillus chuyén
hoa ammonia trén 95%, 5 chung vi khuan AOB chuyén hoa trén 80% va 11 chung
NOB chuyén héa nitrite trén 95%, nham lya chon nhém vi khuan dé tién hanh cho
ndi dung 2, nhan sinh khéi tao ché pham vi sinh ng dung trong nudi tréng thuy
san, tién hanh danh gia cac dic tinh khac caa 21 ching vi khuan trén nhu chuyén
héa cac hop chat chira nito va kha nang chiu man ¢ nong ¢6 mudi khac nhau.
3.1.5.1. Khao sat kha ning chuyén héa NO,, NOs va kha ning chiu min caa
cac chiing vi khuan Bacillus, vi khuan AOB.

Két qua dinh tinh (bang 1.11, phu luc 1.6) cho thay c6 4 chung vi khuan c6 kha
nang chuyén hoa ca NO2 va NOs, d6 1a cac chung vi khuan Bacillus sp. B5, Bacillus
licheniformis B85, Pseudomonas stutzeri KL15, Alcaligenes faecalis KL33.
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Tién hanh dinh luong kha niang chuyén hoa nitrite va nitrate cia 4 chung vi
khuan, két qua hinh 3.7 cho thiy hiéu suit chuyén hoa nitrite cia cac nhoém vi
khuén ting sau hai ngay va tat ca cac chung vi khuan déu co6 hiéu suat chuyén hoa
trén 90% sau 4 ngay. Chang vi khuan Pseudomonas stutzeri KL15, Bacillus
licheniformis B85 chuyén hoa nitrite sau 4 ngay véi hiéu suit 12 99,06% va 96,97%.

Hai chang vi khuan Bacillus sp. B5, Alcaligenes faecalis KL33 c6 hiéu sut

chuyén hoa nitrite trén 90% trong thoi gian 4 ngay.
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Hinh 3.8. Hiéu suit chuyén h6a NOs™ cta 4 ching vi khuan
Két qua hinh 3.8 cho thay hiéu suat chuyén hoéa nitrate cia cac nhom vi
khuan ting sau hai ngay, ting manh tir ngay thi 2 dén ngay tht 3 va dén ngay thir
tu thi hau nhu khong tang. Chung vi khuan Pseudomonas stutzeri KL15, Bacillus
licheniformis B85 c6 kha niang chuyén hda nitrate cao nhat sau 4 ngay vai hiéu suat
la 98,02 %, 89,63%. Hai chung vi khuan Bacillus sp. B5, Alcaligenes faecalis KL33
c6 hiéu suat chuyén hoa nitrate 13 63,87%, 52,12% sau 4 ngay.

@Bacillus sp. BS W Bacillus licheniformics BSS
\Pseudomonas sruizeri KLI15 LAlcaligenes faecalis KL33

1.2

T I
0.8
o
I
0.6
I
0.4
g T
0.2
.I -
3% 4% 5% 6% 7%

Noéng do mudi NaCl (%)

0D600nm
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Hinh 3.9 (phu luc 1.6 — bang 1.16) cho thay 4 ching vi khuan déu c6 kha ning song
& cac nong do mudi tir 2% dén 7% va nong do mudi cang cao thi mat do céc vi sinh
vat cang giam, trong d6 chung vi khuan Bacillus sp. B5 ¢6 kha ning chiu man tbt
nhét so véi 3 chang vi khuan con lai.

Tac gia Rajakumar (2008) d& nghién cuu hiéu qua giam nitrate 99,4% cua
nhom vi khuan Bacillus sp. va Pseudomonas sp. trong nuéc thai giau nitrate ¢ nhiét
d6 30°C, pH 7. Tac gia Trinh Hoai Vii (2014) phan 1ap duoc 3 chung vi khuan
P.stutzeri ¢6 kha nang xt Iy NH4* véi hiéu suat 77,4% - 86,75%, NO2 ¢6 hiéu suat
90,36 -98,79 %, NOs™ ¢6 hiéu suat 1a 61,01% - 81,17% vai thoi gian 1a 96 gio trong
ao nudi ca tra. Abdollahi-Arpanahi va ctv (2018) da nghién ctru hiéu qua caa ché
pham di nghién cau hiéu qua cia ché pham sinh hoc Bacillus subtilis va Bacillus
licheniformis vé ning suit ting truéng, sinh Iy hoc mién dich va phan tmg dé khang
cua tdm thé chan trang con (Litopenaeus vannamei) va két luan rang tém duoc nudi
bang men vi sinh cho thay kha ning chng chiu véi moéi trudng cao. Nhém tac gia
Hastuti (2019) da dinh danh 3 chung vi sinh vat chuyén hoa nitrite 1a Pantoea
calida, Pseudomonas stutzerii va Halomonas sp. tir nuéc nudi cua. Két qua nghién
ctu kha phu hgp véi cac nghién ciru hién nay trong va ngoai nudéc.

Tir cac két qua trén, vai tiéu chi la chon chang vi khuan cé kha nang chuyén
hoa cac hop chit ammonia, nitrite, nitrate trén 80%, da chon chang vi khuan
Bacillus licheniformis B85 chuyén h6a ammonia trén 95% trong 24 gid, chuyén hoa
nitrite 96,97%, chuyén héa nitate 89,63% trong 4 ngay va chung vi khuan the 2 1a
Pseudomonas stutzeri KL15, c6 hiéu suat chuyén héa ammonia 83,87% trong 7
ngdy, chuyén hoa nitrite 99,06% trong 4 ngay, nitrate 98,02 % trong 4 ngay dé tién
hanh thi nghiém cho noi dung tiép theo.
3.1.5.2. Khao sat kha niing chuyén héa NH4 va NO3 va kha ning chiu min caa
nhom vi khuan NOB.

Tur 11 chang vi khuan NOB chuyén héa nitrite trén 95%, két qua dinh tinh (
phu luc 1.6 - bang 1.12) cho thay c6 4 chung vi khuan c6 kha niang chuyén hoéa ca
NHs* vd NOg, d6 1a cac chang vi khuan Chryseobacterium gleum CKT,

Stenotrophomonas maltophilia Ti1, Stenotrophomonas pavanii T2/2, Rhodococcus
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rhodochrous To. Do d6, 4 chung vi khuan trén duoc chon tién hanh dinh lugng ham

luong ammonia va nitrate dé xac dinh hiéu suat xu 1y.

B Chryseobacterium gleumn CKT @ stenotrophomonas maltophilia T1
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Hinh 3.10. Hiéu suat chuyén héa NH4* ctia 4 chung vi khuan

Hinh 3.10 cho thay hiéu suat chuyén héa ammonia ciia 4 chung vi khuan cua
c4c nhom vi khuan tang tir ngay thir 3 dén ngay thir 5. Bén ngay tha 5, hiéu suat
chuyén h6a ammonia cua vi khuan Rhodococcus rhodochrous To ting 1én 86,21%,
ngay thir 6 thi hiéu suat chuyén héa khong ting ma c6 ddu hiéu giam nhe va khong
c6 su khéc biét c6 y nghia vé mit théng ké. Con hiéu suat chuyén hda ammonia cua
3 chung vi khuan con lai dén ngay tha 5 1a 60%, qua ngay thir 6 sy chuyén hoa
ammonia khdng c6 su khac biét c6 y nghia théng ké véi ngay thi 5.
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Hinh 3.11. Hiéu suat chuyén hoa NOs™ ciia 4 chung vi khuan
Hinh 3.11 cho thay hiéu suat chuyén hoa nitrate ciia 4 chung vi khuan ting tir
ngay thtr 1 dén ngay tht 3, ngay thir tu hiéu suat chuyén hda nitrate khong co su
khac biét c6 y nghia thong ké voi ngay the 3. Sau 4 ngay, chung vi khuan
Rhodococcus rhodochrous Te ¢6 hiéu suat chuyén hoéa nitrate 1a 81,24% va hai
chung vi khuan Stenotrophomonas maltophilia T1, Stenotrophomonas pavanii T2/2

déu c6 hiéu suit chuyén hoa dudi 65%. Riéng chung vi khuan Chryseobacterium
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gleum CKT c¢6 hiéu suat chuyén hda nitrate dudi 50% sau 4 ngay.

Két qua nghién ciru twong ty cua tac gia Chen va ctv (2012) chang vi khuan
Rhodococcus sp. chuyén dbi 85% ammonia thanh nitrite, nitrate va khir nito trong
25 gio, ching to chung vi khuan thuc hién dong thoi qua trinh nitrate hoa, khir nito
trong xur Iy nudc. Ngoai ra, két qua nghién cu cia Li (2013) ciing cho thiy
Rhodococcus sp. ¢ kha nang st dung ammonia va nitrate nhu nguon nito khi duoc

nudi cay trong méi truong tang sinh.
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Hinh 3.12. Kha ning séng & cac nong do NaCl cua 4 chung vi khuan

Hinh 3.12 (phu luc 1.6 bang -1.17) cho thay 4 chang vi khuan déu c6 kha ning
séng & cac nong a6 mudi tir 2% - 7%, ndng d6 mudi cang cao thi mat do céc vi sinh
vat cang giam, vi khuan Stenotrophomonas maltophilia T1 phét trién tét nhat so véi
3 chung vi khuan lai. Tuy nhién véi muc tiéu I1a chon loc nhém vi khuan chuyén hoa
ammonia, nitrate trén 80% trong thoi gian 3-5 ngay dé tién hanh tiép tuc cho noi
dung 2, tir cac két qua trén, chi chon duwoc 1 chang vi khuan Rhodococcus
rhodochrous Ty c6 chuyén hda ammonia trén 86,21 % trong thoi gian 5 ngay,
chuyén hoéa nitrite 95,01 % trong 3 ngay, chuyén hoa nitrate 81,24 % trong 4 ngay
dé tién hanh thi nghiém cho noi dung tiép theo.

T6m lai, qui trinh phan lap, dinh danh va tuyén chon duoc ba chung vi khuan
tr nén day ving nudi tdm hum 1a vi khuan Bacillus licheniformis B85,
Pseudomonas stutzeri KL15, Rhodococcus rhodochrous Ty c6 kha ning chuyén héa

ammonia, nitrite va nitrate tét nhat dugc thuc hién nhu hinh 3.13.


https://pubmed.ncbi.nlm.nih.gov/?term=Chen+P&cauthor_id=22531166
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Thu mau ban tir nén day ving nudi

tébm hum Vinh Xuan Dai
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Hinh 3.13. Qui trinh phan Iap 3 chung vi khuan ¢ nén dy ving nudi tom hum

3.2. N§i dung 2: Tao ché pham vi sinh dang léng va bt

3.2.1. Khao séat cac yéu té anh hwéng nudi cdy va téi wu héa thanh phan moi
trwong 1én men tao ché pham dang léng caa cac ching vi khuan

3.2.1.1. Khio sat cac yéu t6 anh hwéng dén sw ting sinh khdi ba chiang vi
khuan
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Céc chung vi khuan Bacillus licheniformis B85, Pseudomonas stutzeri KL15,
Rhodococcus rhodochrous Ts dugc khao sat cac yéu té anh huong dén qué trinh
nhan sinh khdi caa vi sinh vat.

Khdo sat mdi truong nhan sinh khéi ciia cac chiing vi khudn

Cac chung vi khuan Bacillus licheniformis B85, Pseudomonas stutzeri KL15,
Rhodococcus rhodochrous Te dugc nhan gidng trén 3 méi truong long giau dinh
dudng la NB, LB va TSB & nhiét do 37°C, ty I¢ giéng 1% véi mat do 107 CFU/mL.
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Hinh 3.14. Anh hudng ctia méi truong nhén sinh khéi dén ba chung vi khuan

Trén hinh 3.14, chung vi khuan Rhodococcus rhodochrous Ty phét trién tét
trén véi truong NB so voi hai méi truong LB va TSB, mat d6 dat cao nhat trén moi
truong NB 12 8,87 log.CFU/mL (7,5 x 108 CFU/mL). Hai chang vi khuan Bacillus
licheniformis B85, Pseudomonas stutzeri KL15 déu phat trién tot trén moi truong
TSB, véi mat d6 vi khuan lan luot 13 8,84 log.CFU/mL va 8,86 log.CFU/mL (6,9 x
108 CFU/mL va 7,2 x 108 CFU/mL). Qua xt Iy thong ké, ddi véi ting chung vi
khuan, cac méi trudng duoc lwa chon ¢ sy khéc biét co ¥ nghia vé mat théng ké
véi 2 moi truong con lai (phu luc 2.5.1 — bang 2.2).

Do dd, chon mdi truong NB dé nhan sinh khdi vi khuan Rhodococcus
rhodochrous Te, mdi trudng TSB dé nhan sinh khéi vi khuan Bacillus licheniformis
B85, Pseudomonas stutzeri KL15.

Khdo sét anh hwéng mdt dg dén nhan sinh khéi cac chiing vi khudn

Tur két qua thi nghiém khao sat moi truong nhan sinh khéi, tiép tuc nudi vi

khuan Rhodococcus rhodochrous Te trén méi truong NB, vi khuan Bacillus

licheniformis B85, Pseudomonas stutzeri KL15 trén moi truong TSB vai thoi gian
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24 gio, nhiét d6 37°C, ty 1& giéng la 1% voi mat do thay doi tir 108, 107, 108, 10°
CFU/mL.

m R. rhodochrous T9 B.licheniformis B85 P stutzeri KL15
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Hinh 3.15. Anh hudng ctia mat do giéng dén nhén sinh khdi ba ching vi khuan

Hinh 3.15 cho thdy mat d6 nhan gidéng cua vi khuan Rhodococcus
rhodochrous T, Bacillus licheniformis B85, Pseudomonas stutzeri KL15 c6 mat do
gidng ban dau 108, 10° CFU/mL Ia cao nhat, dat 4,5 - 6 x 10° CFU/mL va qua xi ly
théng ké cho thdy mat do cua 3 chung vi khuan & mat do giéng 108, 10° CFU/mL
khong c6 su khac biét vé mat thdng ké véi nhau nhung c6 su khac biét dbi vai mat
d6 109, 10’ CFU/mL (P < 0,01) (phu luc 2.5.1 — bang 2.3). Do d6, dé viéc nhan sinh
khdi mang tinh hiéu qua kinh té thi chon mat do vi khuan dau vao la 108 CFU/mL
cho ca 3 chiing vi khuan.
Khdo sat dnh hwéng thoi gian dén nhan sinh khéi cac ching vi khudn

Nhan giéng vi khuan Rhodococcus rhodochrous To trén méi truong NB, vi
khuan Bacillus licheniformis B85, Pseudomonas stutzeri KL15 trén méi trudng
TSB véi nhiét do 37°C, ty ¢ giéng 1a 1% véi mat do vi khuan ban dau 108 CFU/mL,
khao sat thoi gian ting sinh vi khuan theo cac méc thoi gian 24, 36, 48, 60, 72 gio.
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Hinh 3.16. Anh hudng thoi gian tang sinh dén nhan sinh khdi ba chung vi khuan
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Hinh 3.16 cho thidy mat d6 cua vi khuan Rhodococcus rhodochrous To,
Bacillus licheniformis B85, Pseudomonas stutzeri KL15 véi thoi gian ting sinh 1a
24, 36 gio 1a gan nhu nhau, dao dong khoang 9,67 x 10° - 9,78 x 10° CFU/mL va
cao hon so véi cac thoi gian 12, 48, 60 gio. Xét vé thdng ké, thoi gian ting sinh
gitta cac mdc thoi gian 24, 36 gio khong co6 sy khac biét ¢d y nghia nhung co su
khac biét ¢ y nghia voi méc thoi gian 12, 48, 60 gid (phu luc 2.5.1 — bang 2.4).
Mic di mat do vi khuan cua 3 chang vi khuan & thoi gian 36 gio cao hon 24 gio,
tuy nhién, dé viéc nhan sinh khdi nhanh va cé hiéu qua kinh té, chon méc thoi gian
taing sinh 1a 24 gio cho vi khuan R. rhodochrous To (9,67 x10° CFU/mL), B.
licheniformics B85 (9,7 x10° CFU/mL), P. stutzeri KL15 (9,7 x10° CFU/mL).

Tém lai, chung vi khuan Rhodococcus rhodochrous To dugc ting sinh trén
mai truong NB, thoi gian 24 gio, ty 18 gidng 1% véi mat do 108 CFU/mL. Chung vi
khuan Bacillus licheniformis B85, Pseudomonas stutzeri KL15 dugc ting sinh trén
moi truong TSB thoi gian 24 gio, ty 1¢ gibng 1% vaéi mat do 108 CFU/mL.
3.2.1.2. Khao sét cac yéu té anh hwéng dén qua trinh tao ché pham dang léng
Khdo sat @énh hwéng cia ty 18 nap gidng dén quéa trinh nhan sinh khai vi khudn

Sau khi c6 két qua cac diéu kién trong méi trudng nhan giong & muc 3.2.1.1,
tién hanh nhan sinh khéi ba chang vi khuan Rhodococcus rhodochrous T, Bacillus

licheniformis B85, Pseudomonas stutzeri KL15 trén moi trudng san xuat (phu luc
2.3) véi thoi gian 24 gio, mat do 108CFU/mL véi ti I¢ nap giéng lan Tuot 1a 1%,
2,5%, 3,5% va 5%.

Hinh 3.17 cho thdy mat do vi khuan R.rhodochrous Te 1a 9,5 x 10°
CFU/mL(9,98 Log.CFU/mL), B.licheniformis B85 la 10° CFU/mL(10,03
Log.CFU/mL), P. stutzeri KL15 1a 1,19 x 1019 CFU/mL (10,07 Log.CFU/mL) khi
nudi cy véi ti 18 nap gidng 2,5% cd su khac biét cd y nghia véi cac ti 18 nap giong
con lai (phu luc 2.5.2 — bang 2.5). Do d6 chon ti & nap giéng 2,5% cho ca 3 chang

vi khuan & cac thi nghiém tiép theo.
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Hinh 3.17. Anh hudng cia ty 1& nap giéng dén sinh khi ba ching vi khuan
Khdo sat dnh hwéng cia théi gian dén qua trinh nhan sinh khéi vi khudn
Nhan sinh khdi ba chung vi khuan R.rhodochrous To, B.licheniformis B85,
P.stutzeri KL15 trén moi trudng san xuit co ti 1& nap giéng 2,5% (mat do

108CFU/ML), nhiét d6 30°C, thoi gian thay déi tir 12, 24, 36, 48 gid .
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Hinh 3.18. Anh hudng cua thoi gian dén sinh khdi ba chung vi khuan

Hinh 3.18 cho thdy mat d¢ vi khuan R.rhodochrous Tela 1 x 10%° CFU/mL
(10,01 Log.CFU/mL), B.licheniformis B85 la 1,1 x 10™CFU/mL (10,03
Log.CFU/mML), P.stutzeri KL15 dat gi tri cao nhat 1a 1,64 x 10°CFU/mL (10,19
Log.CFU/mL). Sau khi xtr 1y théng ké (phu luc 2.5.2 — bang 2.6), két qua cho thay
mat do ctia ba ching vi khudn nudi ciy trong thoi gian 24, 36, 48 gid khong co su
khac biét ¢6 ¥ nghia, tuy nhién co su khac biét v6i thoi gian 1a 12 gio. Trén d6 thi,
mdc thoi gian 36 gid 6 mat d6 vi khuan cao nhat, do d6 chon thoi diém 36 gio cho

viéc nhén sinh khéi vi khuan ca 3 chang vi Khuan.
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Khdo sat dnh hwéng ciia nhiét dé dén qué trinh nhan sinh khéi vi khudn
Nhan sinh khéi ba chung vi khuan Rhodococcus rhodochrous T, Bacillus

licheniformis B85, Pseudomonas stutzeri KL15 trén mdi truong san xuat, ty 1é
gibng 2,5% (mat d6 108CFU/mL), thoi gian 36 gid voi nhiét do thay ddi 14n luot 1a

30°C, 33°C, 35°C va 37°C.

B R rhodochrous T9 P.stutzeri KL15 W B.licheniformis B85
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Hinh 3.19. Anh huéng cua nhiét do dén sinh khoi ba chiing vi khuan

Hinh 3.19 cho thdy mat d6 vi khuan B.licheniformis B85 la 1,2 x 10%°
CFU/mL (10,07 Log.CFU/mL) & 35° C, P.stutzeri KL15 dat gia tri cao nhat 1a
1,75x10%% CFU/mML (10,23 Log.CFU/mL) khi nuéi cdy & nhiét do 37°C,
R.rhodochrous To 12 dat cao nhat ¢ 33°C véi mat do 1a 1,1 x 101 CFU/mL (10,04
Log.CFU/mL) (phu luc 2.5.2 — bang 2.7).

Vi khuan Bacillus licheniformis B85 & muc nhiét 6 35° C lai ¢ su khac biét
c6 ¥ nghia véi 33°C, khong c6 y nghia thong ké véi 30 °C, 37 °C, do d6 dé viéc san
xuat ¢ hiéu qua kinh té, chon nhiét ¢6 30 °C cho thi nghiém tiép theo. Déi véi vi
khuan Pseudomonas stutzeri KL15 khi nuéi cdy vi khudn & nhiét do tir 30 °C dén 37
°C, mat d vi khuan ting dan. Tuy nhién, mat d6 vi khuan khi nuéi cdy & 37 °C
khong c6 khac biét c6 y nghia so vdi cac nhiét @6 30, 33, 35° C do p >0,05. Mat do
vi khuan Rhodococcus rhodochrous Te & miic nhiét ¢ 33°C c6 sy khéc biét ¥ nghia
vé mat thong ké vai 35°C, 37°C nhung khong c6 su khac biét ¢ y nghia véi 30°C,
tuy nhién xét vé hiéu qua kinh té thi chon muc 30° C cho thi nghiém tiép theo.

Do dd, nhiét dd nhan sinh khdi vi khuan 1a 30°C duoc lya chon cho céc thi
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nghiém tiép theo nham giam chi phi cho quéa trinh Ién men nhan sinh khoi
Pseudomonas stutzeri KL15. Trong thi nghiém lya chon nhiét d6, ba chung vi
khuan déu duogc tang sinh ¢ nhiét do phong (30 °C).
Khdo sat @énh hwéng ciia pH dén qué trinh nhan sinh khai vi khudn

Nhan sinh khéi ba chung vi khuan R.rhodochrous To, B.licheniformis B85, P.
stutzeri KL15 trén moi trudng san Xuét, ty 16 gibng 2,5% (mat d6 102CFU/mL), thoi
gian 36 gio, nhiét do 30°C, pH thay doi theo cac muc nhu sau: 6,0; 6,5: 7,0; 7,5.

B R. rhodochrous T9 B. licheniformis B85  WP. stutzeri KL15
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Hinh 3.20. Anh hudng cua pH dén sinh khdi ba chung vi khuan
Hinh 3.20 cho thay mat d6 vi khuan R.rhodochrous Ty 1a dat cao nhat ¢ pH 6,5
vai mat @o la 1,13 x 10'° CFU/mL (10,05 Log.CFU/mL), B. licheniformics B85 la
1,1 x 10 CFU/mL (10,03 Log.CFU/mL) & pH 7,5. P.stutzeri KL15 dat gia tri cao

Mat dé vi khuan ( Log.CFU/mL)

nhét 1a 1,1 x10'°CFU/ML(10,02 Log.CFU/mL) khi nudi cdy & pH 7. Sau khi xt 1y

thong ké (phu luc 2.5.2 — bang 2.8), vi khuan B.licheniformis B85 ¢ muc pH 7,5
khong c6 y nghia thdng ké véi pH 6,5, 7,0, nhung khac biét c¢6 ¥ nghia véi pH 6, do
d6 dé viéc san xuat c6 hiéu qua kinh té, chon pH 7 cho thi nghiém tiép theo. Déi véi
vi khuan P.stutzeri KL15 & mic pH 7 khéc biét c6 y nghia véi cac mac pH con lai,
chon pH 7 dé nhan sinh khdi vi khuan Pseudomonas stutzeri KL1. Mat d6 vi khuan
R.rhodochrous Ty ¢ mac pH 6,5 khong c6 su khac biét co y nghia véi pH 7, khac
biét co ¥ nghia véi mac pH 6 va 7,5. Tuy nhién dé viéc 1én men nhanh, tiét kiém
dugc chi phi, chon pH 7 cho viéc 1én men chang vi khuan nay. Do d6, pH 7 duoc

lya chon dé 18n men nhan sinh khéi ca 3 chung vi khuan céc thi nghiém sau.
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Khdo sat @anh hwéng ciia nguén cachon

Ba chung vi khuan Rhodococcus rhodochrous Tg, Bacillus licheniformis B85,
Pseudomonas stutzeri KL15 duoc tang sinh trong moi trudng san xuat, ty 1¢ gidng
2,5% (mat do 1O8CFU/mL), nhiét d6 30°C, thoi gian 36 gio va pH7. Moi trudng san
Xuat vi sinh ban dau ¢ ngudn cacbon dugc sir dung 1a glucose 10g/L, duoc thay thé

béng mat ri, maltosedextrine, sucrose vai 10g/L.

B R, rhodochrous T9 W B, licheniformis B85 W P.stutzeri KL15
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Hinh 3.21. Anh hudng cia Cacbon dén sinh khéi ba chiing vi khuan

Hinh 3.21 (phu luc 2.5.2 — bang 2.9) cho thdy mat do ching vi khuan
R.rhodochrous Te cao nhat 1,27 x 10° CFU/mL (10,10 Log.CFU/mL) ¢ ngudn
cacbon 1a glucose, ké dén 13 mat ri duong la 56 x 10° CFU/mL (9,75
Log.CFU/mL), tuy nhién theo két qua thong ké thi glucose c6 sy khac biét y nghia
vé6i cac ngudn cacbon con lai, do d6 chon glucose dé 1én men vi khuan.

Véi ngudn cacbon & mat ri dudng thi mat do vi khuan B. licheniformics B85
cao nhat 1,3 x 10 CFU/mL, ké dén 1a ngudn cacbon 1a glucose 1,25 x
10°CFU/mL.Tuong ty, ching vi khuan P.stutzeri KL15 cao nhit v&i ngudn cacbon
la mat ri duong dat 2,56 x 10° CFU/mL, sau d6 dén glucose va maltodextrin. Xét vé
thng k8, gitta hai ngudn cacbon 1a mat ri duong va glucose cua hai chung vi khuin
khong c6 su khac biét cd y nghia nhung xét vé gia tri kinh té, mat ri duong 1a nguon
cachon ré tién hon glucose, rat thich hop cho qué trinh 1én men thu nhén sinh khdi
vi khuan. Do d6, chon ngudn cacbon 1a mat ri dudng cho 2 ching vi khuan B.
licheniformics B85, P.stutzeri KL15, chon glucose cho vi khuan R.rhodochrous T

dé tiép tuc thi nghiém tiép theo.
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Khdo sat anh hwéng ciia nguén Nito

Sau khi chon dugce ngudn cacbon cho 3 chung vi khuan, méi truong san xuét
Vi sinh ban dau c6 ngudn nito 1a pepton 10g/L duoc thay thé bang (NH4)2SOs,
NaNOs va cao nam men véi nong do 10 g/L. Hinh 3.22 (phu luc 2.5.2 — bang 2.10)
cho thiy thanh phan nito 1a cao nim men cho gia trj mat d6 vi khuan Bacillus
licheniformis B85 cao nhat 1,28 x 10 CFU/mL (10,11 Log.CFU/mL), ké dén 1a
pepton (1,17 x 10 CFU/mL twong tng la 10,07 Log.CFU/mL), giira hai ngudn
nito nay khong cé su khac biét c6 ¥ nghia vé mit thong k&, tuy nhién xét vé mat do

vi khuan thi cao nAm men cho két qua cao hon.

B R. rhodochrous T9 B. licheniformis B85 B P.stutzeri KL15
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Hinh 3.22. Anh hudng cua Nito dén sinh khéi ba ching vi Khuan

Trong cac ngudn nito duoc khao sat, cao ndm men c6 anh huéng 16n nhat dén
mat d6 vi khuan Pseudomonas stutzeri KL15, dat gia tri 1,31x1010 CFU/mL (10,08
Log.CFU/mL). Ngudn nito hitu co khac 12 peptone cho gia tri mat do vi khudn thap
hon, khoang 7% S0 v&i ngudn cao ndm men. Trong khi d6, cic ngudn nito vo co
nhu (NH4)2S04 va NaNOs khong thich hop cho qua trinh sinh truéng cua vi khuan
Pseudomonas stutzeri KL15. Mat do chung vi khuan Rhodococcus rhodochrous T
cao nhat 1,08 x 10%° CFU/mL (10,03 Log.CFU/mL) & ngudn nito 1a pepton 10g/L,
c6 sy khac biét cd y nghia so v&i cac ngudn nito con lai. Vay, chon ngudn nito 1a
cao nam men cho 2 chung vi khuan B. licheniformics B85, P.stutzeri KL15, pepton
la ngudn nito cho vi khuan R.rhodochrous To dé tiép tuc thi nghiém tdi wu héa moi
truong san xuat vi khuan.

T6m lai, 3 chung vi khuan R.rhodochrous To, B.licheniformis B85, P.stutzeri
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KL15 duoc nudi cay véi ty 1& gidng 2,5% (mat do 108CFU/ML), nhigt do 30°C, thoi
gian 36 gio va pH 7. Nguon nito va cacbon trong méi trudng san xuat cho 2 ching
vi khuan B.licheniformis B85, P.stutzeri KL15 la mat ri duong va cao mam men,
chang vi khuan R. rhodochrous Te thi glucose va pepton. Phuong Thi Huong va
Vii Van Hanh (2017) khao sat ty pH 7, 37° C, sir dung 7% gidng, véi ngudn carbon
chinh 1a glucose (1,5%), ngudn nito chinh I1a peptone (1%), bé sung 50 mM ion
CaZ* thi sau 24 gid 1én men chang vi khuan B. subtilis BSVN15 dat duoc mat do
6,33x1011 CFU/mI. Két qua nghién ciu tao ché pham vi khuan Bacillus trong
nghién cau nay thap hon ciia nghién ciu tham khao, do d6 dé tang mat s6 can tién
hanh téi wu hda mai truong. Tac gia Vuong Thi Nga (2014), khao sat tao ché pham
vi khuan Rhodococcus ruber TD2 @& duoc phan Iap tai ving ven bién Viét Nam,
rng dung trong tao chét hoat hda bé mit sinh hoc. Nguyén Thi Ngoc Suong (2016),
tao ché pham vi khuan Pseudomonas c6 kha niang hoa tan 1an. Pay l1a noi dung
trung gian cho téi wu héa méi truong tao sinh khdi cho 3 dong vi khuan, do d6 tai
licu tham khao vé cac yéu té anh huong dén san xuat ché pham vi sinh kha han ché.
3.2.1.3. T6i wu hoéa cac thanh phin méi trwdng nhan sinh khéi caa 3 ching vi
khuén bang phwong phap dap &ng bé mit (RMS).
Téi wu hoa thanh phdn méi trwong san xuat sinh khéi vi khudn Bacillus
licheniformis B85
e Sang loc cac yéu té co y nghia bang ma tran Plackett — Burman

Dich tang sinh vi khuan Bacillus licheniformis B85 véi cac diéu kién khao sat
tir cac thi nghiém trén méi truong san xut, sau khi diéu chinh dat mat d6 vi khuan
108 CFU/mL duoc cdy vao mai trudng gém 6 thanh phan 13 mat ri dudng, cao ndm
men, KoHPO4, MgSO., CaCl; va NaCl da dugc bd tri theo ma tran Plackett —
Burman, cac bién & cac mirc cao va thap thi gitra gia tri md hinh va thuc nghiém co
su chénh léch khong dang ké, ¢ 3 nghiém thuc c6 gia tri du doan ctia mé hinh véi
thuc nghiém giéng nhau ( phu luc 2.5.3 — bang 2.12).

Sau khi xtr Iy thu duoc nhu sau: tir 6 yéu t6 chon duogc 3 yéu td ¢6 anh huong
16n nhit dén mat do vi khuan Bacillus licheniformis B85 v4i mirc y nghia o = 0,05

(p<0,05), bao gébm: mat ri duong c¢6 muc anh hudng duong, cao ndm men va NaCl
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la mirc anh huong am. Trong khi d6 3 yéu t6 gdm K2HPO4, CaCl2 va MgSO4 c6
anh huong thip, dong thoi gia tri p>0,05 nén khong cd y nghia vé mat thong ké, do
do bi loai bo. Dya vao mae do anh hudng va do tin cay cho théy NaCl c6 tac dong
16n nhat ¢én mat d6 vi khuan (0,063), ké dén 1a cao nAm men (0,06) va cudi cung 1a
mat ri duong (0,043) (phu luc 2.5.3 — bang 2.11). Do d6 chon ba yéu t6 mat ri
duong, cao nim men va NaCl cho thiét ké thi nghiém theo ma tran Box — Behnken
dé xac dinh su twong tac giita cac yéu td ciing nhu xac dinh cac thong sb toi wu anh
huong dén qua trinh nhan sinh khéi vi khuan Bacillus licheniformis B85.
e Téi wu hda thanh phan mdi triong 1én men thu sinh khoi vi khuan

Tir ba yéu té da duoc sang loc bang ma tran Plackett - Burman bao gom mat ri
dudng, cao nim men va NaCl, tién hanh thuc hién thi nghiém ti uvu héa. Dich ting
sinh vi khuan sau khi 1am theo cac diéu kién da khao sat s& duoc cdy vao moi
truong 6 thanh phan duoc bd tri theo ma tran Box — Behnken, diéu kién 1én men
san xuat sinh khdi theo diéu kién nhiét do 30°C, thoi gian 36 gio, ty 18 gidng 2,5%
véi mat do mat 6 108 CFU/mL va pH 7.
Bang 3.11. Thiét ké ma tran Box - Behnken

i Mat do vi khuan
Nghiém Mat ri Cao nam NaCl
(Log.CFU/mL)
thire dwong (A) men (B) ) Thuc
nghiém M hinh
1 1 1 0 11,25 11,24
2 0 1 -1 11,21 11,22
3 1 0 1 11,36 11,36
4 0 -1 1 11,18 11,17
5 1 -1 0 11,22 11,23
6 -1 0 -1 11,39 11,38
7 0 0 0 11,41 11,42
8 -1 -1 11,35 11,34
9 0 0 0 11,43 11,42
10 0 1 1 11,21 11,22
11 -1 -1 0 11,19 11,20
12 0 0 0 11,42 11,42
13 -1 0 -1 11,36 11,38
14 1 0 -1 11,37 11,37
15 -1 1 0 11,12 11,11
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Bang 3.11 cho thdy mat do vi khuan Bacillus licheniformis B85 trong thuc
nghiém nam trong khoang tir 11,12 Log.CFU/mL dén 11,43 Log.CFU/mL. Mat do
vi khuédn dat cao nhat khi ndng d¢ thanh phin méi truong nhu sau: mat ri duong 4
g/L, cao nam men 17 g/L va NaCl 3 g/L. Trong khi d6 khi nong d6 cac thanh phan
moi truong gdm mat ri dudng 2 g/L, cao ndm men 25 g/L va NaCl 3 g/L thi mat do
vi khuan dat thap nhat. Trong mo hinh dy doan két qua, thi két qua cho twong tu
nhu gia tri thyc nghiém.

Bang 3.12. Két qua phan tich ANOVA cua thi nghiém Box - Behnken

Tong Trung binh
5 . i . Bac tu .
Nguon bien thién  binh q binh F-value p-value
0]
phuong phuong
Coy
Model 0,1487 9 0,0165 64,01  0,0001 nghia
A —Matriduong 0,0083 1 0,0083 32,27  0,0024
B —Caonim men 0,0028 1 0,0028 10,89  0,0215
C - NaCl 0,0108 1 0,0108 41,85  0,0013
AB 0,0025 1 0,0025 9,68  0,0265
AC’ 0,0035 1 0,0035 13,59  0,0142
BC 00072 1 0,0072 27,98  0,0032
Az 00140 1 0,0140 54,11  0,0007
B2 00766 1 0,0766 296,81 < 0,0001
c? 00019 1 0,0019 736 0,0422
Phin dw 00013 5 0,0003
Khong c6
Suthibuphuhop 00006 2 00003 148 03572 g
Sai s6 0,0007 3 0,0002
Téng 0,1500 14 11,30
2 2 R2Pre 0 Adeq
R R Adj d CV% precision
0,9914 0,9759 0,9203 0,1422 23,4233

Tir két qua phan tich ANOVA ¢ Bang 3.12 anh hudng cia 3 yéu t6 dén ham
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muc tiéu. CAC gid tri ciia cAc nhan b tuyén tinh (A, B, C") va gi4 tri bac hai (A, B,
C'?), ba trong tac AB, AC' va BC du thé hién mtrc d6 ¥ nghia tin cay cao (p-value
< 0,05) khi tham gia m6 hinh. Gia tri p-value la 0,0001 da ching t6 mé hinh thi
nghiém duoc thiét 14p c6 y nghia théng ké cao. Hé sb xac dinh twong quan R? 1
yéu t6 xac dinh sy phi hop cua mé hinh dugc kiém chung. Khi hé s6 xac dinh
twong quan R? 16n hon 0,8 thi md hinh ¢6 do twong quan tt (Guan va Yao, 2008).
M® hinh twong quan duoc xay dung tir thi nghiém phai thoa man diéu kién véi
gi4 tri R%cao (R = 0,9914) tirc c6 99,14 % sé lidu thuc nghiém tuong thich véi s
licu md hinh. Piéu nay ciing ching to rang moé hinh phu hop véi cac dai dién day
du cla cac mdi quan hé thuc su giita cac bién duoc hra chon. Theo Montgomery
(1984), gia trj p-value ctia Lack of Fit (su thiéu phi hop) 13 0,3572 (p > 0,05) khong
¢ y nghia, cho thiy su turong thich cia mo hinh véi thuc nghiém. Két qua phan tich
ANOVA cho thay gi4 tri binh phuong ctia cao ndm men (p-value < 0,0001) va mat
ri dudng (p-value = 0,0007), NaCl (p-value = 0,0422), su twong tac giita hai yéu tb
mat ri dudng va cao nim men (AB, p-value = 0,0265), su twong tac gitta cao nim
men va NaCl (BC', p-value = 0,0032), tuong tac giita mat ri duong va NaCl (AC,
p-value = 0,0142) déu c6 anh hudng c6 y nghia dén mat do vi khuan. Bén canh do,
su thay dbi cua NaCl (p-value = 0,0013) so véi 2 yéu té cao nim men Va mat ri
cling anh hudng téi mat do vi khuan. Hé s xac dinh tuong quan R? = 0,9914 cho
thdy 99,14% phuong sai cua mat do khuan c6 thé duoc giai thich boi ba yéu tb trén.

Péng thoi, R? higu chinh ciia md hinh cao (R%agi = 0,9759) cho thiy mo hinh thé

hién thuc té kha chinh xac va R? du doan phii hop véi R? hiéu chinh cho thiy mo
hinh d3 day du. Adeq Precision (d6 chinh xac day du) = 23,4233 thé hién mot ti 18
tin hiéu trén nhiu t6 (yéu cau >4), diéu nay cho thay mé hinh phu hop dé dua vao
thuc té.

Dua vao két qua phan tich (phu luc 2.5.3 — bang 2.13), phuong trinh hoi quy
da bién cho két qua trén dugc thé hién nhu sau:

Y1 =11,42 + 0,0386 A- 0,0188 B - 0,0439 C’ + 0,0250 AB + 0,0404 AC’ +
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0,0425 BC' - 0,0673 A?-0,1577 B2 0,0248 C*?

Trong d6: Y1 Ia mat d6 vi khuan (Log.CFU/mL) A mat ri duong (g/L), B la cao
nam men (g/L), C’ 1a NaCl (g/L).

Két qua ¢ Hinh 3.23 (b) (c) cho thiy cac yéu t6 NaCl 1a yéu t6 anh hudng
nhiéu nhat dén dén qua trinh nhan sinh khéi vi khuan, khi yéu t6 NaCl tuong tac voi
yéu t6 cao ndm men thi cho thiy ciing anh hudng dén mat d6 vi khudn nhiéu nhat,
ké dén 1a sy tuong tac cua yéu t6 NaCl dén mat ri dudng. Trong két qua dinh danh
sinh hoa, vi khuan B. licheniformis B85 cd thé séng & méi truong NaCl & 6,5%, do
d6 c6 thé vi khuan s& phat trién manh trong méi trudng chira NaCl, két qua do thi
cho thay khi ting ham luong NaCl Ién thi mat do vi khuan tang, vi khi NaCl ngoai
tac dung b6 sung ngudn ion CI- vao moi trudng, ma con thay doi stc thim thau cia
té bao vi khuan, gilp cho vi khuan tiét ra nhiéu enzyme dé st dung céac chat hitu co

trong mdi truong, 1am ting mat d6 vi khuan (Lwong Dirc Pham, 1998).

@) (b) ©)

Hinh 3.23. Mit dap ung giira cac yéu td. (a) Mit dap Gmg tuong tac giita cao nim

men va mat ri duong, (b) Mat dap Gng tuong tac gitta mat ri duong va NaCl (c¢) Mat
dap mg tuwong tac giita cao nAm men va NaCl.

Hinh 3.23 (a) (b), yéu té ri dudng ciing 4nh huéng dén mat do vi khuan sau
yéu t6 NaCl, tuy nhién khi mat ri ting 1én 1 ndng d6 nhat dinh thi s& gidp vi khuan
phét trién nhanh, con néu ting cao qua s& kiém hdm sy phét trién ctia mat do vi
khuan (Luong Dtc Pham, 1998).

Hinh 3.23 (a) (c) cho thiy yéu t6 cao nidm men 1a ciing c6 anh huéng twong
d6i dén mat do vi khuan, it hon hai yéu té kia. Sreekumar va ctv (2010), t6i wu hoa

diéu kién nhan sinh khéi chung vi khuan Bacillus subtilis SK09 véi yéu t6 pH
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(6,72), amoni citrate (0,164%) va peptone (0,85%), cho mat s6 10,051.10° CFU/mL.
Két qua ctia nhom tac gia Han va ctv (2014), d3 toi wu hoa chang vi khuan Bacillus
pumilus STF26 trong mdi trudng nudi cy va cac yéu té anh huong, cho thiy voi
nong do dextrose la 20%, cao nim men 1,526%, KH:POs 0,1% va 0,5%
MgS04.7H20 & 30,9°C va pH 6,9, thu sinh khéi vi khuan 4,23 g/L cao gap 2,5 lan
khi nudi trén moi trudng TSB. Két qua nghién ctru ctia Poan Thi Tuyét Lé va ctv
(2020) t6i wu hoa moi truong nudi ciy cua vi khuan Bacillus subtilis LH1, cho thay
ham lugng NaCl 7,5 g/L, ngudn Nito (NH4)2SO4 15g/L va KoHPO4 2,13g/L cho mat
d6 vi khuan 10° CFU/mL. Két qua cua dé tai nghién ciru c6 két qua kha phi hop voi
c4c nghién ctu caa hai nhém tac gia trén vi thanh phan moéi truong dé téi wu vi
khuan Bacillus licheniformis 14 cao nAm men, mat ri va NaCl, vé ham luong céc yéu
t6 khac nhau 1a do cac chang vi khuan ciing chi nhung khac loi c6 thé s& st dung
ham luong c4c nguodn nito, cacbon, khoang khac nhau. Ngoai ra, V& Hong Phuong
va ctv (2019), téi vu cac diéu kién 1én men duoc s dung bang phuong phap dap
tng bé mat (RSM), méi truong dé san xuat sinh khoi Bacillus S5 sau 48 gio 1én
men dat gia tri ODssonm 11,36 twong tng 4,3x10° CFU/mL la: bot dau nanh 34,9
g/L, cao nam men 20 g/L, glucose 35 g/L va toc do lac 170 vong/phit. Ngoai ra, 0,5
g/L ion Ca?* dugc bo sung sau 30 gid 18n men co thé kich thich trén 90% té bao
dinh dudng Bacillus S5 chuyén thanh bao tir. Két qua cé sy khac biét véi nghién
ctru d4 thuc hién, do tac gia thuc hién téi vu héa méi truong 18n men Bacillus sp. &
dang bot. Tur cac dir liéu thu duge, mé hinh du doan cac yéu t anh hudng dén qua
trinh san xuat 1a mat ri duong: 3,94 g/L, cao nAm men: 15,56 g/L va NaCl 1,13g/L,
cho ra két qua du doan trong phan mém DX11 Ia 11,44 Log.CFU/mL (2,77 x 101
CFU/mL). Tién hanh thi nghiém nudi ciy vi khuan theo thanh phan méi truong ma
m6 hinh dy doan, cho két qua vi khuan trong thuc nghiém 1a 3,14 x 10 CFU/mL
(11,49 Log.CFU/mL) & diéu kién nhiét do 30°C, 36 gio, pH 7, ty 1é gidng 2,5%, kha
tuong thich voi két qua mo hinh du doan.

Toi wu héa thanh phan méi trwong sdan xudt sinh khai vi khudn Pseudomonas
stutzeri KL15

e Sang loc cac yéu té c¢é y nghia bang ma tran Plackett — Burman
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Dich tang sinh vi khuan véi cac diéu kién khao sat tir cac thi nghiém trén sau
khi diéu chinh dat mat do vi khuan 108 CFU/mL duoc ciy vao mdi trudng gom 6
thanh phan 14 mat ri dudng, cao nim men, KoHPO4, MgSQ4, CaCl, va NaCl di duoc
bb tri theo ma tran Plackett — Burman (phu luc 2.5.3 — bang 2.15).

Sau khi xtr Iy thu dugc két qua nhu sau: tir 6 yéu td chon duoc 3 yéu t6 c6 do
anh huong 16n nhat dén mat do vi khuan P. stutzeri KL15 déu 14 cac gié tri c6 anh
huéng + v6i mac ¥ nghia o = 0,05 (p<0,05), bao gdm: mat ri duong, cao ndm men
va MgSO.. Trong khi d6 3 yéu t6 gdm KoHPQO4, CaCl, va NaCl c6 do anh hudng
thip dén mat d6 vi khuan, dong thoi gia tri p > 0,05 nén khong c¢6 ¥ nghia vé& mit
théng ké, do d6 bi loai bo. Dya vao hé sb anh hudng cho théiy mat ri duong co tac
dong 16n nhat dén mat do vi khuan P.stutzeri KL15 (0,55), sau d6 la cao nAim men
(0,32) va cudi cuing 1a MgSOs (0,25) (phu luc 2.5.3 — bang 2.14). Do d6 chon ba yéu
t6 nay cho thiét ké thi nghiém theo ma tran Box - Behnken dé xac dinh su twong tac
gitta cac yéu t ciing nhu xac dinh cac thong sd toi wu anh huéng dén qué trinh nhan
sinh khdi vi khuan P. stutzeri KL15.

e Téi wu héa thanh phan mdi trieong 1én men thu sinh khoi vi khudn

Tir ba yéu t6 di dugc sang loc bang ma tran Plackett - Burman bao gdm mat
ri dudng, cao Nndm men va MgSOs, tién hanh thyc hién thi nghiém téi wu hda. Dich
tang sinh vi khuan sau 24 gid, mat d6 108 CFU/mL s& duoc cay vao méi truong co
thanh phan duogc bd tri theo ma trdn Box — Behnken (Box va Behnken, 1960;
Ferreira va ctv, 2007). Xac dinh mat do6 vi khuan va nhap vao phan mém Design
Expert 11 dé xir 1y s6 liéu.

Bang 3.13. Thiét ké ma tran Box - Behnken

] Mat d9 vi khuan
Nghiém Mat ri Caonam  MgSOs
(Log.CFU/mL)
thire dwong (A) men (B) (©)
Thwe nghiém M0 hinh
1 1 -1 11,37 11,38
2 0 0 11,54 11,55
3 1 1 0 11,53 11,51
4 0 -1 1 11,36 11,35
5 -1 0 -1 11,04 11,05
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6 -1 0 1 11,20 11,19
7 0 -1 -1 11,28 11,25
8 0 0 0 11,54 11,55
9 0 1 -1 11,31 11,32
10 0 0 0 11,57 11,55
11 0 1 1 11,43 11,46
12 1 0 1 11,48 11,47
13 -1 1 0 11,17 11,15
14 1 -1 0 11,36 11,38
15 -1 -1 0 11,09 11,11

Két qua tir Bang 3.13 cho thidy mat d6 vi khuan P. stutzeri KL15 nam trong
khoang tir 11,04 Log.CFU/mL dén 11,57 Log.CFU/mL. Mat do vi khuan dat cao
nhat khi néng d6 thanh phan méi truong nhu sau: mat ri duong 4 g/L, cao nam men
17 g/L va MgSOQ4 1 g/L. Trong khi d6 khi nong do cac thanh phan méi truong gom
mat ri duong 2 g/L, cao ndm men 17 g/L va MgSO4 0,5 g/L thi mat d6 vi khuén dat
thap nhat.

Tir két qua phan tich ANOVA anh huéng ciia 3 yéu t6 dén ham muyc tiéu
dugc trinh bay ¢ Bang 3.14, cac gia tri ctia c4c nhan t6 tuyén tinh (A, B, C) va gia tri
bac hai (A2, B2, C?) déu thé hién muc do y nghia tin cdy cao (p-value < 0,05) khi
tham gia m6 hinh ngoai trir ba tuwong tdc AB, AC va BC (p-value > 0,05). Gia tri F-
value ctaa mé hinh la 54,25 va gia tri p-value = 0,0002 da chiang t6 mé hinh thi
nghiém duoc thiét 14p c6 y nghia thong ké cao.

Bang 3.14. Két qua phan tich ANOVA cua thi nghiém Box - Behnken

Téong Trung binh
3 . Bac tw .
Nguon bien thién binh g binh F-value p-value
0
phwong phuong
Model 0,3979 9 0,0442 54,25 0,0002  significant

A—Matriduong 1922 1 0,1922 235,83  <0,0001

B—Caondmmen (0153 1 0,0153 18,79 0,0075

C —MgSO4 0,0276 1 0,0276 33,88 0,0021

AB 0,002 1 0,002 248 0,1758
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AC 0,0006 1 0,0006 0,77 0,4213
BC 0,0004 1 0,0004 049 05148
A2 0,1036 1 0,1036 127,11  0,0001
B’ 0,0333 1 0,0333 40,89  0,0014
c? 0,0447 1 0,0447 54,82 0,0007
Phin du 0,0041 5 0,0008
Su thiéu phuhop  ,0035 3 0,0012 3,86 0,2125
Sai 50 0,0006 2 0,0003
Téng 0,402 14 0,0442
R? R2Ad R%wed  C,V,% Aqeq
s precision
0,9899 0,9716 08583 0,2515 21,6113

Dua vao két qua phan tich (phu luc 2.5.3 — bang 2.16), phuong trinh hoi quy
da bién cho két qua trén dugc thé hién nhu sau:

Y2 = 11,55 + 0,1550A + 0,0437B + 0,0588C - 0,1675A2 - 0,0950B2? -
0,1100C2,
Trong dé: Y2 1a mat do vi khuan (Log. CFU/mL), A mat ri duong (g/L), B 14 cao
nam men (g/L), C 1a MgSOs (g/L).

Két qua phan tich ANOVA cho thidy mat ri duong (p-value < 0,0001), cao
nam men (p-value = 0,0075), MgSO4 (p-value = 0,0021) va c4c gia tri binh phuong
ctia cac yéu td A, B, C déu anh hudéng téi mat do vi khuan con céc gia tri twong tac
AC, AB, BC c6 gia tri p-value > 0,05 nén khéng c6 ¥ nghia trong mé hinh. Hé sb
xéac dinh twong quan R2 = 0,9899 cho thiy 98,99% phuong sai ctia mat do vi khuan
P. stutzeri KL15 c6 thé duoc giai thich boi cac yéu t6 trén. Pong thoi, R? higu chinh
ctia md hinh cao, (R2Adj = 0,9716) cho thidy md hinh thé hién thuc té kha chinh xac
va R? dy doan (R?pred = 0,8583) phu hop vai R? hiéu chinh (sai khac phu hop 1a
nho hon 0,20) cho thdy mé hinh di day du. Adeq Precision (46 chinh xac day du) =
21,6113 thé hién mot ti 1é tin hiéu trén nhidu tot (yéu ciu >4), diéu ndy cho thdy mo
hinh pht hop dé dua vao thuc té. Dé xac dinh muc d6 t6i uu ctia mdi yéu t6 dbi véi

mat d6 vi khuan P. stutzeri KL15 va sy twong tac caa ting cip yéu td, do thi bé mat
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3D - dap ung bé miat duoc xdy dung véi truc Z 1a mat do vi khuan P.stutzeri KL15
va 2 yéu t6 doc 1ap bat ky, trong khi duy tri yéu t6 con lai & mirc t6i wu.

Hinh 3.24 (a) va (b) cho thiy mat ri dudng 1a yéu t6 c6 anh huong 16n dén mat
d6 vi khuan P. stutzeri KL15. D6 thi mat dap tng cho thay, ndong do mat ri duong
trong moi truong nudi cdy vi khuan ti 18 thuan véi mat do vi khuan P. stutzeri
KL15, nhung dén gii han chat dinh mat d6 vi khuan giam dan do nong do mat ri
duong cao s& lam thay doi ap suit thim thau cta méi truong, kiém hdm sy sinh

truong cia vi khuan (Luong Pic Pham, 1998).
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(b)
Hinh 3.24. Mit dap ung giira cac yéu td. (a) Mit dap (g tuong tac gilta Cao nim
men va mat ri duong, (b) Mat dap (mg twong tac gitra mat ri duong va MgSQOsa, (C)
Mit dap Gmg tuwong tac giita cao nAm men va MgSOa,

Céc loai vi khuan nam trong chi Pseudomonas thuong sinh trudng va phat
trién t6i wu khi méi truong c6 ti 1¢ C: N 14 20:60 (Peekate va Abu, 2017). Khi nong
d6 mat ri duong qué cao lam tang ti 1é C trong moi trudng nudi cdy, khién ti 16 C: N
bi chénh I¢ch, tir d6 1am mat d§ vi sinh vat gidm. Tuong tu, n6ng dd cao ndm men
trong moi truong ciing c6 anh hudong dang ké dén mat do vi khuan. Khi néng do cao
ndm men thay déi, ti 1& N thay doi 1am anh hudng dén mat do vi khuan (Lwong Buc
Pham, 1998).

Tuy nhién, tir két qua & hinh 3.24 (a), (c) cho thdy ndng d6 cao ndm men anh
huong khong nhiéu bang nong d6 mat ri dudng trong qua trinh nhan sinh khéi P.
stutzeri KL15. Bén canh d6, ndng d6 MgSO4 trong mdi trudng nudi cdy ciing anh
hudng twong d6i kha dén qua trinh nhan sinh khéi P. stutzeri KL15 nhung su tac

dong cua yéu td ndy khong nhiéu bang mat ri dudng va cao nim men.
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Ttr cac dir lidu thu duge, cac thdng sb toi wu cho thanh phan maéi trudng duge
xac dinh trong phan mém DX 11 nhu sau mat ri duong 4,95 g/L, cao nam men 19,08
g/L va MgSOa4 1,13 g/L, két qua dy doan mat do vi khuan téi da dat 2,45 x 101!
CFU/mL (11,60 Log.CFU/mL). Tién hanh thi nghiém tang sinh vi khuan theo thanh
phan méi truong mo hinh dé xuét, cho mat do vi khuan P. stutzeri KL15 sau 36 gio
nudi cay, nhiét do 33 °C, ty 1& nap gidng 1a 2,5% 1a 2,37 x 101! CFU/mL kha tuong
thich voi mat do vi khuan ma mé hinh da dy doan.

Peng va ctv (2014) d3 t6i uvu hda thanh phan ciia méi trudng 1én men gia ré dé
thu sinh khéi P.putida R-198 va san xuat axit axetic hoa tan (IAA) bang phuong
phap dap tng bé mit (RSM). Nong d6 IAA tbi da (18,73 mg/L) dugc du doan trong
moi truong chira 52,41 g/L bot ngd, bot dau nanh 15,82 g/L, 2,40 g/L K:HPO4, 0,17
g/L MnSO; va 5,00 g/L NaCl, mat do vi khuan dat t6i da 10® CFU/mL.T4c gia
Vidakovic va ctv (2017) da nghién ctru thanh phan t6i wu ctia moi truong nudi ciy 2
chang vi khuan P.stutzeri 1a glucose, KNOs va peptone khac hoan toan véi moi
truong toi wu ciia ching vi khuan P. stutzeri KL15, ¢6 thé cac chung vi khuan tuy
cung loai P. stutzeri nhung khi duoc phan lap & cac diéu kién sinh thai khac nhau
thi s& phat trién cac méi truong 18n men khac nhau hoic cac chung vi khuén thudc
chi Psedomonas cuing chi khéc loai thi s& co nhiing diéu kién 1én men va thanh phan
moi trudng khac nhau (Luong Dt Pham, 1998). Tir cac nghién ctru cho thiy ngudn
nito, cacbon, cac mudi vo co anh hudng kha nhiéu dén viéc nhén sinh khdi cac
chung vi khudn va cac tac gia ciing nhim t6i viéc lya chon ngudn nghién liéu ré tién
dé co thé 1én men vi khuan & qui mé 16n.

Téi wu hoa thanh phdn méi trwong sdn xudt sinh khéi vi khu@n Rhodococcus
rhodochrous Ty
e Sang loc cac yéu té cd Y nghia bang ma tran Plackett — Burman

Dich ting sinh vi khuan véi cac diéu kién khao sat tir cac thi nghiém don, sau
khi diéu chinh dat mat do vi khuan 108 CFU/mL duoc ciy vao mdi truong gom 6
thanh phan 12 mat ri dudng, cao ndm men, K;HPO4, MgSO4, CaCl, va NaCl di dugc
bb tri theo ma tran Plackett — Burman. Két qua cho thay gitra gia tri mé hinh va thuc

nghiém c6 su chénh 1&ch khong dang ké, c6 ba thi nghiém két qua thuc nghiém
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tring v6i két qua dy doan, ba yéu t bao gom glucose, pepton va NaCl 1a nhimg yéu
t6 c6 anh huong va tdc dong nhiéu nhat dén qué trinh nhan sinh khéi vi khuan R.
rhodochrous Te. (phu luc 2.5.3 — bang 2.18).

Sau khi xir 1y thu duoc két qua nhu sau: tir 6 yéu t6 chon duoc 3 yéu té co
anh huong 16n nhat dén mat d6 vi khuan R. rhodochrous Ty déu 1a céc gia trj co anh
hudng voi muc ¥ nghia a = 0,05 (p<0,05), bao gdm: glucose, pepton va NaCl. Trong
khi d6 3 yéu t6 gdbm K,HPO,, CaCl, va MgSOs ¢6 mirc anh huong thip, dong thoi
gia tri p > 0,05 nén khong c6 y nghia vé mat thong ké, do do6 bi loai bo. Dya vao hé
s6 anh huang cho thiy tac dong 16n nhat dén mat d6 vi khuan R. rhodochrous To 1a
NaCl (0,075), sau d6 la pepton (0,0683) va glucose (0,0683) (phu luc 2.5.3 — bang
2.17). Do d6 chon ba yéu t6 nay cho thiét ké thi nghiém theo ma tran Box - Behnken
dé xac dinh céc thdng s tdi vu anh hudng dén qua trinh nhan sinh khéi vi khuan.

e T6i wu héa thanh phan méi trwong 18n men thu sinh khoi vi khuan

Tir ba yéu t6 dd dugc sang loc bang ma tran Plackett - Burman bao gdm
glucose, pepton, NaCl tién hanh thyc hién thi nghiém t6i vu hoa. Dich ting sinh vi
Khuan theo céc diéu kién da khao st s& dugc cdy vao méi trudng c6 thanh phan
duogc bd tri theo ma tran Box - Behnken (Box va Donald, 1960; Ferreira va ctv,
2007).

Két qua tir Bang 3.15 cho thdy mat d6 vi khuan nam trong khoang tir 10,08
Log.CFU/mL dén 10,48 Log.CFU/mL. Mat d6 vi khuan dat cao nhét khi néng do
thanh phan moéi trudng nhu sau: glucose 6 g/L, pepton 8 g/L va NaCl 3 g/L. Trong
khi d6 khi nong do cac thanh phan méi truong gom glucose 4 g/L, pepton 6 g/L va
NaCl 3 g/L thi mat d6 vi khuan dat thap nhat.

Bang 3.15. Thiét ké ma tran Box - Behnken

Mat dd vi khuén
Nghiém Glucose Pepton NaCl
, (Log.CFU/mL)
thire (A?) (B) (C’)
Thuc nghiém Mb hinh
0 0 0 10,46 10,47
1 0 1 10,10 10,10

1 1 0 10,09 10,09
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10,10
10,11
10,08
10,21
10,15
10,13
10,46
10,48
10,12
10,13
10,13
10,16

10,10
10,11
10,08
10,21
10,15
10,13
10,47
10,47
10,12
10,13

10,13
10,16

Tir két qua phan tich ANOVA duoc trinh bay & Bang 3.16, gia tri F-value cta

mo hinh la 557,46 va gia tri p-value < 0,0001 da ching t6 m6 hinh thi nghiém dugc

thiét 1ap c6 ¥ nghia thong ké cao. C4c gia tri ciia cac nhan t6 tuyén tinh (A, B*, C”)

va gié tri bac hai (A2, B2 C?), gia tri twong tac A'B’ déu thé hién mirc d6 ¢ y

nghia cao (p-value < 0,05) trong mé hinh.
Bang 3.16. Két qua phan tich ANOVA cua thi nghiém Box - Behnken

Tong Trung binh
Ngudn bién thién  binh Bacty binh F-value p-value
phuwong do phwong
Model 02927 9 00325 55746 <00001 Coy nghia

A’ — Glucose 0,0006 1 0,0006 10,50 0,0229
B’ — Pepton 0,0018 1 0,0018 30,86 0,0026
C — NaCl 0,0006 1 0,0006 10,50 0,0229

A’B’ 0,0100 1 0,0100 171,43 <0,0001
AC 0,0002 1 0,0002 3,86 0,1067
B'C 0,0001 1 0,0001 1,71 0,2474

A2 0,1000 1 0,1000 171456 < 0,0001

B2 0,1031 1 0,1031 1767,04 <0,0001
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c’? 0,1191 1 01191  2041,33 <0,0001
Phin duw 0,0003 5 0,0001
Sy thiéu phahop ~ 0,0000 3 8,333E-06  0,0625  0,9749 Khong ¥ nghia
Sai s 0,0003 2 0,0001
) ) ) Adeq
R R Adj R Pred CV % preCISIOH
0,9990 0,9972 10,9966 0,0749 62,2051

Dua vao két qua phan tich (phu luc 2.5.3 — bang 2.19), phuong trinh héi quy da
bién cho két qua trén dugc thé hién nhu sau: Yz = 10,47 - 0,0088A" + 0.0150 B’ -
0,0088C" - 0,0500A'B" - 0,1646A™ - 0,167B2—0,1796C".

Trong dé: Y3 1a mat do vi khuan (Log. CFU/mL), A’ 1a glucose (g/L), B’ 1a pepton
(g/L), C 13 NaCl (g/L).

Hé sb xac dinh twong quan R? 13 yéu té xac dinh sy phi hop ctia mé hinh duoc
kiém chimg. Khi hé sb xac dinh twong quan R? 16n hon 0,8 thi mé hinh ¢6 d6 twong
quan t6t (Guan & Yao, 2008). M6 hinh tuong quan dugc xay dung tir thi nghiém phai
thoa man diéu kién véi gia tri R? cao (R? = 0,9990) tirc c6 99,90 % s6 liéu thuc
nghiém twong thich véi s6 liéu mé hinh. Piéu ndy ciing ching t6 rang md hinh phi
hop vai cac dai dién déy du cta cac méi quan h¢ thuc su gitra cac bién duoc lya chon.
Theo Montgomery (1984), gia tri p-value ctua Lack of Fit 1a 0,9749 (> 0,05) phan anh
d6 thiéu phu hop cta dir liéu phai khong cé ¥ nghia vé mat thong ké. Két qua phan
tich ANOVA cho thiy su thay d6i cua pepton (p-value = 0,0026) 1a quan trong nhét
S0 voi hai yéu t con lai 1a glucose va NaCl. Bén canh do, cac gia tri binh phuong cua
ba yéu t déu tac dong manh mé& dén mat d6 vi khuan vi p -value < 0,0001. Mit khac,
su tuong tac gitra pepton va glucose c6 anh huéng nhiéu nhat dén mat do vi khuan
(A'B, p-value < 0,0001), su twong tac gitra gluccose va NaCl (A'C’, p-value =
0,1067), su tuong tac giira pepton va NaCl (B'C’, p-value = 0,2474) déu anh hudng
khong nhiéu dén mat d6 vi khuan. Hé sb xac dinh tuong quan R? = 0.9990 cho thiy
99,90 % phuong sai ciia mat do vi khuan c6 thé duge giai thich boi ba yéu td trén.

Péng thoi, R? hiéu chinh cia mé hinh cao, (R2Adj = 0,9972) cho thay mé hinh thé



99

hién thyc té khé& chinh xac va R? dy doan (R%pred = 0,9966) phl hop voi R? hiéu
chinh (sai khac pht hop 14 nhé hon 0,20) cho thiy mé hinh da day du. Adeq Precision
(46 chinh x4c day du) = 62,2051 thé hién mot ti 18 tin hiéu trén nhiu tt (yéu cau >4),
diéu nay cho thay mé hinh phu hop dé dua vao thuc té.

Hinh 3.25 (a) cho thay yéu t6 pepton tic dong nhiéu dén mat do vi khuan nhiéu
hon so v&i yéu té glucose, va khi hai yéu to glucose va pepton tac dong véi nhau
anh hudng rat 1on dén mat do vi khuan. Hinh 3.25 (b) yéu td glucose va NaCl anh
huong khong nhidu dén mat do vi khuan, Hinh 3.25 (c) yéu t6 pepton va NaCl anh
hudng khong nhiéu dén mat do vi sinh vat. Khi ham luong pepton cao thi mat do vi
khuan cao nhung néu thanh phan nito trong mdi trudng 1én men vi sinh vat qua cao
thi anh hudng dén qua trinh tao sinh khéi vi khuan. Ty 18 C:N phai ¢ 1 ty 1é thich
hop thi vi sinh vat méi phat trién tbt. Nito 13 ciu tar dinh dudng quan trong, 1a
nguyén t6 co trong thanh phan ciu tao caa vi khuan R. rhodochrous. Dé nudi cy R.
rhodochrous thudng st dung peptone, cao nAm men, casein, mat ri dudng va luong
chat dinh dudng cung cap anh hudng dén sinh truong caa vi khuan vira da va hop
ly. Néu cung cap dinh dudng khéng hop Iy s& co tac dung gay tc ché sy phét trién

cua vi khuan. (Nguyén Lan Diing va ctv, 2002).

(@) (b) ()

Hinh 3.25. Mit dap tng gitta cac yéu td. (a) Mit dap Gng twong tac gitra Pepton va

Glucose, (b) Mat dap tmg tuong tac gitra NaCl va Glucose, (c) Mat dap tng tuong
tac gitra NaCl va Pepton.

Chang vi khuan R. rhodochrous khi khao séat trén moi trudng ting sinh thi
chang lai phét trién tét nhat trén méi truong NB 1a méi truong chaa thanh phan

pepton cao nhat 5g/L, va khi khao sat mdi trudng san xuat sinh khéi long cho thay
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pepton van anh huong nhiéu nhat dén qué trinh nhan mat do vi khuan, bén canh do,
muc yéu t6 anh huong 1a glucose va NaCl nhu nhau vi day 1a nhom vi khuan chiu
man nén cd thé yéu tb NaCl c6 tac dong dén viéc tao sinh khéi. Glucose thi trong
mdi truong nhan gidng thi khdng cd nhung c6 thé moi trudng san Xuat mic ning
lwong cho vi sinh vat cao hon, doi hoi ching phai cd thém cacbon dé phat trién.
NaCl ciing c6 vai trd quan trong trong phat trién cua vi khuan, ham luong Na* cao
trong nhom vi sinh vét séng ¢ nudc bién hoic ving ven bién, tuy nhién néu ham
lugng qua cao thi s& dan dén cac anh huong xau dén sy phét trién vi sinh vat
(Nguyén Lan Diing va ctv, 2002). Vuong Thi Nga va ctv (2014), téi wu hda moi
truong nudi cay vi khuan Rhodococcus ruber TD2 dé tao ra chat hoat héa bé mit
sinh hoc chta 5,7% (v/v) dau DO; 3,3 g/l NaNO3 va pH 8,3. Tac gia Singh va ctv
(2017), nghién ciru t6i wu héa cac diéu kién va méi truong enzyme Nhase tir vi
khuan Rhodococcus pyridinivorans NIT-36, véi méi truong Yeast extract- 0.10 %,
K2HPOs- 0.01 %, KH2PO4- 0.01 %, MgSQOs- 0.10 % and Glycerol- 10% ¢ pH 1a 9,
thoi gian 24 gio voi nhiét @o 37°C. Mot nghién ciu cia tac gia Sahu va ctv (2020),
t5i uu héa moi truong sinh enzyme nitrile hydratase (NHase) cua vi khuan
Rhodococcus rhodochrous (RS-6) vai glycerol 1a 1%, urea 0,75% ¢ nhiét do 33°C,
pH 7, thoi gian nudi cay 48 gio, két qua cho thay enzyme sinh ra ting 6,22 lan so
v6i moi trudng ban dau chua toi uvu hoa. Theo c4c nghién ciu trong va ngoai nudce
tham khao thi cac chang vi sinh vat thuoc chi Rhodococcus ¢é kha nang sinh tong
hop enzyme Nhase trong san xuat Acrylamide hay tao chat hoat hda bé mit sinh hoc
nhung trong nghién ciru ndy, chung vi khuan R. rhodochrous phan 1ap tir viing nudi
tdm hum c6 kha ning chuyén hoa cac hop chat ammonia, nitrite, nitrate, nghién ctu
cling d4 t6i uu hdéa moi trudng tao sinh khéi vi khuan Rhodococcus rhodochrous T
tng dung trong nudi trong thay san. Vi muc dich nghién ciu khac nhau nén thanh
phan va ham luong mdi truong khao sét ciing khac nhau. Hién nay, céc tai liéu s
dung chang vi khuan nay dé xtr Iy céc hop chat nito trong ao nudi thuy san ciing nhu
t6i wu hda thanh phan mai trueong dé san xuat sinh khéi vi khuan nay rat han ché nén
khong thé so sanh vai cac nghién ciu khac.

Tir cac dir lidu thu duoc, thanh phan moi trudng nudi cdy vi khuin R.
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rhodochrous Tg dugc xac dinh trong mo hinh nhu sau: glucose 7,93 g/L, pepton 6,1
g/L va NaCl 2,95 g/L, két qua du doan mat do vi khuan trong phan mém DX11 tdi
da dat 2,93x 10% cFU/ML (10,467Log.CFU/mL). Thir nghiém nudi cdy vi khuan
theo moi trudng ma mo hinh dé xuat, cho két qua mat do vi khuan Rhodococcus
rhodochrous T sau 36 gid nudi cay, nhiét 6 33 °C, ty Ié nap gidng 1a 2,5% la 2,52
x 10%° CFU/mL (10,40 Log.CFU/mL) kha twong thich voi mat d6 vi khuan ma mo
hinh da du doan.

Vay, ba chung vi khuan dugc nhan sinh khdi trong méi truong san xuét 16ng co
thanh phan méi truong da duoc t6i wu hoa, két qua cho thiy mat do vi khuan B.
licheniformics B85 Ia 3,14 x 10 CFU/mL, mat d6 vi khuan P. stutzeri KL15 14 2,37 x
10" CFU/mL, R. rhodochrous Tg la 2,52 x 10 CFU/mL.

3.2.2. Tao ché pham vi sinh dang bt

3.2.2.1. Khio sét c4c yéu té anh hwéng dén diéu kién san xuat cia cac ching vi
khuan trén méi truwong ban ran

Khdo sdt méi truwong anh hwong dén sinh khoi cac chiing vi khudn

Ba chung vi khuan duoc pha lodng mat d6 vi khuan vé 102 CFU/mL, cdy vao cac
méi trudng nhu cam gao, cam bip, cam mi va bi ddu nanh trong thoi gian 48 gio, nhiét
d6 phong, do am 50% véi ty 1é nap giéng 1a 5%.

MW R. rhodochrous T9 B.licheniformis B85 W P. stutzeri KL15
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Hinh 3.26. Khao sat cac méi truong
Hinh 3.26 ( phu luc 2.6.1 - bang 2.17) cho két qua chung vi khuan Bacillus
licheniformis B85 phét trién tét nhat trén méi truong 1a ba d¢au nanh voi mat do 2,9

x10° CFU/gam, mat do vi khuan phat trién tot hon so v&i cac méi truong con lai.
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Chung vi khuan P. stutzeri KL15 phét trién t6t nhat trén mdi truong c6 chat mang 13
cam bip c6 mat d6 1,27 x10° CFU/mL, ching Rhodococcus rhodochrous To phét
trién tot nhat trén mai truong 1a cdm gao véi mat do 1x10° CFU/gam. Trong san
xuat ché pham vi sinh, thuong s& chuyén qua dang bét vi d& dang van chuyén va
bao quan lau hon. Do d6, vi khuan Bacillus licheniformis B85 s& nuéi ciy trén méi
truong chira chat mang 1a ba dau nanh, Pseudomonas stutzeri KL15 14 cam béap va
Rhodococcus rhodochrous Tg la cdm gao.

Theo xt Iy thong ké, cac ching vi khuan trén méi truong chira chat mang tot
nhat déu c6 sy khac biét c6 y nghia théng ké véi cac moi trudong con lai. Pay 1a
phuong phap 1én men bé mit cua nhdém vi khuan hiéu khi, thanh phan méi truong
thuong chira ca tinh bot va protein va tron thém cac khoang chat nham hd tro thém
chat dinh dudng cho vi khuan phét trién (Tran Thi Thanh, 2000).

Khdo sét ty 1¢ nap giong danh hwéng dén sinh khéi cac ching vi khudn

Tir c4c mdi truong phi hop da nghién ctru & ndi dung trén, cac ching vi khuan
dugc nudi cay trong thoi gian 48 gio, nhiét d6 phong, do am 50% véi ty 18 nap
gidng 1a 2,5%, 5%, 7,5% va 10%. O mdi trudng ban rin, khong kKhao sat mat do vi
khuan b6 sung ma chi khao sat ty 1¢ giéng vi thira ké tir mdi trudng tang sinh va
moi truong san xuit 1ong (mat d6 vi khuan 1a 108 CFU/mL). Do d6, chon mat do
108 CFU/mL cho céc ching vi khuan va chi khao sét cac ty 1& gidng bd sung vao
mai trudng ban ran.

= R. rhodochrous T9 B.licheniformis B85 WP, stutzeri KLI15
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Hinh 3.27. Khao sét ty 1é nap giong
Hinh 3.27 (phu luc 2.6.1 — bang 2.18), chang vi khuan Bacillus licheniformis
B85 phét trién tét nhat vai ty 16 giéng 12 7,5 % c6 mat do 3,4x10° CFU/gam tuy
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nhién theo xir Iy thong ké thi mat d6 vi khuan & 3 nong do 5%, 7,5% va 10% cua
chang vi khuan B.licheniformis B85 khdng c6 su khac biét c6 ¥ nghia, do d6 dé co
hiéu qua kinh té, chon ty I& gidng 1a 5% b sung vao moéi truong ban rin cho vi
khuan B.licheniformis B85. Chung vi khuan Pseudomonas stutzeri KL15 phat trién
t6t nhat voi ty 16 gidng 12 10% c6 mat d6 2 x 10° CFU/mL, tuy nhién mat do vi
khuan KL 15 & ty 18 gidng 7,5% la 2 x 10° CFU/mL. Xét y nghia thong keé, giita hai
nghiém thtrc nay khong c6 sy khac biét nén chon ty 18 gidng cho chung vi khuan P.
stutzeri KL15 1a 7,5%. Tuong ty ching Rhodococcus rhodochrous Te phét trién tot
nhat véi mat do 10% (1,8x10° CFU/gam), tuy nhién mat do vi khuan giira céc ty 18
5%, 7,5% va 10% khong c6 su khac biét co y nghia théng k&, nén chon mat dé vi
khuan cho moéi trudng ban ran 12 5%. Trong méi truong san xuét, thanh phan 1a cac
ngudn nito thd con goi 1a ngudn nito k¥ thuat, thuong nhitng mdi trudng nay thi vi
sinh vat phai can mot thoi gian dai dé thich nghi va sir dung cac thanh phan trong
moi trudng, do d6 dé viée 1én men ban rin véi thoi gian nhanh hon thi s& can luong
gidng nhiéu hon méi trudng 16ng (Tran Thi Thanh, 2000).

T6m lai, ty 1 gidng dé bd sung vao mdi truong ban ran cho vi khuan Bacillus
licheniformis B85, Rhodococcus rhodochrous To la 5% va vi khuan Pseudomonas
stutzeri KL15 la 7,5%.

Khdo sat dg am anh hwéng dén sinh khéi cac chiing vi khudn

Cac chung vi khuan sau khi duoc nhan sinh khéi trong moi trudng san xuét
long da duoc t6i wu hoa, cdy vao cac méi trudng phi hop dd nghién ciru ¢ ndi dung
4.9.1, 4.9.2, u trong thoi gian 48 gio, nhiét d phong, khao sat do am 45%, 50%,
55% va 60%.

R.rhodochrous T9 M B.licheniformis B85 M P, stutzeri KL15

9.569.30

Mit dé vi khudn ( Log.CFU/g)
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Hinh 3.28. Khao sat d6 4m nudi cay
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Chung vi khuan Bacillus licheniformis B85 phat trién tét nhat 6 am 55% c6
mat do vi khuan 1a 3,6 x 10° CFU/gam tuy nhién theo xir ly théng ké thi mat do vi
khuan & hai d6 am 50, 55% khong c6 su khac biét c6 v nghia, do d6 chon do am
55% dé c6 mat do cao nhat. Chung vi khuan Pseudomonas stutzeri KL15 phat trién
t6t nhat & do am 55% c6 mat do 2 x 10° CFU/mL, nghiém thtrc d6 am 55% c6 sy
khac biét c6 y nghia théng ké véi cac nghiém thic con lai, do d6 chon d6 am 55%
cho méi trudng nudi cdy chung vi khuan nay. Tuong ty Rhodococcus rhodochrous
To phét trién tot nhat & do am 55% voi mat d6 1,42 x 10° CFU/gam, mat do vi
khuan Rhodococcus rhodochrous Te & d6 am 50% la 1x10° CFU/mL. Xét ¥ nghia
thong ké, giita hai nghiém thtc nay khong c6 su khac biét nén c6 thé chon mot
trong hai d6 4m dé nhan sinh khéi. Trong 1&n men béan rin, d6 4am ciing anh hudng
dén qu4 trinh nhan sinh khdi cua vi khudn, néu d6 4m qua thip hay qua cao thi qua
trinh nhan sinh khéi déu bi anh hudng, moi trudng 1én men ban ran do am cua
nguy@n liéu maéi trudng phai tir 60-75%. Su ¢4 mit cua nude gitp vi sinh vat hip
thu chat dinh dudng tir moi truong dé dang hon (Tran Thi Thanh, 2000).

Tom lai, d6 4m dé bd sung vao méi truong ban ran cho vi khuan Bacillus
licheniformis B85, Rhodococcus rhodochrous T, vi khuan Pseudomonas stutzeri
KL15 la 55%.

Khdo st thei gian d@nh hwéng dén sinh khéi cac ching vi khudn

Thi nghiém khao séat thoi gian nudi cay tir 36, 48, 60, 72, 84, 96 gio cho 3
chung vi khuan trén méi trudng ban rin cho thiy khoang thoi gian nudi ciy tot nhat
trong khoang 48 — 84 gio. Két qua thé hién ¢ phu luc 2.6.1 — bang 2.20

Chang vi khuan Bacillus licheniformis B85 phat trién t6t nhat vai thoi gian 1a
60 gid co mat do 9,2 x10° CFU/gam, theo xir ly théng ké thi mat do vi khuan & thoi
gian 60 gio cua chang vi khuan B85 khong c6 su khéc biét ¢ y nghia voi nghiém
thirc thoi gian 72 gid (mat do vi khuan 1a 8,5 x 10° CFU/gam), do d6 dé c6 hiéu qua
kinh té, chon thoi gian 1a 60 gio d@é thu nhan mat do vi khuan trong mai truong ban
ran cho vi khuan Bacillus licheniformis B85.

Chung vi khuan Pseudomonas stutzeri KL15 phét trién tot nhat voi thoi gian

72 gid cb6 mat do 5,1 x 10° CFU/mL. Xét théng ké, nghiém thtrc 72 gid ndy o su
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khac biét cO y nghia vdi cac nghiém thire con lai nén chon thoi gian cho chung vi
khuan P. stutzeri KL15 1a 72 gid. Tuong tu ching Rhodococcus rhodochrous To
phét trién tét nhat véi thoi gian 72 gid c6 mat do 4,9 x 10° CFU/mL. Xét thong ké,
nghiém thic 72 gio nay c6 su khac biét cd y nghia vdi cac nghiém thirc con lai nén
chon thoi gian cho chung vi khuan Rhodococcus rhodochrous Tola 72 gid. Tém lai,
thoi gian nudi cdy cho chung vi khuan Bacillus licheniformis B85 la 60 gio va
chung vi khuin Pseudomonas stutzeri KL15, Rhodococcus rhodochrous T 1a 72
gio.
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Hinh 3.29. Khao sat thoi gian nudi ciy
Téc gia Tran Hitu Tam (2014), d4 nghién ctru qui trinh pilot san xuét sinh
khéi 3 ching vi khuan Bacillus sp. dé tao probiotic cung cép carotenoid véi ngudn
co chat 1a ¢au nanh trong mai trudong c6 agar voi thoi gian 48h, sau d6 déng kho té
bao vi khuan dé tao probiotic, thir nghiém trén chudt. Do tng dung ché pham vi
sinh cho hai muc dich khac nhau, nén thanh phan va phuong phap 1am khac nhau
nén khdng thé so sanh két qua.
3.2.2.2. Tao ché pham vi khuan dang bt
Ba chung vi khuin dugc nhan 1én tir moi truong ban rin theo diéu kién da
khao sat, dem di sdy ¢ diéu kién nhiét d6 40° C — 45° C trong thoi gian 2 -3 ngay.
Cac san phém duoc séy khé vé d6 4m 10 - 15%, sau dé nghién min, duoc dém lai
mat do vi khuan dé c6 thé tién hanh trén v&i cac chit phu gia. Mat do vi khuan dugc
dém lai sau khi sdy kho va nghién min. Sau khi sdy khd thi t& bao vi khuin mat
nude nén s& c6 mot sd t& bao vi khuan bi chét di. Nhém vi khuan nao c6 kha ning

ta0 bao tir s& chuyén thanh bao tir va khi c¢6 diéu kién dinh dudng va d6 4m, nhiét do
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phu hop thi nhdm vi khuan s& phét trién, con nhimg ching vi khuan khong c6 kha
nang tao bao tir, té bao sinh dudng khi qua giai doan sdy, mot phan té bao chét di va
mat do vi khuan giam. Giai doan nghién ciing 1a mot yéu t6 anh huong dén mat do
vi khuan vi ¢6 str dung nhiét do cao trong mot thoi gian ngin. Cac ché pham vi
khuan dang bot dugc tinh toan tron véi nhau theo ty 16 phu hop dé dua ra mat do vi
khuan cho hdn hop ché pham la 1x10° CFU/gam cho ting ching vi khuan.

Bang 3.17. Mat do vi khuan sau khi nghién va siy

Stt Chiing Vi khuin Mat d9 vi khuan (CFU/gam)
1 Bacillus licheniformis B85 5,1 x 10°
2 Pseudomonas stutzeri KL15 3,3x10°
3 Rhodococcus rhodochrous Tg 1,8 x 10°

Theo tinh toan Iy thuyét, sé luong vi khuan Bacillus licheniformis B85 la 200
gam, Pseudomonas stutzeri KL15 la 300 gam va Rhodococcus rhodochrous Ty la
500 gam, tron voi nhau thanh 1 kg s& cho mat ¢ 10° CFU/gam cho mdi con vi
khuan. H3n hop ché pham vi sinh ciing dugc pha lodng theo cac nong do va tién
hanh do ODeoomm, tir dudng cong ting truong chuyén ra mat do vi khuan 1a 1,2 x 10°
CFU/gam. Hon hop ché pham vi sinh tiép tuc dugc phdi véi chat phu gia la
dextrose, voi ty 1& 150 gam hdn hop vi sinh véi 850 gam dextrose, ding phuong
phap do ODgoonm, két qua cho tong mat do vi khuan cho két qua 1,5 x 108 CFU/gam,
dem sur dung cho ndi dung 3.

Khdo sdt diéu kién bdo qudn ché phdm vi sinh

B.licheniformis B85 4- 28 -32
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Hinh 3.30. Khao sat diéu kién bao quan cua vi khuan B.licheniformis

Hinh 3.30, cho thay vi khuan B. licheniformis B85, khi bao quan & nhiét do 4 - 8°C
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trong 180 ngay, mat do vi khuan giam nhe, ban dau tr 5,1 x 10° CFU/g xubng con 7
x108 CFU/g. Sau 360 ngay, mat d6 vi khuan giam con 3,5 x 107 CFU/g. O nhiét d6
28-32° C, mat s vi khuan B. licheniformics B85 sau 120 ngay giam xudng con
8,3.108 CFU/g, sau 270 ngay mat s6 vi khuan tiép tuc giam xudng con 107 CFU/g
va sau 360 ngay, mat s vi khuan giam xudng con 3,5 x 10° CFU/qg.

P. sturzeri KL15
4-8m28 32
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Hinh 3.31. Khao sat diéu kién bao quan caa vi khuan P. stutzeri KL15
Déi voi vi khuan P. stutzeri KL15 & hinh 3.31, bao quan & muc nhiét o 4 - 8° C,
120 ngay thi mat d6 vi khuan giam xuéng con 108 CFU/g, sau 360 ngay mat do vi
khuan giam xuéng 10® CFU/g. Con ¢ muc nhiét do 28-32°C, thi sau 90 ngay mat do
vi khuan cua 2 chung P. stutzeri KL15 giam tir 10° CFU/g xudng con 108 CFU/g va
sau 360 ngay bao quan, mat d6 vi khuan giam con 10° CFU/g

R. rhodochrous Ty m28 32
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Hinh 3.32. Khao sat diéu kién bao quan cta vi khuan R.rhodochrous To
Dbi vai vi khuan R.rhodochrous Te ¢ hinh 3.32 cho thiy bao quan ¢ muc nhiét do 4
— 8°C, 120 ngay thi mat @6 vi khuan giam xudng con 108 CFU/gam, sau 360 ngay
mat d6 vi khuan giam xubng 10° CFU/g. Con ¢ muc nhiét do 28-32°C, thi sau 90
ngdy mat do vi khuan cua R.rhodochrous T giam tir 109 CFU/g xubng con 108
CFU/g va sau 360 ngay bao quan, mat d6 vi khuan giam con 10° CFU/g.

Tém lai, bao quan & diéu kién nhiét do tir 4 — 8°C, vi khuin dugc bao quan tét
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hon, mat do vi khuan c6 giam nhe sau 120 ngay bao quan va sau 360 ngay, chung vi
khuan B. licheniformis B85 giam con 107 CFU/g, con 2 ching vi khuan con lai 1a
10° CFU/g. DPéi véi bao quan & nhiét do 28-32°C, mat do vi khuan giam nhe sau
180 ngay va sau 360 ngay, mat sd vi khuan B. licheniformis B85 giam con 10°
CFU/g, hai chung vi khuan giam xudng con 10° CFU/g. Pic biét, chung vi khuan B.
licheniformics B85 1a nhom vi khuén sinh bao tir nén sau thoi gian bao quan 360
ngay, c6 mat sb vi khudn cao hon so vé6i 2 ching vi khudn con lai.

3.3. N§i dung 3: Panh gia chuyén héa nito ciia cac ching vi khuan trong nudi
trong thiy san.

3.3.1. Panh gia su chuyén hoa N cia cac chiing vi khuan trong nwéc nudi tom
thé chan trang (khong c6 tdm) & qui md phong thi nghiém.

3.3.1.1. Panh gia sw chuyén héa N cia cac chiing vi khuan.

Theo di pH mai trwong nudc ao nudi tdm thé chan tring (khéng co tom)

Nudc nudi tdm thé chan tring dugce dem vé tir Can Gid 1a 400L, chaa vao can 20L,
c6 sut khi oxy. Tién hanh b sung ché pham vi sinh theo cac ty 1& 0,1%, 0,2%,
0,3%, 0,4% va 0,5% va&i mat do vi sinh vat la 108 CFU/gam.
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Hinh 3.33. Chi tiéu pH theo ddi hang ngay
Theo ddi c4c chi tiéu pH, ham lugng ammonia, nitrite, nitrate va tong vi khuan
hiéu khi, mat d6 vi khuan AOB, NOB trong thoi gian 5 ngay & nhiét ¢ phong.
Nhiét do nudc trong can dugc do vao cac budi sang, do dong tir 28 - 30°C va chiéu
trong khoang 30 - 32°C. Tét ca cac NT c¢6 bd sung vi khuan sau 5 ngay déu c6 xu
huéng pH giam nhung giam rét it, sau 5 ngay van duy tri & mac pH =7,3 - 7,8.

Nhin chung, pH & Hinh 3.33 du cé giam nhung van duy tri & mtc do cho phép
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véi moi trudng nudc nudi tdm thé chan trang (7,0 — 8,5), pH ¢6 xu hudng giam 1a
hoan toan phu hop véi xu huéng giam ham lugng ammonia co trong nudc ao.
Khdo st chuyén hda ammonia trong ao nudi tdm thé chan tring

Khi pH giam, su chuyén doi tir NH4* sang NHs s& giam, két hop véi diéu kién
sut khi lién tuc hop thanh t6 hop diéu kién gidp nhom vi khuan hiéu khi oxy hoa
NH4*/NH3 thanh NO,™ dé dang hon va sy phan hiy chat hitu co & dy ao sé dién ra
nhanh chéng khi pH ¢ ngudng 7 — 8 (Boyd, 1998).
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Hinh 3.34. Ham lugng ammonia theo d6i hang ngay

O hinh 3.34, nugc nudi tdm thé chan tring ban dau phan tich c6 ham luong
ammonia 12 0,204 mg/I. Sau 4 ngay & 5 can c6 bo sung ché pham hdn hop vi khuan
xu 1y thi ndng d6 ammonia giam xudng ngudng < 0,1 mg/l, lwuong ammonia giam
theo thir ty ty 1& ché pham vi khuan b sung tir cao dén thap, & NTDC ciing ¢ giam
nhung chua dat ngudng nong d6 ammonia < 0,1 mg/l. Sau 5 ngay theo ddi, ham
lwong ammonia & cac NT 1, 2, 3, 4, 5 tiép tuc giam xubng < 0,06 mg/L, riéng
NTDC c6 ham luong ammonia la 0,12 mg/L. Vay khi bo sung mat do vi khuan b
sung vai ty 1 0,3%, 0,4% va 0,5% sau 5 ngay déu cho hiéu suét xir Iy ammonia l6n
hon 80 % tuwong Gtng vé&i ham lugng ammonia la 0,04 mg/L (NT3) va 0,03 mg/L
(NT4, NT5). O NT5 b sung ty 1¢ 0,5% vi khuan véi mat do 108 CFU/gam xur ly
ammonia tét nhat, & ngay tht 3 da l1am ham leong ammonia giam xubng con 0,09
mg/L tuong ung hiéu suat xtr Iy 56%, qua 5 ngay ham lugng ammonia giam con
0,03 mg/L twong tng vai hiéu suat xu ly dat dugc 85,31%. Diéu ndy chang to khi
c6 su két hop nhiéu nhém vi khuan chuyén héa nito lai véi nhau va bd sung mat sé

vi khuan cao thi kha niang xtr Iy ammonia s& tot hon. Xét vé mat thong ké, NT3
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(0,3%), NT4 (0,4%), NT5 (0,5%) khong c6 su khac biét cé y nghia vé mit thong ké
(phu lyc 3.1 — bang 3.2) va 3 nghiém thic nay co su khac biét véi NT1, NT2 va
NTDC. Tuy nhién khi mé rong tng dung véan dé nay, vé mat hiéu qua kinh té, néu
ché pham vi sinh dugc phép bd sung vao ao nudi tdm thé vai ty 18 vi sinh 0,5% thi
c6 thé s& kha dt tién, anh huong dén khoang chi phi cho viéc sir dung ché pham vi
sinh cua ngudi nudi tdm. Tir két qua va nhiing phan tich trén, quyét dinh thi
nghiém mat do vi khuan nitrite hoa thich hop can bd sung vao bé wong nudi tom thé
chan trang giai doan post 5 & qui mdé 1m?3 d@é cai thién ham luong ammonia 1a 108
CFU/g véi liéu luong 0,3 %, 0,4% va 0,5%.
Khdo sat chuyén héa nitrite trong ao nudi tdm thé chan trdng

Hinh 3.35, nhin chung ham lugng NO2 & cic NT ban dau khong cao vaéi ham
lwong 0,1086 mg/L va sau 6 ngay theo dbi, lwong nitrite & cac NT ¢6 b sung vi
sinh ¢6 tang nhe vao ngay thir 1 dén ngay tha 3, sau d6 giam khi chuyén qua ngay
ther tu dén tha 6. Do trong qué trinh hoat dong tir ngay tht 1 dén ngay tha 3, cac
chang vi khuan chuyén héa ammonia sau 24 gio va tao ra san pham la nitrite, 1am

ham lugng nitrite tang Ién.
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Hinh 3.35. Ham lugng nitrite theo ddi hang ngay
Sau thoi gian 3 ngay, cac chung vi khuan chuyén hoa nitrite thanh nitrate, do
d6 1am ham luong nitrite bi giam xubng. Nghiém thirc c6 bd sung vi sinh vat thi
nitrite giam nhanh so v&i nghiém thirc d6i ching va ham lugng nitrite & 5 NT b
sung vi sinh giam xudng con tir 0,0214 — 0,0405 mg/L, diéu ndy chimg t6 nhém vi
khuan nitrite h6a bd sung di bat dau hoat dong va thich nghi dan véi méi trudong
nudc wong nudi au trlng tdm thé chan trang. Riéng nghiém thirc dbi chimg, khdng

bd sung vi sinh vat tir bén ngoai ma chi c6 cac chung vi khuén nitrate héa trong
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nudc nén viée chuyén hoa NO2 cham va hau nhu giam rat it. Xét vé théng ké ( phu
luc 3.1 — bang 3.3), sau 6 ngay theo ddi, nghiém thirc NT4 va NT5 c6 khéng cé su
khac biét cO y nghia, nghiém thir NT3 c6 su khac biét c6 v nghia vai nghiém thic
NT5 nhung lai khong c6 sy khac biét c0 y nghia vdi nghiém thirc NT4.

T6ém lai, nghiém thirc bd sung ché pham vi sinh 0,5% (NT5) c6 ham leong
nitrite 12 0,0214 mg/L tuong tmg hiéu suat chuyén hoa nitrite 12 80,29% la nghiém
thire giam nhiéu nhat. Him luong nitrite con 0,0274 mg/L twong tmg hiéu suét
chuyén hoa nitrite 74,77% & nghiém thtrc bo sung ché pham vi sinh 0,4% (NT4),
ham luong nitrite & nghiém thic 0,3 % (NT3) 1a 0,0319 mg/L twong Gng hiéu suat
chuyén hoa 70,63% tuy nhién khi sir dung ché pham & qui mé 16n hon c6 thé xem
xét sir dung & nghiém thic 0,3% va 0,4% dé co hiéu qua vé kinh té. Theo Boyd
(1998) ham luong nitrite trong a0 nudi tdm cha yéu do thic an thira va qué trinh bai
tiét ctia tdm nudi. Nitrite 13 hop chat nito gay doc cho cac dong vat thity san, trong
d6 c6 tdm, khi nong do nitrite cao s& két hop véi hemocyanin trong mau tdm lam
mat kha nang van chuyén 6xy trong mau khién tom nudi bi ngat. Khi d6 tom sé yéu,
d& mic bénh hoidc chét vi sbc mdi truong, cho ring d6i véi ao nudi thiy san ndng
d6 nitrite nhé hon 0,3 mg/L. Theo Whetstone va ctv (2002) nong dd nitrite trong ao
nudi tdm phai nho hon 0,23 mg/L dugc xem la an toan.

Khdo sat chuyén hda nitrate trong ao nudi tdm thé chan tring

Trén biéu d6 Hinh 3.36 ham lugng nitrate & cdc NT ban dau thap chi cd

0,2156 mg/L va sau 6 ngdy theo ddi, lwong nitrate c6 ting nhe tir ngay thir 1 dén

ngay tha 3 va giam tir ngay thtr tu dén ngay thi séu.
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Hinh 3.36. Ham lugng nitrate theo ddi hang ngay
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Riéng nghiém thirc d6i ching, ham lugng nitrate hau nhu giam nhe tir ngay
thtr 1 dén ngay thtr 6, vi do mat do vi sinh vat nitrate hoa va khir nitrate trong nudc
nudi tom thé chan tring thap, lai khong dugc bd sung vi sinh vat bén ngoai vao nén
ham luong NOs™ khong dugc khir @& chuyén thanh N phan tir. Cac nghiém thirc co
b6 sung vi sinh thi qué trinh chuyén héa tir NHz — NO2” — NO3z” — N2 gilip cho sy
thay do6i trong méi trudng nudc tot hon, ham luong nitrate giam tir ngay thir tu dén
ngay th 6 thi chimg to nhém vi khuan da bat dau hoat dong va thich nghi dan véi
moi truong.

T6m lai, sau 6 ngay, nghiém thic 0,5% (NT5) chuyén hoa nitrate véi hiéu suat
la 76,11% (tuwong ung ham lugng nitrate con la 0,0515 mg/L), nghiém thuc 0,4%
(NT4) chuyén hoa nitrate vai hidu suat la 70,92% twong tng ham luong nitrate con
0,0627 mg/L, NT3 14 64,08% twong tng ham luong nitrate 0,0774 mg/L. Cho thiy,
nghiém thirc NT5 ¢6 ham lwong nitrate giam nhiéu nhat so véi cac nghiém thirc con
lai. Nhung xét vé mit thong ké (phu luc 3.1 — bang 3.4), nghiém thic NT3 va NT4
khong cd khac biét cd y nghia va nghiém thuc NT4 va NT5 khong c6 su khac biét
c6 y nghia, tuy nhién nghiém thirc NT3 va NT5 lai ¢6 su khac biét ¢ y nghia.

Do d6, can thtr nghiém ca 3 NT3, NT4, NT5 & qui md Ién hon nham lya chon
ty 1¢ vi sinh thich hop cho hiéu qua kinh té. Theo Zweig va ctv (1999) nitrate la san
pham cudi cung caa qua trinh nitrate hda va néng do thudng cao hon ca ammonia
Va nitrit nhung it doc hon. Nong d6 nitrate cao cd thé anh huong dén qué trinh tham
thau va van chuyén 6xy, nhung nong do doc hai cao hon nhiéu so véi ammonia va
nitrite (Lawson, 1995). Nong d6 nitrate cao ciing cO thé dan dén hién twong phi
dudng, phét trién qua muc caa tao va thuc vat thay sinh, cé thé co tac dong tiéu cuc
dén cac loai thay san nudi (Zweig va ctv., 1999). Zhang (2020), d4 khao sat dugc ty
16 C/N l1a 10 véi ngudn cacbon 1a glucose, pH 7, nhiét d6 30°C, bbn chung vi sinh
vat Pseudomonas sp., Sphingobacterium sp., Bacillus sp., Acinetobacter sp. theo ty
16 1:1:1:1 thi chuyén h6a ammonia trong nuéc thai trang trai chin nubi lon da
chuyén héa dugc khoang 20,56% ammonia. Tém lai, cac chung vi khuan khi phéi
hop theo céc ty & da cho kha nang chuyén hda ammonia, nitrite, nitrate trén 80%

khi bd sung vao méi trudng nudce ao tdm thé chan trang (khong c6 tom), 1am tién dé
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cho viéc ting dung ché pham vi sinh vao wong gidng tdm thé chan trang.
3.3.1.2. Panh gia mat a9 vi sinh vat khi bo sung ché pham vi sinh.
e Téng vi khudn hiéu khi

Mat d6 vi khuan hiéu khi trong nudc nudi tdm thé chan trang ban dau khi lay
vé phong thi nghiém 1a 2,7 x 10 CFU/mL, sau khi b6 sung hdn hop vi sinh theo cac
ty 16 0,1; 0,2; 0,3; 0,4; 0,5 % vé&i mat do vi khuan la 108 CFU/g vao cac can 20L
chtra nuéc nubi tdm thé chan trang cho thay téng vi sinh vat hiéu khi c6 mat do tur
4,5 x 101° CFU/mL d&n 6,2 x10'! CFU/mL. Bén ngay tha 2 vi sinh bat dau hoat
dong st dung ammonia nhu ngudn thic dn va chuyén héa thanh nitrite, nitrate tuy
nhién ham lugng vi sinh vat giam nhanh trong thoi gian 2 — 5 ngay sau khi cho vao
mdi trudong nude. Dén ngay thtr nam, NTDC c6 tong vi khuan hiéu khi con 1,2 x
10% CFU/mL va nghiém thac NT1, NT2, NT3 la 1,6 — 8,1 x 10° CFU/mL, NT4,
NT51a1,2-1,5x 10" CFU/mL.
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Hinh 3.37. Mat d6 tong vi khuan hiéu khi

Theo Anderson (1993) trong nuéc sach thi téng vi khuin nhd hon 103
CFU/mL néu mat d6 tong vi khuan vuot 107 CFU/mL sé& c6 hai cho tdm ca nudi va
moi trudng tré nén ban. Tuy nhién theo thi nghiém nay thi moi trudng nude khong
c6 hoat dong cuia t6m, chi kiém soat mat d6 vi khuan theo timg ngay dé danh gia su
hién dién cta chung va cling khdng so sanh gitra cac nghiém thirc. Moi treong nudce
nubi tdm nay khong cé su hoat dong cua tom nén sau khi ham lIuwgng ammonia
giam, nitrite giam thi vi sinh vt khong con ngudn thirc dn nén mat do ciing s& giam

dan theo thoi gian.
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Vi khudn chuyén hda ammonia (AOB)

Hinh 3.38, mat do vi khuan chuyén héa ammonia trong nudc ban dau khi lay
vé phong thi nghiém 1a 4,7 x 102 CFU/mL, sau khi b6 sung hdn hop vi sinh theo céc
ty 16 0,1; 0,2; 0,3; 0,4: 0,5 % vé&i mat do vi khuan 1a 108 CFU/g vao cac can 20L
chtra nuéc nudi tdm cho thay vi khuan AOB ting mat d6 1én 107 CFU/mL (NT1 va
NT2) va 2,8 — 7,2 x 108 CFU/mL (3 nghiém thirc NT3, NT4, NT5). Bén ngay thi 2
vi sinh bt dau hoat dong st dung ammonia nhu ngudn thic 3n va chuyén hoa thanh
nitrite, nitrate. Tuy nhién ham luong vi sinh vat giam nhanh trong thoi gian 4 - 5
ngay sau khi cho vao méi truong nude nudi tom. Pén ngay thi 4 thi 6 NTDC nhém
vi khuan AOB khéng con phat hién va nghiém thirc NT1, NT2, NT31a 1,5 -8,1 x
10° CFU/mL, NT4, NT5 14 2,2 — 5,2 x 10° CFU/mL. Bén ngay thir 5 mat do tiép tuc
giam nhiéu, nghiém thirc NT1 14 4,1 x 108 CFU/mL, NT2, NT3 14 1,6 — 2,1 x 10*
CFU/mL vaNT4,NT51a1,2-6,2 x 10° CFU/mL.
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Hinh 3.38. Mat d6 vi khuan chuyén héa ammonia

Ham luong vi sinh vat chuyén héa ammonia giam nhanh theo tirng ngay, ngay
dau tién vi khuan AOB dugc bd sung vao méi trudng nudc, vi sinh vat sir dung
ammonia 1am thac an dé sinh truong va phat trién, chuyén héa NH4* thanh NO2™ va
day la mdi trudng nudc khéng nudi tdm nén thace an khdng dugc cung cap vao, do
d6 mot phan cac vi sinh vat canh tranh dinh dudng 1an nhau, 1am anh hudéng dén
mat d6 vi khuan va mot phan nhom vi khuan khéng sinh bao tir chét di ciing lam
anh huong dén mat do vi khuan.
e Vi khudn chuyén hda nitrite (NOB)

Vi khuan chuyén héa nitrite trong nudc ban dau khi lay vé phong thi nghiém
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c6 mat do tir 1,2 x 102 CFU/mL, sau khi bd sung hdn hop vi sinh theo cac ty 18 0,1;
0,2; 0,3; 0,4; 0,5 % voi mat do vi khuan 1a 108 CFU/g vao céac can 20L chtra nudc
nudi tdm cho thdy vi khuan NOB ting mat d6 lén 2,5 - 4,1 x 107 CFU/mL cho 3
nghiém thirc NT1, NT2, NT3 va mat do 5,6 — 8,3.10% CFU/g & NT4, NT5. Dén
ngay thir 2 vi sinh bit dau hoat dong st dung nitrite dé chuyén héa thanh nitrate thi
mat do ¢6 giam nhe & NT4, NT5 con 5,5 — 8,5 x 10" CFU/mL va nghiém thirc NT1,
NT2, NT3 giam xudng con 3,7 — 6,7 x 107 CFU/mL. Tuy nhién ham luong vi sinh
vat giam nhanh trong thoi gian 3, 4, 5 ngay sau khi cho vao méi truong nudc nudi
tom. Dén ngay tha 3 thi & NTDC nhom vi khuan NOB khong con phat hién va cac
nghiém thirc giam mat d6 rat nhanh. Bén ngay tha 5 mat do giam kha thap, mat do
vi sinh NOB & nghiém thirc NT1, NT2 con 1,6 -1,7 x 10> CFU/mL, NT3 la 2,1 x
10°CFU/mL, NT4,NT51a1,2 - 2,2 x 10* CFU/mL.
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Hinh 3.39. Mat d6 vi khuan chuyén héa nitrite

Tuong ty nhu nhém vi khuan AOB, mat d6 vi khuan giam kha nhanh do ham
luong nitrite bi chuyén hoa hét va vi khuan ko con thirc an sir dung ton tai va phét
trién. Trong nhom vi khuan bé sung chi ¢ vi khuan Bacillus licheniformis B85 la
sinh bao tr, con hai chung vi khuan con lai khdng sinh bao tir nén vi khuan bi chét
di 1 phan. Tém lai, khi b sung ché pham hdn hop vi khuan vao trong nudc nudi
tdm thé chan tring (khdng c6 tdm) c6 chira ammonia va nitrite thi ché pham sé& hoat
dong lam giam ham lugng ammonia, nitrite va nitrate trong nudc. Mat d6 nhom vi
khuan AOB, NOB trong mdi truong nuéc ao thuc dia moc duoc trén méi trudng
Winogradki khoang 102 CFU/mL va dugc bo sung ché pham vi sinh vao la 108
CFU/mL, phan tich mat d6 sau bd sung thi mat do vi khuan AOB, NOB ting tir 108
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— 109 CFU/mL. Ham luong vi sinh ngay dau tién cao do mai bo sung vi sinh vat
vao, ham luong dinh dudng trong nudc van con, vi sinh vat sir dung nhu 12 ngudn
thire an. Bén ngay thir 3, 4, 5 thi vi sinh vat giam do lugng chét hitu co trong nuéc
giam, vi khuan khéng con ngudn thirc dn dé phat trién sinh khoi.

Nhin chung, qua cac ngay mat do vi khuan & tit ca cac NT déu c6 xu huéng
giam, giam kha nhanh. Sau 5 ngay mat d6 vi sinh dao dong vé khoang 102 — 10
(CFU/mL), c6 thé day 1a do lugng NH4*/NHs giam (dinh dudng giam) lam ting
lugng NO2', sau d6 NO, giam dé tao ra NO3™ va tiép tuc NOs- giam, chuyén thanh
N2 phan tir nén méi trudng nudc nudi tdm thé chan tring (khdng co tdm) dé thoi
gian lau thi kha nang song soét ciia nhém vi khuan ban dia ciing nhu nhém vi khuan
nitrite hda bd sung s& giam di rat nhiéu. Bé danh gia day du hon hiéu qua cua ché
pham vi sinh vat trong nuéi trong thay san, can thuc hién thi nghiém quy mé hon va
toan dién hon, vi thé, tiép tuc tién hanh danh gia anh huong caa ché pham vi sinh
lén chit luong nudc nudi tdm thé chan tring, giai doan wong giéng ¢ qui md 1m3
véi 3 ty 1€ vi sinh 1a 0,3%, 0,4% va 0,5%.

3.3.2. Panh gia s chuyén héa N ciia cac chiing vi khuan trong bé nudi tdm thé
chan triang giai doan wong gidng & qui moé bé xi-ming 1m°.
Céc chi tiéu méi trueong wong nudi du tring tdm thé chan trdng

Trong sudt thoi gian thuc hién thi nghiém, cac chi tiéu nhiét do, pH, DO duoc
do dinh ky mét ngay 2 lan (bang két qua phan phu luc 3.2 — bang 3.8 va 3.9). Nhiét
d6 nude cua cac nghiém thic twong ddi 6n dinh trong qué trinh thi nghiém. Vao bubi
sang, nhiét do cao nhat & NT1 (28,06 + 0,96 °C), thap nhat & NTDC (27,96 + 0,94
°C). Vao bubi chiéu nhiét d6 nudc cao hon so V6i budi sang va cao nhit & NTPC
(29,37 + 1,24 °C), thap nhat & NT3 (29,19 + 1,15 °C), tuy nhién su khac biét giita cac
nghiém thirc khong ¢ ¥ nghia théng ké (P<0,05). Theo Wyk va Scarpa (1999) than
nhiét cua tém s& thuong xuyén & trang thai can bang véi nhiét do cia nudc. Khoang
nhiét d6 téi uu cho tdm chan tring truong thanh 1a tir 28 dén 32°C (Boyd, 1998; Wyk
va Scarpa, 1999). Vi vay, nhiét d6 ¢ cac nghiém thirc thi nghiém nam trong khoang
thich hop cho su ting trudng ciia tdm, va ciing phit hop véi su phét trién cta vi khuan
(theo ndi dung 2, vi khuan tang sinh tét & nhiét 46 30°C).
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Theo Lawson (1995) pH la mét trong nhitng chi tiéu quan trong dé danh gia
chat luong nude ao nudi, dic biét 1a trong wong au tring tdm chan trang. Khi pH
bién dong thi s& anh huong téi qué trinh sinh ly, sinh hoa trong co thé tdm, 1am anh
huong cac yéu td khac trong ao nhu tao, khi doc. pH trung binh cua cac nghiém
thire ludn ludn 6n dinh, vao budi sang tir 7,72 — 7,78 va budi chiéu tir 7,61 — 7,76,
cac khoang dao dong nay nam trong gigi han thich hop cho tém (Boyd va ctv, 2002;
Whetstone va ctv, 2002) va thich hop cho vi khuan hoat dong (Nguyén Lan Diing
va ctv, 2002).

Theo Wanninayate va ctv (2001) nghién ciu su phan phéi 6xy trong ao cho
thdy c6 70% luong 6xy tiéu hao cho sinh vat day va sy dxy hda cac hop chat hitu
co, chi ¢6 20% luong dxy tiéu ton cho qué trinh hd hap cua tdm. Ham luwgng DO
trung binh caa cac nghiém thirc & ca hai budi séng va chiéu twong déi 6n dinh, c6 sy
khac nhau giita cac nghiém thuc nhung khong c6 ¥ nghia vé mit thong ké (p
<0,05), dao dong trung binh tir 6,5 — 6,97 ppm khoang bién dong nay nam trong
gigi han tir 6 — 8,2 ppm, theo nghién ctu cua Avnimelech (2007) la thich hop cho
tém. Ham lugng DO nhu vay rat thuan loi cho tém ting truong va phat trién, ciing
nhu duy tri dugc su phét trién tét cua lugng tao trong hé théng. Ngoai ra, DO ciing
hd trg cho nhém vi khuan hiéu khi chuyén hda cac hop chat N trong ao hoat dong
t6t hon thi viéc chuyén héa cac khi doc trong ao ciing nhanh hon.

Po kiém cao nhit & NT2 (121,25 + 18,45 mg/L) va thip nhat & NTPC
(106,75 + 31,74 mg/L), giira cac nghiém thuc cd su sai khac vé mit théng ké
(P<0,05). Theo Hargreaves (2013), do kiém trong ao nudi nén duy tri & mac 100 —
150 mg/L. Do d6, do kiém trung binh ¢ cac nghiém thirc nim trong muc cho phép
va khong gay hai dén tém. Do min trong thi nghiém khong cé su khac biét vé mit
théng ké (P <0,05), cac nghiém thuc duy tri dugc d6 mian 20%. Theo Samocha
(2019) d6 man 20 - 35 %o sé& thich hop cho tdm chan tring phat trién. vi vay d6 man
trong cac nghém thic on dinh, phi hop dé tdm phét trién va ciing phd hop véi kha
nang chiu man cua vi khuan (trong thi nghiém khao sat chiu man, noi dung 2).

Khdo sat ham luweng TAN trong qua trinh wong nudi

Toém duoc tha sau 2 ngay on dinh nudc trong bé (lan 2 1a méi bat dau tha
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t6m), tom dugc uong nuodi trong 30 ngay, dén lan thir 17 1a ding nudi tdm va tiép
tuc lay nudc phan tich chi tieu dé theo ddi sau 4 ngay khéng c6 tdm (lan 18, 19),
mau nude duoc ldy 2 ngay/1 lan dé tién hanh phan tich (phu luc 3.2 — bang 3.14).
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Hinh 3.40. Ham lugng TAN cua cac nghiém thirc

Két qua phan tich ¢ Hinh 3.40 cho thdy ham lwong TAN & NTDC bién thién
tir 1,18 — 8,89 mg/L, ham luong TAN twong di on dinh ban dau tir 1an 1 dén lan 7,
dén lan 8 thi ham lugng TAN trong bé dbi chung bit dau co su bién dong va chénh
léch 16n ¢ cé4c lan do, dic biét & 1an 13 ting 1én cao nhat va giam dan & céc lan sau,
nguyén nhan cua su bién dong TAN trong nghiém thuc ddi chirng nay c6 thé do
“tao trong ao thuong bi tan do cuong d6 anh sang qué cao hodc vi mot sé nguyén
nhan khac. Cac su ¢ nay khién cho méi trudng ao nudi thiy san mat on dinh, dan
dén su thiéu hut oxy hoa tan hoic gia taing ham lugong TAN” (Avnimelech va ctv,
1994). Trong thoi gian 30 ngay, NT1 bién thién tir 1,14 — 3,31 mg/L, NT2 tir 1,12 -
2,90 mg/L va NT3 tir 1, 26 — 2,50 mg/L. O cac nghiém thiac, TAN khé 6n dinh, ting
cao nhat 1a 1an tha 9 dén 1an thir 15 tuy nhién khong c6 NT nao ¢6 ham lugng TAN
tang vuot 3,5 mg/L, ham lugng TAN giam nhe & lan 18, 19. Theo Boyd (1998);
Chanratchakool (2003), ham lugng TAN thich hgp cho ao nuéi tém la 0,2 — 2,0
mg/L va ham lugng ammoniac (NH3) phai nho hon 0,1mg/L. Tuy nhién theo
Robertson (2006); Samocha (2019) thi ham lugng TAN nhé hon 3,0 mg/L 1a
khoang toi wu cho tom nudi phat trién va d6 doc cia né tuy thuoc vao pH. Két qua
cua nghién ciu cho thady TAN cua NT2, NT3 nam trong ngudng cho phép tdm phat
trién, chang t6 ham luong vi sinh duoc bo sung du trong ao nudi tdm goép phan
phan hiy vat chét hitu co chira nito thanh cac hop chat NH4+, NO2-, NO3-. Do do,
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cho thay ty I¢ vi sinh 12 0,4 % va 0,5% la ty I¢ t6t nhat dé bo sung cho bé nudi tdm
thé chén trang giai doan wong giong.
Khdao sat ham lweng nitrite trong qué trinh wong nuoi
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Hinh 3.41. Ham Iugng NO2" cta cac nghi¢m thirc

Hinh 3.41 ham luong nitrite 6n dinh tir bat dau tha tdm dén thoi diém wong
nudi dugc 20 ngay (lan th 1 — 12), cang vé sau ham luong NOy™ cang ting dan tir
lan ther 12 dén thoi diém thu tom 14 1an thir 17, khoang bién thién ham luong NOy
cua NTBC tir 0,06 — 15,58 mg/L, NT1 tir 0,07 — 7,32 mg/L, NT2 tir 0,04 — 3,32
mg/L va NT3 tir 0,05 — 3,10 mg/mL (phu luc 3.2 — bang 3.15). Ham lugng nitrite
ting cao va bién dong manh & 1an thu mau thir 12 — lan thir 19 ¢ nghiém thirc d6i
chung. O cac nghiém thirc con lai thi ham lugng NO; ciing tang & lan thu miu 12
nhung khong bién dong manh nhu NTDC. Theo Boyd (1998) ham lugng NO2™ cho
phép trong ao nudi thuy san la khéng vuot qua 10 mg/L va tét nhat 1a nho hon 2
mg/L. Theo Alcaraz va ctv (1999), ham luong NO2" gy chét 50% tdm trong 48 gid
la 240 mg/L. Whetstone va ctv. (2002) nong do N-NO2- trong ao nudi tom phai nhod
hon 0,23 mg/L dugc xem 1a an toan. Theo két qua nghién ciru cho thidy ham luong
NO; ctia NT1, NT2, NT3 nam trong pham vi cho phép dé tom phat trién va khong
gay bat loi dén stc khoe cta tom, chi riéng NTPC ¢ thoi diém 20 ngay nudi thi
ham lugong NO2” vuot trdi 1€n so véi ngudng cho phép ham lugng nitrite trong ao.
Diéu nay cho thdy anh huong ciia ché pham vi sinh rat ¢6 y nghia dén ham lugng
nitrite, nghiém thirc bd sung ché pham vi sinh cang cao thi ham lwong nitrite lai
cang thap va it bién dong trong qua trinh nudi tom.

Khdo sat ham luwgng nitrate trong qua trinh wong nudi
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Hinh 3.42 ham luong Nitrate on dinh tir bat dau tha tom dén thoi diém uong
nudi duoc 22 ngay (Ian tha 1 — 13), cang vé sau ham leong NOs™ cang tiang dan tir
lan thir 13 dén thoi diém thu tom 12 lan tht 17, khoang bién thién NO3 trong NT
DC tir 0,44 - 61,11 mg/L, NT1 I3 0,56 — 18,51 mg/L, NT2 13 0,56 — 13,86 nglL,
NT3 tir 0,50 — 10,03 mg/L, giita cac nghiém thirc c6 sy khac biét y nghia vé mat
théng ké (p < 0,05) (phu luc 3.2 — bang 3.16).
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Hinh 3.42. Ham lugng NOs ctia cac nghiém thirc
Ham luong nitrate trong nghién ctru nay van nam trong ngudng thich nghi
clia tdm thé chéan trang. So voi NTDC, cac nghiém thirc c6 bo sung vi khuan c6 ham
luong nitrate 6n dinh hon va hau nhu khéng ting cao trong sudt qué trinh nudi tom,
diéu nay cho thdy nhom vi khudn bd sung c6 kha ning chuyén hoa nitrate trong hé
théng nudi tdm, gidp cho ham luong nitrate ludn 6n dinh trong qua trinh wong
gidng tom thé chan tring. Theo Zweig va ctv. (1999) nitrate 13 san pham cudi cung
clia qua trinh nitrate hda va nong do thuong cao hon ca ammonia va nitrit nhung it
doc hon nhung ndéng do nitrate cao ciing c6 thé dan dén hién twong pht dudng va
phét trién qua murc ctia tao va thuc vat thuy sinh, ¢d thé co tac dong tiéu cuc dén céc
loai thiiy san nudi. Theo Boyd (1998) cho riang nong d6 nitrate 0,2 — 10,0 mg/L 1a
thich hop cho ao nubi thuy san. Theo tac gia Wyk va Scarpa (1999) thi ham lugng
nitrate phu hgp trong ao nudi thiy san nhé hon 60 mg/L.
Tong vi khudn hiéu khi trong bé wong nudi du tring tdm thé chan trdng
Hinh 3.43 cho thay cac nghiém thac ¢ bd sung ché pham vi khuan thi tong
vi khuan hiéu khi cao hon so véi NTPC, mat do vi khuan dao dong trong cac
nghiém thirc bién thién tir 10* CFU/mL dén 10" CFU/mL trong 12 lan thu mau (mat
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d6 vi khuan dugce dém 3 ngay/1 1an), mat do vi khuan hiéu khi tang dan theo thoi
gian thi nghiém va cao nhat & NT3 (4,96 x107 CFU/mL), nghiém thic ddi ching
khong b sung vi khuan, mat do vi khuan hiéu khi tir 104 - 106 CFU/mL, thap nhét

trong cac nghiém thuec.
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Hinh 3.43. M4t d6 tong vi khuan hiéu khi trong cac nghiém thuc

Nghiém thirc NT2 va NT3 cho mat d6 vi khuan cao nhat trong thi nghiém dao
dong tir 10° — 107 CFU/mL trong 30 ngay va mat do gitra hai nghiém thirc khong c6
su khac biét nhiéu, ty 1& ché pham vi sinh duoc bd sung vao bé ban dau cang nhiéu
thi cho mat do vi khuan hiéu khi cao nhét. Trong nghién ctru nay, NT3 c6 ty 1é ché
pham vi sinh 1a 0,5% cho mat d6 vi khuan hiéu khi cao nhit, do d6 viéc chuyén hoa
ammonia, nitrite, nitrate ciing nhiéu nhat va 6n dinh.

Trong thi nghiém, ché pham vi sinh 1a chung vi khuan Bacillus licheniformis
B85, Pseudomonas stutzeri KL15, Rhodococcus rhodochrous Te. Theo Verschuere
va ctv (2000) vi khuan Bacillus sp. dong vai tro quan trong trong viéc cai thién chat
lwong nude va canh tranh voi cac vi khuan c6 hai trong mdi tredng nudc. Bacillus
sp. dat hiéu qua cao trong viéc chuyén ddi vat chat hiru co thanh CO,. Bén canh do,
nhém vi khuan Bacillus ciing c6 kha ning phan hay protein rat hiéu qua, ching
phan hay thanh cac hop chat nho hon nhu 1a cac acid amin (Aslim va ctv., 2002).
Bacillus licheniformis 1a chung vi khuan dugc sir dung rong rai trong san xuat
probiotic phuc vy nuéi trong thuy san (Decamp va ctv, 2004). Ngoai ra, chang vi
khuan Pseudomonas stutzeri, Rhodococcus rhodochrous ciing duoc tng dung kha
nhiéu trong nudi trong thay san, vi khuan Pseudomonas stutzeri loai bo N trong

nudc ao ca tra nhiém ammonium cao (Cao Ngoc Diep va ctv, 2009), chang vi



122

khuan Rhodococcus sp. dugc sir dung trong thaty san nhu 1a probiotic va bd sung
carotenoid cho dong vat thuy sinh (Ponce-Granillo CV va ctv, 2016). Vi vay duy tri
mat d6 vi khuan hiéu khi nay trong ao c6 thé giam sy tich luy vat chat hitu co va cac
chat thai hoa tan trong nudc. Vi vay, trong mdi trudng nudi tém thé chan trang c6
b sung ché pham vi sinh thi c6 kha ning xt 1y khi doc s& tét hon so véi nghiém
thire khdng bo sung ché pham vi sinh.
Mat sé vi khudn Vibrio sp. trong bé wong nudi 4u tring tom thé chan tring

Mot trong nhitng yéu td han ché chinh trong su phét trién caa nganh tom 13 sy
hién dién cua nhom vi khuan gay bénh Vibrio. Theo nghién cau cua tac gia Nguyén
Cong Tréang va ctv (2019), Vibrio parahaemolyticus phan lap dugc tir cac hé thong
nudi tdm thé chan tring ¢ Bac Liéu cd ty 1¢ khang cao nhat véi Apramycin (73,3%)
va nhay cao nhit (100%) véi Doxycyline va Chloramphenicol. Viéc sir dung ché
pham vi khuan dé han ché su phat trién cua vi khuan vibrio sp. dugc (ng dung khé
nhiéu hién nay va cé nhiéu két qua rét trién vong, gilp cac san pham thay san duoc
an toan, khong gay anh hudéng dén stc khoe cia con nguoi dang duoc quan tam
(Moriarty va ctv, 1997; Verschuere va ctv, 2000).
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Hinh 3.44. Mat d6 tong vi khuan Vibrio trong cac nghiém thirc
Két qua thi nghiém ¢ Hinh 3.44 cho thidy mat do vi khuan Vibrio spp. trong
nuéc & NT DC dao dong tir 102 — 108 CFU/mL, bién dong kha nhiéu trong 12 lan
thu mau, cang vé cudi thi nghiém thi mat do Vibrio sp. cang cao, do nghiém thuic
d6i chitng khong bd sung vi sinh vat va trong qué trinh cho an khong kiém soat
duogc luong thirc an du thira dudi day bé da tao moi trudng thuan lgi cho vi sinh vat
c6 hai phat trién. Mat d6 tong vi khuan Vibrio cia NT1 1a 103 — 10° CFU/mL va &
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NT2 va NT3 c6 mat do Vibrio tong 1a 10%-10* CFU/mL, mat d6 vi khuan Vibrio
tang theo thoi gian tir dau thi nghiém dén cudi thi nghiém. Mat do vi khuan Vibrio
cua NT2, NT3 van nam trong giéi han cho phép tuy nhién 3 lan ldy miu cudi cing
mat d6 Vibrio sp. tang 1én 10* CFU/mL, & NT DC va NT1 mat do Vibrio vuot qua
gidi han cho phép tir 1an thu mau tht 3 - 12. Biéu nay cho thay tong Vibrio trong
cac bé c6 bo sung ché pham vi sinh twong ddi 6n dinh, c6 thé 1a do céc vi khuan
cling da chuyén hda cac chat hitu co du thira trong bé, 1am giam dinh dudng trong
nuéc nudi, tir d6 1am giam mat sb Vibrio sp., ngoai ra, cling ¢ thé ché pham vi sinh
dugc bd sung dinh ky trong sudt qué trinh nudi, nhdm vi khuan cé loi da 14n &t su
phét trién cua vi khuan Vibrio sp.

Mat do Vibrio sp. ting cao & cudi thi nghiém 1a do khong thay nudc nudi suét qua
trinh thi nghiém, do thirc an du thira cua tdm tich lity trong qua trinh nudi 1am tao diéu
kién thuan loi cho Vibrio phat trién va khi Vibrio ting Ién thi cac vi sinh vat hiéu khi
cling ting 18n theo va twong tac qua lai. Theo Moriaty (1999) mat do vi khuan Vibrio
téng vuot qua 103 CFU/mL gay hai dén tdm. Téc gia Lé Hong Phudc va ctv (2017) da
nghién ctiru véi mau nude cac ao nudi ¢ Bac Lidu cho thiy mat do Vibrio tong sb trung
binh 13 103 CFU/mL, mat d6 vi khuan Vibrio tong bat dau tang tir tuan nudi thi 3 va
mat do vi khuan khéng vuot qua 10* CFU/mL tuy nhién, dbi véi ao ¢6 mat do Vibrio
ting cao vao tuan thir 3, 4 va lén hon 10* CFU/mL c6 lién quan dén biéu hién x4u trén
gan tuy tdm. Gigi han ti uu duoc xac dinh dbi véi Vibrio tong trong nuéc ao nudi tom
& muc < 10 CFU/mL (Ganesh va ctv. 2010). V& Hong Phuong va ctv (2018), Bacillus
licheniformis c6 kha nang khang véi nhém vi khuan Vibrio parahaemolyticus gay bénh
teo gan tuy cap tinh trén tdm. Vi thé, nhitng nghiém thirc c6 bd sung ché pham vi sinh
s& han ché duoc sy phét trién caa vi khuan Vibrio. Do trong nghién ctiu ndy, chi quan
tam dén tong sé vi khuan Vibrio hién dién trong bé wong nudi nén khong tién hanh
dinh danh loai vi khuan Vibrio.

Mgt sé vi khu@n AOB chuyén héa ammonia trong bé wong nudi

Phan tich nhém vi khuan chuyén hoa ammonia trong ao, két qua ¢ Hinh 3.45
cho thiy mat do vi khuan chuyén hoa ammonia dao dong tir 7,3 x 103 CFU/mL - 9,1
x 10% CFU/mL sau 30 ngay nudi tdm. Riéng NT DC dén 1an ldy mau tht 3 (10 ngay
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sau nudi) vi khuan AOB mdi xuat hién, mat do 1a 2,1 x 10° CFU/mL. Mat d6 vi
khuan chuyén h6a ammonia bién dong ting dan dén cubi thi nghiém, NT DC c6 mat
d6 vi khuan AOB thip nhét so v6i cac nghiém thirc con lai. NT1 ¢6 mat do vi khuan
dao dong tir 10% - 10° CFU/mL, & NT2 va NT3 ¢6 mat do vi khuan AOB tir 103 —
108 CFU/mL, mat d¢ gitra hai nghiém thitc NT2, NT3 hau nhu khong c6 khac biét.
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Hinh 3.45. Mat d6 vi khuan chuyén hoa ammonia trong cac nghiém thirc

Pbi voi cac NT c6 bd sung vi sinh vat, dén ngay thar 7 nhém vi khuan AOB
dugc tim thiy & tat ca cac nghiém thirc va mat do cang ting dén cubi thi nghiém c6
thé do cé&c chung vi khudn phan huy hop chat hitu co tot hon, sinh ra nhiéu NH4* da
kich thich sy phat trién ctia nhém vi khuan AOB sém hon so v&i cac nghiém thirc
d6i ching. Theo Rennie va Schmidt (1977) nhém vi khuan nitrate hod thudng phan
bd & nhitg noi c6 nhidu hop chét nito va mudi vé co nhu nude thai cong nghiép,
nuéc cong, ddy ao nhicu bun va tai cac khu vuc d6 mat do cua chiing co thé 1én dén
10* —10° té bao/g bun. O nghién cttu ndy, cho thdy nhom AOB & NT2, NT3 ¢6 mat
d6 kha cao, co thé 1a do qua trinh thi nghiém, dinh ky 6 ngay bd sung vi sinh 1 1an.

Mat sé vi khud@n NOB chuyén hoa nitrite trong bé wong nudi

ENTBC NT1 NT2 W NT3

%1]]ﬂﬂﬂﬂﬂﬂﬂﬂ[

Lan 18y mau

M3t s8 vi khudn ( Log.CFU/mL)

Hinh 3.46. Mat d6 vi khuan chuyén héa nitrite trong cac nghiém thic



125

Hinh 3.46 cho thay két qua thi nghiém cho thiy mat do vi khuan chuyén hoa nitrite
(NOB) dao dong tir 102 CFU/mL — 10° CFU/mL sau 30 ngay nudi tdm. Riéng NT
DC dén lan lay mau thir 4 (13 ngay sau nudi) vi khuan NOB mai xuat hién, mat do
la 3,1 x 102 CFU/mL va ting dan dén cudi thi nghiém 1a 6 x 10* CFU/mL. O NT1
mat d6 vi khuan NOB la 102 — 10° CFU/mL va dén ngay thi 10 méi xuat hién vi
khuan chuyén hoa nitrite. Nghiém thac NT2, NT3 ¢6 mat d6 vi khuan NOB dao
dong 108 — 108 CFU/mL, mat do vi khuan chuyén hda nitrite ¢ mat s6 10 CFU/mL
& lan thu mau tha 10, 11, 12. C6 thé thoi diém gan cubi thi nghiém, cac chat hitu co
tir thac an du thura tich tu dudi day bé, vi khuan duoc bo sung lién tuc 6 ngay 1 lan
va nhom vi khuan nitrite quen véi diéu kién hoat dong cua méi trudng mai, chiing
hoat dong chuyén héa NHs* thanh NO2' manh mé& hon nén mat do vi khuan ting
1én.

Danh gia tang trwréng va ty 1¢ séng cia tom

Két qua toc do tang truong, ty 1é sdng caa tdm & cac nghiém thac co bd sung
ché pham vi sinh cao hon so véi NT DC ( Bang 3.14 - phu luc 3.2). Cac yéu té nhu
ty 18 séng cla tom, ting trong trung binh cta tom, téc do ting trudng cia tom ty 18
thuan theo ty I& vi sinh b6 sung vao bé, ching to vi sinh dugc bo sung nhiéu da gitp
hoat dong trong hé thdng tét hon, giam vi khuan c6 hai, giGp tdm phat trién.

Téc gia Far va ctv (2009) da tong két mot s6 tac gia da ching minh duoc loi
ich cua viéc (ng dung vi khuan hiru ich trong nudi tdm. Vai trd cua cac vi khuan
nay gilp can bang hé vi khuan duong rudt, dan dén tang kha ning hap thy thic an
va ting tang trong caa vat nudi (Fuller, 1998; Rengpipat va ctv,1998). Nhiéu nghién
ctru cho thay sé lwong vi khuan hitu ich 1 nhan té duy nhat thac day lam ting tang
trong va ti 1 séng ctia tdm nudi (Zhou va ctv, 2009). Ché pham sinh hoc nitrate hoa
nghién ctru d dat hiéu qua chuyén héa ammonia trén 95% trong hé loc ¢ diéu kién
phong thi nghiém. Ché pham nay con dwoc tng dung thanh cong tai cac dam, ao
nudi trong thay san cua cac tinh Thanh Hoa va Séc Trang, ham lwong ammonia
téng (TAN) ludn ludn thap hon 0,1 mg/L khi str dung ché pham nitrate hoa nghién
ctru (Hoang Phuong Ha va ctv, 2017). Tac gia Xue Li va ctv (2021) d khao sat hon
hop vi khuan Bacillus megaterium va Bacillus subtilis voi mat s6 6 x 10° CFU/g, xir
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ly ammonia, nitrite, nitrate trong hé théng nudi ca chép trong thai gian 15 ngay, cho
thay hiéu suat chuyén hda ammonia 1a 46,3%, nitrite 1 76,3% va nitrate 35,5%.
Theo tac gia V& Van Nha va ctv (2021), cho thay viéc dung liéu lwong Sppm ché
pham vi sinh, tan suat 7 ngay/lan, trong 3 l1an 1a c6 thé xt 1y dugc nude thai tir ao
nudi tham canh tdm thé chan tring & ao trén cét.

Qua céc két qua trén cho thay khi bd sung ché pham vi sinh vao bé nudi tdm
thé chan tring, thi ham luong NH4*, NO2, NO3~ déu dugc kiém soét tot, mat do vi
khuan Vibrio ciing duoc han ché tir d6 gitip tom ting trudng va phat trién tt hon,
gilp ty I& chét giam. Trong nghién ciru nay, dé xuat ty Ié ché pham vi khuan bo
sung 1a 0,4% hay 0,5% c6 mat d6 108 CFU/g vao bé nudi tdm thé chan trang dinh
ky 6 ngay/1 1an c6 thé han ché, 1am giam ham luwong NH4*, NO2, NO3™ trong bé.

San pham dat duoc trong luan &n 1a phan Iap va tuyén chon duoc ba chung vi
khuan 1a Bacillus licheniformis B85, Rhodococcus rhodochrous Tg vi khuin
Pseudomonas stutzeri KL15 tir nén ddy ving nudi tdm him c6 kha niang chuyén
h6éa ammonia, nitrite tt nhat, cac ching vi khuan trén 1a chung vi khuén nitrate hoa
di dudng, c6 ngudn gbc ty nhién trong mdi trudng nudc bién, tham gia vao chu
trinh chuyén hoa cac hop chat N dé xtr 1y cac chit thai du thira trong nén day khu
vuc nudi tdm hum. Céc nghién ctru trong nudc tir trude dén nay ludn quan tam va
tuyén chon nhom vi khuan nitrite héa tw dudng vi ching chuyén héa ammonia,
nitrite kha tot trong chu trinh N (Rajta, 2019) nhung trong nghién ctru nay lai tuyén
chon dugc cac chung vi khuan di dudng song & nén day ctua Vinh Xuéan Dai, chiu
dugc do man cao. TAc gia Rajta, (2019) d4 cho thay vai tr0 ctia nhom vi khuan di
dudng trong viéc chuyén hda ammonia, nitrite, nitrate, dac biéc 1a nhom vi khuan
Bacillus, Pseudomonas. Ngoai ra, tac gia ciing cho rang nhimg nhém vi khuan di
dudng c6 thé chuyén hda ammonia, nitrite va nitrate trong nuéc thai c6 chira nhiéu
kim loai ning va nudc c6 ndng do mudi NaCl cao. Piéu nay, chirng to trong chu
trinh chuyén hoa nito bén canh cac chang vi khuan nitrate hoa ty dudng van co sy
t6n tai song song ctia nhom vi khuan nitrate di dudng. Theo tac gia Nguyén Lan
Diing va ctv (2002), vi sinh vat di dudng st dung nguon thac an cacbon dé lam
nguon dinh dudng va ngudn nang luong. Bén canh dd, dé vi khuan di dudng phét

trién nhanh va manh thi ching phai dong thoi st dung ngudn cacbon, nito va
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nguyén t6 khoang dé lam thic an, tuy nhién nhu cau thic an dé sinh truong cua
ting nhom vi khuan khéng giéng nhau. Vi thé, trong nghién cau nay d ap dung
dic tinh trén caa vi khuan di dudng dé budc dau tao ra ché pham vi sinh chuyén hoa
ammonia, nitrite dang long va dang bot. Luan an da khao séat cac diéu kién nudi cay
vi sinh vat, t5i wu hoa cac thanh phan mdi truong long dé tao ché pham vi sinh dang
long va khao sat cac yéu tb dé tao ché pham vi sinh dang bot.

Téc gia Nguyén Lan Diing va ctv (2002), d cho thiy ngudn nito ma vi sinh d&
hap thu nhat 12 NHs va NH4* va chuyén héa thanh nitrite, nitrate trong chu trinh N,
chinh vi dic tinh d6, nghién cau d3 &p dung ché pham vi sinh vao chuyén hda cac
hop chat N dé ung dung trong nudc nudi trong thuy san. Luan an da danh gia hiéu
qua cta ché pham vi sinh trén md hinh bé nudi wong gidng tdm thé chan tring &
giai doan post 5, cho thay khi bd sung ché pham theo dinh ky 6 ngay/1 lan, ham
lwgng ammonia, nitrite, nitrate déu dwoc kiém soat tét. Hién nay, tdm hum 14 loai
thay san cé gia tri kinh té cao, dugc nudi trong céc 16ng bé ngoai ving nude vinh c6
d6 man cao, con gidng tu nhién va sir dung thirc an twoi nén viéc xir Iy moi truong
nudc rat kho khin va hoan toan phu thudc vao suc tai caa thay vuc (Tong cuc thiy
san, 2015). Ngoai ra, theo b&o céo quy hoach nuéi tdm hum cua Tong cuc thay san
(2015), dinh huéng cho phét trién tir nam 2020 - 2030, thi viéc nudi tom hum dang
dugc nghién cau nudi trong bé hay ao trén bo, chuyén dbi thire dn twoi thanh thic
in cong nghiép va tng dung ché pham vi sinh trong qué trinh nudi tdm him nham
xt Iy moi truong nudc. Do do, viéc nghién ciu bo sung ché pham vi sinh cho moi
truong nudi tdm thé chan trang trong bé qui md 1m3 ¢ giai doan wong gidng post 5
nham danh gia hiéu qua cua ché pham vi sinh xir Iy mdi trudong nudi nuée lo va con
lam tién dé cho viéc nghién ciu ang dung ché pham vi sinh xix Iy N cho méi truong
nudc nudi tdm him & bé trong twong lai.

Vay luan an da gop phan tuyén chon va ché tao ché pham vi sinh tir nhém vi
khuan di dudng c6 ngudn géc tir méi truong nudi tdm hum & bién, d6 man 30-35
ppt c6 kha niang chuyén hoa duoc cac hop chat N tot trong mdi trudong nudi tdm thé
chan tring & bé, dinh hudng cho viéc tng dung ché pham vi sinh xir ly cac hop chat

ammonia, nitrite, nitrate cho moi truong bé nudi tdm hum trong twong lai.
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KET LUAN VA PE NGHI

1. Két luan

- Phan Iap, chon loc duoc 3 chung vi khuan Bacillus licheniformis B85,
Pseudomonas stutzeri KL15, Rhodococcus rhodochrous Ty ¢6 kha ning chuyén hoa
ammonia, nitrite nhu sau: (1) Bacillus licheniformis B85 c6 hiéu suat chuyén hoa
ammonia 98,8% trong thoi gian 24 gid, chuyén hoa nitrite 96,97% va nitrate
89,63% trong 4 ngay; (2) Pseudomonas stutzeri KL15 c6 hiéu suat chuyén hoa
ammonia 83,87% trong 7 ngay, chuyén hoa nitrite 99,06% va nitrate 98,02 % trong
4 ngay; (3) Rhodococcus rhodochrous Ty ¢ hiéu suat chuyén hda ammonia 86,21
% trong thoi gian 5 ngay, chuyén héa nitrite 95,01 % trong 3 ngay, chuyén héa
nitate 81,24 % trong 4 ngay.

- Xac dinh dugc qui trinh phan 1ap cho ting chung vi khuan & nén day ving
nudi tdm hom. M&i qui trinh ¢6 su khac nhau & mdi truong, diéu kién phan lap va
mOi truong tang sinh.

- Téi vu hoéa duoc thanh phan méi truong nhan sinh khdi dang long cho 3
chang vi khuan dé san xuat ché pham vi sinh long: (1) Mat d6 vi khuan
B.licheniformis B85 la 3,14 x 10 CFU/mL véi thanh phan méi truong gdm 3,94
g/L mat ri dudng, 15,56 g/L cao ndm men va 1,13 g/L NaCl; (2) Mat d6 vi khuan
P.stutzeri KL15 la 2,37 x 10 CFU/mL véi thanh phan méi truong gdm 4,95 g/L
mat ri duong, 19,08 g/L cao nam men va 1,13 g/L MgSOq: (3) Mat do vi khuan
R.rhodochrous T 1a 2,52 x 10'° CFU/mL véi thanh phan méi truong 1a 7,93 g/L
glucose, 6,1 g/L pepton va 2,95 g/L NacCl.

- X4c dinh duogc c4c yéu t6 nhu chat mang, ty & gidng, d6 am va thoi gian anh
huong dén qué trinh tao sinh khéi ban ran cua 3 ching vi khuan dé san xuit ché
pham vi sinh dang bot: (1) Bacillus licheniformis B85: chat mang Ia ba dau nanh,
ty 1& gibng 5%, do am 55% va thoi gian 1én men 1a 60 gio; (2) Pseudomonas

stutzeri KL15: cam bép, ty 1¢ gidng 7,5%, do am 55% va thoi gian 1én men 1a 72
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gio; (3) Rhodococcus rhodochrous Te cAm gao, ty 18 gidng 5%, do am 55% va thoi
gian 1én men la 72 gio.

- Ché pham vi sinh c¢6 chaa 3 chang vi khuan Bacillus licheniformis B85,
Pseudomonas stutzeri KL15, Rhodococcus rhodochrous To c6 kha ning chuyén hoa
ammonia, nitrite trong méi trudng nude wong au triing tdm thé chan trang (post 5) &
mat do 108 CFU/gam, dinh ky 6 ngay/1 lan.

2. Pé nghi

Nghién ctru da dang di truyén cua cac nhdm vi khuan chuyén hda ammonia,
nitrite trong nén day ving nudi tdm ham.

Nghién ciru thém cac diéu kién, toi vu hda mdi truong ban ran dé san xuat ché
pham vi sinh & qui mo lon.

Péanh giad kha ning d6i khang Iin nhau cua 3 chung vi khuan Bacillus
licheniformis B85, Pseudomonas stutzeri KL15, Rhodococcus rhodochrous To
dugc phdi tron dé san xuét ché pham vi sinh & qui md 16n.

Danh gia hiéu qua xu ly méi trudng nudc cua ché pham vi sinh tir 3 chung vi
khuan Bacillus licheniformis B85, Pseudomonas stutzeri KL15, Rhodococcus
rhodochrous Te & a0 nudi thyc té tdm thé chan trang, bé hay ao nudi tdm him hozc
cac d6i twong thay san nudi trong mdi truong nuéc man, lo khac.

Nghién cau so sanh hiéu qua st dung caa ché pham vi sinh tir 3 chung vi
khuan Bacillus licheniformis B85, Pseudomonas stutzeri KL15, Rhodococcus
rhodochrous Ts Véi cac san pham xtr Iy mdi trudng nudc nudi tdm nudéc lo trén thi

truong.
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PHU LUC 1 (NOI DUNG 1)

Noi dung 1:

1.1 Céc chi tiéu méi trwong va mat dé tong vi khuan hiéu khi, AOB, NOB trong mau

bun dwgc thu ¢ Vung Vinh Xuén Dai

pH clla mau bun

T3

T4 TS5 T6 T7 T8 T9 T10 Ti11 T12

Ham lwgng N tfmg (mg/kg)
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—
n
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g 3 3 ¥ m

32 33 32 33
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Ham lwong nitrate (mg/kg)
19 192
155 187 161 45y

0.12
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0.06
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3
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0.045) qa2
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Hinh 1.1 Céc chi tiéu mai truong cia mau bin
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Hinh 1.2 Mat d¢ tong vi khuan hiéu khi, nhém AOB, NOB trong mau bun



1.2 Phan Iap, dinh danh vi khuan Bacillus va khao sat khé ning chuyén héa ammonia
cua cac dong vi khuan Bacillus

Hinh 1.3 Mét sb hinh anh thu mau ¢ Vinh Xuan Dai

1.2.1 Moi trwong trypticase soya agar (TSA) ( phan lap Bacillus)

Soya peptone 15¢g
Tryptone peptone 59
Agar 18g
NaCl 5¢
Nudc cat 1000ml
pH 7,3

1.2.2 Hinh anh cac dong vi khuén Bacillus va phan &ng sinh hoa.
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Hinh 1.5 Binh tinh kha ning chuyén h6a ammonia ciia Bacillus sp.
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> Khoba phan loai Bergey ciia nhém vi khuan Bacillus sp.

Identification flow charts

Bacillus spp. ID Flowchart

Bacillus spp.

Starch Hydrolysis

(amylasec)

Cell Diamenter = 1pm
(the width)

(containing spore)

B. subtilis

Nitrate Reduction

+ -

6.5% NuCl Growth [B_pastenrii | [ B_sphaericus ]

ga lucose neg..
erowth = pH 7.0)

1.2.3 Két qua dinh danh sinh hec phan tir

Két qua giai trinh ty dong B2
AGTGCCTTTCTGGTTAGGTACCGTCAAGGTGCCGCCCTATTTAGAACGGCACTTGTTCT
TCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCGTTGCTCC
GTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGC
CGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTCGCCTT
GGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTCCATCTGTAAGTGGTAG
CCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCAAACAACCATCCGGTATTAGCCC
CGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTACTCACCCGTC
CGCCGCTAACATCAGGGAGCAAGCTCCCATCTGTCCGCTCGACTTGCATGTATTAGGC
ACGCCGCCAGCGTTCGTCCTGAGCCAGGATCCAAAAATAAACCCA

Két qua gidi trinh tw dong B5
TGGTGGGGGGGGAAGAACAAATACTTGCAAGTCGAGCGGACAGATGGGAGCTTGCTC
CCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGG
ATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAAAC
ATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGG
TGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCC
ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTC
CGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGAT
CGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGAC
GGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAAAAACACC



Két qua giai trinh tw dong B31
ATCGGGTGGCCTTTCTGGTTAGGTACCGTCAAGGTGCCGCCCTATTTGAACGGCACTTG
TTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCGTTGC
TCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTG
GGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTCG
CCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTCCATCTGTAAGTG
GTAGCCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCAAACAACCATCCGGTATTA
GCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTACTCACC
CGTCCGCCGCTAACATCAGGGAGCAAGCTCCCATCTGTCCGCTCGACTTGCATGTATT
AGGCACGCCGCCAGCGTTCGTCCTGAGCCAGGATCAAACTCTCAAA

Két qua giai trinh ty dong B58
AGGGGGGGAACGTTGCCTAATAAATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCC
CTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGA
TAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTCTGAACCGCATGGTTCAGACA
TAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGT
GAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCC
GCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATC
GTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACG
GTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCCGGTAATAAAA
Két qua gidi trinh tw dong B68
AGTTGGGGGGCGTGCCTATACTGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGA
TGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAAC
TCCGGGAAACCGGGGCTAATACCGGATGGTTGTCTGAACCGCATGGTTCAGACATAAA
AGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGG
TAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACT
GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAA
TGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAA
AGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTAC
CTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCCGGTAATAAAA

Két qua gidi trinh tw dong B74
CCGTGGCTTTTCTGGTTAGGTACCGTCAAGGTACCGCCCTATTCGAACGGTACTTGTTC
TTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCGTTGCTCC
GTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGC
CGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTTGCCTT
GGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTCCATCTGTAAGTGGTAG
CCAAAGCCACCTTTTATGTTTGAACCATGCGGTTCAAACAACCATCCGGTATTAGCCCC
GGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTACTCACCCGTC
GCCGCTAACATCAGGGAGCAAGCTCCCATCTGTCCGCTCGACTTGCATGTATTAGGCA
CGCCGCCAGCGTTCGTCCTGAGCCAGAATCAAAACTCTCCAA

Két qua giai trinh tw dong B85
ACCCTTGCTTTTCTGGTAAGGTACCGTCAAGGTACCGCCCTATTCGAACGGTACTTGTT
CTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCGTTGCTC
CGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGG
CCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTTGCCT
TGGTGAGCCATTACCTCACCAACTAGCTAATGCGCCGCGGGTCCATCTGTAAGTGGTA
GCCGAAGCCACCTTTTATGTTTGAACCATGCGGTTCAAACAACCATCCGGTATTAGCCC
CGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTACTCACCCGTC
CGCCGCTAACATCAGGGAGCAAGCTCCCATCTGTCCGCTCGACTTGCATGTATTAGGC
ACGCCGCCAGCGTTCGTCCTGAGCCAGGATCCAAACTCAATCAA

Két qua giai trinh ty dong B91
AGGGGCCGGGGTGCCTATAATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGAT
GTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACT
CCGGGAAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAGACATAAAA
GGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGT
AACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTG
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GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAAT
GGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAA
GCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACC

TAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCCGGTAATAAACA.

1.2.4 Hiéu suét chuyén héa ammonia ciia 13 dong vi khuén Bacillus sp.

Bang 1.1 S6 liéu hiéu suit chuyén héa ammonia cua 7 dong vi khuan Bacillus sp.

Ham lwgng NHa+ (mg/L) chuyén hoa

Chiing vi khuin = x X
6 12 24 36 48 H"-’“hsg‘;z(;;“ye“
B2 0576P0,03  0,408"%0,05  0,199%x0,02  0,104%%0,02  0,041°%0,01 88,6
B7 03589003 02274004  0,155%002 00684001  0,035+0,01 92,6
B9 046954003 03549005  0215%%#+003  0,148*+0,02  0,064+0,03 83,8
B11 0,564°:0,03 046004001  0246"°+0,06  0,162%+0,06  0,074>+0,03 82,3
B12 052504004  0,356"7+0,03  0,237%+003  0,167+0,04  0,089%+0,05 81,8
B18 0469°40,03  0354"9+006  0,198%+0,06  0,129%9+003 0,085%+0,04 85,9
BO1 0,5300:0,02  0,366"+0,05  0,205¢€+0,03  0,172%¢+0,02  0,143%+0,01 81,2

Trong cling mét cét, cac gia tri cd Ky tur theo sau giong nhau khong c6 su khac biét vé mat thong ké (P < 0,01).

Bang 1.2 S6 liéu hiéu suat chuyén héa ammonia cua 6 dong vi khuan Bacillus sp (Hinh 3.2)

Ham lwong NH4+ (mg/L) chuyén hda

Thoi gian
(gio) B5 B31 B58 B68 B74 B85
6 0,233°+ 0,1 0,862°+ 0,1 1,973*+ 0,1 0,751°+0,01 1,973%+0,1 1,010+ 0,064
12 3,1468+ 0,1 1,073°+ 0,1 2,221+ 0,064 3,220+ 0,11 2,221°+0,064 2,332°+ 0,064
24 8,987+ 0,08 10,515%+ 0,1 8,198°+0,034 8,404°+0,12 8,254°+ 0,1 9,046° + 0,063
36 0,468+ 0,01 0,211°+0,034 0,305*+0,006 0,509%0,14 0,248°+0,009 0,417% + 0,062
48 0,040°+0,003 0,121 +0,013 0,2672+ 0,002 0,074°+0,04 0,187"+0,029 0,155°+ 0,02
Hiéu SU4t 99,7 99,1 97,9 99,4 98,6 98,8

chuyén héa (%)

Trong cling mét cét, cac gia tri cé ky tu theo sau giong nhau khdng cé su khac biét vé mdt thong ké (P < 0,05).

1.3 Phan lap, dinh danh vi khuan AOB va khao sat kha niing chuyén héa ammonia
ciia nhom vi khuan
1.3.1 Thanh phin méi truong
M&i trwong phan l@p vi khudn: méi trudng ammonium-calcium-carbonate dugc St
dung dé phan 1ap vi khuan dya theo phuong phap cta Ehrlich (1975)

(NH4)2S04
K2HPOq4
FeSO4.7H20
NaCl
MgS0a4.7H20
CaCOs

0,59
19
0,039
0,39
0,39
7,50

MGéi trwong nudi ting sinh vi khudan duoc chuan bi theo cdng thirc méi trudng cua Lewis
va Pramer (1958) va MacDonad va Spokes (1980).

Na2HPOa4
KH2PO4
MgS0Oa4.7H20
NaHCOs
(NH4)2S04
FeCls.6H20

13,59
0,79
0,19
0,59
2,59
0,0142g
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CaCl2.2H20 0,0184g
Thuéc the# Griess — llosway dung dé kiém tra sy hién dién cua NO2” bao gom dung dich A
(thubc thir acid sulfanilic), dung dich B (thudc thir N —(1-naphthyl) ethylenediamine) va
dung dich C (thudc thir alpha- Naphthol) duoc chudn bj san.
Mot it Tris HCI dugc thém vao dé tranh su két taa cia cac nguyén té vi lugng trong moi
truong (thé tich 1000 ml nudc cat). (NH4)2S04 duoc tiét tring chuyén biét sau d6 thém
vao dung dich méi trudng trong diéu kién vo tring.
1.3.2 Tuyén chon va phan 1ap nhém vi khuan chuyén héa ammonia

Ghi cha: trang (-), dé (+)

Hinh 1.6 Su hién dién cia nhdm AOB trong mau bun

Bang 1.3 Mat d6 vi khuan caa nhém AOB trong mau bin

STT Kyhigumiu MPN/gam  STT Kyhiéumiu MPN /gam

1 BT1 1,5 x 10* 12 BC12 1,6 x 10°
2 BT2 1,5 x 10* 13 BC13 2,4 x10°
3 BT3 4,3 x10° 14 BC14 1,5 x 10*
4 BT4 1,2 x 10* 15 BC15 1,6 x 10°
5 BT5 7,5x10° 16 BC16 2,4 x10°
6 BT6 7,5 x 10° 17 BC17 2,1x10°
7 BT7 4,3x10° 18 BC18 2,8 x 10°
8 BTS 2,1 x 10 19 BC19 2,4 x10°
9 BT9 1,5 x 10* 20 BC20 2,1x10°
10 BT10 9,3 x10° 21 BC21 2,4 x 10°
11 BC11 0,9 x 10° 22 NTDC <3

Bing 1.4 Dinh tinh kha ning chuyén héa ammonia cua cac dong vi khuan AOB

. Chuyén . Chuyén
Dong ) Dong .
hoa NH3 hoa NHs
KL1 ++ KL19 +
KL2 ++++ KL20 ++
KL3 + KL21 ++++
KL4 +++ KL22 +

KL5 ++ KL23 + o+
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KL6 + KL24 +

KL7 + KL25 ++
KL8 + + KL26 ++++
KL9 + + KL27 ++
KL10 ++++ KL28 +
KL11 ++++ KL29 +
KL12 + KL30 ++++
KL13 + KL31 +
KL14 ++++ KL32 +
KL15 ++++ KL33 ++++
KL16 +++ KL34 +++
KL17 ++ KL35 ++++
KL18 +++ bC -

Ghichl: (+) rdt yéu, (+ +) yéu, (+ + +) vira, (+ + + +) manh

) N AT

Hinh 1.7 Mot s6 khuan lac phan Iap tai Vinh Xuan Dai
¢rera Ammonium/Ammoniak-Test (NH4z/NH3)

a) 0 mg/I 0.5 mg/I1 1 mg/l1 5 mg/I1 10 mg/I
b) 0 mg/I 0,5 mg/I1 1 mg/l 2 mg/i1 5 mg/I

Hinh 1.8 Dinh tinh kha nang chuyén héa ammonia cia nhom AOB
( Ghi cha: xanh (-), vang (+))
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1.3.3 Hinh anh dai thé vi khuén, gram cia cac chiing vi khuan

Bang 1.5 Hinh anh cac chung vi khuan caa 10 chang AOB

Chung

. e H R
vi khuan Dai the Vi the

) @) ®

KL2

KL10

KL11

KL14

M6 ta
(4)

Dai thé: Khuan lac tron, nhay, mau
tring sita, ria ring cua.

Vi thé: Té bao gram &m, hinh que
ngin, gan tron, ton tai & dang don, doi
hoic tu thanh dam.

Dai thé: Khuén lac tron, 16i, nhay, mau
trang 7duc,nhat.
Vi thé: Té bao hinh que, gram am.

Dai the: Khuan lac tron, 16i, nhay, mau
trang hoi vang.
Vi thé: t€ bao gram am, hinh que.

Dai thé: Khuan lac tron, 16i, nhay, mau
vang nhat.
Vi thé: té bao hinh que, gram am.

KL15

KL21

KL26

KL30

Dai thé: Khuér) lac kho, nhan, khong
¢o hinh dang c6 dinh, mau vang.

Vi thé: Té bao gram am, hinh que dai,
nho.

Dai thé: Khuan lac tron, 16i nhay, c6
mau vang nhat.

Vi thé: Té bao gam duong, hinh que
ngan, td & 2 dau, ton tai ¢ dang don.

Pai thé: Khuan lac tron, 15i, nhay,
bong nhét, mau hong dau.
Vi thé: Té bao hinh cau, gram &m

Dai thé: Khuan lac tron, 16i, nhay, mau
tring duc, khuan lac nhin ¢ ria sau
48h cay.

Vi thé: Té bao hinh que, gram duong.
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Dai thé: Khuan lac tron, 15i nhiy, mau
trang duc, c6 tdm mau trang dam hon

KL33 s

ggita.

Vi thé: Té bao hinh que, gram am

Dai thé: Khuan lac tron, 16i, nhay, mau
KL35 vang.

Vi thé: té bao hinh cau, gram am.

1.3.4 Hinh anh tra phan mém phan &ng sinh héa cia nhém vi khuan AOB/NOB

API20 NE VB0

oraraltelons
pobLEy
NO 3 TRP GLU

ADH URE ESC
REFERENCE DATE

5110221

.

CIT PAC OX

ATOIG
CAP ADI MLT

G IE
’J‘ZJ‘J JZJ‘J
ARA MNE MAN

RIS
J J o
GEL PNG GLU

NAG MAL GNT

COMMENT

REFERENCE DATE
si1o21

COMMENT EXCELLENT IDENTIFICATION

Strip API 20 NE V8.0
Profile 1243745
Note ID.NOT VALID BEFORE 48-H/POSSIBILITY OF Brucella spp

GOOD IDENTIFICATION

[ significant taxa [ %D [ T T Testsagainst |
[ ochrobactrum anthropi | 999 [ 09| [ i | ]
|
J

[ Next taxon [ %D ] T ] Testsagainst
| Pasteurella aerogenes [ 04 | 00 [GLu 97%[PNPG100% [CiTa_ 0% ]

...........

1.3.5 Két qua trinh tw cia cac dong vi khuan chuyén hda ammonia

Két qua gidi trinh ty dong KL2:
TTGGAGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCAGGCTTAACACATGCAAG
TCGAGCGGGGGAAGGTAGCTTGCTACCGGACCTAGCGGCGGACGGGTGAGTAATGCT
TAGGAATCTGCCTATTAGTGGGGGACAACATCTCGAAAGGGATGCTAATACCGCATAC
GTCCTACGGGAGAAAGCAGGGGATCTTCGGACCTTGCGCTAATAGATGAGCCTAAGTC
GGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCTGTAGCGGGTCTGA
GAGGATGATCCGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATATTGGACAATGGGGGGAACCCTGATCCAGCCATGCCGCGTGTGTGAA
GAAGGCCTTATGGTTGTAAAGCACTTTAAGCGAGGAGGAGGCTACTCTAGTTAATACC
TAGGGATAGTGGACGTTACTCGCAGAATAAGCACCGGCTAACTCTGTGCCACAGCCGC
GGTAA.

Két qua gidi trinh ty dong KL10:
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGA
GCGCCCCGCAAGGGGAGCGGCAGACGGGTGAGTAACGCGTGGGAACGTACCATTTGC
TACGGAATAACTCAGGGAAACTTGTGCTAATACCGTATGAGCCCGAAAGGGGAAAGA
TTTATCGGCAAATGATCGGCCCGCGTTGGATTAGCTAGTTGGTGGGGTAAAGGCCTAC
CAAGGCGACGATCCATAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGC
CTGATCCAGCCATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTCACC
GGTGAAGATAATGACGGTAACCGGAGAAGAAGCCCCGGCTAACTTCGTGCAGCAGCC
GCGGTA.

Két qua giai trinh ty dong KL11:
TTGGAGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAG
TCGAGCGGATGAGTGGAGCTTGCTCCATGATTCAGCGGCGGACGGGTGAGTAATGCCT
AGGAATCTGCCTGGTAGTGGGGGACAACGTTTCGAAAGGAACGCTAATACCGCATAC
GTCCTACGGGAGAAAGTGGGGGATCTTCGGACCTCACGCTATCAGATGAGCCTAGGTC
GGATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCGACGATCCGTAACTGGTCTGA
GAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGAGGCAGCA
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GTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGAAG
AAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGCAGTAAGTTAATACCT
TGCTGTTTTGACGTTACCAACAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCG
GTAA

Két qua giai trinh ty dong KL14:
TTGGAGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAG
TCGAGCGGATGAGTGGAGCTTGCTCCATGATTCAGCGGCGGACGGGTGAGTAATGCCT
AGGAATCTGCCTGGTAGTGGGGGACAACGTTTCGAAAGGAACGCTAATACCGCATAC
GTCCTACGGGAGAAAGTGGGGGATCTTCGGACCTCACGCTATCAGATGAGCCTAGGTC
GGATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCGACGATCCGTAACTGGTCTGA
GAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGAA
GAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGCAGTAAGTTAATACC
TTGCTGTTTTGACGTTACCAACAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCCG
CGGTA

Két qua giai trinh ty dong KL15:
CGCTAATACCGCATACGTCCTACGGGAGAAAGTGGGGGATCTTCGGACCTCACGCTAT
CAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCGACG
ATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGAC
TCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCC
ATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGG
GCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACAGAATAAGCACCGGCTAACT
TCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGG
CGTAAAGCG.

Két qua giai trinh ty dong KL21:
TTGGAGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAG
TCGAACGGCAGCGCGGGGCAACCTGGCGGCGAGTGGCGAACGGGTGAGTAATATATC
GGAACGTACCCAAGAGTGGGGGATAACGTAGCGAAAGTTACGCTAATACCGCATACG
ATCTATGGATGAAAGCAGGGGATCTTCGGACCTTGTGCTCCTGGAGCGGCCGATATCT
GATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCGACGATCAGTAGCTGGTCTGAG
AGGACGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCA
GTGGGGAATTTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGAGTGAAG
AAGGCCTTCGGGTTGTAAAGCTCTTTGTCAGGGAAGAAACGGCTGTGGCTAATATCCA
CGGCTAATGACGGTACCTGAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCG
GTAA

Két qua giai trinh ty dong KL26:
GGCTCAGGATGAACGCTAGCGGCAGGCCTAATACATGCAAGTCGGACGGGATCCATC
GGAGAGCTTGCTCGAAGATGGTGAGAGTGGCGCACGGGTGCGTAACGCGTGAGCAAC
CTACCTCTATCAGGGGGATAGCCTCTCGAAAGAGAGATTAAACCGCATAACATCAACA
GTTCGCATGTTCGGTTGATTAAATATTTATAGGATAGAGATGGGCTCGCGTGACATTA
GCTAGTTGGTAGGGTAACGGCTTACCAAGGCGACGATGTCTAGGGGCTCTGAGAGGA
GAATCCCCCACACTGGTACTGAGACACGGACCAGACTCCTACGGGAGGCAGCAGTAA
GGAATATTGGTCAATGGGCGGAAGCCTGAACCAGCCATGCCGCGTGCAGGATGACTG
CCCTATGGGTTGTAAACTGCTTTTGTCCAGGAATAAACCTAAATACGTGTATTTAGCTG
AATGTACTGGAAGAATAAGGATCGGCTAACTC CGTGCCAGCAGCCGCGGT.

Két qua giai trinh tw dong KL30:
TTTGGAGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAA
GTCGAGCGGTAACAGGGGAAGCTTGCTTCTCGCTGACGAGCGGCGGACGGGTGAGTA
ATGTATGGGGATCTGCCCGATAGAGGGGGATAACTACTGGAAACGGTGGCTAATACC
GCATAATCTCTTAGGAGCAAAGCAGGGGACCTTCGGGCCTTGCGCTGTCGGATGAACC
CATATGGGATTAGCTAGTAGGTAAGGTAATGGCTTACCTAGGCGACGATCCCTAGCTG
GTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGA
GGCAGCAGTGGGGAATATTGCACAATGGGCGCAAG
CCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCCTAGGGTTGTAAAGTACTTTCAG
TCGGGAGGAAGGCGTTGATGTTAATACCATCAACGATTGACGTTACCGACAGAAGAA
GCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAA
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Két qua giai trinh tw dong KL33:
GATCCTGGCTCAGATTGAACGCTAGCGGGATGCTTTACACATGCAAGTCGAACGGCAG
CGCGAGAGAGCTTGCTCTCTTGGCGGCGAGTGGCGGACGGGTGAGTAATATATCGGAA
CGTGCCCAGTAGCGGGGGATAACTACTCGAAAGAGTGGCTATACCGCATACGCCCTAC
GGGGGAAAGGGGGGGATCGCAAGACCTCTCACTATTGGAGCGGCCGATATCGGATTA
GCTAGTTGGTGGGGTAAAGGCTCACCAAGGCAACGATCCGTAGCTGGTTTGAGAGGAC
GACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGG
GAATTTTGGACAATGGGGGAAACCCTGATCCAGCCATCCCGCGTGTATGATGAAGGCC
TTCGGGTTGTAAAGTACTTTTGGCAGAGAAGAAAAGGTATCCCCTAATACGGGATACT
GCTGACGGTATCTGCAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTA

Két qua giai trinh ty dong KL35:
ATCCTGGCTCAGGATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAA
GCCCAGCTTGCTGGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGAGTAACCTGCC
CTTAACTCTGGGATAAGCCTGGGAAACTGGGTCTAATACCGGATAGGAGCGCCTACCG
CATGGTGGGTGTTGGAAAGATTTATCGGTTTTGGATGGACTCGCGGCCTATCAGCTTGT
TGGTGAGGTAATGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGTGACCG
GCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATA
TTGCACAATGGGCGCAAGCCTGATGCGCGACGCCGCGTGAGGGATGACGGCCTTCGG
GTTGTAAACCTCTTTCAGTAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGC
ACCGGCTAACTACGTGCCAGCAGCCGC GGTAA.

1.3.6 Khao st chuyén héa ammonia ciia 10 chiing vi khuan AOB
Béang 1.6 Hiéu suat chuyén héa NH4" cia 10 dong vi khuan AOB

Hiéu suit chuyén héa NHs+ (%)

Dong
vi khuin 1\ 2\ 3\ 4\ 5\ 6\ 7\
ngay ngay ngay ngay ngay ngay ngay
KL2 18,2° 15,519 26,8 30,9 67,28 73,17¢ 78,38
+0,01 +0,02 +0,01 +0,06 +0,1 +0,07 +0,14
KL10 12,9¢ 17,51" 25869  36,53" 62,05" 69,43° 78,23
+0,11 +0,2 +0,05 +0,06 +0,18 +0,11 +0,16
KL11 11,57¢ 20,84  27,29" 3445 76,411 64,86 77,93¢
+0,08 +0,1 +0,06 +0,13 +0,21 + 0,09 +0,1
KL14 15,62° 17,46" 35,07 37,949 57,25 62,839 79,93°
+0,2 +0,2 +006 +0,27 +0,06 +0,03 + 0,09
KL15 10,34" 19,13¢ 37,80  39,07f 71,53° 75,63° 83,87¢
+0,05 +0,22 +0,08 +0,14 +0,23 + 0,20 +0,01
KL21 11,21° 18,51°¢ 25,739  41,35° 55,23 72,621 80,91¢
+0,1 +0,1 +019 +0,07 +0,33 +0,22 + 0,04
KL26 15,56° 3512° 66,45  90,31° 95,23¢ 95,19° 96,51°
+0,17 +0,1 +021 +0.1 +0,16 +0,15 +0,12
KL30 30,512 4533  7556° 97,71 97,83% 97,68% 97,65%
+0,03 +0,22 +0,05 +0,21 +0,02 +0,18 +0,17
KL33 30,53% 4528  70,87°  96,20° 95,50° 97,107 97,79%
+0,15 +0,06 +0,06 +0,28 +0,2 +0,13 +0,10
KL35 15,24° 17,517 35,08° 50,65 64,629 75,83¢ 80,35°
+ 0,06 +0,18 +02  +0,17 +0,24 + 0,08 +0,01

Trong cling mét cét, cac gia tri co ky tu theo sau giong nhau khdng c6 si khac biét vé mdt thong ké (P < 0,05).
1.4 Phan lap, dinh danh vi khuan NOB va khio sat kha ning chuyén hoa nitrite cia
nhom vi khuan
1.4.1 Thanh phin méi trudong
MB&éi trwedng nitrite — calcium — carbonate cho phan 1ap vi khuan chuyén héa nitrite
dua trén phuong phap cua Ehrlich, 1975
NaNO2 0,005g
K2HPO4 19
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MgSOa4.7H20
NaCl
CaCOs
CaCl2
pH =38

(Aleem va Alexande, 1960).

0,19
0,39
19
0,39

NaNO:2 0,39
KH2PO4 0,175g
MgS0a4.7H20 0,175g
NaCl 0,19
KHCOs 1,59
FeSO4.7H20 0,35ug
Agar 159

1.4.2 Phan lap va dinh danh nhom vi khuan chuyén héa nitrite

Hinh 1.9 Sy hién dién cﬁa’vi khigén NOB trong mau bin
Ghi cha: trang, hong (+), do (-)

Bang 1.7 Mat do vi khuan ciia nhém NOB trong mau buin

Ky higu  Kétqua STT o= Kétqua
STT miu  (MPN/g) Kyhigumau  \1onjg)
1 CKT 4,6x10* 12 TKT 2,8x10°
2 Ci 4,6x10? 13 T1 7,5x103
3 C2 1,1x10° 14 T2 9,3x103
4 Cs 4,3x10° 15 Ts 2,8x103
5 Ca 2,4x10* 16 Ta 4,3x10°
6 Cs 1,5 x 10? 17 Ts 4,6x10*
7 Cs 4,3 x 102 18 Te 0,92 x 10?
8 Cr 2,4 x 102 19 T7 1,1 x 10
9 Cs 2,0x 103 20 Ts 2,1 x 10?
10 Co 0,92 x10° 21 To 2,0x103
11 Cio 2,0x10° 22 T1o 2,2 X 10?
Bang 1.8 Kha ning chuyén héa NO: - cua céc ching vi khuan NOB
\ Chuyén . Chuyén
Dong héa NO Dong héa NO
CKC ++++ Co/a ++
C1/2 + + + ClO ++ + +
Cu3 + TKT ++++
C./1 ++++ T ++++
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C./2 ++++ To/1 +

C2/3 ++ Ta/2 ++++
C./a + T/l ++++
Cs/1 ++++ Ts/2 ++
Cu4l2 ++++ T3/3 +++
C4/3 + + T4/l ++++
Cs/1 +++ Tal2 +

Cs/3 +++ Ts/2 ++
Cs5 + Ts/3 ++++
Cell + Ts +

Cel2 +++ T7/1 +

C; + 4+ T+/3 ++++
Ce/l ++++ Te/l ++
Cel4 + Te/2 + +
Co/l ++++ To ++++
Col3 ++ T1o ++++

Ghichl: (+) rdt yéu, (+ +) yéu, (+ + +) vira, (+ + + +) manh

Hinh 1.10 Mét s6 khuan lac NOB phan 1ap tai Vinh Xuan Pai

W’F"F"“‘"WMIMWWN

0.0 Mg/ 0.5 mgn 1,0 mg/ 2.0 mg/1 5,0 mgn

Hinh 1.11 Dinh tinh kha ning chuyén héa nitrite caa chung vi khuan NOB.
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Bang 1.9 Phan tng sinh hda cua cac chung vi khuan NOB

Nhu¢m Gram

Mo ta

Khuan lac tron, 1i, nhay, mau
vang duc. Té bao hinh que,
gram am, khong di dong, khéng
sinh bao tu, catalase (+), phat
trién yéu trén moi truong NaCl
3%

Khuan lac tron, 1i, nhay, mau
vang duc Té bao hinh que,
gram &m, khong di dong, khong
sinh bao tu, catalase (+), phat
trién yéu trén moi truong NaCl
3%

Khuan lac tron, 16i, nhay, mau
tring duc. Té bao hinh que,
gram am, khong di dong, khéng
sinh bao tir, catalase (+), phéat
trién trén moi truong NaCl 3%

Khuan lac tron, 15i, nhay, mau
tring duc Té bao hinh que,
gram am, khong di dong, khéng
sinh bao tu, catalase (+), phat
trién trén moi truong NaCl 3 va
4,5%, phét trién manh & nhiét
do 42°C

Khuan lac tron, 15i, nhdy, mau
tring duc

Té bao hinh que, gram am,
khong di dong, khéng sinh bao
tu, catalase (+), phét trién trén
mdi truong NaCl 3%

Khuan lac tron, 1i, mau tring
duc. Té bao hinh que, gram
duong,di dong, khéng sinh bao
tu, catalase (+), phat trién trén
mdi truong NaCl 3%

STT| Ky hiéu Khuin
ching vi lac
khuan
1 CKT
2 CJ/1
3 C./2
4 Ci/l
5 Cal2
6 Cs/l
7 Cd/1
8 Cuo

Khuan lac 16i, nhay, mau tring
duc. Té bao hinh que, gram
duong, sinh bao tu, di dong,
catalase (+), phat trién trén moi
treong NaCl 3%

Khuan lac mau tring trong.
Té bao hinh que, gram duong,
sinh bao tu, di déng, catalase
(+), phét trién trén moi truong
NaCl 3%.




9 TKT
10 T1
11 Ta/2
12 Ta/1
13 Td/l
14 Ts/3
15 T7/13
16 To

Khuan lac tron, 15i, nhiy, mau
tring duc

Té bao hinh que, gram am,
khong sinh bao ta, khong di
dong, catalase (+), phét trién
trén méi truong NaCl 3%

Khuan lac tron, 1i, nhay, mau
tring duc Té bao hinh que,
gram am, khong di dong, khong
sinh bao tir, catalase (+), phat
trién trén moi truong NaCl 3 va
4,5%, phét trién manh & nhiét
do 42°C

Khuan lac tron, 1i, nhay, mau
tring dyc Té bao hinh que,
gram am, khong di dong, khéng
sinh bao tu, catalase (+), phat
trién trén moi truong NaCl 3%

Khuan lac tron, 1i, nhay, mau
tring duc Té bao hinh que,
gram am, di dong, khdng sinh
bao tu, catalase (+), phat trién
trén méi truong NaCl 3%

Khuan lac tron, 15i, nhdy, mau
tring trong Té bao hinh que,
gram am, khong di dong, khong
sinh bao tir, catalase (+), phat
trién trén moi truong

NaCl 3%

Khuan lac tron, 15i, nhdy, mau
trang duc. Té bao hinh que,
gram duong, sinh bao tir, di
dong, sinh bao tu, catalase (+),
phét trién trén moi truong NaCl
3%

Khuén lac mau dé cam, Té bao
hinh que, gram duong, sinh bao
ti, khong di dong, sinh bao tir,
catalase (+), oxidase (-), phat
trién trén moi truong NaCl 3%

Khuén lac mau dé cam, Té bao
hinh que, gram duong, sinh bao
tu, khong di dong, sinh bao ta,
catalase (+), oxidase (-), phat
trién trén moi truong NaCl 3%

1.4.3 Két qua giai trinh tu

Két qua giai trinh tw dong TKT

AGTGAACGCTGGCGGTAGGCCTAACACATGCAAGTCGAACGGCAGCACAGGAGAGCT
TGCTCTCTGGGTGGCGAGTGGCGGACGGGTGAGGAATACATCGGAATCTACTCTGTCG
TGGGGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACCTACGGGTGAAAGC
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AGGGGACCTTCGGGCCTTGCGCGATTGAATGAGCCGATGTCGGATTAGCTAGTTGGCG
GGGTAAAGGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAGCCAC
ACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGA
CAATGGGCGCAAGCCTGATCCAGCCATACCGCGTGGGTGAAGAAGGCCTTCGGGTTGT
AAAGCCCTTTTGTTGGGAAAGAAATCCAGCTGGCTAATACCTGGTTGGGATGACGGTA
CCCAAAGAATAAGCACCGGCTAACTTCGT GC

Két qua giai trinh ty dong CKT
TCAGGATGAACGCTAGCGGGAGGCCTAACACATGCAAGCCGAGCGGTAGAGATCTTT
CGGGATCTTGAGAGCGGCGTACGGGTGCGGAACACGTGTGCAACCTGCCTTTATCAGG
GGGATAGCCTTTCGAAAGGAAGATTAATACCCCATAATATATTGAGTGGCATCACTTA
ATATTGAAAACTCCGGTGGATAGAGATGGGCACGCGCAAGATTAGATAGTTGGTGAG
GTAACGGCTCACCAAGTCTGCGATCTTTAGGGGGCCTGAGAGGGTGATCCCCCACACT
GGTACTGAGACACGGACCAGACTCCTACGGGAGGCAGCAGTGAGGAATATTGGACAA
TGGGTGCGAGCCTGATCCAGCCATCCCGCGTGAAGGACGACGGCCCTATGGGTTGTAA
ACTTCTTTTGTATAGGGATAAACCTACTCTCGTGAGAGTAGCTGAAGGTACTATACGA
ATAAGCACCGGCTAACTCC

Két qua giai trinh ty dong C,/2
AGTGAACGCTGGCGGTAGGCCTAACACATGCAAGTCGAACGGCAGCACAGGAGAGCT
TGCTCTCTGGGTGGCGAGTGGCGGACGGGTGAGGAATACATCGGAATCTACTCTGTCG
TGGGGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACCTACGGGTGAAAGC
AGGGGACCTTCGGGCCTTGCGCGATTGAATGAGCCGATGTCGGATTAGCTAGTTGGCG
GGGTAAAGGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAGCCAC
ACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGA
CAATGGGCGCAAGCCTGATCCAGCCATACCGCGTGGGTGAAGAAGGCCTTCGGGTTGT
AAAGCCCTTTTGTTGGGAAAGAAATCCAGCTGGCTAATACCCGGTTGGGATGACGGTA
CCCAAAGAATAAGCACCGGC

Két qua giai trinh tw dong C./2
TGATCCTGGCTCAGAGTGAACGCTGGCGGTAGGCCTAACACATGCAAGTCGAACGGCA
GCACAGGAGAGCTTGCTCTCTGGGTGGCGAGTGGCGGACGGGTGAGGAATACATCGG
AATCTACTCTGTCGTGGGGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACC
TACGGGTGAAAGCAGGGGACCTTCGGGCCTTGCGCGATTGAATGAGCCGATGTCGGAT
TAGCTAGTTGGCGGGGTAAAGGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAG
GATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGT
GGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATACCGCGTGGGTGAAGAA
GGCCTTCGGGTTGTAAAGCCCTTTTGTTGGG AAAGAAATCCA

Két qua giai trinh tw dong Ca/1
TGATCCTGGCTCAGAGTGAACGCTGGCGGTAGGCCTAACACATGCAAGTCGAACGGCA
GCACAGGAGAGCTTGCTCTCTGGGTGGCGAGTGGCGGACGGGTGAGGAATACATCGG
AATCTACTCTGTCGTGGGGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACC
TACGGGTGAAAGCAGGGGACCTTCGGGCCTTGCGCGATTGAATGAGCCGATGTCGGAT
TAGCTAGTTGGCGGGGTAAAGGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAG
GATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGT
GGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATACCGCGTGGGTGAAGAA
GGCCTTCGGGTTGTAAAGCCCTTTTGTTGGGAAAGAAATCCA

Két qua giai trinh tw dong Ta/1
TGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGTAACAGGT
CTTCGGACGCTGACGAGTGGCGAACGGGTGAGTAATACATCGGAACGTGCCCAGTCGT
GGGGGATAACTACTCGAAAGAGTAGCTAATACCGCATACGTCTGAGGATGAAAGCGG
GGGACCTTCGGGCCTCGCGCGATTGGAGCGGCCGATGGCAGATTAGGTAGTTGGTGGG
ATAAAAGCTTACCAAGCCGACGATCTGTAGCTGGTCTGAGAGGACGACCAGCCACACT
GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAA
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TGGGCGAAAGCCTGATCCAGCAATGCCGCGTGCAGGATGAAGGCCTTCGGGTTGTAAA
CTGCTTTTGTACGGAACGAAAAAGCTCCTTCTAATACAGGGGGCCCATGACGGTACCG
TAAGAATAAGCACCGGCTAACTACGTG CCAGAGCCCGCGGTAAA

Két qua giai trinh tw dong T»/2
CTGGCTCAGAGTGAACGCTGGCGGTAGGCCTAACACATGCAAGTCGAACGGCAGCAC
AGGAGAGCTTGCTCTCTGGGTGGCGAGTGGCGGACGGGTGAGGAATACATCGGAATC
TACTCTGTCGTGGGGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACCTACG
GGTGAAAGCAGGGGACCTTCGGGCCTTGCGCGATTGAATGAGCCGATGTCGGATTAGC
TAGTTGGCGGGGTAAAGGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATG
ATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGG
AATATTGGACAATGGGCGCAAGCCTGATCCAGCCATACCGCGTGGGTGAAGAAGGCC
TTCGGGTTGTAAAGCCCTTTTGTTGGGAAAGAAA TCCA

Két qua giai trinh tw dong T./1
GATCCTGGCTCAGATTGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAGCGGAG
ATGAGGTGCTTGCACCTTATCTTAGCGGCGGACGGGTGAGTAATGCTTAGGAATCTGC
CTATTAGTGGGGGACAACATTCCGAAAGGAATGCTAATACCGCATACGTCCTACGGGA
GAAAGCAGGGGATCTTCGGACCTTGCGCTAATAGATGAGCCTAAGTCGGATTAGCTAG
TTGGTGGGGTAAAGGCCTACCAAGGCGACGATCTGTAGCGGGTCTGAGAGGATGATCC
GCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATA
TTGGACAATGGGGGAAACCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTATG
GTTGTAAAGCACTTTAAGCGAGGAGGAGGCTACTGAGACTAATACTCTTGGATAGTGG
ACGTTACTCGCAGAATAAGCACCGGCTAACTCTGTG

Két qua giai trinh tw dong T
TTGGAGAGTTTTGATCCTGGCTCAGAGTGAACGCTGGCGGTAGGCCTAACACATGCAA
GTCGAACGGCAGCACAGGAGAGCTTGCTCTCTGGGTGGCGAGTGGCGGACGGGTGAG
GAATACATCGGAATCTACTCTGTCGTGGGGGATAACGTAGGGAAACTTACGCTAATAC
CGCATACGACCTACGGGTGAAAGCAGGGGACCTTCGGGCCTTGCGCGATTGAATGAGC
CGATGTCGGATTAGCTAGTTGGCGGGGTAAAGGCCCACCAAGGCGACGATCCGTAGCT
GGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGG
AGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATACCGCGT
GGGTGAAGAAGGCCTTCGGGTTGTAAAGCCCTTTTGTTGGGAAAGAAATCCAGCCGGC
TAATACCTGGTTGGGATGACGGTACCCAAAGAATAAGCACCGGCTAACTTCGTGCCAG
CAGCCCGCGGTAA

Két qua giai trinh tw dong C,/1
TCAGGATGAACGCTAGCGGGAGGCCTAACACATGCAAGCCGAGCGGTAGAGATCTTT
CGGGATCTTGAGAGCGGCGTACGGGTGCGGAACACGTGTGCAACCTGCCTTTATCAGG
GGGATAGCCTTTCGAAAGGAAGATTAATACCCCATAATATATTGAGTGGCATCACTTA
ATATTGAAAACTCCGGTGGATAGAGATGGGCACGCGCAAGATTAGATAGTTGGTGAG
GTAACGGCTCACCAAGTCTGCGATCTTTAGGGGGCCTGAGAGGGTGATCCCCCACACT
GGTACTGAGACACGGACCAGACTCCTACGGGAGGCAGCAGTGAGGAATATTGGACAA
TGGGTGCGAGCCTGATCCAGCCATCCCGCGTGAAGGACGACGGCCCTATGGGTTGTAA
ACTTCTTTTGTATAGGGATAAACCTACTCTCGTGAGAGTAGCTGAAGGTACTATACGA
ATAAGCACCGGCTAACTCC

Két qua giai trinh tw dong Cg/l
TGGGGGCCCTTCTTCTGAGGTACCGTCACTTTCGCTTCTTCCCTACTGAAAGAGGTTTA
CAACCCGAAGGCCGTCATCCCTCACGCGGCGTCGCTGCATCAGGCTTGCGCCCATTGT
GCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTG
GCCGGTCACCCTCTCAGGCCGGCTACCCGTCGTCGCCTTGGTGAGCCATTACCTCACCA
ACAAGCTGATAGGCCGCGAGTCCATCCCCCACCGATAAATCTTTCAACAACCCACCAT
GCAGTAGGAAGTCATATCCGGTATTAGACCCAGTTTCCCGGGCTTATCCCAGAGTCGG
GGGCAGGTTACTCACGTGTTACTCACCCGTTCGCCACTAATCCACCCTGCAAGCAGGG
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CTTCATCGTTCGACTTGCATGTGTTAAGCACGCCGCCAGCGTTCATCCTGAGCCAGGAA
CAAACTCTCTAA.

Két qua giai trinh tw dong Cy/1
GGTGGGGGGGCGTGCCTATACATGCAAGTCGAGCGAACTGATTAGAAGCTTGCTTCTA
TGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTGGGA
TAACTTCGGGAAACCGAAGCTAATACCGGATAGGATCTTCTCCTTCATGGGAGATGAT
TGAAAGATGGTTTCGGCTATCACTTACAGATGGGCCCGCGGTGCATTAGCTAGTTGGT
GAGGTAACGGCTCACCAAGGCAACGATGCATAGCCGACCTGAGAGGGTGATCGGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCC
GCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTC
GTAAAACTCTGTTGTTAGGGAAGAACAAGTACGAGAGTAACTGCTCGTACCTTGACGG
TACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGGTAATAAAA.

Két qua gidi trinh tw dong Ts3
TCGGGGGGGGGGGTGAAAAAATAATGCAGTCGAGCGAACTGATTAGAAGCTTGCTTC
TATGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTGG
GATAACTTCGGGAAACCGAAGCTAATACCGGATAGGATCTTCTCCTTCATGGGAGATG
ATTGAAAGATGGTTTCGGCTATCACTTACAGATGGGCCCGCGGTGCATTAGCTAGTTG
GTGAGGTAACGGCTCACCAAGGCAACGATGCATAGCCGACCTGAGAGGGTGATCGGC
CACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTT
CCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGG
TCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACAAGAGTAACTGCTTGTACCTTGAC
GGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAAAA

Két qua giai trinh tw dong Cio
AGGGGGGGGCTGCCTATACTGCAAGTCGAGCGCAGGAAGTTATCTGATCCTCTTTTAG
AGGTGACGATAATGGAATGAGCGGCGGACGGGTGAGTAACACGTAGGCAACCTGCCT
GTAAGACTGGGATAACTCGTGGAAACGCGAGCTAATACCGGATAACACTTTTCATCTC
CTGATGAGAAGTTGAAAGGCGGCTTTTGCTGTCACTTACAGATGGGCCTGCGGCGCAT
TAGCTAGTTGGTAAGGTAATGGCTTACCAAGGCGACGATGCGTAGCCGACCTGAGAGG
GTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTA
GGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAG
GTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCCATAGTAACTGATGG
CACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTA
ATAAA.

Két qua giai trinh tw dong T-/3
ATGGGCGGCGTGCTTACCATGCAAGTCGAACGATGAAGCCCAGCTTGCTGGGTGGATT
AGTGGCGAACGGGTGAGTAACACGTGGGTGATCTGCCCTGCACTTCGGGATAAGCCTG
GGAAACTGGGTCTAATACCGGATAGGACCTCGGGATGCATGTTCCGGGGTGGAAAGG
TTTTCCGGTGCAGGATGGGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAACGGCCCAC
CAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGC
CTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGT
ACCGACGAAGCGCAAGTGACGGTAGGTACAGAAGAAGCACCGGCCAACTACGTGCCA
GCAGCCGCGGTAAAAAAAGTGACGGTAGGTACAGAAGAAGCACCGGCCAACTACGTG
CCAGCAGCCGCGGTAATAA.

Két qua giai trinh tw dong T9
ACGGGGCGCGGTACTAACCTGCAGTCGAACGATGAAGCCCAGCTTGCTGGGTGGATTA
GTGGCGAACGGGTGAGTAACACGTGGGTGATCTGCCCTGCACTTCGGGATAAGCCTGG
GAAACTGGGTCTAATACCGGATAGGACCTTCTGCCGCATGGTGGGGGGTGGAAAGGTT
TTCCGGTGCAGGATGGGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAACGGCCCACCA
AGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCT
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GATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGTAC
CGACGAAGCGCAAGTGACGGTAGGTACAGAAGAAGCACCGGCCAACTACGTGCCAGC
AGCCGCGGTAATAA.

1.4.4 Két qud sinh hoa dé xac dinh 2 chiing vi khudn Col1, Ts/3 thugc chi Bacillus sp. ( khoa
phan logi Bergey).

Thuy phan Casein

-~

-

Phan tmg ddng héa Citrate Vi khuan phét trién & nong d6 6,5% NaCl
1.4.5. Két qua sinh h6a xac dinh céc chiing vi khuin TKT, T5/2, Co/2, C4l2, Co/1va Ty

1.4.6 Khdo sat chuyén hoa nitrite ciia 11 chiing vi khudn NOB
Bang 1.10 Hiéu suat chuyén hoa nitrite cua 11 dong vi khuan NOB

Vi khuan Cs/1 va T1 phat trién & ndng do mudi 4,5%, 42°C trén méi truong long va mdi truong thach

Dong Hiéu suat chuyén héa NO, (%)

kh\ﬂén 12 h 24 h 36 h 48 h 60 h 72 h
CKT 16,9040,01  34,26°+0,01  64,87°+0,03 g9 77°+0,08  94,56°+0,02 96,62°°+0,01
CJ1 9,80+0,08  34,64°+0,46  64,95+1,16  g7,06%+1,14 96,86+0,67  97,99°+0,58
Cal2 15,53%+0,58  24,67°40,27  6190°+058  87.94%+057 96,16®°+0,57 96,16%°+0,58
Cy/l 9,52'+0,06  19,96'+057  56,64°+057 83109046 90,76°t0,58  95,31°+0,60
Cul2 12,2540,69 ~ 26,54°4057  60,34°+0,66  85079+0,53 91,65%+0,57 95,15"+0,57
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TKT 27,73°+0,57 3558%+115  74,86°+057 g8919"+048 93,58%+0,81 95,73"+0,58
T 13,14°40,48  2559°+0,21  56,25°0,57  82,079+0,38  92,90°*+0,27  95,05°+0,60
Taf2 21,39°+0,68  64,86°t0,57  80,73%t117  0476°+0,58  97,52°+0,23  98,21%+0,46
T4/l 31,97°0,06  36,57°40,06  81,19°0,05  0430%+0,35  96,60°+0,57 97,29%°+0,23
T/l 17,96%+0,58  52,52°+0,06  76,17°+0,46 91 41°+0,29  93,91°+0,57 96,18%°+0,17
To 4551°%0,75  69,84°+15  77,52°+01  82,639+14 89,84+ 0,61  95,01"°+0,6

Trong cling mét cgt, cac gid tri co ky tuw theo sau giong nhau khong co su khac biét vé mat thong ké
(P < 0,05). 7
1.5. Xay dwng dwong chuan ammonia, nitrite, nitrate

0.4 04 Pwong chuan NO2 -
= =0.8929x- 0.0162 '
€ Y A _
g 03 RZ=0.9914 03 |  Yy=0.6994x-0.0033
g R2=0.999
% 02 Q 02
=) / °
a 0.1 T 01 -
o / ©
0 ; ; . © 0 T T 1
0 0.2 0.4 0.6 o1 ¢ 0.2 0.4 0.6
NH4+-N (mg/L) Néng dé NO2- (mg/1)
Hinh 1.12 Buong chuan ammonia Hinh 1.13 Puong chuan nitrite
Pwong chuan NO3 -
25 -
y=42.073x+0.1854
20 - .
a R = 0.9964
O 15 -
5
w 10
o
5 -
0 T T T T 1
0 0.1 0.2 0.3 0.4 0.5

Néng dd NO3- (mg/l)

Hinh 1.14 Buong chuan nitrate

Phwong phap phéan tich ammonia (PHENAT)

Dung dich phenol: tron 11,1 ml phenol (> 89%) véi ruou etylic (95%) dén
100 ml. Pha dung dich hang tuan.

Dung dich natri nitroprusit: hoa tan 0,5 g natri nitroprusit trong nudc cat va dinh mic dén
100 ml. Bao quén trong chai mau ho phach hay nau.

Dung dich citrate: hoa tan 200 g natri citrate va 10 g NaOH trong nudc cét, dinh mirc dén
1000 ml.

Dung dich natri hypoclorit (NaOCl): sir dung thudc tdy thuong mai 5%. Dung dich bén
trong hai thang.

Dung dich oxi hoa: tron 100 ml dung dich citrate véi 25 ml dung dich natri hypoclorit.
Chuan bi dung dich hang ngay.

Dung dich gc ammoni: hoa tan 2,972 g NH4Cl khan (d4 say kho ¢ 100°C) trong nudc va
pha loing dén 1000 ml. 1,0 ml dung dich nay chta 1 mg NH," (néng do
1000 mg NH4" /1).

Dung dich ammoni trung gian 1: 10,0 ml dung dich ammoni gc pha lodng dén 100 ml. 1,0
ml dung dich nay chira 0,1 mg NH,* (ndng d6 100 mg NH,*/I).
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Dung dich ammoni trung gian 2: 10,0 ml dung dich ammoni trung gian 1 pha loing dén
100 ml. 1,0 ml dung dich nay chira 0,01 mg NH,* (ndng d6 10 mg NH4*/I).

Dung dich ammoni lam viéc: 10 ml dung dich ammoni trung gian 2 dinh mic 50 ml. 1,0
ml nay chira 0,002 mg NH," (ndng d 2 mg NH4* /1).

Quy trinh phén tich

Lay 25 ml mau cho vao binh dinh mirc dung tich 50 ml. Thém 1 ml dung dich phenol, 1 ml
dung dich natri nitroprusit, 2,5 ml dung dich oxi héa (tron 1dn déu dung dich sau mdi lan
thém thude thir), thém nudc cAt dén vach murc va tron déu. Dé trong bong tdi, & nhiét do
phong (22 - 27°C) it nhat 1 gid. Po mat do quang & budc song
640 nm v6i dung dich mau tring 1am dung dich so sanh. Mau 6n dinh trong 24 gio.

Nong @6 NH4* trong cac mau dugc xac dinh dwa vao phuong trinh duong chuan c6 dang y
= ax + b dugc xdy dung dua trén diy ndng d6 NH,* chuin c6 gi6i han tir 0,00 — 0,40 mg/l
nhu bang 12.

Thanh phin va ndng d6 cac dung dich xay dung dudng chuan

STT 1 2 3 4 5 6 7
Thé tich dd ammoni lam viéc (ml) 0 1 3 5 7 8 10
Thé tich dd phenol (ml) 1 1 1 1 1 1 1
Theé tich dd natrinitroprusit (ml) 1 1 1 1 1 1 1
Thé tich dd oxi héa (ml) 2,5 2,5 2,5 2,5 2,5 25 2
5
_ Thé tich nuoc cat (ml) Vira da 50 ml
Nong d6 ammoni (mg NH.*/I) 0,00 004 012 02 028 0,32 0,
4

Cach xac dinh nf”)ng d6 ammonia trong cac mau chuin duoc tién hanh nhu trén.

>

Phwong phap phéan tich nitrite ( phwong phdp NATHYLAMINE)

Dung dich EDTA: hoa tan 0,5 g Disodium Ethylendiamine Tetra Acetate Dihydrate trong
nudée cat va dinh mirc dén vach 100 ml.

Acid Sulfanilic: hoa tan 0,6 g Acid Sulfanilic trong 70 ml nudc cat da duge dun nong. Bé
ngudi, thém 20 ml HCI dam dic, pha lodng dén vach 100 ml.

Dung dich Napthylamin Hydrochloride: hoa tan 0,6 g 1 - Napthylamin hydrochloride
trong 50 ml nudc cAt d3 thém 1 ml HC1 dam dic, 1ic déu va thém nude cat dén vira da 100
ml.

Chu ¥: Thubc thir ¢6 thé nhat mau va tram hién sau 1 tudn, ta c6 thé loc va van c6 thé dung
dugc. Nén bao quan trong ti lanh. Str dung nén can than vi thubc thu nay co doc tinh, do
d6 tranh hat bang miéng va tranh dinh vao da.

Dung dich dém Sodium acetate: Hoa tan 16,4 g Sodium acetate (NaC;H30-) khan hay 27,2
g NaC;H30,.3H,0 trong nuéc cit va pha lodng dén 100 ml.

Dung dich trit Nitrite: can chinh xac 0,3749 g NaNO; khan, hoa tan véi nu6c cit thanh
1000 ml (1 ml = 250 pug NO ). Pé bao quan thém 1ml CHCls.

Dung dich chuan trung gian (1 ml = 50 pg NO2): Lay chinh x4c 50 ml dung dich trit cho
vao binh dinh mtrc 250 ml, pha lodng v&i nudce cat dén vach.

Dung dich chuéan (1 ml = 5ug NO; ): Lay chinh xac 10 ml dung dich chuén trung gian cho
vao binh dinh mtrc 100 ml. Pha lodng véi nudc cat dén vach. Hai dung dich 6, 7 chi pha
khi dung.

Dung dich Sulfat Zinic (10%): Hoa tan 100 g ZnSO4.7H, O trong nude cat, pha loing dén
1000 ml.

Dung dich NaOH 6N: Hoa tan 240 g NaOH trong 500 ml nudc cit va pha loing dén 1000
ml.

Xir Iy mau: Néu mau duc hoic mau cao, cho 1 ml dung dich ZnSO,4 (10%) vao 100 ml
mau, khudy déu, thém 0,4 - 0,5 ml dung dich NaOH dé dat pH 10,5. Khuiy déu, dé yén
mau vai phat, con s& ling xudng day. Loc hay li tdm, néu loc, loai bo 25 ml dau tién qua
loc.
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Quy trinh phan tich

— Lay 50 ml méu di qua xir ly va trung hoa vé pH = 7,0 cho vao cac 6ng nessler.

— Thém vao mdi éng nessler 1 ml dung dich EDTA, 1 ml dung dich acid sunfanilc. Lac déu,

pH cua mau luc nay khoang 1,4. Bé yén 3 — 10 pht.

— Thém vao 1 ml napthylamine hydrochloride va 1 ml dung dich dém acetate. Lac déu, pH cua
dung dich lac nay khoang 2 — 2,5. Bé yén trong 10 — 30 phit. Do mat d6 quang hoc & budc
s6ng 520 nm. Doc va ghi nhan két qua.

Nong do NO, trong cac mau duoc xac dinh dwa vao phuong trinh dudng chuan c6 dang y
= ax + b dugc xay dyng dua trén ddy nong d6 NO,™ chuén c6 gigi han tir 0,00 — 0,35 mg/l nhu bang
13.

Thanh phan va ndng d6 cac dung dich xdy dung duong chuin

ml dd chuan (1ml=5pug

NO,) 0 02 05 1 1,5 2 25 3 35
ml nu6e cat 50 498 495 49 485 48 475 47 465
thém vao
S6 pg NOy 0 1 2,5 5 75 10 125 15 175
mg/l NOy 0 0,02 005 01 0,15 02 025 03 0,35

Cach xac dinh ndong d6 NO; trong c4c mau chuan dugc thuc hién nhu quy trinh trén.

> Phwong phap phan tich nitrate ( phwong phap SALICYLATE)
e Dung dich A: Sodium salycilate 0,5%: hoa tan 0,5 g Sodium salycilate vao nudc cit va
dinh muc dén 100 ml.
e Dung dich B: Sulphuric acid 96%.
e Dung dich C: sodium hydroxide 10 mol/I: hoa tan 400g NaOH trong nuéc cat va dinh muc
dén vach 100 ml.
e Dung dich chuan: Potassium nitrate: 100 mg/l (0,1631 g KNOs di say khé & 105°C, sau d6
hoa tan trong nudc cat va dinh mirc dén 1000 ml).
Quy trinh thuc hién
—  Lay 10 ml miu di qua xtr 1y, cho vao hii thity tinh, thém 1 ml dung dich sodium salycilate
1%, lac déu. Cd can dung dich.
— Sau khi lam lanh, thém 1 ml dung dich acid sunfuric 96%, cho 10 phat.
—  Thém 7 ml dung dich NaOH 10 mol/l vao cac hii thay tinh trén, dé nguoi, thém nuéc cat
cho @i 50 ml. Lic déu, dé yén trong 10 phdt cho mau 6n dinh.
- Po mat do quang hoc & budc song 410 nm. Doc va ghi nhan két qua.

Ham luong NOs™ trong mau duoc xéac cﬁnh dua vao phuong trinh duong chuéan co dang y =
ax + b dugc xay dung dya trén ddy nong d6 NOs™ chuan cd gidi han tir 0,00 — 0,35 mg/I

nhu bang 14.
Thanh phan va ndng d6 cac dung dich xay dung duong chuan.
STT 1 2 3 4 5 6 7 8

Thé tich dung dich

KNO3 100 mg/l (ml) 00 10 20 30 40 50 75 100
Thé tich dung dich A (ml) 1 1 1 1 1 1 1 1
Thé tich dung dich B (ml) 1 1 1 1 1 1 1 1
Thé tich dung dich C (ml) 7 7 7 7 7 7 7 7

Thé tich nudc cat (ml) Vira du 50 ml

Nong d6 mau chuan (mg/l) 00 20 40 60 80 100 150 200

Céch xac dinh ham lwong NOs™ trong cac mau chuan dugc thuc hién nhu quy trinh trén

1.6 Khao sat dic tinh chuyén hda ammonia, nitrite, nitrate va chiu min caa cac dong

vi khuan

Bang 1.11 Pinh tinh kha niang chuyén hoa nitrite va nitrate cua cac dong vi khuan AOB

Chuyén héa  Chuyén héa
NOy NO3z

Stt Dong vi khuan
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O 0O NO O WON -

1

0

Bacillus sp. B5
Bacillus sp. B31
Bacillus sp. B58

Bacillus sp. B68
Bacillus sp. B74

Bacillus licheniformis B85
Pseudomonas stutzeri KL15
Sphingoacterium multivorum KL26
Providencia stuartii KL30
Alcaligenes faecalis KL33

+ + + + +

+ +

(+): phan wng dwong tinh; (-): phan #ng am tinh,

Bang 1.12 Pinh tinh kha ning chuyén hda ammonia va nitrate ciia cac dong vi khuan NOB

Stt

Dong vi khuan

Chuyén hoa Chuyén

NH4"

NO3s

hoa

O O NO O & WN -

-
o

11

Chryseobacterium gleum CKT
Chryseobacterium gleum C2/1
Stenotrophomonas pavanii Cz/2
Stenotrophomonas maltophilia Ca/1
Stenotrophomonas pavanii Cs/2
Stenotrophomonas pavanii TKT
Stenotrophomonas maltophilia T
Stenotrophomonas pavanii T2/2

Delftia lacustris Ta/1
Acinetobacter junii T4/1

Rhodococcus rhodochrous To

+ + + + 4+ + + + + + +

+

Biang 1.13 Hiéu suat chuyén héa NO2” cua 4 dong vi khuan AOB

(+): phan 4mng dwong tinh; (-): phan #ng am tinh..

Hiéu suat chuyén héa NO2 caa 4 dong vi khuan

Don
-S|-T vi khu%n 1\ 2\ 3\ 4\
ngay ngay ngay ngay
1 Bacillus sp. B5 29,332+ 0,09 40,63*+0,16 90,97°+0,22 92,58°+0,01
2 Bacillus licheniformis B85 17,98°+0,01 36,45°+ 0,09 94,98+ 0,11 96,97°+0,13
3 Pseudomonas stutzeri KL15  5469+0,03  24,02°40,08 94,18°+ 0,08 99,06% 0,02
4 Alcaligenes faecalis KL33 ~ 8,76°+ 0,12  26,25%+ 0,06 87,36°+0,09 90,53%+ 0,07

Trong cling mét cét, cac gia tri cé ky tu theo sau giong nhau khdng cé su khac biét vé mdt thong ké (P < 0,05).

Bang 1.14 Hiéu suit chuyén héa NOs cua 4 dong vi khuan AOB va 4 dong NOB

Hiéu suat chuyén hoa NO3z™ 8 dong vi khuan.

STT Dong
vi khuan
1 ngay 2 ngay 3 ngay 4 ngay

1 Bacillus sp. B5 7,329+ 0,07 40,63°+0,05 63,489+0,05 63,87+ 0,05
2 Bacillus licheniformis B85 12,469+ 0,17 43,87°+0,09 89,36°+0,12 89,63°+ 0,14
3 Pseudomonas stutzeri KL15 967"+ 0,1 44,35 +0,25 98,072+0,04 98,02%+ 0,01
4 Alcaligenes faecalis KL33 16,25+ 0,02 36,45°+0,02 51,327+0,01 52,129 0,02
5 Chryseobacterium gleum CKT 650"+ 0,05 28,379+0,12 42,619 0,08 45,36 0,04
6 Stenotrophomonas maltophilia T: 10,432+ 0,04 37,469+0,22 63,429+0,07 64,29 0,12



7 Stenotrophomonas pavanii T2/2 13 84 40,03

8

Rhodococcus rhodochrous Tg 17,412 +0,02

29

32,78+ 0,1
57,20°+ 0,07

60,29°¢ +0,06
80,97 +0,13  81,24°+ 0,06

65,45% 0,1

Trong cling mét cét, cac gia tri cd ky ti theo sau giong nhau khong cé si khac bigt vé mat thong ké (P < 0,05).

Bang 1.15 Hiéu suat chuyén hda NH4* ctia 4 dong vi khuan NOB

Hiéu suat chuyén hoa NH4* ciia 4 dong vi khuan

STT Dong

vi khuin 1\ 2\ 3\ 4\ 5\ 6\
ngay ngay ngay ngay ngay ngay
1 . gleum CKT 11,379 25,681 37,88° 42,687 63,39° 64,01
' +0,06 +0,08 +0,01 +015 +01 +0,11
s.maltophilia T: 13,153¢ 26,52¢ 35,86 46,81°+ 60,61 59,12¢
' +0,12 +0,05 +0,05 004 +0112 +0,07
3 N 16,23 27,48¢ 38,39 47,92 70,23 69,34°
S. pavanii T/2 +0,12 +0,17 +0,02 4004 +01  +0,02
4 28,622 32,322 56,878  80,93* 86,21 85,87°
R.rhodochrous Te +0,18 +0,02 +0,06 +0,02 +0,02 +0,07

Trong cling mét cét, cac gia tri co ky tir theo sau giong nhau khong cé si khac bigt vé mat thang ké (P < 0,05).

Bang 1.16 Khao sét kha ning chiu man cua cac dong vi khuan AOB

ODsoonm
STT Dong X — "
vi khuin Nong d¢ muoi NaCl (%)
2% 3% 4% 5% 6% %
1 Bacillus sp. B5 0,99+0,01 0,99+0,01 0,91+0,03 0,78+0,02 0,58+0,01 0 32+0,01
2 Bacillus licheniformis
B85 0,95+0,01 0,95+0,01 0,86+0,02 0,69+0,03 0,42+0,04 0,2740,02
3 Pseudomonas stutzeri
KL15 0,89+0,01 0,89+0,01 0,840,03 0,52+0,03 0,36+0,03 0,15£0,02
4 Alcaligenes faecalis
KL33 0,92+0,01 0,92+0,01 0,75+0,03 0,67+0,03 0,34+0,03 0,13£0,01
Trong cling mét cét, cac gia tri co ky tuw theo sau giong nhau khdng cé su khac biét vé mdt thong ké (P < 0,05).
Bang 1.17 Khao sét kha niang chiu min ciia cac dong vi khuan NOB
ODsé0onm
STT Dong X — . "
vi khuan Nong d¢ muoi NaCl (%)
2% 3% 4% 5% 6% %
1 Chryseobacterium gleum CKT 0,82+0,03  0,82+0,03 0,71+0,02 0,64+0,03 0,37+0,02 (080,01
2 Stenotrophomonas maltophilia T,  0,98+0,01  0,98+0,01 0,76+0,03 0,58+0,04 0,39+0,02 0,26+0,04
3 Stenotrophomonas pavanii T2/2 0,84+0,03  0,84+0,03 0,69£0,03 0,48+0,01 0,14+0,02 (740,02

Trong cling mét cét, cac gia tri co ky tir theo sau giohg nhau khong cé si khac bigt vé mat thang ké (P < 0,05).
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PHU LUC 2 (NOI DUNG 2)

2.1 Pwong tuyén tinh mat sé vi sinh vét véi ODsoonm

0D 600nm

0D 600nm

Bacillus licheniformis B85

14 M _.30.15
1,0 ] 3
1 —-'é"ia
0,8 —706
0,6 ___,"';5.02
0,4 — 4.61 y=1.2299%-0.5342
02 |—— .34 R? - 09892
0,1 | .08
oot
o) 1 2 3 4 5 (5] 7 8 9 10 11 12
Mat do té€ bao (log.CFU/mL)
Hinh 2.1 Budna tuyén tinh caa vi khuan Bacillus licheniformis B85
Pseudomonas stuizeri KL15
1A 10,04
1,2 —._--9'.'62
1 —'éjos
0,8 —_._--.6.98
0,6 —__5-.66 | e S
0,4 | .18
02 IE— .20
0.1 —"i'.ss
o | o
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Hinh 2.2 buong tuyén tinh cua vi khuan P. stutzeri KL15
Rhodococcus rliivodochrous T,
1 ) 110,02
1,2 —»-giéé
E o8 —"é'.ss
R ——— e
g o/ 0

02 T 323
0 T 208
o o

o} 2 10 12

4 6 8
Mat do vi khudn ( Log.CFU/mL)

Hinh 2.3 Buong tuyén tinh caa vi khuan R. rhodochrous To

2.2 Thanh phan mai trweong nhan sinh khoi
MGoi trwong Luria Bertani (LB)

Thanh phan g/l

Peptone 10
Cao nam men 5
NaCl 10

Méi trwong Nutrient Broth (NB)

Thanh phan g/l

Cao thjt 15
Cao nam men 15

Peptone
NaCl

o1 o1
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Moi trwong Tryptic soybean broth (TSB)

Thanh phan g/l
Tryptose 179
Papaic digest soybean meal 30
NaCl 590
Dextrose (Glucose) 2540
K2HPO4 2549

2.3 Mdi truong san xuat léng

Dua trén thanh phan méi truong TSB, da thém mat s6 thanh phan khoang, can bang ham
lugng Cacbon va glucose.

MBoi truong san xuat Tryptic soybean broth (TSB)

Thanh phén g/l
Pepton 109
Glucose 10¢g
CaCl; 0,29
MgSO4 19
K2HPO4 29
NaCl 1g

2.4 Thanh phan méi truwong ban ran

Dua trén thanh phan méi truong TSB san xuat long di thém mot s6 thanh phan chat ran
nhu cam gao, cAm bip, cdm mi, bd dau nanh 1a ngudn Nitrogen ky thuat cho san xuat cong nghiép
(Tran Thi Thanh, 2000; Nguyén Ptrc Luong, 2006) van gitt nguon cacbon la glucose va cac chat
kho4ng nhu méi trudng léng da téi uvu héa cho dong loi vi khuin. Nude dugc bd sung vao khoang
50% do am.
Bang 2.1 Thanh phan moéi truong bén rin

Thanh phin gam
Cam gao/cam bap/ cam mi / ba ddu nanh 980
CaCl, 0,2
NaCl 1
K2HPO4 2,5
MgSO4 1
Glucose 20

2.5. Tao ché pham dang léng
2.5.1 Khao sat cac dieu kién nhan sinh khoi ciaa cac dong vi khuan trén moi trewong léng

Bang 2.2 Anh hudng ciia méi truong nhéan sinh khéi dén ba dong vi khuan

Stt Dong vi khuén Mt dd vi khuan ( log.CFU/mL)
M@éi truwong LB TSB NB
1 R. rhodochrous Ty 8,31° +0,04 8,37+ 0,01 8,87+ 0,08
2 B.licheniformis B85 8,58 °+0,02 8,84% + 0,02 8,70 +0,13
3 P. stutzeri KL15 8,63* + 0,08 8,86 £0,09 8,32°+ 0,001

Mat d¢ vi khudn (Log10.CFU/mL) tinh theo logarit co s6 10 trung binh ciia 3 lan lgp lai. Chit a, b, ¢ chi su khdc biét
vé mdt thong ké theo mdéi truong nhdn sinh khoi ciia dong dong vi khuan (p < 0,01).

Bang 2.3 Anh huong cua mat d6 gidng dén nhan sinh khéi ba dong vi khuan

Stt Dong vi khuin Mt dd vi khuan (log.CFU/mL)

Mt d9 vi khuin 10° 107 108 10°

R. rhodochrous Tg 8,20°+ 0,03 8,69°+0,01 9,66°+0,01 9,69%+0,01
B.licheniformis B85 8,30° + 0,02 8,73°+0,01 9,69%+0,02 9,75%+0,03
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3 P. stutzeri KL15 8,39°+0,04 8,78°+0,01 9,66°+0,02 9,76°+0,03

Mt dp vi khudn (Log10.CFU/mL) tinh theo logarit co s6 10 trung binh ciia 3 lan lgp lai. Chit a, b, ¢ chi su khdc biét
vé mat thong ké theo mdt do giong cia dong dong Vi khuan (p < 0,01).

Biang 2.4 Anh huong thoi gian ting sinh dén nhan sinh khdi ba dong vi khuan

Stt Dong vi khuén Mat d vi khuin (Log.CFU/mL)
Theoi gian 24 36 48 60
gior gio gior gio 72 gior

1 R. rhodochrous To 8,531 9,67° 9,722 9,492 9,02¢
+ 0,02 +0,01 +0,02 +0,01 +0,01
2 B.licheniformis B85 8,49° 9,702 9,732 9,09b 8,99P
+0,01 +0,02 +0,02 +0,01 +0,01
3 8,74° 9,702 9,782 9,26P 8,70°
P. stutzeri KL15 +0,02 +0,01 +0,02 +0,01 + 0,03

Mat dj Vi khudn (Log10.CFU/mL) tinh theo logarit co s6 10 trung binh ciia 3 lan Igp lai. Chit a, b, ¢ chi sy khdc biét
vé mdt thong ké theo thoi gian tang sinh dong dong vi khudn (p < 0,01).

2.5.2 Khao sat cac diéu kién nhan sinh khéi ciia cac dong vi khuin trén méi trudng san xuit
long (thanh phan méi trowedong muc 2.2)

Biang 2.5 Anh huéng cua ty 1¢ nap gidng dén sinh khdi ba dong vi khuan

Stt Dong vi khuin Mat d vi khuan ( Log.CFU/mL)

Ty 1¢ nap gidng 1% 2,5% 3,5% 5%
1 R. rhodochrous To 9,66° +0,01 9,982+ 0,01 9,66° +0,01 9,69° +0,01
2 B.licheniformis B85 9,66° +0,01 10,03+0,01 9,69+ 0,03 9,75" +0,01
3 P. stutzeri KL15 9,84° 0,07 10,07°+0,03 9,78"+0,04 9,73 0,04

Mat ag vi 'khudwn (Log10.CFU/mL) tinh theo logarit co 55 10 trung bink ciia 3 lan lap lai. Chit a, b, ¢ chi sw khdc biét
vé mat thong ké theo ty Ié nap giong dong dong vi khuan (p < 0,01).

Bing 2.6 Anh hudng cua thoi gian dén sinh khdi ba dong vi khuan

Stt Dong vi khuén M3t dd vi khuin ( Log.CFU/mL)
Thoi gian 12 gior 24 gio 36 gio 48 givr
1 R.rhodochrous T 9,66°+0,01  9,98%+0,01 10,01°+0,01 9,98%+0,01
2 B.licheniformis B85 9,63 +0,01  10,01%+0,01 10,03%+0,01  9,99°+0,03
3 P. stutzeri KL15 9,75°+0,04  10,13*+0,05  10,19°#0,01 10,07°+0,03

Mdt do Vi’khudwn (Log10.CFU/mL) tinh theo logarit co $6 10 trung binh cia 3 lan lap \gi. Chit a, b, ¢ chi su khdc biét
vé mdt thong ké cia thoi gian theo dong dong vi khuan (p < 0,01).

Bing 2.7 Anh huong cua nhiét do dén sinh khdi ba dong vi khuan

Stt Dong vi khuin Mat dé vi khuén ( Log.CFU/mL)

Nhiét do 30°C 33°C 35°C 37°C
1 R. rhodochrous Ty 9,98%+0,01 10,042+0,01 9,91 +0,01 9,85¢+0,02
2 B.licheniformis B85 10,012+0,01 9,99° +0,01 10,072 £0,01 10,05%+0,01
3 P. stutzeri KL15 9,87+0,07 9,88 +0,05 9,96+0,02 10,23+0,03

Mat dj vi khudn (Log10.CFU/mL) tinh theo logarit co s6 10 trung binh cia 3 lan \ap lai. Chit a, b, ¢ chi sy khac
bigt vé mat thong ké theo nhiét do ciia dong dong vi khuan (p < 0,01) ( Riéng dong vi khuén P. stutzeri KL15 khong
¢6 y nghia thong ké vi p>0,05, nén khong trac nghiém phén hang).

Bing 2.8 Anh huong cua pH dén sinh khéi ba dong vi khuan

Stt Dong vi khuin M3t d vi khuin ( Log.CFU/mL)

pH 6,0 6,5 7,0 75
1 R. rhodochrous T 9,98°+0,01 10,05%+0,02 9,98%+0,01 9,78°40,02
2 B.licheniformis B85 9,87°+0,01 9,97%+0,01 9,98%+0,02 10,03%+0,01
3 P. stutzeri KL15 9,85°+0,01 9,82° +0,05 10,02£0,02 9,87°+0,01

Mat d‘girvi khudn (Logl0.CFU/mL) tinh theo logarit co $6 10 trung binh cua 3 lan lap lai. Chit a, b, ¢ chi sy khadc biét vé
mat thong ké theo pH cia dong dong vi khuan (p < 0,01).
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Bang 2.9 Anh hudng ngudn nito dén sinh khi ba dong vi khuan

Stt Dong vi khuén Mt dd vi khuin ( Log.CFU/mL)
Nguon Nito Amoni Cao nam Natri
sunfat men nitrate pepton
1 R. rhodochrous Tg 8,66°+0,01 9,75°+0,02 8,50%+0,01 10,032+0,01
2 B.licheniformis B85 8,55°+0,01 10,112+0,03 8,68"+0,01 10,072+0,01
3 P. stutzeri KL15 8,20°+0,05 10,08°+0,02 8,03°+0,06 10,00°+0,04

Mat do vi khudn (Logl0.CFU/mL) tinh theo logarit co 56 10 trung binh ciia 3 lan lap lai. Chit a, b, ¢ chi sw khdc biét vé
mat thong ké theo nguon nito dong dong vi khuan (p < 0,01).

Bang 2.10 Anh huéng ngudn cacbon dén sinh khéi ba dong vi khuan

Stt Dong vi khuin M3t d vi khuin ( Log.CFU/mL)

Nguon Cacbon Glucose Maltodextrin Mat ri Sucrose
1 R.rhodochrous T9 10,072+0,01 8,65°+0,01 9,75°+0,02 8,509+0,01
2 B.licheniformis B85 10,10%+0,02 8,68°+0,01 10,11%+0,2 8,55°+0,01
3 P.stutzeri KL15 9,24+0,05 9,28°+0,04 9,41+0,06 8,75°+0,05

Mgt dg vi khudn (Log10.CFU/mL) tinh theo logarit co s6 10 trung binh ciia 3 lan Iap \ai. Chit a, b, ¢ chi su khdc biét
vé mdt thong ké theo nguon cabon dong dong vi khudn (p < 0,01).

> Khao sat ham lwong ciia ngudn cacbon va nite caa ba chiing vi khuan.

B. licheniformis B85 P.stutzeri KL15
= =
E 10.50 £ 1100
.
@ 10.40 IOTS a 2 1050 10.29a 10.32a
; 10.24ab U. 10.06b
g 10.30 1 10.19b ® 1000
= 1020 I 10i2b  1011b - 9.51¢c 9.41¢
€ 1010 [ § 0%
% 10.00 £ 900
> —
B 9.90 >
o ) 8.50
g_ 9.80 = 2 4 6 8 10
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Hinh 2.4 Khao sat ham lugng mat ri caa B.licheniformis B85 Hinh 2.5 Khao sat ham legng mat ri caa P. stutzeri KL15

R. rhodochrous T9 B. licheniformis B§5
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Hinh 2.6 Khao sat ham lwong mat ri cia R.rhodochrous T9 Hinh 2.7 Khao sat ham lugng cao nim men ciia B.licheniformis B85

P.stutzeri KL15 R. rhodochrous T9

12.00 10.50
—_ 10.20ab 10.36a 10.26ab — 10.16a
- 10.08b a - 10.11a 10.03a
£ 10.00 €
E 8.59¢ S 1000
4= [T
% 800 =
o
S 2 950
& 6.00 z
il " 9.06b
g £ 900 8.88c
3 400 'S
‘:8 :g
& 200 & 850
= =

0.00 8.00

5 10 15 20 25 2 4 6 8 10
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Hinh 2.8 Khao sat ham luong cao ndm men cua P. stutzeri KL15 Hinh 2.9 Khao sat ham luong pepton caa R.rhodochrous T9

Muc dich: Khao sat ham lwong ngudn cacbon va nito 1a dé khao séat, lva chon cac khoang ham
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lwong cua mat ri, cao ndm men cho mat do vi khuan B. licheniformis B85, P. Stutzeri KL15 cao
nhat, ham lugng pepton va glucose cho mat do vi khuan R.rhodochrous T9 cao nhét, dé bé tri trong
thi nghiém tdi wu hoa thanh phan méi truong san xuat long cho 3 ching vi khuan. Day 1 thi
nghiém trung gian sau khi lwa chon ngudn C, N tot nhét, dé cd su lra chon tét nhat, chuyén vao noi
dung t4i wu hoa.

2.5.3 T6i wu h6a méi trudng sian xuit caa cac dong vi khuin

Sang loc cac yéu té ¢6 ¥ nghia bang ma tran Plackett — Burman Bacillus licheniformis B85

Bang 2.11 Cac bién trong ma tran Plackett - Burman va anh hugng cua chiing

Mikc Mirc do 4nh huwong
Ky
Yéu to Don vi . .
Thap Cao Anh
hiéu
Prob>F
(-1) (-1) huéng

X1 Matri duong g/L 2 6 0,0433% 0,0182
X2  Caonidm men /L 9 25 -0,06° 0,0050
X3 K2HPO4 g/L 1,25 5,00 -1,45862E-15" 1,0000
X4  MgSO4 g/L 0,25 1,50 1,46724E-15° 1,0000
X5 CaCl2 g/L 0,05 0,40 0,0033" 0,8013
X6  NaCl g/L 1 5 -0,0633? 0,0040

a: €0 Y nghia 6 do tin cdy o = 0,05;°: khéng co ¥ nghia ¢ dé tin cdy a = 0,05
Bang 2.12 Ma tran thiét ké Plackett — Burman

Mt dd vi khuin

Nghiém Cic bién
(Log.CFU/mI)
thire
X1 X2 X3 X4 X5 X6 Thuc nghiém M4 hinh

1 1 -1 1 1 -1 1 10,12 10,10
2 1 1 -1 1 1 1 10,03 10,04
3 -1 1 1 -1 1 1 10,01 9,99
4 -1 -1 -1 -1 -1 -1 10,13 10,12
5 -1 -1 1 -1 1 1 10,04 10,05
6 -1 -1 -1 1 -1 1 10,03 10,05
7 -1 1 -1 1 1 -1 10,07 10,06
8 1 1 1 -1 -1 -1 10,08 10,10
9 -1 -1 1 1 1 -1 10,16 10,16
10 1 1 -1 -1 -1 1 10,04 10,04
11 1 -1 -1 -1 1 -1 10,16 10,16
12 -1 1 1 1 -1 -1 10,05 10,06

Bang 2.13 Cac hé s trong phuong trinh ham muyc tiéu

Véu th lré,Hftsl,zh Béc tu do fﬁ:}jﬁ 95% Cl thip 95% Cl cao VIF
Intercept 11,42 1 0,0093 11,40 11,44
A-Mat ri duong  0,0386 1 0,0068 0,0211 0,0560 1,43

B-Cao nim men -0,0188 1 0,0057 -0,0334 -0,0041 1,0000



C-NaCl
AB

AC

BC

A2

B2

C2

-0,0439
0,0250
0,0404
0,0425

-0,0673

-0,1577

-0,0248

e
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0,0068
0,0080
0,0109
0,0080
0,0092
0,0092
0,0092

-0,0614
0,0043
0,0122
0,0218

-0,0908

-0,1812

-0,0483

-0,0265 1,38
0,0457 1,0000
0,0685 1,73
0,0632 1,0000

-0,0438 1,21

01342 121

00013 1,21

Sang loc cc yéu th c6 ¥ nghia bing ma tran Plackett — Burman Pseudomonas stutzeri KL15

Bang 2.14 Cac bién trong ma tran Plackett - Burman va anh hugng cua chiing

Mure Mirc d§ &nh hwéng
Ky
Yéu to Pon vi ) .
Thap Cao Anh
hiéu
Prob>F
(-1) (-1) hwéng
X1 Mat ri duong g/L 2 6 0,55 0,0002
X2 Cao nam men g/L 9 25 0,322 0,0029
X3 K2HPO4 g/L 1,25 5,00 0,03 0,6502
X4 MgSO4 g/L 0,25 1,50 0,25 0,0079
X5 CaCl2 g/L 0,05 0,40 0,09 0,1933
X6 NaCl g/L 1 5 -0,15" 0,0568
a: €0 Y nghia ¢ do tin cdy o = 0,05;°: khong cé ¥ nghia ¢ dé tin cdy o = 0,05
Bang 2.15 Ma tran thiét ké Plackett - Burman
Mat do vi khuan
Nghi¢m Cic bién
(Log.CFU/ml)
thure
X1 Xo X3 Xa Xs Xe Thu’c nghiém Mo hinh
1 1 1 -1 -1 -1 1 10,19 10,10
2 -1 1 -1 1 1 -1 10,01 10,04
3 1 -1 1 1 -1 1 10,05 10,06
4 1 1 -1 1 1 1 10,36 10,44
5 -1 1 1 -1 1 1 9,69 9,67
6 1 1 1 -1 -1 -1 10,16 10,27
7 -1 -1 1 -1 1 1 9,33 9,35
8 -1 1 1 1 -1 -1 10,08 9,98
9 -1 -1 -1 -1 -1 -1 9,31 9,38
10 -1 -1 -1 1 -1 1 9,48 9,49
11 1 -1 -1 -1 1 -1 10,10 10,01
12 1 -1 1 1 1 -1 10,31 10,29
Bing 2.16 Cac h¢ s trong phuong trinh ham muyc tiéu
A A HPY (o) (o)
Intercept 11,55 1 0,0044 11,52 11,56
A-Mat ri duong 0,155 1 0,0067 0,0150 0,0518 1,0000
B-Cao nAm men 0,043 10,0087 0,0011 0,019 1,0000
C-Mg2SO4 0,058 1 0,0070  0,0027 0,089 1,0000
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AB 0,0255 10,0038 0,0114 0,0546 1,0000
AC 0,0125 1 0,0038 0,0173 0,0023 1,0000
BC 0,01 10,0038 0,0148 0,0048 1,0000
A? -0,1675 1 0,0040 -0,1748 -0,1544 1,01
B2 -0,095 1 0,0040 -0,1773 -0,1569 1,01
C? -0,110 1 0,0040 -0,1898 -0,1694 1,01

> Sang loc cac yéu td ¢6 ¥ nghia bang ma tran Plackett — Burman Rhodococcus rhodochrous To
Bing 2.17 Céc bién trong ma tran Plackett - Burman va anh huéng cia ching

Mikc Mirc do 4nh hwéng
Ky
Yéu to Pon vi
Thép Cao Anh
hiéu
Prob>F
(-1) (-1) hwéng

X1 Glucose g/L 6 10 0,0683° 0,042
X2 Pepton g/L 4 8 0,0683% 0,042
X3 K,HPO, g/L 1,25 5,00 -0,0083° 0,5713
X4 MgSO, g/L 0,25 1,50 0,005° 0,7313
X5 CaCl, g/L 0,05 0,40 0,015° 0,3255
X6 NaCl g/L 1 5 -0,075° 0,0028

a: ¢0 y nghia 6 do tin cdy a = 0,05,°: khéng cé y nghia ¢ do tin cdy o = 0,05
Bing 2.18 Ma tran thiét ké Plackett - Burman

Mt d9 vi khuin
Nghiém Cic bién
(Log10. CFU/mlI)

thire
X1 X X3 Xa Xs X Thuc nghiém M6 hinh

1 -1 -1 -1 1 -1 1 9,87 9,89
2 1 1 -1 -1 -1 1 10,03 10,03
3 1 1 1 -1 -1 -1 10,06 10,10
4 -1 -1 1 -1 1 1 9,87 9,89
5 1 1 -1 1 1 1 10,04 10,03
6 1 -1 1 1 1 -1 10,05 10,03
7 -1 -1 -1 -1 -1 -1 9,98 9,96
8 1 -1 1 1 -1 1 9,96 9,96
9 -1 1 1 1 -1 -1 10,03 10,03
10 -1 1 -1 1 1 -1 10,04 10,03
11 -1 1 1 -1 1 1 9,98 9,96
12 1 -1 -1 -1 1 -1 10,04 10,03

Bang 2.19 Cac hé sb trong phwong trinh ham muc tiéu
Hé s6 Béc Sais6 95% Cl  95% CI

Yéu t6 wéctinh  twdo chuén thap cao VIF
Intercept 10,47 1 0,0044 10,46 10,48
A-Glucose -0,0088 1 0,0027 -0,0157 -0,0018 1,0000
B-Pepton 0,0150 1 0,0027 0,0081 0,0219 1,0000
C-NacCl -0,0088 1 0,0027 -0,0157 -0,0018 1,0000
AB -0,0500 1 0,0038 -0,0598 -0,0402 1,0000
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AC -0,0075 1 0,0038 -0,0173 0,0023 1,0000
BC -0,0050 1 0,0038 -0,0148 0,0048 1,0000
A? -0,1646 1 0,0040 -0,1748 -0,1544 1,01
B2 -0,1671 1 0,0040 -0,1773 -0,1569 1,01
C? -0,1796 1 0,0040 -0,1898 -0,1694 1,01

2.6. Tao san pham dang bjt ) ) )
2.6.1 Khdo sat cac yeu to anh hwéng dén qua trinh san xuat trén méi truong ban ran.
Bang 2.20 Anh huong cia mdi truong dén sinh khoi ba dong vi khuan

Stt Dong vi khuin Mt dé vi khuéin ( Log10.CFU/mL)
Ba dau
Mdi trudng Cé&m gao Céam bip nanh Cam mi
1 R. rhodochrous Ty 9,022+ 0,01 8,88+ 0,02 8,53+ 0,02 8,93%0+0,02
2 B.licheniformis B85 8,91°+ 0,02 8,80°+0,05 9,472+ 0,05 8,58°+ 0,06
3 P. stutzeri KL15 8,75"+0,04 9,10% 0,04 8,85%+0,02 8,53+ 0,08

Mat do vi kfmcfn (ng.CFU/gam) tinh theo logarit co 56 10 trung binh cia 3 lan lap lai. Chit a, b, ¢ chi sy
khac biét ve mat thong ké theo moi ti”u'o‘ng’d()ng dc‘)ng’vi khuan (p < 0,01).
Bang 2.21 Anh huong cua ty I€ giong dén sinh khoi ba dong vi khuan

Stt Dong vi khuén Mt dé vi khuén ( Log.CFU/g)
Ty 1¢ giong
2,5% 5% 7,5% 10%
1 R. rhodochrous T 8,27°+ 0,1 9,022+0,01 9,23%+0,04 9,262+0,04
2 B.licheniformis B85 8,40°+0,04 9,47%+0,01 9,542+0,05 9,50%+0,01
3 P. stutzeri KL15 8,43°+0,01 9,10°+0,04 9,30%0,03 9,34%+0,05

Mat do Vi’khuzfn (Log.CFU/gam) tinh theo logarit co gé 10 trung binh ciia 3 lan ldp lai. Chit a, b, ¢ chi s khdc biét
vé mdt thong ké theo ty I¢ giong Cuia dong dong vi khudn (p < 0,01).
Bang 2.22 Anh hudng d6 am dén sinh khdi ba dong vi khuan

Stt Dong vi khuan M3t d¢ vi khuin ( Log.CFU/g)

P Am 45% 50% 55% 60%
1 R. rhodochrous Ty 8,27+ 0,07 9,03% 0,01 9,15+ 0,04 8,57°+ 0,01
2 B.licheniformis B85 8,44° 0,06 9,47+ 0,01 9,56 0,05 8,74+ 0,02
3 P. stutzeri KL15 8,40% 0,01 9,14+ 0,03 9,30% 0,03 8,84°+ 0,02

Mat do virkhudvn (Log.CFU/gam) tinh theo logarit co $6 10 trung binh ciia 3 lan Igp lai. Chit a, b, ¢ chi sw khdc biét
ve mat thong ké theo d¢ am cua dong ’do‘ng vi khud’n (p <0,01). .
Béang 2.23 Anh huong thoi gian dén sinh khoi ba dong vi khuan

Stt Dong vi khuén Mt d vi khuin ( Log.CFU/g)

Thoi gian 36 48 60 72 84 96

gior gior gio gio gio gio
1 R.rhodochrous Ty 8,271 9,23 9,30° 9,79 9,24b 8,94
+0,1 +0,04 +0,05 +0,02 +0,02 +0,01
2 B.licheniformis B85 8,44¢ 9,56" 9,96% 9,93% 9,57° 9,10°
+0,06 +0,01 +0,01 +0,02 +0,02 +0,01
3 P.stutzeri KL15 8,40° 9,30° 9,44 9,70 9,50° 9,124
+0,01 +0,03 + 0,06 +0,01 +0,02 +0,01

Mat do Vi,khudn (Log.CFU/gam) tinh theo logarit co $6 10 trung binh ciia 3 lan Igp lai. Chit a, b, ¢ chi si khac biét
vé mdt thong ké theo thoi gian cua dong dong vi khudn (p < 0,01).
2.6.2 Khao sat cac diéu kién bao quan caa cac dong vi khuan trén méi trudong ban ran
Bang 2.24 Anh huéng thoi gian dén sinh khéi ba dong vi khuan
Mat dé vi khuin

Nhiét do Thoi gian B. licheniformis B85 P.stutzeri KL15 R.rhodochrous Ty
0
(°C) (ngay) (log.CFU/g) (l0g.CFU/Q) (I0g.CFU/Q)
0 9,72 +0,01 9,52 +0,05 9,26 + 0,03
30 9,61 + 0,03 9,36 + 0,02 9,18 + 0,01
4-8 60 9,42 + 0,02 9,26 + 0,03 9,07 +0,02
90 9,21 +0,03 9,11 + 0,01 8,93 + 0,03

120 9,11 + 0,02 8,94 + 0,01 8,79 + 0,05




38

180
270
360
0
30
28 - 32 60
90
120
180
270
360

8,81+ 0,03
8,21 +0,02
7,54 £ 0,04
9,72+ 0,01
9,38 £0,03
9,20+0,03
9,11 + 0,02
8,92 £ 0,02
8,32 0,04
7,84 +£0.03
6,87+ 0.02

8,25+ 0,03
7,72 0,04
6,46+ 0,02
9,52 +0,05
9,36 £ 0,02
9,26+0,03
8,95+ 0,03
8,79+ 0,04
7,68 £0,03
6,70 £ 0,01
5,56 +0,03

8,13 +0,04
7,59 £0,05
6,86+0,03
9,26 + 0,03
9,11 +0,01
9,01+ 0,02
8,86 +0,03
8,70 £0,02
7,50 £0,02
6,89 £ 0,03
5,83+ 0,04

2.7 Mét s6 hinh anh cia 1én men vi sinh vat dang léng va bét.

Hinh 2.11 Hinh anh Ién men tang sinh, san xuit long va ban ran.
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] PHU LUC 3 (N(:)I”DUNG 3) ]
3.1. banh gié sw chuyén hoa N cuaa c&c dong vi khuan trong nwéc ao nudi tdom thé chan trang
¢ qui md phong thi nghi¢gm ]
Thong tin mau nwéc tom thé chan trang
Dia chi thu mdu: khu nuéi tdm thé & 4p Binh Phudc, xa Binh Khanh, huyén Can Gio, TP.
HCM.
Théng tin méu lac ldy nuwéc:
+ Tom dat 100 con/kg (khoang 10g/con).
+ Ldc tha nubi mat do6 la 100 ngan con.
+ TOm & giai doan sép thuong phdm (1,5 thang).
+ Ao sau 1,2 m.
+ Mau lay ldc 16h30, sau cho an, nudc ao ¢6 mau xanh 14 chudi (hoi xam).
Théng tin quéa trinh ldy mdu nuwéc tdm thé chan trdng:
+ Trong sudt qua trinh it thay nudc (ly do: nuéc sébng Can Gio kha 6 nhiém).
+ Cho tom an bang thudc (thirc n) bd tdm, ngay 3 budi.
+ Gay mau nudc bang cach danh voi (ding Donomite).
+ Khoang 9h sang bat quat gi6 1,5 tiéng. Budi t6i khoang 18 — 22h ting cuong quat gio
lién tuc, ngung cho an.
+ Kinh nghiém: nude ao tom hoi man sé gidp tdm mau lon.

'

Hinh 3.1 Thir nghiém nudc ao nudi tém thé chan trang trong PTN
Bang 3.1 Chi tiéu pH
pH ban dau1a7,8+0,2

NT Ngay 1 Ngay 2 Ngay 3 Ngay 4 Ngay 5
NT1 7,6 £0,21 7,6 £0,24 7,5+ 0,19 7,5+ 0,26 7,4+ 0,2
NT2 7,7£0,3 75+0,21 7,4+ 0,15 7,4+0,23 7,4+0,2
NT3 7,7£0,15 75+0,17 7,4+0,23 7,3+0,21 7,3+ 0,11
NT4 7,6+ 0,19 75+0,23 7,3+0,27 75+0,18 7,3+0,28
NT5 7,6 0,15 7,6+ 0,22 7,5+0,13 7,4+ 0,17 7,4+ 0,27

NTDbC 7,7£0,16 7,6 £0,26 7,6+£0,12 7,5+0,24 7,5+0,21
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Bang 3.2 Ham lugng ammonia ( Ban dau 1a 0,204 mg/L)

NT Ngay 1 Ngay 2 Ngay 3 Ngay 4 Ngay 5
NT1 0,22%+0,02 0,21+ 0,020 0,18%+ 0,021 0,07+ 0,019  0,06®+ 0,025
NT2  020°+0,023 0,19%+0,026  0,16°+0,031  0,07*+0,027 0,05+ 0,026
NT3  0,20°+0,021  0,18%+0,040  0,15®+0,025  0,05°+0,035  0,04®+0,021
NT4 0,18°+0,05  0,16®°£0,023  0,13*+0,021  0,05®+0,015 0,03%+ 0,020
NT5 0,17°+0,06 0,12°+ 0,015 0,09°+ 0,015 0,03%+ 0,020 0,03%+ 0,021

NTPC  0,24°+0,01 0,21% 0,020 0,15%+ 0,019 0,12%+ 0,017 0,10%+ 0,025

Trong cling mét cgt, cac gid tri co ky tu theo sau giong nhau khong co suw khac biét vé mat thong ké
(P < 0,05). ‘
Bang 3.3 Ham lugng nitrite ( Ban dau la 0,108 mg/L)

NT Ngay 1 Ngay 2 Ngay 3 Ngay 4 Ngay 5 Ngay 6
NT1 0,11°+£0,020 0,120,020 0,13%+0,021 0,1°+0,019  0,06°+ 0,025 0,04°+ 0,025
NT2 0,11’+0,021  0,12°40,026 0,13°+0,031 0,1°+0,027 0,07°+ 0,026 0,04°+ 0,026
NT3 0,12%+0,021  0,12°+0,040 0,13®+0,025 0,1°+0,035 0,050,021 0,03%+ 0,021
NT4 0,11°+0,025  0,13*+0,023 0,12°+0,021 0,08+ 0,015 0,05+ 0,020 0,04%+ 0,020
NT5 0,12°+0,026  0,13®+0,015 0,14°+0,015 0,080,020 0,05+ 0,021  0,02°+ 0,021
NTPC  0,11°+0,020 0,12°+0,020 0,13°+0,019 0,12°+0,017 0,12*+#0,025  0,1% 0,025

Trong cling mét cét, cac gia tri cd Ky tur theo sau giong nhau khong c6 su khac biét vé mat thong ké (P < 0,05).

Béng 3.4 Ham luong nitrate ( Ban dau 12 0,204 mg/L)

NT Ngay 1 Ngay 2 Ngay 3 Ngay 4 Ngay 5 Ngay 6
NT1 0,27°+ 0,032 0,31 +0,05 0,340,017 0,23®+0,01  0,20% 0,03 0,1°+ 0,02
NT2 0,33+ 0,06 0,30°% 0,02  0,22°+0,07 0,22°40,02  0,20%+0,05  0,1°+0,04
NT3 0,28+ 0,02 0,32°+0,01  0,31°%+0,02  0,23%+0,03 0,18%+0,06 0,08+ 0,03
NT4 0,29°+ 0,02 0,34°+0,05  0,3%+0,07 0,21°+0,01  0,17°+0,02  0,06“+ 0,02
NT5 0,29°+ 0,06 0,36%+ 0,07 0,3%+0,05  021°+0,02 0,16°+0,04 0,05 0,02

NTDC 0,21°+ 0,01 0,20°+0,01  0,19%+0,01  0,19°+0,02 0,18%+0,03 0,17°+0,03

Trong cling mét cét, cac gia tri co ky tuw theo sau giong nhau khdng cé su khac biét vé mdt thong ké (P < 0,05).

Bing 3.5 Mat d6 tong vi khudn hiéu khi (Ban dau 12 2,7.10° CFU/ml twong (ing 6,43 log.CFU/mL)

NT Ngay 1 Ngay 2 Ngay 3 Ngay 4 Ngay 5
NT1 10,65 9,49 7,30 7,04 6,23
NT2 11,61 9,80 8,38 7,75 6,20
NT3 11,83 10,57 9,18 8,57 6,91
NT4 11,76 10,90 9,62 8,79 7,08
NT5 11,79 7,90 8,67 9,08 7,08

NTPC 11,79 7,90 9,67 6,34 4,08

Bing 3.6 Mat do vi khuin AOB ( Ban dau 12 4,7.102 CFU/ml tuong éng 2,67 log.CFU/mL)

NT Ngay 1 Ngay 2 Ngay 3 Ngay 4 Ngay 5
NT1 7,54 6,61 6,15 5,18 3,61

NT2 7,32 6,80 6,32 5,30 4,20

NT3 8,45 7,85 6,51 5,91 4,32

NT4 8,67 7,77 7,08 6,34 5,08

NT5 8,86 7,83 7,40 6,72 5,79
NTDC 2,34 2,26 2,04 KPH KPH
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Bang 3.7 Mat d6 vi khuan nitrite ( Ban dau 1a 1,2.10> CFU/ml tuong ng 2.08 log.CFU/mL)

NT Ngay 1 Ngay 2 Ngay 3 Ngay 4 Ngay 5
NT1 7,40 6,83 5,30 4,83 2,23
NT2 7,61 6,80 5,38 4,93 2,20
NT3 7,58 6,57 6,18 5,83 3,32
NT4 8,75 7,74 7,08 6,18 4,08
NT5 8,92 7,93 7,34 6,51 4,34

NTDC 2,00 1,00 KPH KPH KPH

3.2. Panh gia sw chuyén hoa N ciia cac dong vi khuin trong nwéc nudi tdm thé chan tring &
qui md bé 1m?
Bang 3.8 Mot s6 chi tiéu mdi truong nude trong thi nghiém

Cac chi tiéu

Nghiém
Nhiét @ (°C) pH DO (mg/L)
thl”rc > > ;Y > > 3 > - ~
Buoi sdng Budi chiéu Buodi sang Buoi chiéu Budi sang Buodi chiéu
c 27,96 £0,94* 29,37 +1,24* 7,72 + 0,33* 7,76 + 0,37* 6,94+0,56° 6,68 +0,48"
NTD
(26,0-29,0)° (26,6-31,3)° (7,19-8,10)" (7,12-8,36)" (6,17-8,49)" (6,11 - 8,06)
NTL 28,06 £0,96* 29,26 +1,21* 7,72 + 0,22* 7,65 + 0,23* 6,96 +0,56° 6,67 £0,54°
(26,0-29,6)° (26,8-31,3)" (7,24-8,01)" (7,09-8,19)" (6,01-8,45)" (6,02 -8,30)
NT2 28,06 £0,95* 29,30+1,18* 7,78 + 0,16* 7,62 + 0,24* 6,97 +0,52° 6,59 £ 0,48%
(26,1-29,5" (26,8-30,9)" (7,23-8,04)" (6,99 -8,06)" (6,29-8,43)" (6,01-8,02)
NT3 28,05+0,90* 29,19+1,15* 7,74 + 0,17* 7,61 + 0,24* 6,86 +0,54* 6,50 £ 0,48
(26,2-29,6)" (26,8-30,7)° (7,10-8,04)" (7,04-8,17)" (545-8,35)" (5,91 -7,90)

Mean + dg léch chudn, * : khodng bién thién, Trong ciing mgt hang va ciing chi tiéu, cac gia tri trung binh co ki tw giong nhau khong
¢6 sur khac bigt vé mat thong ké (P <0,05).

Béang 3.9 Mot sb chi tiéu méi trudng nude khéc trong thi nghiém

Nghiém thire
NT1
110,95 + 21,99

Chi tiéu
NTDbC
106,75 + 31,742

NT2
121,25 + 18,45°

NT3

121,19 + 15,83°
53,67 —140,67* 82,67 — 144,00* 84,67 — 139,00* 82,67 — 144,00*

Do miin (o) 20 + 0,01° 20 + 0,01° 20 +0,01° 20 +0,01°

Do kiém (mg/L)

Mean + dg léch chudn, * : khodng bién thién, Trong cling mét hang va cting chi tiéu, cac gid tri trung binh cé ki tu ging nhau khdng
c6 sir khéc bigt vé mat thong ké (P <0,05).
Bang 3.10 Mat d¢ vi khuan hiéu khi (log10.CFU/mL)
Mt d9 vi khuin (Log.CFU/mL)

Ngay thu LAn  NTPC NT1  NT2  NT3
mau
26-Nov 4,70 481 578 534 470
20-Nov 4,37 530 556 653 437
02-Dec 4,85 640 665 598 485
05-Dec 5,90 656 660 638 590
08-Dec 6,03 675 650 635 603
11-Dec 5,83 641 630 636 583
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14-Dec 5,78 6,75 6,88 6,41 5,78
17-Dec 5,65 6,41 5,59 6,18 5,65
20-Dec 5,73 6,44 6,02 6,04 5,73
23-Dec 6,86 6,89 6,54 5,68 6,86
26-Dec 6,94 7,55 7,28 7,25 6,94
29-Dec 6,85 7,48 7,30 7,70 6,85

Ghi chi: Ngay tha tom la ngay 23/11

Bang 3.11 Mat d6 vi khuan vibrio (log10.CFU/mL)

Mat d9 vi khuan (log.CFU/mL)

Ngay thu LAn  NTPC NT1  NT2  NT3
mau
26-Nov 1 318 332 228 2723
20-Nov 2 340 318 248 254
02-Dec 3 494 411 314 311
05-Dec 4 517 433 328 319
08-Dec 5 510 410 311 314
11-Dec 6 527 427 326 322
14-Dec 7 530 427 329 330
17-Dec 8 634 429 329 325
20-Dec 9 639 426 325 320
23-Dec 10 6,70 429 424 428
26-Dec 11 6,81 5,28 4,28 4,31

29-Dec 12 6,85 5,30 4,34 4,26

Ghi chd: Ngay tha tom la ngay 23/11
Bang 3.12 Mat d6 vi khuan AOB (log10.CFU/mL)

Mat d9 vi khuan (log.CFU/mL)

Ngay thu LAn  NTPC NT1  NT2  NT3
mau
26-Nov 1 KPH  KPH  KPH  KPH
20-Nov 2 KPH 387 394 397
02-Dec 3 332 346 361 356
05-Dec 4 3,72 3,79 3,67 4,78
08-Dec 5 361 479 475 488
11-Dec 6 394 487 486 599
14-Dec 7 38 492 482 601
17-Dec 8 469 575 597 590
20-Dec 9 4,45 5,56 5,74 5,77
23-Dec 10 462 565 681 675
26-Dec 11 484 58 69 696

29-Dec 12 4,83 5,95 6,04 6,18

Ghi chi: Ngay tha tom la ngay 23/11
Bang 3.13. Mat d6 vi khuan NOB (log10.CFU/mL)

Mt d9 vi khuin (log.CFU/mL)

Ngay thu

A LAn NTPC NT1 NT2 NT3
mau
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26-Nov 1 KPH KPH KPH KPH
29-Nov 2 KPH KPH KPH KPH
02-Dec 3 KPH KPH 3,78 3,87
05-Dec 4 KPH 2,80 3,26 3,37
08-Dec 5 2,50 3,54 3,52 3,51
11-Dec 6 2,62 3,78 4,66 4,85
14-Dec 7 3,92 3,81 4,78 4,91
17-Dec 8 3,86 4,83 481 4,93
20-Dec 9 3,61 4,68 5,59 5,90
23-Dec 10 3,47 4,53 5,74 5,77
26-Dec 11 4,57 4,68 6,88 6,75

29-Dec 12 4,75 5,75 6,51 6,92
Ghi chl: Ngay tha tom la ngay 23/11

Bang 3.14 Tiang truong va ty 1¢ song cua tom

Nghiém thirc Ty 1é song WG SGR
(%) (g/con) %l/ngay
NTPC 64,92 + 23,41° 0,44+0,06° 15,22 +0,5°
NT1 89,97 + 6,96% 0,52+0,06° 14,70 +0,64"°
NT2 79,63 + 11,20° 0,68+0,04% 16,61+0,48?
NT3 93,87 +£2,73% 0,65+0,04% 16,39+0,2%

3.3 Céc yéu t6 anh hwéng dén moi truwong nwéc nudi tdm
pH

Theo quy luat tu nhién, pH budi séng thuong thap hon budi chiéu. Su dao dong pH trong
ngay cho phép nho hon 0,5 don vi, néu I16n hon 1 don vi/ngay phai can thiép bang hda chat hoac
thay nuéc dé giam khoang cach dao dong Ngoai ra, pH con tac dong gian tiép dén doi séng caa
thay sinh vat théng qua viéc lam gia tang doc tinh caa NHs trong truong hop pH tang cao va HS
tang cao khi pH méi truong ao nudi glam Theo Boyd (1990), khi pH giam s& lam ngung qua trinh
phan huy vat chit hitu co 1am cho cac chét hitu co phan huy khong hoan toan. Diéu nay sinh ra
nhiéu doc té trong méi truong ao nubi.

Nhigt dé

Trong ao nudi nhiét do 1a yéu té quan trong anh huéng dén cac qua trinh sinh tong hop cac
chat hiru co cho sinh vét. Theo Whetstone va ctv, (2002) tdm c6 thé séng tét ¢ nhiét do 23 — 24 °C,
t6i wu 14 26 — 29 °C va nhiét do trong ngay khong dao dong qua 5 °C (Boyd va ctv, 2003).
Oxy hoa tan (DO - Dissolved Oxygen)

Oxy hoa tan trong ao nudi tdm la mét trong nhirng yéu té quan trong di vai sy sinh truéng
va phét trién cta tdm. Ham luong oxy hoa tan thuong thap vao ban dém (tir 1 — 6 gio sang) va cao
nhat vao ldc 10 — 16 gio nho sy quang hop cua phiéu sinh thuc vat. Trong ao nudi tom ham lugng
oxy hoa tan > 4 mg/L la t6t nhat, khi lugng oxy hoa tan < 4 mg/L tom van n binh thuong, nhung
hiéu qua thirc dn bit dau giam va ting cic nhan to 'gay bénh. Néu luong oxy hoa tan tiép tuc xudng
thip hon tom s& ngimg n, boi trén mat nudc va tip vao mé bo ao (thanh bé), néu khéng xir Iy kip
thoi hién twong thiéu oxy s& dan dén tdm chét (khi ham luong oxy hoa tan < 1mg/L). Puoc cung
cip du oxy, tom dn khoe hon (Thai B4 H6 va Ngo Trong Lu, 2003). Tém thé chan tring thuong I6t
xac dong loat vao ban dém - thoi diém DO xudng thap, khi 16t x4c mang tdm hap thu oxy kém nén
nhu cau oxy can nhiéu hon lac binh thuong. Néu thiéu oxy xay ra Ic 16t x4c, tdm s& chét dong loat
& day ao (bé) (Vi qua trinh 16t X4c xay ra & day ao/bé).

Do kiém

Do kiém téng cong chi kha ning trung hoa acid cua nudc. Do kiém tong cong ciing thé hién
téng sb cac ion cd tinh bazo trong nude nhu bicarbonat (HCO3'), carbonat (COsY) va hydroxit (OH"
). Bicarbonat la dang chinh ciia do kiém. Ham lugng carbonat va hydroxit c6 thé cao khi phiéu sinh
thuc vat hoat dd6ng manh hoic trong mét sé loai nuée nhat dinh hodc trong nuéc thai.
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Theo Charantchakool va ctv (2003), do kiém 1y tuong cho ting truong va phat trién cua tom
nudi 1a tir 80 — 120 mgCaCO3/L, d6 kiém thip hon 40 mgCaCO3/L anh huong khéng tét dén stc
khoe tdm nudi. Khi d¢ kiém thap, pH sé& bién dong va gay stress, giam ting truong va tham chi gy
chét tom.

Po man

D6 man anh hudng truc tiép dén viéc didu hoa &p suat tham thau cua thay sinh vat trong ao
nudi. Céc thay d6i d6 man vuot ra ngoai gigi han thich tng cia tdm trong ao nudi déu gay ra céc
phan &ng sc cua co thé 1am giam kha ning dé khang bénh cua tdm. Theo Samocha (2019), tom
thé chan trang c6 thé song duoc & do6 man 20 — 35%o.

Ammonia téng cong (TAN - Total Ammonia Nitrogen)

Véi loai tdm, ammonia c6 thé chiém t&i 40 — 90% céc chat bai tiét nitrogen (Vi Thé Truy,
1995). Ammonia rat doc d6i vai tom, khi cd nong do trong ao/bé khoang 1 mg/L c6 kha niang gay
hién tuong tdm chét, khi ndng d6 1on hon 0,1 mg/L s& anh hudng dén sy tang truong cia tom. Do
d6, can duy tri ndng do NHz nho hon 0,1 mg/L dé an toan cho tom nudi (Boyd, 1998).

NH; dugc cung cap trong cac thuy vuc tir qua trinh phan huay binh thuong cac protein, xac ba
dong thuc vat, san pham bai tiét cia dong vat hay tir phan bon vé co va hitu co, trong d6 ngudn
NH; chu yéu tir su bai tiét truc '[Iep cua dong vat thuy sinh (Chen va ctv, 1998)

Khi pH ting, su chuyén doi tir NHs" sang NHs ciing tdng, gay doc cho tom. NHs c6 doc tinh
cao hon NHs* vi NH3 khong mang dién tich dé tham qua té bao mang c4, tdm, dong thoi cé kha
ning hoa tan chat béo (Pham Vin Ty va Vii Nguyén Thanh, 2009). Khi ham luong NHs trong nudc
cao s& lam cho sinh vat kho bai tiét NH; tir mau va cac mé ra moi truong nudc. Vi vy, nong do
ammonia trong méu ting dan dén ton hai cac co quan bén trong déc bi€t la gan va than. bac tinh
gay doc cua ammonia dya vao tinh chat kich thich cua hop chat nay. Khong gidng nhu nguoi va
dong vat, ca va giap xéac khong c6 kha ning bai tiét ciing nhu chuyen h6éa ammonia thanh dang it
doc. Sy hién dién cia NHs trong ao nudi phu thudc vao nhiédu yéu tb trong d6 dang ké nhat 1a do
man , nhiét d6 va pH. Néu NHz > 1,0 mg/L c6 thé gay chét tdm, NHs < 1,0 mg/L va > 0,1mg/L tdm
tang truong kém, NH; < 0,1 mg/L tdm phat trién t6t va khi tong ham luong ammonia (TAN) > 2
mg/L s& gay chét tdm (Pham Minh Nhut, 2014).

Nitrite va Nitrate

Doc tinh caa nitrite tac dong dén hé thong tuan hoan va h¢ théng mién dich caa dong vat.
Nitri e xdm nhap vao méau va kim ham viéc gén oxy vao sit cia hemoglobin nén ‘ngan can kha nang
van chuyén oxy. Tuy nhién, d6i voi t6m cling nhu cac dong vét khong xuong sdng khac, khéng c6
chira hemoglobin. Thay vao d6 oxy gan vao nhan dong trén mang va sau d6 van chuyén OXy Vao
trong co thé. Anh huong vé mat sinh Iy va md hoc cua nitrite trén dong vat khong xuong séng van
chwa dwgc nghién ctiu 16 rang nhung ciing ¢6 kha ning nitrite tic dong 1én nhan dong trong hé
théng tuan hoan caa tom. Nong do NO, gay anh hudng nghiém trong dén su phat trién cua tom khi
ham lugng. Bé xac dinh anh hudng cia doc tinh NO3 ddi véi tdm can dua vao ty Ié séng va téc do
tang truong cua tdm. Do d6, ngudi nudi nén quan tim dén viéc gitr sic khoe tdm thong qua viéc
danh gia cac dac diém khac nhu rdu, mang va gan tuy. Dong thoi, ngudi nudi can can trong khi
nuéi tbm & ham luwong NOj3 trong nudc trén 220 mg/l va giam ham luwong NOs khi nubi tom & do
man thap. Nitrate khong doc trir phi né hién dién trong nuéc véi ham luong vuot qua 100 mg/L
(Colt & Armstrong, 1979).

Vi khuén Vibrio

Bénh Vibriosis 1a tén goi chung cho cac bénh khac nhau ¢ dong vat thay san do vi khuan Vibrio sp.
gay ra. Mot sb chung cd kha ning tiét ra cac men kitinasa, lipase, proteaza gay nén hién twong an
mon hoai tar (Tem Dound, 1994). Pa sb cac bénh nhiém khuéan xay ra la do tac nhan gay bénh
Vibrio spp (V. harveyi, V. splendid, V.alginolyticus, V. parahaemolyticus) va mét s loai khac
(Nguyén Thi Ngoc Tinh va ctv, 2010). Hau hét cac gidng Vibrio spp déu phan b trong méi truong
nudC man. Moi truong Thiosulphate Citrate Bile Salt Agar (TCBS) la mdi truong chon loc cua
Vibrio spp.
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7

A. Téng vi khun hiéu khi B. vi khuan AOB C. vi khuan NOB
Hinh 3.3 Mat s6 vi khuan Vibrio sp., mat sé vi khuan AOB, NOB va tong vi khuan hiéu khi




Bang 3.15 Ham luong TAN trong thai gian 30 ngay thir nghiém tom & bé
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Ngay | 20- | 23- | 25- | 27- | 30- | 02- | 04- 06- 08- 12- 14- 16- 18- 20- 22- 24- 26- 28- 30-
Nov | Nov | Nov [ Nov | Nov | Dec | Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec
lan 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

bC 1,18 | 242 | 215| 158 (1,92 | 111|112 | 232 3,84 5,53 7,29 7,45 8,89 7,93 6,96 6,28 4,60 4,46 4,17
. | 1162431216 | 158|179 | 117|135 | 273 3,44 5,24 9,18 7,87 8,67 511 7,21 6,29 4,56 4,32 4,32
B?ﬁl;m 120|240 | 214 | 160|191 |114 | 103 | 1,82 3,68 4,38 3,84 7,80 8,93 9,93 7,32 6,21 4,37 4,31 4,31
1,17 | 2,44 |1 2,15 | 1,56 | 2,06 | 1,01 | 0,98 | 241 4,39 6,98 8,85 6,67 9,08 8,75 6,34 6,34 4,87 4,76 3,89
Saisé | 0.03 | 0.06 | 0.08 | 0.01 | 0.08 | 0.06 | 0.34 | 0.35 0.45 0.58 0.50 0.39 0.12 0.54 0.31 0.12 0.15 0.15 0.14
NT1 | 1,14 (232|199 | 152|166 | 051|061 | 164 2,45 2,32 3,31 3,11 2,32 2,65 2,34 1,64 2,17 1,51 1,38
1,07 | 240 | 2,05 | 1,47 | 161 | 0,56 | 1,01 | 1,67 2,37 2,21 3,46 3,21 2,15 1,94 0,10 1,83 2,31 1,94 1,28
l?mBEjnp 115|227 191|158 | 1,76 | 045 | 0,47 | 1,68 2,45 1,77 3,24 2,87 2,67 2,32 0,43 1,56 2,29 1,04 1,73
1,21 228|201 |152|161|051]|036]| 156 2,54 2,99 3,22 3,24 2,14 3,68 6,50 1,52 1,91 1,56 1,14
Saisd | 0.06 | 0.07 | 0.09 | 0.03 | 0.05 | 0.20 | 0.29 | 0.24 0.05 0.36 0.08 0.12 0.18 0.53 0.54 0.10 0.13 0.26 0.18
NT2 | 112|228 |186| 137|118 | 047|044 | 1,02 2,60 2,45 2,90 1,84 1,77 2,12 1,03 2,13 2,21 1,42 1,21
. [ 109228185 139119043039 | 111 3,08 1,34 4,67 1,45 3,54 1,81 1,16 2,01 0,16 0,51 1,46
B?;;m 1,11 (225|176 | 1,35 | 1,20 | 0,61 | 0,62 | 1,03 2,95 3,98 1,80 1,87 1,42 4,36 0,37 2,10 4,07 1,26 1,03
1,15 (231|198 | 136 |1,15| 0,37 | 0,31 | 0,92 1,78 2,03 2,24 2,21 0,35 0,18 1,56 2,29 2,39 2,50 1,14
Saisd | 0,04 | 0,05 | 0,09 | 0,01 |0,21|0,22|0,09 | 055 0,41 0,79 0,89 0,22 0,94 1,22 0,35 0,08 1,13 0,58 0,13
NT3 | 1,26 |228|193|143|149|052|091| 1,15 1,43 2,50 1,67 2,42 1,63 2,72 1,21 1,86 1,37 1,13 1,02
. 13 1223(183| 14 | 11 (039087 | 0,92 1,49 1,93 1,94 2,38 1,46 2,24 1,54 1,76 1,21 1,05 0,98
B?;ém 1271225 19 (139]1,73 0,46 | 0,85 11 1,11 3,2 0,23 2,45 1,79 2,95 1,12 1,91 1,76 11 1,04
1211235206 15 (163 0,7 | 1,02 1,42 1,68 2,38 2,84 2,43 1,65 2,97 0,98 1,9 1,13 1,25 1,05
Saisé | 0,36 | 0,06 | 0,07 |0,09]034(033]|034| 057 0,48 0,37 0,77 0,02 0,10 0,24 0,17 0,05 0,20 0,06 0,02

Ngay Ngay

B‘ét Keét

dau thac
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Béng 3.16 Ham luong Nitrite trong thoi gian 30 ngay thir nghiém tom & bé

Ngay 20- 23- 25- 27- 30- 02- 04- 06- 08- 12- 14- 16- 18- 20- 22- 24- 26- 28- 30-
Nov Nov Nov Nov Nov Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec
Lin 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

bC 0,43 0,16 0,25 0,31 0,26 0,40 0,52 0,80 1,28 1,14 1,70 3,22 5,34 5,18 791 9,48 | 11,98 | 14,79 | 15,58

L1 0,40 0,16 0,25 0,28 0,21 0,32 0,54 0,91 1,94 1,10 1,26 3,12 521 4,94 7,84 9,32 | 10,12 | 13,29 | 14,52

L2 0,44 0,19 0,29 0,27 0,29 0,49 0,64 0,92 1,22 1,12 1,82 3,34 5,49 4,90 7,97 9,43 | 13,43 | 15,20 | 16,30

L3 0,46 0,12 0,21 0,37 0,27 0,38 0,38 0,56 0,68 1,21 2,02 3,20 5,32 571 7,91 9,69 | 12,39 | 1589 | 1593

Saisoé | 0,01 0,05 0,13 0,06 0,04 0,09 0,13 0,21 0,63 0,06 0,96 0,11 0,14 0,46 0,07 0,19 1,69 1,35 0,94

NT1 0,05 0,06 0,10 0,08 0,12 0,23 0,40 0,24 0,35 0,78 0,66 0,53 1,31 3,82 3,82 4,17 5,73 7,10 7,32

L1 0,03 0,08 0,09 0,06 0,13 0,19 0,42 0,22 0,35 0,75 0,72 0,46 131 3,78 3,65 3,97 5,48 6,78 7,32

L2 0,05 0,05 0,12 0,10 0,13 0,22 0,41 0,21 0,36 0,86 0,47 0,64 1,39 3,98 3,87 4,32 5,97 7,85 7,42

L3 0,07 0,06 0,09 0,09 0,09 0,29 0,38 0,28 0,33 0,73 0,78 0,49 1,22 3,69 3,95 4,21 5,75 6,67 7,21

Saisoé | 0,01 0,03 0,02 0,02 0,02 0,05 0,02 0,04 0,02 0,07 0,17 0,10 0,09 0,15 0,16 0,18 0,25 0,65 0,11

NT2 0,05 0,08 0,09 0,11 0,12 0,08 0,17 0,25 0,27 0,33 0,69 0,82 1,19 1,78 2,23 2,46 2,70 3,27 3,32

L1 0,04 0,06 0,09 0,09 0,08 0,09 0,12 0,28 0,37 0,35 0,87 0,97 1,73 1,89 2,97 2,23 2,37 3,24 3,21

L2 0,03 0,10 0,10 0,11 0,09 0,07 0,21 0,25 0,21 0,31 0,65 0,53 0,96 2,18 1,94 2,19 2,76 3,10 3,30

L3 0,08 0,08 0,08 0,12 0,18 0,08 0,17 0,22 0,23 0,33 0,54 0,96 0,87 1,27 1,79 2,97 2,98 3,47 3,45

Sais6é | 0,01 0,02 0,01 0,02 0,06 0,01 0,05 0,03 0,09 0,02 0,17 0,25 0,47 0,46 0,64 0,44 0,31 0,19 0,12

NT3 0,05 0,08 0,10 0,13 0,09 0,07 0,16 0,23 0,40 0,30 0,39 0,27 1,87 2,57 191 2,13 2,24 2,50 3,10

L1 0,04 0,10 0,12 0,19 0,09 0,08 0,15 0,24 0,42 0,30 0,54 0,28 1,93 2,29 1,87 2,21 2,19 2,94 3,21

L2 0,04 0,09 0,08 0,12 0,09 0,05 0,19 0,21 0,41 0,32 0,36 0,23 1,57 2,48 1,92 2,10 2,31 2,11 3,20

L3 0,06 0,06 0,10 0,07 0,08 0,07 0,14 0,25 0,38 0,28 0,28 0,30 2,10 2,94 1,93 2,09 2,21 2,46 2,90

Saisoé | 0,01 0,02 0,02 0,06 0,01 0,02 0,03 0,02 0,02 0,02 0,13 0,04 0,27 0,33 0,03 0,07 0,06 0,42 0,18

Ngay Nogay
Bat Ket
dau thic




Bang 3.17 Ham luong Nitrate trong thoi gian 30 ngay thtr nghiém tdm & bé
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Ngay 20- 23- 25- 27- 30- 02- 04- 06- 08- 12- 14- 16- 18- 20- 22- 24- 26- 28- 30-
Nov Nov Nov Nov Nov Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec
Lan 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
NTHC | 044 2,92 2,54 2,45 2,25 3,79 4,26 4,10 475 | 549 | 691 8,76 10,92 | 14,46 | 22,31 | 33,63 41,60 52,07 | 61,11
L1 0,43 2,90 2,54 2,04 2,14 4,39 4,39 4,39 439 | 532 6,79 9,39 11,29 | 14,39 | 20,75 | 34,87 39,40 53,21 | 62,12
L2 0,44 2,89 2,27 2,42 2,41 2,99 4,21 3,92 489 | 569 | 692 7,39 10,38 | 13,98 | 23,98 | 32,10 42,10 50,23 | 60,19
L3 0,44 2,97 2,82 2,89 2,19 3,98 4,19 3,98 497 | 547 | 7,01 9,51 11,09 | 15,01 | 22,19 | 33,92 43,29 52,78 | 61,03
Sai sb 0,01 0,04 0,28 0,43 0,14 0,72 0,11 0,26 031 [ 019 | 011 1,19 1,23 1,12 1,62 1,41 1,99 1,61 0,01
NT1 0,53 2,52 2,61 3,12 2,82 3,14 3,41 3,63 419 | 476 | 6,45 7,10 5,31 8,32 9,35 10,77 13,63 15,22 | 18,51
L1 0,46 2,67 2,31 3,21 3,01 3,24 3,24 3,24 427 | 529 | 697 7,85 5,36 8,83 9,19 11,20 13,29 13,89 | 18,79
L2 0,59 2,53 2,56 2,93 2,69 2,98 3,47 3,87 428 | 498 | 6,38 7,43 5,03 7,43 9,39 11,01 13,49 15,98 | 19,01
L3 0,53 2,37 2,97 3,21 2,76 3,21 3,51 3,78 401 | 401 | 6,01 6,01 5,53 8,71 9,48 10,09 14,12 15,78 | 17,73
Sai sb 0,12 0,15 0,33 0,16 0,17 0,35 0,15 0,34 0,15 | 067 | 048 0,96 0,25 0,78 0,15 0,59 0,43 1,15 0,12
NT2 0,56 2,24 2,81 3,03 2,75 2,59 3,14 3,05 411 | 4,10 | 347 5,97 8,03 7,82 6,79 8,73 9,18 11,15 | 13,86
L1 0,58 2,29 2,78 3,15 2,79 2,31 3,21 3,12 421 | 398 | 3,29 5,97 7,89 7,87 6,91 8,39 9,24 11,29 | 14,12
L2 0,54 2,23 2,81 2,93 2,69 2,56 3,01 3,01 412 | 412 | 3,34 6,14 8,12 7,79 6,98 8,94 9,18 11,02 | 13,49
L3 0,56 2,19 2,83 3,01 2,76 2,89 3,21 3,03 401 | 419 | 3,78 5,79 8,09 7,81 6,48 8,87 9,12 11,14 | 13,98
Sai sb 0,02 0,05 0,03 0,11 0,05 0,29 0,12 0,19 0,0 | 011 | 0,27 0,18 0,13 0,18 0,27 0,30 0,29 0,35 0,02
NT3 0,50 1,94 2,02 2,28 2,32 2,91 3,11 2,91 2,84 | 3,27 | 3,37 4,06 4,47 5,36 5,83 8,20 7,24 8,87 | 10,03
L1 0,54 1,82 2,01 2,29 2,39 2,94 3,12 2,86 287 | 324 | 329 3,98 4,32 5,42 5,76 8,39 7,41 8,91 9,97
L2 0,52 2,01 1,92 2,23 2,31 2,91 3,19 2,97 2,76 | 329 | 3,34 4,09 4,56 5,29 5,84 8,12 7,19 9,12 | 10,01
L3 0,44 1,98 2,12 2,31 2,25 2,89 3,01 2,89 289 |329]| 349 4,1 4,53 5,37 5,89 8,09 7,12 8,57 |10,11
Sai sb 0,05 0,10 0,10 0,04 0,07 0,30 0,09 0,23 1,20 | 0,40 | 0,50 0,23 0,13 0,16 0,14 0,17 0,15 0,28 0,05
Ngay
Ngay Két thiic
Bat dau thu

tom




Bang 3.18 Ting truong va ty 1¢ sdng cua tdm thir nghiém tém & bé
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Nghiém | S6 tom ban WO | W cudi W TB dau S0 tom W TB cuéi W thikc in WG SGR T§ 16 séng
thire dau (9) (9) (g/con) cuoi (g/con) (9) (g/con) (%/ngay) :

L1 2000 25,7 942,7 0,01 1960 0,48 295,24 0,47 15,09 98,000
L2 2000 27,27 | 668,69 0,01 1719 0,39 295,24 0,38 13,96 85,950
L3 2000 26,44 840,8 0,01 1719 0,49 289,12 0,48 15,05 85,950
NT1 2000 26,47 | 817,40 0,01 1799,33 0,45 293,20 0,44 14,70 89,967
Sai s 0,79 138,50 0,00 139,14 0,06 3,53 0,06 0,64 6,96
L1 2000 23,8 | 1065,94 0,01 1476 0,72 289,12 0,71 17,11 73,800
L2 2000 26,81 | 543,75 0,01 1451 0,65 289,85 0,63 16,15 72,550
L3 2000 25,7 1270,7 0,01 1851 0,69 294,91 0,67 16,58 92,550
NT2 2000 25,44 | 960,13 0,01 1592,67 0,69 291,29 0,67 16,61 79,633
Sai s 1,52 374,85 0,00 224,07 0,04 3,15 0,04 0,48 11,20
L1 2000 24,56 | 12705 0,01 1930 0,66 295,24 0,65 16,59 96,500
L2 2000 25,9 1185,1 0,01 1881 0,63 295,06 0,62 16,19 94,050
L3 2000 27,51 | 1032,12 0,01 1821 0,7 294,7 0,69 16,38 91,050
NT3 2000 25,99 | 1162,57 0,01 1877,33 0,66 295,00 0,65 16,39 93,867
Sai s 1,48 120,78 0,00 54,59 0,04 0,27 0,04 0,20 2,73
L1 2000 27,55 | 617,66 0,01 1337 0,46 283,17 0,45 14,64 66,850
L2 2000 27,29 | 457,42 0,01 812 0,56 288,37 0,55 15,5 40,600
L3 2000 27,4 989,83 0,01 1746 0,57 295,33 0,55 15,51 87,300
NT PC 2000 27,41 | 688,30 0,01 1298,33 0,53 288,96 0,52 15,22 64,917
Sai sb 0,13 273,14 0,00 468,20 0,06 6,10 0,06 0,50 23,41




Xir Iy Anova - ham lwong TAN cia cac nghiém thic wong nudi tdm giai doan post 5 trong bé.

Function: ANOVA-1
Data case no. 1to 12

One way ANOVA grouped over variable 1 (NT)
with values from 1 to 4.

Variable 3 (1)

ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value

Prob.

Between 3 0.035 0.012 5.538
0.0236
Within 8 0.017 0.002

Total 11 0.052
Coefficient of Variation = 3.90%

Var., VARIABLE No.3
1 Number Sum  Average SD SE

3.00 3.530 1.177 0.02 0.03
3.00 3430 1.143 0.07 0.03
3.00 3.350 1.117 0.03 0.03
3.00 3.780 1.260 0.05 0.03

AWM P

Total 12.00 14.090 1.174 0.07 0.02
Within 0.05

Original Order Ranked Order

Mean 1= 1.180 AB Mean 4= 1.260 A
Mean 2= 1140 B Mean 1= 1180 AB

Mean 3= 1120 B Mean 2= 1140 B
Mean 4= 1260 A Mean 3= 1120 B

Variable 4 (2)

ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.

Between 3 0.042 0.014 5.270
0.0268
Within 8 0.021 0.003

Total 11 0.064
Coefficient of Variation = 2.23%

Var. VARIABLE No.4
1 Number Sum  Average SD SE

1 3.00 7.270 2423 0.02 0.03
2 3.00 6.950 2317 0.07 0.03
3 3.00 6.840 2.280 0.03 0.03

4 3.00 6.830 2.277 0.06 0.03

Total 12.00 27.890 2.324 0.08 0.02
Within 0.05

Original Order Ranked Order

Mean 1= 2420 A Mean 1= 2420 A
Mean 2= 2320 AB Mean 2= 2320 AB
Mean 3= 2280 B Mean 3= 2280 B
Mean 4= 2280 B Mean 4= 2280 B
Variable 5 (3)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 0.135 0.045 5.735
0.0216

Within 8 0.063 0.008

Total 11 0.198
Coefficient of Variation = 4.47%

Var., VARIABLE No.5
1 Number Sum  Average SD SE

3.00 6.450 2.150 0.01 0.05
3.00 5970 1.990 0.07 0.05
3.00 5.590 1.863 0.11 0.05
3.00 5.790 1.930 0.12 0.05

AW

Total 12.00 23.800 1.983 0.13 0.04
Within 0.09

Original Order Ranked Order

Mean 1= 2150 A Mean 1= 2150 A
Mean 2= 1990 AB Mean 2= 1.990 AB
Mean 3= 1860 B Mean 4= 1930 B

Mean 4= 1930 B Mean 3= 1.860 B
Variable 6 (4)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 0.081 0.027 14.338
0.0014

Within 8 0.015 0.002

Total 11 0.097
Coefficient of Variation = 2.95%

Var. VARIABLE No.6



1 Number Sum  Average SD SE Total 11 0.942
1 3.00 4740 1.580 0.02 0.03 Coefficient of Variation = 17.59%
2 3.00 4570 1.523 0.06 0.03
3 3.00 4100 1.367 0.02 0.03 Var., VARIABLE No.8
4 3.00 4290 1.430 0.06 0.03 1 Number Sum  Average SD SE
Total 12.00 17.700 1.475 0.09 0.03 1 3.00 3.320 1.107 0.09 0.07
Within 0.04 2 3.00 1.520 0.507 0.06 0.07
3 3.00 1410 0.470 0.12 0.07
Original Order Ranked Order 4  3.00 1550 0.517 0.16 0.07
Mean 1= 1580 A Mean 1= 1580 A Total 12.00 7.800 0.650 0.29 0.08
Mean 2= 1520 AB Mean 2= 1520 AB Within 0.11
Mean 3= 1370 C Mean 4= 1430 BC
Mean 4= 1430 BC Mean 3= 1370 C Original Order Ranked Order
Variable 7 (5) Mean 1= 1110 A Mean 1= 1110 A
Mean 2= 05100 B Mean 4= 05200 B
Mean 3= 0.4700 B Mean 2= 05100 B
ANALYSIS OF VARIANCE TABLE Mean 4= 05200 B Mean 3= 04700 B
Degrees of Sum of Mean
Freedom  Squares Square F-value Variable 9 (7)
Prob.
ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Between 3 0.868 0.289 8.201 Freedom  Squares Square F-value
0.0080 Prob.
Within 8 0.282 0.035
Between 3 0.829 0.276 5.646
Total 11 1.150 0.0225
Within 8 0.392 0.049
Coefficient of Variation = 12.03%
Var., VARIABLE No.7 Total 11 1.221
1 Number Sum  Average SD SE
Coefficient of Variation = 28.68%
1 3.00 5760 1.920 0.14 0.11
2 3.00 4980 1.660 0.09 0.11 Var., VARIABLE No.9
3 3.00 3.540 1.180 0.03 0.11 1 Number Sum  Average SD SE
4 3.00 4460 1.487 0.34 0.11
1 3.00 3.360 1.120 0.20 0.13
Total 12.00 18.740 1.562 0.32 0.09 2 3.00 1.840 0.613 0.35 0.13
Within 0.19 3 3.00 1.320 0.440 0.16 0.13
4 3.00 2,740 0.913 0.09 0.13
Original Order Ranked Order
Total 12.00 9.260 0.772 0.33 0.10
Mean 1= 1920 A Mean 1= 1920 A Within 0.22
Mean 2= 1.660 AB Mean 2= 1.660 AB
Mean = 1180 B Mean 4= 1490 AB
Mean 4= 1490 AB Mean 3= 1.180 B Original Order Ranked Order
Variable 8 (6) Mean 1= 1120 A Mean 1= 1120 A

Mean 2= 0.6100 BC Mean 4= 0.9100 AB
Mean 3= 04400 C Mean 2= 0.6100 BC

ANALYSIS OF VARIANCE TABLE Mean 4= 0.9100 AB Mean 3= 0.4400 CVari-

Degrees of Sum of Mean able 10 (8)

Freedom  Squares Square F-value
Prob.

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean
Between 3 0.838 0.279 21.359 Freedom  Squares Square F-value
0.0004 Prob.
Within 8 0.105 0.013




Between 3 3.128 1.043 14.342
0.0014

Within 8 0.582 0.073

Total 11 3.709

Coefficient of Variation = 17.61%

Var. VARIABLE No.10
1 Number Sum  Average SD SE
1 3.00 6.960 2.320 0.46 0.16
2 3.00 4910 1.637 0.07 0.16
3 3.00 3.060 1.020 0.10 0.16
4 3.00 3.440 1.147 0.25 0.16
Total 12.00 18.370 1531 0.58 0.17
Within 0.27
Original Order Ranked Order
Mean 1= 2320 A Mean 1= 2320 A
Mean 2= 1640 AB Mean 2= 1.640 AB
Mean 3= 1020 B Mean 4= 1150 B
Mean 4= 1150 B Mean 3= 1.020 B

Variable 11 (9)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 8.778 2.926 13.800
0.0016
Within 8 1.696 0.212
Total 11 10.474

Coefficient of Variation = 17.85%

Var., VARIABLE No.11
1 Number Sum  Average SD SE
1 3.00 11510 3.837 0.49 0.27
2 3.00 7.360 2.453 0.09 0.27
3 3.00 7.810 2.603 0.72 0.27
4 3.00 4280 1.427 0.29 0.27
Total 12.00 30.960 2.580 0.98 0.28
Within 0.46

Original Order Ranked Order

Mean 1= 3840 A Mean 1= 3840 A
Mean 2= 2450 B Mean 3= 2.600 AB
Mean 3= 2.600 AB Mean 2= 2450 B
Mean 4= 1430 B Mean 4= 1430 B

Variable 12 (10)

ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square

Prob.

F-value

52

Between 3 21.782 7.261 6.563
0.0150

Within 8 8.851 1.106

Total 11 30.634

Coefficient of Variation = 32.84%

Var. VARIABLE No.12
1 Number Sum  Average SD SE
1 3.00 16.600 5.533 1.32 0.61
2 3.00 6.970 2323 0.62 0.61
3 3.00 7.350 2.450 1.37 0.61
4 3.00 7.510 2503 0.64 0.61
Total 12.00 38.430 3.203 1.67 0.48
Within 1.05

Original Order Ranked Order

Mean 1= 5530 A Mean 1= 5530 A
Mean = 2320 B Mean 4= 2500 B
Mean = 2450 B Mean 3= 2450 B
Mean 4= 2500 B Mean 2= 2320 B

Variable 13 (11)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 53.292 17.764 5.416
0.0250
Within 8 26.238 3.280
Total 11 79.530

Coefficient of Variation = 47.75%

Var. VARIABLE No.13
1 Number Sum  Average SD SE
1 3.00 21.870  7.290 2.99 1.05
2 3.00 9.920 3.307 0.13 1.05
3 3.00 8.710  2.903 1.55 1.05
4  3.00 5010 1.670 1.33 1.05
Total 12.00 45510 3.793 2.69 0.78
Within 1.81
Original Order Ranked Order
Mean 1= 5530 A Mean 1= 5530 A
Mean = 2320 B Mean 4= 2500 B
Mean = 2450 B Mean 3= 2450 B
Mean 4= 2500 B Mean 2= 2320 B
Variable 14 (12)

ANALYSIS OF VARIANCE TABLE



Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.

Between 3 58.425 19.475 121.321
0.0000
Within 8 1.284 0.161

Total 11 59.709
Coefficient of Variation = 10.82%

Var., VARIABLE No. 14
1 Number Sum  Average SD SE

3.00 22.340  7.447 0.67 0.23
3.00 9.320 3.107 0.21 0.23
3.00 5530 1.843 0.38 0.23
3.00 7.260 2.420 0.04 0.23

AWM P

Total 12.00 44450 3.704 2.33 0.67
Within 0.40

Original Order Ranked Order

Mean 1= 7450 A Mean 1= 7450 A
Mean 2= 3110 B Mean 2= 3110 B

Mean 3= 1840 C Mean 4= 2420 BC
Mean 4= 2420 BC Mean 3= 1840 C

Variable 15 (13)

ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.

Between 3 110.588 36.863 52.694
0.0000
Within 8 5.597 0.700

Total 11 116.185
Coefficient of Variation = 22.89%

Var., VARIABLE No.15
1 Number Sum  Average SD SE

3.00 26.680 8.893 0.21 0.48
3.00 6.960 2.320 0.30 0.48
3.00 5310 1.770 1.62 0.48
3.00 4900 1.633 0.17 0.48

A WN P

Total 12.00 43.850 3.654 3.25 0.94
Within 0.84

Original Order Ranked Order

Mean 1= 8890 A Mean 1= 8.890 A
Mean 2= 2320 B Mean 2= 2320 B
Mean 3= 1770 B Mean 3= 1770 B

Mean 4= 1630 B Mean 4= 1630 B
Variable 16 (14)

ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.

Between 3 67.195 22.398 7.623
0.0099
Within 8 23.507 2.938

Total 11 90.703
Coefficient of Variation = 44.51%

Var. VARIABLE No.16
1 Number Sum  Average SD SE

3.00 23.790  7.930 2.51 0.99
3.00 7.940 2.647 0.91 0.99
3.00 6.350 2.117 211 0.99
3.00 8.130 2.710 0.41 0.99

A WN -

Total 12.00 46.210 3.851 2.87 0.83
Within 171
Original Order Ranked Order
Mean 1= 7930 A Mean 1= 70930 A
Mean 2= 2650 B Mean 4= 2710 B
Mean 3= 2120 B Mean 2= 2,650 B
Mean 4= 2710 B Mean 3= 2120 B
Variable 17 (15)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.

Between 3 69.322 23.107 6.734
0.0140
Within 8 27.451 3.431

Total 11 96.773
Coefficient of Variation = 64.19%

Var., VARIABLE No.17
1 Number Sum  Average SD SE

3.00 20.870  6.957 0.54 1.07
3.00 7.030 2.343 3.60 1.07
3.00 3.090 1.030 0.61 1.07
3.00 3.640 1.213 0.29 1.07

A WwWN PR

Total 12.00 34.630 2.886 2.97 0.86
Within 1.85

Original Order Ranked Order

Mean 1= 6.960 A Mean 1= 6.960 A
Mean 2= 2340 B Mean 2= 2340 B

Mean = 1030 B Mean 4= 1210 B
Mean 4= 1210 B Mean 3= 1.030 B



Variable 18 (16)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 44.020 14.673 974.965
0.0000
Within 8 0.120 0.015
Total 11 44.140

Coefficient of Variation = 4.12%

54

Mean 3= 2210 B Mean 2= 2170 B
Mean 4= 1370 B Mean 4= 1370 B
Variable 20 (18)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 21.952 7.317 22.671
0.0003
Within 8 2.582 0.323
Total 11 24.534

Var. VARIABLE No.18 Coefficient of Variation = 26.63%
1 Number Sum  Average SD SE
Var., VARIABLE No.20
1 3.00 18.840 6.280 0.07 0.07 1 Number Sum  Average SD SE
2 3.00 4910 1.637 0.17 0.07
3 300 6.400 2.133 0.14 0.07 1 3.00 13.390 4.463 0.26 0.33
4 3.00 5570 1.857 0.08 0.07 2 3.00 4540 1513 0.45 0.33
3 3.00 4270 1.423 1.01 0.33
Total 12.00 35.720 2.977 2.00 0.58 4 3.00 3400 1.133 0.10 0.33
Within 0.12
Total 12.00 25.600 2.133 1.49 0.43
Original Order Ranked Order Within 0.57
Mean 1= 6.280 A Mean 1= 6.280 A Original Order Ranked Order
Mean 2= 1640 C Mean 3= 2130 B
Mean 3= 2130 B Mean 4= 1860 BC Mean 1= 4460 A Mean 1= 4.460 A
Mean 4= 1860 BC Mean 2= 1640 C Mean 2= 1510 B Mean = 1510 B
Variable 19 (17) Mean 3= 1420 B Mean 3= 1420 B
Mean 4= 1130 B Mean 4= 1.130 B
ANALYSIS OF VARIANCE TABLE Variable 21 (19)
Degrees of Sum of Mean
Freedom  Squares Square F-value ANALYSIS OF VARIANCE TABLE
Prob. Degrees of Sum of Mean
Freedom  Squares Square F-value
- Prob.
Between 3 17.580 5.860 5.746
0.0215
Within 8 8.159 1.020 Between 3 20.012 6.671 129.150
0.0000
Within 8 0.413 0.052
Total 11 25.738
Coefficient of Variation = 39.05% Total 11 20.425
Var., VARIABLE No.19 Coefficient of Variation = 11.67%
1 Number Sum  Average SD SE
Var., VARIABLE No.21
1 3.00 13.800 4.600 0.25 0.58 1 Number Sum  Average SD SE
2 3.00 6.510 2.170 0.23 0.58
3 3.00 6.620 2.207 1.96 0.58 1 3.00 12520 4.173 0.25 0.13
4 3.00 4100 1.367 0.34 0.58 2 3.00 4150 1.383 0.31 0.13
3 3.00 3.630 1.210 0.22 0.13
Total 12.00 31.030 2.586 1.53 0.44 4 3.00 3.070 1.023 0.04 0.13
Within 1.01
Total 12.00 23.370 1.948 1.36 0.39
Original Order Ranked Order Within 0.23
Mean 1= 4600 A Mean 1= 4600 A Original Order Ranked Order
Mean 2= 2170 B Mean 3= 2210 B



Mean 1=
Mean 2=

4170 A Mean 1=
1380 B Mean 2=

4170 A
1.380 B
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Mean 3=
Mean 4=

1.210 B Mean 3=
1.020 B Mean 4=

1210 B
1.020 B

Xir Iy Anova - ham lweng NO; ciia ciia cac nghiém thire wong nudi tdm giai doan post 5 trong bé.

Function: ANOVA-1
Data case no. 1to 12
One way ANOVA grouped over variable 1 (NT)
with values from 1 to 4.

Variable 3 (1)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 0.333 0.111 204.656
0.0000
Within 8 0.004 0.001
Total 11 0.337

Coefficient of Variation = 16.05%

Var., VARIABLE No.3
1 Number Sum  Average SD SE
1 3.00 1.300 0.433 0.03 0.01
2 3.00 0.150 0.050 0.02 0.01
3 3.00 0.150 0.050 0.03 0.01
4 3.00 0.140 0.047 0.01 0.01
Total 12.00 1.740 0.145 0.18 0.05
Within 0.02
Original Order Ranked Order
Mean 1= 04300 A Mean 1= 0.4300 A
Mean 2= 0.05000 B Mean 2= 0.05000 B
Mean 3= 0.05000 B Mean 3= 0.05000 B
Mean 4= 0.05000 B Mean 4= 0.05000 B

Variable 4 (2)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 0.015 0.005 8.981
0.0061
Within 8 0.005 0.001
Total 11 0.020

Coefficient of Variation = 25.02%

Var. VARIABLE No.4

1 Number Sum  Average SD SE
1 3.00 0.470  0.157 0.04 0.01

2 3.00 0.190 0.063 0.02 0.01

3 3.00 0.240 0.080 0.02 0.01
4 3.00 0.250 0.083 0.02 0.01
Total 12.00 1.150 0.096 0.04 0.01
Within 0.02
Original Order Ranked Order
Mean 1= 0.1600 A Mean 1= 0.1600 A
Mean 2= 0.06000 B Mean 4= 0.08000 AB
Mean 3= 0.08000 AB Mean 3= 0.08000 AB
Mean 4= 0.08000 AB Mean 2= 0.06000 B
Variable 5 (3)
ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 0.053 0.018 29.500
0.0001
Within 8 0.005 0.001
Total 11 0.058

Coefficient of Variation = 18.14%

Var., VARIABLE No.5
1 Number Sum  Average SD SE
1 3.00 0.750 0.250 0.04 0.01
2 3.00 0.300 0.100 0.02 0.01
3 3.00 0.270  0.090 0.01 0.01
4 3.00 0.300 0.100 0.02 0.01
Total 12.00 1.620 0.135 0.07 0.02
Within 0.02
Original Order Ranked Order
Mean 1= 02500 A Mean 1= 0.2500 A
Mean 2= 0.1000 B Mean 2= 0.1000 B
Mean 3= 0.09000 B Mean 4= 0.1000 B
Mean 4= 0.1000 B Mean 3= 0.09000 B
Variable 6 (4)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 0.094 0.031 17.059
0.0008
Within 8 0.015 0.002
Total 11 0.108
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Coefficient of Variation = 27.48%

Var. VARIABLE No.6
1 Number Sum  Average SD SE
1 3.00 0.920 0.307 0.06 0.02
2 3.00 0.250  0.083 0.02 0.02
3 3.00 0.320 0.107 0.02 0.02
4 3.00 0.380 0.127 0.06 0.02
Total 12.00 1.870 0.156 0.10 0.03
Within 0.04

Original Order Ranked Order

Mean 1= 0.3100 A Mean 1= 0.3100 A
Mean 2= 0.08000 B Mean 4= 0.1300 B
Mean 3= 0.1100 B Mean 3= 0.1100 B
Mean 4= 0.1300 B Mean 2= 0.08000 B

Variable 7 (5)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 0.052 0.017 13.106
0.0019
Within 8 0.011 0.001
Total 11 0.063
Coefficient of Variation = 25.33%
Var., VARIABLE No.7
1 Number Sum  Average SD SE
1 3.00 0.770  0.257 0.04 0.02
2 3.00 0.350 0.117 0.02 0.02
3 3.00 0.350 0.117 0.06 0.02
4 3.00 0.260 0.087 0.01 0.02
Total 12.00 1.730 0.144 0.08 0.02
Within 0.04
Original Order Ranked Order
Mean 1= 0.2600 A Mean 1= 0.2600 A
Mean 2= 01200 B Mean 2= 0.1200 B
Mean 3= 01200 B Mean 3= 0.1200 B
Mean 4= 0.09000 B Mean 4= 0.09000 B
Variable 8 (6)
ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 0.215 0.072 27.627
0.0001
Within 8 0.021 0.003
Total 11 0.236

Coefficient of Variation = 26.26%

Var. VARIABLE No.8
1 Number Sum  Average SD SE
1 3.00 1.190 0.397 0.09 0.03
2 3.00 0.700 0.233 0.05 0.03
3 3.00 0.240  0.080 0.01 0.03
4 3.00 0.200 0.067 0.02 0.03
Total 12.00 2330 0.194 0.15 0.04
Within 0.05

Original Order Ranked Order

Mean 1= 04000 A Mean 1= 0.4000 A
Mean 2= 02300 B Mean 2= 0.2300 B
Mean 3= 0.08000 BC Mean 3= 0.08000 BC
Mean 4= 0.07000 C Mean 4= 0.07000 C

Variable 9 (7)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 0.287 0.096 18.821
0.0006
Within 8 0.041 0.005
Total 11 0.328
Coefficient of Variation = 22.83%
Var. VARIABLE No.9
1 Number Sum  Average SD SE
1 3.00 1.560 0.520 0.13 0.04
2 3.00 1.210  0.403 0.02 0.04
3 3.00 0.500 0.167 0.05 0.04
4 3.00 0.480 0.160 0.03 0.04
Total 12.00 3.750 0.312 0.17 0.05
Within 0.07
Original Order Ranked Order
Mean 1= 05200 A Mean 1= 05200 A
Mean 2= 04000 A Mean 2= 0.4000 A
Mean 3= 0.1700 B Mean 3= 0.1700 B
Mean 4= 0.1600 B Mean 4= 0.1600 B

Variable 10 (8)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 0.698 0.233 20.765
0.0004
Within 8 0.090 0.011
Total 11 0.787

Coefficient of Variation = 27.91%
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VARIABLE No. 10 1 3.00 3.430 1.143 0.06 0.03
1 Number Sum  Average SD SE 2 3.00 2.340 0.780 0.07 0.03
3 3.00 0.990 0.330 0.02 0.03
1 3.00 2390 0.797 0.21 0.06 4 3.00 0.900  0.300 0.02 0.03
2 3.00 0.710  0.237 0.04 0.06
3 300 0.750  0.250 0.03 0.06 Total 12.00 7.660 0.638 0.37 0.11
4 3.00 0.700 0.233 0.02 0.06 Within 0.05
Total 12.00 4550 0.379 0.27 0.08 Original Order Ranked Order
Within 0.11
Mean 1= 1140 A Mean 1= 1140 A
Original Order Ranked Order Mean 2= 0.7800 B Mean 2= 0.7800 B
Mean 3= 03300 C Mean 3= 0.3300 C
Mean 1= 0.8000 A Mean 1= 0.8000 A Mean 4= 03000 C Mean 4= 03000 C
Mean 2= 02400 B Mean 3= 0.2500 B
Mean 3= 0.2500 B Mean 2= 0.2400 B Variable 13 (11)
Mean 4= 0.2300 B Mean 4= 0.2300 B ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Variable 11 (9) Freedom  Squares Square F-value Prob.
ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value Prob. Between 3 2.984 0.995 17.437
0.0007
Within 8 0.456 0.057
Between 3 2.015 0.672 6.587
0.0149
Within 8 0.816 0.102 Total 11 3.441
-—-- Coefficient of Variation = 27.80%
Total 11 2.831
Var., VARIABLE No.13
Coefficient of Variation = 55.53% 1 Number Sum  Average SD SE
Var., VARIABLE No.11 1 3.00 5100 1.700 0.39 0.14
1 Number Sum  Average SD SE 2 3.00 1970 0.657 0.16 0.14
3 3.00 2.060 0.687 0.17 0.14
1 3.00 3.840 1.280 0.63 0.18 4 3.00 1180 0.393 0.13 0.14
2 3.00 1.040 0.347 0.02 0.18
3 300 0.810 0.270 0.09 0.18 Total 12.00 10.310  0.859 0.56 0.16
4 3.00 1.210 0.403 0.02 0.18 Within 0.24
Total 12.00 6.900 0.575 0.51 0.15 Original Order Ranked Order
Within 0.32
Original Order Ranked Order Mean 1= 1700 A Mean 1= 1700 A
Mean 2= 0.6600 B Mean 3= 0.6900 B
Mean 1= 1280 A Mean 1= 1280 A Mean 3= 0.6900 B Mean 2= 0.6600 B
Mean 2= 03500 B Mean 4= 0.4000 B Mean 4= 03900 B Mean 4= 0.3900 B
Mean 3= 0.2700 B Mean 2= 0.3500 B
Mean 4= 04000 B Mean 3= 0.2700 B Variable 14 (12)
ANALYSIS OF VARIANCE TABLE
Variable 12 (10) Degrees of Sum of Mean
ANALYSIS OF VARIANCE TABLE Freedom  Squares Square F-value Prob.
Degrees of Sum of Mean
Freedom  Squares Square F-value Prob.
Between 3 16.615 5.538 257.291
0.0000
Between 3 1.454 0.485 212.248 Within 8 0.172 0.022
0.0000
Within 8 0.018 0.002
Total 11 16.787
Total 11 1.472 Coefficient of Variation = 12.13%
Coefficient of Variation = 7.49% Var. VARIABLE No. 14
1 Number Sum  Average SD SE
Var. VARIABLE No.12
1 Number Sum  Average SD SE 1 3.00 9.660 3.220 0.11 0.08
2 3.00 1590 0.530 0.10 0.08




3 3.00 2460 0.820 0.25 0.08
4 3.00 0.810 0.270 0.04 0.08

Total 12.00 14520 1.210 1.24 0.36
Within 0.15
Original Order Ranked Order

Mean 1= 3200 A Mean 1= 3.200 A

Mean 2= 05300 BC Mean 3= 0.8200 B
Mean 3= 0.8200 B Mean 2= 0.5300 BC
Mean 4= 02700 C Mean 4= 0.2700 C

Variable 15 (13)
ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.

Between 3 34.779 11.593 143.213
0.0000
Within 8 0.648 0.081

Total 11 35.427
Coefficient of Variation = 11.73%

Var. VARIABLE No.15
1 Number Sum  Average SD SE

3.00 16.020  5.340 0.14 0.16
3.00 3.920 1.307 0.09 0.16
3.00 3.560 1.187 0.47 0.16
3.00 5.600 1.867 0.27 0.16

A wWN -

Total 12.00 29.100 2.425 1.79 0.52
Within 0.28

Original Order Ranked Order

Mean 1= 5340 A Mean 1= 5340 A
Mean 2= 1310 B Mean 4= 1870 B

Mean = 1190 B Mean 2= 1310 B
Mean 4= 1870 B Mean 3= 1.190 B

Variable 16 (14)
ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.

Between 3 19.952 6.651 47.617
0.0000
Within 8 1.117 0.140

Total 11 21.069
Coefficient of Variation = 11.20%

Var., VARIABLE No.16
1 Number Sum  Average SD SE

1 3.00 15.550 5.183 0.46 0.22
2 3.00 11.450 3.817 0.15 0.22
3 3.00 5341 1.780 0.47 0.22

4 3.00 7.710 2570 0.33 0.22

Total 12.00 40.051 3.338 1.38 0.40
Within 0.37

Original Order Ranked Order

Mean 1= 5180 A Mean 1= 5180 A
Mean 2= 3.820 B Mean = 3820 B

Mean = 1780 C Mean = 2570 C
Mean 4= 2570 C Mean 3= 1780 C

Variable 17 (15)
ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.

Between 3 68.377 22.792 206.249
0.0000
Within 8 0.884 0.111

Total 11 69.261
Coefficient of Variation = 8.38%

Var. VARIABLE No.17
1 Number Sum  Average SD SE

3.00 23.720  7.907 0.07 0.19
3.00 11470 3.823 0.16 0.19
3.00 6.700 2.233 0.64 0.19
3.00 5.720 1.907 0.03 0.19

AW

Total 12.00 47.610 3.967 2,51 0.72
Within 0.33

Original Order Ranked Order

Mean 1= 7910 A Mean 1= 70910 A
Mean 2= 3820 B Mean 2= 3820 B

Mean 3= 2330 C Mean 3= 2330 C
Mean 4= 1910 C Mean 4= 1910 C

Variable 18 (16)
ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.

Between 3 103.937 34.646 521.971
0.0000
Within 8 0.531 0.066

----Total 11 104.468 Coefficient of Variation =

5.65%

Var. VARIABLE No.18

1 Number Sum  Average SD SE

3.00 28.440 9.480 0.19 0.15
3.00 12.500 4.167 0.18 0.15
3.00 7.390 2.463 0.44 0.15
3.00 6.400 2.133 0.07 0.15

AW




Total 12.00 54730 4.561 3.08 0.89
Within 0.26
Original Order Ranked Order

Mean 1= 9480 A Mean 1= 9480 A

Mean 2= 4170 B Mean = 4170 B

Mean 3= 2460 C Mean = 2460 C

Mean 4= 2130 C Mean 4= 2130 C

Variable 19 (17)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 181.226 60.409 79.882
0.0000
Within 8 6.050 0.756
Total 11 187.276

Coefficient of Variation = 15.36%

Var., VARIABLE No.19
1 Number Sum  Average SD SE
1 3.00 35.940 11.980 1.69 0.50
2 3.00 17.200 5.733 0.25 0.50
3 3.00 8.110 2.703 0.31 0.50
4 3.00 6.710 2.237 0.06 0.50
Total 12.00 67.960 5.663 413 1.19
Within 0.87

Original Order Ranked Order

Mean 1= 1198 A Mean 1= 1198 A
Mean 2= 5730 B Mean = 5730 B
Mean 3= 2700 C Mean 3= 2700 C
Mean 4= 2240 C Mean 4= 2240 C

Variable 20 (18)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 284.554 94.851 155.019
0.0000
Within 8 4.895 0.612
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Total 11 289.448

Coefficient of Variation = 11.31%

Var. VARIABLE No.20
1 Number Sum  Average SD SE
1 3.00 44,380 14.793 1.35 0.45
2 3.00 21.300 7.100 0.65 0.45
3 3.00 9.810 3.270 0.19 0.45
4 3.00 7510 2.503 0.42 0.45
Total 12.00 83.000 6.917 5.13 1.48
Within 0.78
Original Order Ranked Order
Mean 1= 1479 A Mean 1= 1479 A
Mean 2= 7.100 B Mean 2= 7.100 B
Mean 3= 3270 C Mean = 3270 C
Mean 4= 2500 C Mean 4= 2500 C
Variable 21 (19)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 306.187 102.062 434,771
0.0000
Within 8 1.878 0.235
Total 11 308.065

Coefficient of Variation = 6.61%

Var., VARIABLE No.21
1 Number Sum  Average SD SE
1 3.00 46.750 15.583 0.94 0.28
2 3.0 21.950 7.317 0.11 0.28
3 3.0 9.960 3.320 0.12 0.28
4 3.00 9.310 3.103 0.18 0.28
Total 12.00 87.970 7.331 5.29 1.53
Within 0.48
Original Order Ranked Order
Mean 1= 1558 A Mean 1= 1558 A
Mean 2= 7310 B Mean 2= 7310 B
Mean 3= 3320 C Mean = 3320 C
Mean 4= 3100 C Mean 4= 3100 C

Xir ly Anova — ham lweng NO; ciia cac nghiém thire wong nudi tém giai doan post 5 trong bé

Function: ANOVA-1
Data case no. 1to 12

One way ANOVA grouped over variable 1 (NT)
with values from 1 to 4.

Variable 3 (1)
ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 0.025 0.008 4.385
0.0420
Within 8 0.015 0.002




Total 11 0.039

Coefficient of Variation = 8.54%

Var., VARIABLE No.3
1 Number Sum  Average SD SE
1 3.00 1.310 0.437 0.01 0.02
2 3.00 1580 0.527 0.07 0.02
3 3.00 1.680 0.560 0.02 0.02
4 3.00 1.500 0.500 0.05 0.02
Total 12.00 6.070  0.506 0.06 0.02
Within 0.04

Original Order Ranked Order
Mean 1= 0.4400 B
Mean 2= 05300 A Mean 2= 0.5300 A

Mean 3= 0.5600 A Mean 4= 05000 AB
Mean 4= 0.5000 AB Mean 1= 04400 B

Mean 3= 0.5600 A

Variable 4 (2)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 1.581 0.527 56.353
0.0000
Within 8 0.075 0.009
Total 11 1.655

Coefficient of Variation = 4.02%

Var. VARIABLE No. 4
1 Number Sum  Average SD SE
1 3.00 8.760  2.920 0.04 0.06
2 3.00 7570 2523 0.15 0.06
3 3.00 6.710 2.237 0.05 0.06
4 3.00 5810 1.937 0.10 0.06
Total 12.00 28.850 2.404 0.39 0.11
Within 0.10
Original Order Ranked Order
Mean 1= 2920 A Mean 1= 2920 A
Mean 2= 2520 B Mean 2= 2520 B
Mean 3= 2240 C Mean 3= 2240 C
Mean 4= 1940 D Mean 4= 1940 D

Variable 5 (3)

ANALYSIS OF VARIANCE TABLE
Degrees of Sum of Mean
Freedom  Squares Square

Prob.

F-value
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Between 3 1.027 0.342 6.938
0.0129

Within 8 0.395 0.049

Total 11 1.422

Coefficient of Variation = 8.90%

Var., VARIABLE No.5
1 Number Sum  Average SD SE
1 3.00 7.630 2543 0.28 0.13
2 3.00 7.840 2613 0.33 0.13
3 3.00 8.420 2.807 0.03 0.13
4 3.00 6.050 2.017 0.10 0.13
Total 12.00 29.940 2.495 0.36 0.10
Within 0.22

Original Order Ranked Order

Mean 1= 2540 A Mean 3= 2810 A
Mean 2= 2610 A Mean = 2610 A
Mean = 2810 A Mean = 2540 A
Mean 4= 2020 B Mean 4= 2020 B

Variable 6 (4)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 1.569 0.523 9.440
0.0053
Within 8 0.443 0.055
Total 11 2.012

Coefficient of Variation = 8.66%

Var., VARIABLE No.6
1 Number Sum  Average SD SE
1 3.00 7.350 2.450 0.43 0.14
2 3.00 9.350 3.117 0.16 0.14
3 3.00 9.090 3.030 0.11 0.14
4 3.00 6.830 2.277 0.04 0.14
Total 12.00 32.620 2.718 0.43 0.12
Within 0.24
Original Order Ranked Order
Mean 1= 2450 BC Mean 2= 3.120 A
Mean 2= 3120 A Mean 3= 3.030 AB
Mean = 3.030 AB Mean 1= 2450 BC
Mean 4= 2280 C Mean 4= 2280 C



Variable 7 (5)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 0.770 0.257 18.181
0.0006
Within 8 0.113 0.014
Total 11 0.883

Coefficient of Variation = 4.69%

Var. VARIABLE No.7
1 Number Sum  Average SD SE
1 3.00 6.740 2.247 0.14 0.07
2 3.00 8.460  2.820 0.17 0.07
3 3.00 8.240 2.747 0.05 0.07
4 3.00 6.950 2.317 0.07 0.07
Total 12.00 30.390 2.533 0.28 0.08
Within 0.12

Original Order Ranked Order

Mean 1= 2250 B Mean 2= 2820 A
Mean 2= 2820 A Mean 3= 2750 A
Mean = 2750 A Mean 4= 2320 B
Mean 4= 2320 B Mean 1= 2250 B
Variable 8 (6)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 2.315 0.772 4.949
0.0314
Within 8 1.247 0.156
Total 11 3.562

Coefficient of Variation = 12.71%

Var. VARIABLE No.8
1 Number Sum  Average SD SE
1 3.00 11.360 3.787 0.72 0.23
2 3.00 9.430 3.143 0.14 0.23
3 3.00 7.760  2.587 0.29 0.23
4 3.00 8.740 2.913 0.03 0.23
Total 12.00 37.290 3.108 0.57 0.16
Within 0.39

Original Order Ranked Order
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Mean 1= 3790 A Mean 1= 3790 A
Mean = 3.140 AB Mean 2= 3.140 AB
Mean = 2590 B Mean 4= 2910 B
Mean 4= 2910 B Mean 3= 2590 B

Variable 9 (7)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 2.615 0.872 63.474
0.0000
Within 8 0.110 0.014
Total 11 2.725

Coefficient of Variation = 3.37%

Var. VARIABLE No.9
1 Number Sum  Average SD SE
1 3.00 12.790 4.263 0.11 0.07
2 3.00 10.220  3.407 0.15 0.07
3 3.00 9.430 3.143 0.12 0.07
4 3.00 9.320 3.107 0.09 0.07
Total 12.00 41760  3.480 0.50 0.14
Within 0.12

Original Order Ranked Order

Mean 1= 4260 A Mean 1= 4.260 A
Mean 2= 3410 B Mean 2= 3410 B
Mean 3= 3140 B Mean 3= 3140 B
Mean 4= 3110 B Mean 4= 3110 B

Variable 10 (8)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 2.700 0.900 19.127
0.0005
Within 8 0.376 0.047
Total 11 3.076

Coefficient of Variation = 6.34%

Var. VARIABLE No. 10
1 Number Sum  Average SD SE
1 3.00 12.290 4.097 0.26 0.13
2 3.00 10.890  3.630 0.34 0.13
3 3.00 9.160 3.053 0.06 0.13
4 3.00 8.720  2.907 0.06 0.13



Total 12.00 41.060 3.422 0.53 0.15
Within 0.22
Original Order Ranked Order
Mean 1= 4100 A Mean 1= 4100 A
Mean 2= 3.630 AB Mean 2= 3.630 AB
Mean = 3.050 BC Mean 3= 3.050 BC
Mean 4= 2910 C Mean 4= 2910 C

Variable 11 (9)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 5.858 1.953 56.946
0.0000
Within 8 0.274 0.034
Total 11 6.133
Coefficient of Variation = 4.66%
Var. VARIABLE No. 11
1 Number Sum  Average SD SE
1 3.00 14250 4.750 0.31 0.11
2 3.00 12560 4.187 0.15 0.11
3 300 12.340 4113 0.10 0.11
4 3.00 8.520 2.840 0.07 0.11
Total 12.00 47.670  3.973 0.75 0.22
Within 0.19
Original Order Ranked Order
Mean 1= 4750 A Mean 1= 4750 A
Mean 2= 4.190 B Mean = 4190 B
Mean 3= 4.110 B Mean = 4110 B
Mean 4= 2840 C Mean 4= 2840 C

Variable 12 (10)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 8.059 2.686 21.804
0.0003
Within 8 0.986 0.123
Total 11 9.044

Coefficient of Variation = 7.97%
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Var., VARIABLE No.12
1 Number Sum  Average SD SE
1 3.00 16.480 5.493 0.19 0.20
2 3.00 14.280 4.760 0.67 0.20
3 3.00 12.290 4.097 0.11 0.20
4 3.00 9.820 3.273 0.03 0.20
Total 12.00 52.870 4.406 0.91 0.26
Within 0.35
Original Order Ranked Order
Mean 1= 5490 A Mean 1= 5490 A
Mean = 4760 AB Mean 2= 4.760 AB
Mean = 4100 BC Mean 3= 4.100 BC
Mean 4= 3270 C Mean 4= 3270 C
Variable 13 (11)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 32.172 10.724 129.911
0.0000
Within 8 0.660 0.083
Total 11 32.833
Coefficient of Variation = 5.69%
Var. VARIABLE No. 13
1 Number Sum  Average SD SE
1 3.00 20.720  6.907 0.11 0.17
2 3.00 19.360 6.453 0.48 0.17
3 3.00 10.410 3.470 0.27 0.17
4 3.00 10.120 3.373 0.10 0.17
Total 12.00 60.610 5.051 1.73 0.50
Within 0.29
Original Order Ranked Order
Mean 1= 6.910 A Mean 1= 6.910 A
Mean 2= 6450 A Mean 2= 6.450 A
Mean 3= 3470 B Mean 3= 3470 B
Mean 4= 3370 B Mean 4= 3370 B

Variable 14 (12)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 35.189 11.730 19.689
0.0005
Within 8 4.766 0.596



Total 11 39.955

Coefficient of Variation = 11.93%

Var. VARIABLE No. 14
1 Number Sum  Average SD SE
1 3.00 26.290 8.763 1.19 0.45
2 3.00 21.290 7.097 0.96 0.45
3 300 17900 5.967 0.18 0.45
4 3.00 12.170  4.057 0.07 0.45
Total 12.00 77650 6.471 191 0.55
Within 0.77
Original Order Ranked Order
Mean 1= 8760 A Mean 1= 8760 A
Mean 2= 7.100 AB Mean 2= 7.100 AB
Mean 3= 5970 BC Mean 3= 5970 BC
Mean 4= 4060 C Mean 4= 4060 C

Variable 15 (13)
ANALYSIS OF

VARIANCE TABLE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 76.708 25.569 313.669
0.0000
Within 8 0.652 0.082
Total 11 77.360
Coefficient of Variation = 3.98%
Var., VARIABLE No.15
1 Number Sum  Average SD SE
1 3.00 32.760 10.920 0.48 0.16
2 3.00 15.920 5.307 0.25 0.16
3 3.00 24100 8.033 0.13 0.16
4 3.00 13.410 4.470 0.13 0.16
Total 12.00 86.190 7.183 2.65 0.77
Within 0.29
Original Order Ranked Order
Mean 1= 10.92 A Mean 1= 10.92 A
Mean 2= 5310 C Mean 3= 8.030 B
Mean 3= 8.030 B Mean 2= 5310 C
Mean 4= 4470 D Mean 4= 4470 D

Variable 16 (14)
ANALYSIS OF
Degrees of Sum of

VARIANCE TABLE
Mean
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Freedom  Squares Square F-value
Prob.
Between 3 134.710 44.903 204.789
0.0000
Within 8 1.754 0.219
Total 11 136.464
Coefficient of Variation = 5.21%
Var. VARIABLE No.16
1 Number Sum  Average SD SE
1 3.00 43.380 14.460 0.52 0.27
2 3.00 24970 8.323 0.78 0.27
3 3.00 23.470 7.823 0.04 0.27
4 3.00 16.080 5.360 0.07 0.27
Total 12.00 107.900 8.992 3.52 1.02
Within 0.47
Original Order Ranked Order
Mean 1= 1446 A Mean 1= 1446 A
Mean = 8320 B Mean = 8320 B
Mean = 7.820 B Mean = 7820 B
Mean 4= 5360 C Mean 4= 5360 C

Variable 17 (15)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 524.957 174.986 257.515
0.0000
Within 8 5.436 0.680
Total 11 530.393
Coefficient of Variation = 7.45%
Var., VARIABLE No.17
1 Number Sum  Average SD SE
1 3.00 66.920 22.307 1.62 0.48
2 3.00 28.060 9.353 0.15 0.48
3 3.00 20.370  6.790 0.27 0.48
4 3.00 17.490 5.830 0.07 0.48
Total 12.00 132.840 11.070 6.94 2.00
Within 0.82
Original Order Ranked Order
Mean 1= 2231 A Mean 1= 2231 A
Mean = 0350 B Mean 2= 9350 B
Mean = 6790 C Mean 3= 6.790 C
Mean 4= 5830 C Mean 4= 5830 C
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Variable 18 (16)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 1350.201 450.067 734.603
0.0000
Within 8 4,901 0.613
Total 11 1355.102

Coefficient of Variation =5.11%

Var. VARIABLE No.18
1 Number Sum  Average SD SE
1 300 100.890 33.630 1.41 0.45
2 3.00 32.300 10.767 0.59 0.45
3 300 26.200 8.733 0.30 0.45
4 3.00 24.600 8.200 0.17 0.45
Total 12.00 183.990 15.332 11.10
3.20
Within 0.78
Original Order Ranked Order
Mean 1= 3363 A Mean 1= 33.63 A
Mean 2= 1077 B Mean 2= 10.77 B
Mean = 8730 BC Mean 3= 8.730 BC
Mean 4= 8200 C Mean 4= 8200 C

Variable 19 (17)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3  2308.230 769.410 735.018
0.0000
Within 8 8.374 1.047
Total 11 2316.604
Coefficient of Variation = 5.71%
Var. VARIABLE No.19
1 Number Sum  Average SD SE
1 3.00 124790 41597 1.99 0.59
2 3.00 40.900 13.633 0.43 0.59
3 3.00 27.540 9.180 0.06 0.59
4 3.00 21.720 7.240 0.15 0.59
Total 12.00 214.950 17.913 14.51
4.19
Within 1.02
Original Order Ranked Order

Mean 1= 4160 A Mean 1= 4160 A
Mean = 13.63 B Mean = 1363 B
Mean = 9180 C Mean = 9180 C
Mean 4= 7240 C Mean 4= 7240 C

Variable 20 (18)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 3721517 1240.506 1234.335
0.0000
Within 8 8.040 1.005
Total 11 3729.557

Coefficient of Variation = 4.59%

Var. VARIABLE No.20
1 Number Sum  Average SD SE
1 3.00 156.220 52.073 1.61 0.58
2 3.00 45650 15.217 1.15 0.58
3 3.00 33.450 11.150 0.14 0.58
4 3.00 26.600 8.867 0.28 0.58
Total 12.00 261.920 21.827 18.41
5.32
Within 1.00

Original Order Ranked Order

Mean 1= 5207 A Mean 1= 5207 A
Mean = 1522 B Mean 2= 1522 B
Mean = 1115 C Mean = 1115 C
Mean 4= 8870 C Mean 4= 8870 C

Variable 21 (19)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean

Freedom  Squares Square F-value
Prob.
Between 3 5073.982 1691.327 4452.421
0.0000
Within 8 3.039 0.380
Total 11 5077.021

Coefficient of Variation = 2.38%

Var. VARIABLE No.21

1 Number Sum  Average SD SE
1 300 183340 61.113 0.97 0.36
2 3.00 55.530 18.510 0.68 0.36
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Original Order Ranked Order

3 3.00 41590 13.863 0.33 0.36
4 3.00 30.090 10.030 0.07 0.36
Total 12.00 310.550 25.879 21.48
6.20
Within 0.62

Xir ly Anova — Tang trwéng va ty I song caa tdom
Function: ANOVA-1
Data case no. 1 to 12
Variable 4 (WG)
ANALYSIS OF VARIANCE TABLE

Mean 1= 61.11 A Mean 1= 61.11 A
Mean 2= 1851 B Mean = 1851 B
Mean = 1386 C Mean = 1386 C
Mean 4= 1003 D Mean 4= 1003 D
1 3.00 44,100 14.700 0.64 0.28
2 3.00 49.840 16.613 0.48 0.28
3 3.00 49.160 16.387 0.20 0.28
4 3.00 45.650 15.217 0.50 0.28
Total 12.00 188.750 15.729 0.93 0.27
Within 0.48

Original Order Ranked Order

Mean 1= 1470 C Mean 2= 16.61 A
Mean 2= 16.61 A Mean 3= 16.38 AB
Mean = 1638 AB Mean 4= 1522 BC
Mean 4= 1522 BC Mean 1= 1470 C

Variable 6 (Ty 1é séng)
ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 0.107 0.036 15.579
0.0011
Within 8 0.018 0.002
Total 11 0.126
Coefficient of Variation = 8.40%
Var., VARIABLE No.4
1 Number Sum  Average SD SE
1 3.00 1.330 0.443 0.06 0.03
2 3.00 2.010 0.670 0.04 0.03
3 300 1960 0.653 0.04 0.03
4 3.00 1550 0.517 0.06 0.03
Total 12.00 6.850 0.571 0.11 0.03
Within 0.05
Original Order Ranked Order
Mean 1= 04400 B Mean 2= 0.6700 A
Mean 2= 0.6700 A Mean 3= 0.6500 A
Mean 3= 0.6500 A Mean 4= 05200 B
Mean 4= 05200 B Mean 1= 0.4400 B
Variable 5 (SGR)

ANALYSIS OF VARIANCE TABLE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 7.608 2.536 10.886
0.0034
Within 8 1.864 0.233
Total 11 9.471
Coefficient of Variation = 3.07%
Var., VARIABLE No.5
1 Number Sum  Average SD SE

Degrees of Sum of Mean
Freedom  Squares Square F-value
Prob.
Between 3 1505.071 501.690 24.730
0.0002
Within 8 162.297 20.287
Total 11 1667.367
Coefficient of Variation = 5.49%
Var., VARIABLE No.6
1 Number Sum  Average SD SE
1 300 269.900 89.967 2.03 2.60
2 300 238900 79.633 7.75 2.60
3 300 281.600 93.867 1.73 2.60
4 3.00 194.750 64.917 3.75 2.60
Total 12.00 985.150 82.096 12.31
3.55
Within 4.50
Original Order Ranked Order
Mean 1= 89.97 AB Mean 3= 9387 A
Mean 2= 79.63 B Mean 1= 89.97 AB
Mean 3= 9387 A Mean 2= 79.63 B
Mean 4= 6492 C Mean 4= 6492 C
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