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TOM TAT

Muc tiéu cla nghién ctru nay Ia tim ra gia tri ti wu clia cac yéu td tac dong truc tiép dén qua trinh sinh
trwdng cla vi khuén, lam tién dé tao ché phdm &ng dung vao thwc té san xuét. Vi khudn Pseudomonas stutzeri
KL15 sinh trwdng va phat trién tét khi ti 1& nap gibng 2,5%, sau thoi gian nudi cly 36 gid & nhiét d6 30°C. Sau do,
cac ngudn nito va cacbon thich hop dwoc chon 1dam co sé& cho viéc sang loc cac yéu td anh huwéng dén qua trinh
thu sinh khéi vi khudn Pseudomonas stutzeri KL15 béng thiét ké& thi nghiém Plackett - Burman. Thanh phan moi
trwdng 1én men dwoc toi wu hda bang phwong phap dap trng bé mét (RSM), véi ma tran Box - Behnken dwoc st
dung, trong d6 ba yéu t6 nhw mat ri dwdng, cao nAm men va MgSO, |a ba yéu t tac ddong nhiéu nhat (P <0,05).
Do d6, thanh phan méi trwdng thich hop cho qué trinh thu sinh khédi vi khudn Pseudomonas stutzeri KL15 gbém:
mat ri dwérng 4,76 g/l, cao ndm men 18,99 g/l va MgSO4 0,99 g/l, md hinh dw doan mat do vi khuan Pseudomonas
stutzeri KL15 ti da dat 2,45 x 10"" CFU/mI (11,591 Log10.CFU/mI) va thwc t& thi nghiém thu dwoc mat sé vi
khudn 1a 2,37 x 10" CFU/m.

Tl khoa: T6i wu hoa, Pseudomonas stutzeri, RSM, Plackett - Burman, Box - Behnken.

Optimization of the Medium Composition for Biomass Production
of Pseudomonas stutzeri by Response Surface Methodology (RSM)

ABSTRACT

The objective of this study was to find the optimal value of the factors that directly affect the bacterial
population multiplication process as a premise to create products that apply in reality with emphasis on
Pseudomonas stutzeri KL15 strain. Pseudomonas stutzeri KL15 grew and developed well when the bacterial
culture rate was 2.5%, after a culture time of 36 hours at 30°C. After that, appropriate nitrogen and carbon sources
were selected as the basis for screening factors affecting the biomass collection of Pseudomonas stutzeri KL15 by
experimental design Plackett - Burman. The fermentation medium composition was optimized by the Response
surface methodology (RSM) with Box - Behnken matrix, in which three factors, molasses, yeast extract and
MgSO, were the the most influential factors (P <0.05). Results showed that the suitable media composition to
receive Pseudomonas stutzeri KL15 biomass included molasses 4.76 g/l, yeast extract 18.99 g/l and MgSO4
0.99 ¢/l. The actual concentration of Pseudomonas stutzeri KL15 obtained was 2.37 x 10" CFU/mI in
comparison with the predicted maximum concentration of Pseudomonas stutzeri KL15 of 2.45 x 10" CFU/m
(11,591 Log10.CFU/ml).

Keywords: Optimization, Pseudomonas stutzeri, RSM, Plackett - Burman, Box - Behnken.
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T6i wu héa thanh phan mai trwdng 1én men thu sinh khéi vi khudn Pseudomonas stutzeri bing phuong phap dép tng

bé mat (RSM)

1. DAT VAN DE

Hién nay, sy tich tu cic hgp chit chiia nit
tit thic &n tuoci trong viéc nudi tdbm hum bing
long bé tai cac ving nudi 1a mot hién tugng rat
phé bién, mtc do tich liy nay phu thudc vao su
gia téng clia sinh khéi vat nudi va lugng thic in.
Tém hum can nhu cAu protein rat cao nhung
phan 16n thitic an khéng dudc st dung hét ma bai
tiét ra moi trudng duéi dang cac hop chat nito
gdy anh hudng x&u dén su ting trudng va stic
khde hoidc giy chét cho tdom hum. Do d6 nhém vi
khuén chuyén héa ammonia, nitrite va nitrate
dang rat duge quan tAm trong viéc ting dung san
xuét ché phdm sinh hoc giam 6 nhiém moi
truong nudi thuy san. Theo nghién ctiu cla Zang
& cs. (2011) cho thdy ching vi khuén
Pseudomonas stutzeri YZN - 001 khong nhiing
c6 kha ning chuyén héa ammonia ma con
chuyén héa ca nitrite véi 275,08 mg/l NO, sau 24
gid, chuyén héa hoan toan 171,4 mg/l NO, sau
18 gio. O Viet Nam, cho thdy ting dung thanh
cong loai vi khuén Pseudomonas stutzeri loai bd
N trong nuéc ao ca tra nhiém ammonia cao (Cao
Ngoc Diep & cs., 2009) va ngoai ra vi khuén
Pseudomonas stutzeri con loai bd N trong nuéc
rac thai hitu co (Cao Ngoc Diép & Nguyén Thi
Hoang Nam, 2012). Do d6 chung vi khuén
Pseudomonas stutzeri c6 nhiéu tiém n#ng tdng
dung trong ao nudi thiiy san nén 1a dé6i tugng
duge lua chon cho cac nghién ctu vé ché pham
sinh hoc hién nay. Ngoai viéc phan lap nhiing
chtng vi khuén c6 lgi, thi thanh phan méi trudng
va cac diéu kién 1én men ciing quyét dinh dén
hiéu su4t thu héi sinh khéi dan dén viée san xuit
ché& phdm sinh hoc c6 hiéu qua hon. Maéi trudng
nudi cdy téi uu cta vi khudn Pseudomonas
putida Rs -198 dat dugc mat s6 vi khudn
10'® CFU/ml], sinh IAA va hoa tan phosphate 1a
bot bap, khé dau nanh, K,HPO,, MnSO,, NaCl
(Yanjie & cs., 2014) va chung vi khuén
Pseudomonas putida CN3 dugc nubi cdy 6 nhiét
d6 30°C, pH 8, thoi gian nudi cdy 48 gid véi
glucose 0,5% va cao ndm men 0,3% la ngudn
cachon va nito t6t nhat cho san sinh uricase
(Pham Thanh Ha & cs., 2012). Phuong phap dap
tng bé mat (RSM) 1a mot cong cu toan hoc hitu
ich dugc ting dung trong viéc t61 uu héa qua trinh
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1én men (Myers & cs., 1989). Phuong phap nay
thudng dugc st dung dé t6i uu hoéa thanh phin
médi trudng dé thu nhan enzyme (Park & cs.,
2002), thu nhan cic sdn phidm tha cdp khac
(Huajanen & cs., 2001), thu nhan bao ti (Yu &
cs., 1997). Do d6, t61 uu héa thanh phan méi
truong 1én men vi khuéin Pseudomonas stutzeri
dudc nghién ctiu nhdm san xudt san phim sinh
hoc dat chat lugng cao va giam gia thanh dap
ting dudc nhu cau cua thi truong.

2. PHUONG PHAP NGHIEN CUU
2.1. Chuén bi giéng vi sinh vat

Ba chung vi khudn Pseudomonas stutzeri
KL11, P. stutzeri KL14, P. stutzeri KL.15 c¢6 kha
ning chuyén héa NH,", NO,, NO, dugc phan
lap tU cac mAu bun thu thap & viung nudi tém
hum 16ng bé Vinh Xuan Dai, tinh Phid Yén, dinh
danh sinh héa bing kit API 20NE (The Global
Health Network, 2013) va phuong phap giai
trinh tu viung 16S - rRNA véi cip méi 27F
(6'AGATTTGATCCTGGCTCAG 3') va 515 R(5’-
TACCGCGGC TGC TGG CAC-3) (Tim & cs.,
2004) dang luu tri tai Phong Cong nghé vi sinh
thuoc Vién nghién ctu Céng nghé Sinh hoc va
Maéi truong, Truong Pai hoc Nong Lam thanh
pho H6 Chi Minh.

2.2. Khao sat kha niang chuyén héa NH.*,
NO,, NO,

Cac chung vi khuén P. stutzeri da hoat héa
va tang sinh trong TSB v6i mat s6 vi khudn 107
CFU/ml duge b6 sung vao méi trudng dinh lugng
Ammonia ¢6 chtta NH,* 0,01 g/l, moi trudng dinh
lugng nitrite ¢6 chta NO, 0,53 mg/l, mdi truong
Nitrate Broth véi ham lugng NO; 13,34 mg/l, 6
30°C, 120 vong/phit. MAu dude thu tai cac thoi
diém 1 ngay, 2 ngay, 3 ngay, 4 ngay, 5 ngay, 6
ngay, 7 ngay va ti 12 gio dén 72 gio (ddi véi khao
sat chuyén héa NOy).

Ham lugng NH," trong cac mau dugc xac dinh
bang phuong phap Phenat (APHA, 2012). Phuong
phap nay dua trén nguyén tic do mau ¢ bude séng
640nm cua hgp chat mau xanh, indolphenol duge
tao thanh gitta ammoni hypoclorit va phenol, dugc
xtc tac boi natri nitroprusit.



Trwong Phwéce Thién Hoang, Lé Phuéc Tho, Vi Phu Quang,

Ham lugng NO, trong cdc miu dudc xac
dinh bang phuong phap Napthylamine. Phuong
phap nay dua trén nguyén tic trong moéi truong
acid c6 pH trong khoang 2-2,5, axit nitrite
(HNO,) c6 trong nuéc sé& két hop véi axit
sulfanilic (CZH,NO,S) cho sunfanilic dinits. Chat
nay két hop véi napthylamine cho hgp chat
ammino azoic c6 mau hong dé (APHA, 2012).

Ham lugng NO, dudc xac dinh bing phuong
phap Salycilate, phuong phap nay dua trén
nguyén téc 1a hop chat nitrate trong mau tng
v61 natrisalycilate trong méi truong acid tao ra
moét phtic mau ¢6 mau vang cuia mudi axit
nitrosalycilate (APHA, 2012).

2.3. Anh huéng ctia cac diéu kién dén sinh

Ao . ~
khoi ctia vi khuan

Vi khuén sau khi ting sinh va diéu chinh
mat dd dat 10® CFU/ml sé dudc cdy vao erlen
250ml chtta 50ml mdi trusng TSB duge lic 150
vong/phit 6 30°C trong thoi gian 48 gid, tién
hanh khéo sat ti1é nap gidng, thoi gian nudi cay
va nhiét d6 va ngudn cacbon va nito.

Mat d6 vi khuén dugdc xac dinh dua trén
phuong phap do d6 duc ciia huyén phu vi khudn
6 ODyg,on va phuong phap d€m khuén lac gian
ti€p nhim x4y dung dudng tudng quan tuyén

Nguy&n Phi Hoa, Nguyén Van Théng, Pham Cong Hoat

tinh gifia @6 duc va mat do té bao. Tu do duc cua
mdt huyén phu vi khuén, dua vao dudng tuong
quan tuyén tinh suy ra mat d6 vi khuén cin xac
dinh (Tran Linh Thuéc, 2007).

Chi tiéu theo dbi méi thi nghiém khao sat
cac yéu t6 anh hudng la mat s6 vi khuén
P. stutzeri (CFU/ml) bing phuong phap dém
khuén lac gian tiép trén thach dia va dung ham
Log cd s6 10 trong phan mém Microsoft Excel
theo cong thiic lga = b véi a 12 mat s6 vi sinh vat
(CFU/ml), b 1& hé s6 quy d6i sang 10.lg nhim xi
Iy théng ké theo phuong phip phan tich
ANOVA 1 yé&u t6 qua phadn mém Minitab
(Statistical Aspects of Microbiological Criteria
Related to Foods, 2016).

Anh hudng ctia i 16 nap gidng: 1an lugt 1a
1,0%, 2,5%, 3,5%, va 5,0%.

Anh huéng ctia thoi gian nuéi cdy: 12, 24,
36, 48 gia.

Anh hudng ctia nhiét d: véi day nhiét do
thay déi 30°C, 33°C, 35°C, 37°C.

Nguén nito: Thanh phan moéi trudng 1 g/l
MgSO,, 0,2 g/1 CaCl,va 2 g/l K,HPO,, glucose la
10 g/1 va ngudn nité dudc thay d6i trong 4 chit
sau: (NH,),SO,, cao ndm men, NaNO, va
peptone véi néng d6 10 g/l.

Bang 1. Cac bién trong ma trin Plackett - Burman

o Muirc
Yéu té Ky hiéu .
Thép (1) Cao (+1)
Mat ri dwong (g/l) X1 2 6
Cao ndm men (g/l) X2 9 25
K:HPO, (g/l) X3 1,25 5,00
MgSOs. (g/l) X4 0,25 1,50
NaCl (g/l) X5 1 5
CaCl, (g/l) X6 0,05 0,40

Bang 2. Cac yéu t6 st dung trong Box - Behnken

Yéu té Ky hiéu  Donvi Khoang bién thién - Mo
Thap (-1) Co s¢ (0) Cao (1)
Mat rf duwong A g/ 26 2 4 6
Cao ndm men B g/l 9-25 9 17 25
MgSOs c g/ 0,5-1,5 0,5 1,0 1,5
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T6i wu héa thanh phan mai trwdng 1én men thu sinh khéi vi khudn Pseudomonas stutzeri bing phuong phap dép tng

bé mat (RSM)

Nguén cacbon: Thanh phan méi trudng 1 g/l
MgSO,, 0,2 g/1 CaCl, va 2 g/l K,HPO,, v6i nguén
nito tét nhat & thi nghiém trén va thay d6i cac
ngudn cacbon véi néng d6 10 g/lcta 3 chat la
glucose, mat ri dudng, maltodextrin (Norrma &
Wober, 1975; Chi Chung Lin, 1991).

2.4. T6i wu héa cac thanh phan méi truong
nhan sinh khéi cta P. stutzeri KL15 bang
phuong phap dap Gng bé mit

2.4.1. Sang loc cic yéu té cé y nghia bang
thiét ké Plackett - Burman (Plackett &
Burman, 1946; Nguyén Canh, 2004)

Nguén cacbon va ngudn nitc da dudc sang
loc trong thi nghiém trudec duge thém vao moi
truong nudi cdy duge t6i uu héa. Thiét ké
Plackett-Burman cho phép danh gia cac yéu to,
mdi yé&u t6 da duge kiém tra ¢ hai cdp do: mic
thap (-1) va mic cao (+1). Cac yéu t6 dugc chon
cho nghién citiu nay 12 mat ri dudng, cao ndm
men, K,HPO,, MgSO,, NaCl va CaCl,. Cac mudi
vo cd K,HPO,, MgSO,, NaCl va CaCl, dugc st
dung trong thi nghiém dya trén cd sd tit nghién
ciu cua cac tac gia Yanjie & cs. (2014), Tran
Quéc Tudn & cs. (2014), Doan Thi Tuyét Lé &
cs. (2020) da chting minh 1a nguén dinh dudng
anh hudng dén quéa trinh phat trién sinh khéi vi
sinh vat.

Cac yéu t6 dude sang loc cho dd tin cay cao
(P <0,05) sé& dugc dua vao mo hinh t6i vu héa st
dung phuong phap dap ting bé mit theo phuong
an cdu triic RSM — BBD trinh bay trong bang 1.

2.4.2. Téi wu hoéa cac thanh phan méi
truong bang thiét ké Box - Behnken (Box &
Behnken, 1960)

St dung phuong phap dap ting bé mat va
thist k& Box - Behnken dé tao mé hinh kiém
tra cac bién can thiét cho qua trinh nhan sinh
khéi vi khudn. Trong thi nghiém c6 ba mtc do
khao sat 1la thap (-1), co sé (0) va cao (+1). Ba
yéu td6 anh hudng chinh d&én qui trinh nhan
sinh khéi vi khuén duge chon loc tit thi nghiém
trudc sé& duge st dung trong ma tran Box -
Behken, dugc ky hiéu lan lugt 1a A, B, C trinh
bay trong bang 2.
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Phuong trinh héi quy c6 dang:

Y = bo + blA + b2B + b3C + b12AB +
b13AC + b23BC + b11A2% + b22B? + b33C?

Trong dé6: bo 1a hé s6 hoéi quy tai tam, bl,
b2, b3 14 hé s6 tuyén tinh, b12, b13, b23 1a hé s
tuong tac, bll, b22, b33 la hé s6 binh phuong;
A, B va C 1a cac bién doc lap.

Méi hé s6 b dic trung cho anh hudng cua
cac yéu t6 dén qua trinh thu sinh khéi cta vi
khuén P. stutzeri KL15.

2.4.3. Kiém dinh thuc té mé hinh t6i uu hoa

Sau khi xac dinh mat d6 vi khuén P.
stutzeri 6 cic nghiém thtic, nhap mat do6 vi
khudn vao ma tran dugc tao tit phin mém
Design Expert 11, doc két qua 6 muc Analysis
gom ANOVA, Diagostics, Model Graphs va muc
Optimization dé xac dinh phuong trinh héi quy.
Phan mém sé& du doan ham muc tiéu 1a mat do
vi khuén P. stutzeri (Y, CFU/ml) dat gia tri cao
nhit & cac thong s6 t61 vu. Sau dé thi nghiém
kiém dinh gia tri mé hinh du doan bing thuc
nghiém véi 3 1an lip lai.

3. KET QUA VA THAO LUAN

3.1. Panh gia kha nang chuyén héa NH,",
NO,, NO; ctia cac chuing vi khuian

Tu bang 3 cho thay sau 7 ngay hau hét cac
ching vi khuin déu c¢6 kha niang chuyén hoa
NH,*, dat hiéu sudt xt 1y trén 77% va trong d6
chung vi khuén P. stutzeri KL15 c6 hiéu suit
xt Iy NH,* cao nh4t 83,87%.

Cac chung vi khudn P. stutzeri dugc nubi
cdy trong moéi trudng dinh lugng nitrite véi ham
lugng NO, dugc b8 sung ban dau 1a 0,53 mg/l
(mat do ban dau 1a 107 CFU/ml) dugc khao sat
trong 1, 2, 3, 4 ngay thé hién trén bang 4. Sau 4
ngay, hiéu sudt xi 1y cua 2 chung vi khuén
P. stutzeri KL.14 va P. stutzeri KLL15 12 cao nhat
v6i hiéu sudt xt 1y trén 99%. Theo Ngo Thi Kim
Toan (2012), 3 dong vi khudn B21.10, B23.2 va
B21.1 dugc phan lap tit nude thai ctia bé biogas &
Vinh Lgc, Thanh Héa c6 hiéu sudt chuyén héa
nitrite (80 mg/l) sau 5 ngay tuong tng la 75,23%;
69,07% va 7,26%. Chung vi khudn BLW2.2 phan
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lap tai ao tom & Bac Liéu c6 hiéu suét chuyén
héa nitrite 1a 96,5% véi noéng do la 37,5
mg/INaNO, trong 3 ngay va chuyén héa nitrite
97,2% véi trong 7 ngay (Nguyén Thi Phi Oanh &
Nguyén Thi Tric Mai, 2019). Tt d6 cho thay kha
nang chuyén héa nitrite cac dong vi khuan dude
phén lap t cic moi trudng khic nhau sé khong
giong nhau va tiy thudc vao loai vi khuén.

Bang 5 cho thay hiéu suat xt ly NO, cta
cac nhém Pseudomonas stutzeri dude nudi ciy
trong moi truong Nitrate Broth véi ham lugng
NO, dugc b6 sung ban dau 1a 13,34 mg/l (mat
d6 ban dau 1a 10" CFU/ml) sau 12, 24, 36, 48,
60, 72 gic khao sat, hiéu sudt xt Iy NO, cua vi
khudn P. stutzeri KL15 1a 98,07% cao hon hén
so véi hiéu sudt xt Iy NO, ctia 2 ching vi kudn
P. stutzeri KL11 va KLi14.

Vi khudn P. stutzeri KL15 1a chung vi
khuén c6 hiéu suét chuyén héa NH," 1a 83,87%
v6i thoi gian 7 ngay, hiéu suit xt ly NO,” 99,06%
trong thoi gian 4 ngay va hiéu suat xu ly NO,
98,07% v6i 3 ngay. Do @6 chung vi khuén P.
stutzeri KL15 ¢6 kha ning chuyén NH,", NO,,

Nguyé&n Phu Hoa, Nguyén Van Théng, Pham Céng Hoat

NO, nhanh hon so véi hai ching P. stutzeri
KL11, P. stutzeri KL14, vi thé ching vi khudn
P. stutzeri KL15 dudc lua chon dé khao sat cac
yéu t6 anh hudng nhan sinh khéi va téi uu héa
méi truong 1én men dé thu sinh khéi vi khuén
bing phuong phap dap tng bé mit, nhim tng
dung trong viéc san xudt ché pham vi sinh trong
xt 1y nuéc nudi trong thuy san. Két qua thi
nghiém kha tuong déng véi két qua cta tac gia
Trinh Hoai Vi1 (2014) phan l4p duge 3 chung vi
khuén P. stutzeri c6 kha nang xt ly NH,*, NO,,
NO, véi thoi gian 1a 96 gic trong ao nudi ca tra.

3.2. Khao sat cac yéu t6 anh hudéng dén
viéc nhan sinh khéi vi khuin

3.2.1. Anh huéng cia ti 16 nap giéng dén su
tang sinh khéi ciia vi khuan

Dich tang sinh vi khudn P. stutzeri KL15
sau 24 gid, pha loang 10 14n dat 10° CFU/ml sé
dugc cdy vao 50ml méi trudng TSB véi ti 1é nap
giong 1an lugt 1a 1%, 2,5%, 3,5% va 5%, lic sinh
khéi vi khuén vé6i toc do 150 vong/phit, sau 48
gi6 tién hanh xac dinh mat d6 vi khuén.

Bang 3. Hiéu suit xit Iy NH,* ctia cac chung vi khuén P. stutzeri

Hiéu suét (%)

Vi khuan
P.stutzer 1 ngay 2 ngay 3 ngay 4 ngay 5 ngay 6 ngay 7 ngay
KL11 11,57 20,84 27,29 34,46 76,40 64,87 77,93
KL14 15,62 17,46 35,07 37,94 57,25 62,83 79,62
KL15 10,34 19,10 37,79 39,07 71,53 75.63 83,87
Bang 4. Hiéu suét xt 1y NO, ctia cac ching vi khuén P. stutzeri
. Hiéu suat (%)
Vi khuan P. stutzeri
1 ngay 2 ngay 3 ngay 4 ngay
KL11 6,66 19,76 45,11 62,61
KL14 34,85 68,87 99,37 99,86
KL15 5,46 24,02 94,18 99,06

Bang 5. K&t qua hiéu suat xit Iy NO; ctia cac chung vi khuén P. stutzeri

Hiéu suét (%)

Vi khuén P. stutzeri

12 (giv) 24 (gioy) 36 (gioy) 48 (giv) 60 (gioy) 72 (gioy)
KL11 2,76 5,65 10,27 30,76 56,87 72,56

KL14 2,52 4,94 8,93 14,50 34,37 52,76
KL15 4,41 9,67 21,23 44,35 90,50 98,07
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Két qua bang 6 cho thidy mat d6 vi khuidn
P. stutzeri KL115 dat gia tri cao nhat 1a 1,19 x
10'° CFU/ml (10,07 Logl10. CFU/ml) khi nuéi
cay véi ti 1é nap giong 2,5% va c6 su khac biét c6
y nghia véi cac ti 18 nap giéng con lai (P <0,05).
Do dé chon ti 1&é nap gidng 2,5% cho cac thi
nghiém tiép theo.

3.2.2. Anh huéng ctia théi gian nuéi ciy
dén su ting sinh khéi cua vi khuan

T két qua ctia thi nghiém ti 1& nap giong
v6i ti 18 t6t nhat, tién hanh cdy dich ting sinh vi
khuan P. stutzeri KL15 sau 24 gid, mat do vi
khuén la 10° CFU/ml véi ti 1&6 nap giéng 2,5%
vao 50ml méi truong TSB, lic 150 vong/phit &
30°C. Sau céc thoi gian 12 gio, 24 gid, 36 gio va
48 gi6 tién hanh xac dinh mat d6 vi khuén.

Két qua bang 7 cho thdy mat d6 vi khuan
dat gia tri cao nhat sau 36 gic nudi cay véi mat
6 1,64 x 10 CFU/ml (10,19 Log10. CFU/ml) va
c6 khac biét c6 ¥ nghia so véi cac khoang thoi
gian khac (P <0,05). Mat d6 vi khuén P. stuzeri
KL15 ting dan trong khoang thdi gian nudi cay
tu 12 gio dén 24 gid va dat mat dd cao nhat sau

36 gid nudli cdy, nhung sau 48 gié mat do vi
khuén lai giam. Do dé chon thoi gian nudi cdy vi
khuén 14 36 gi6 cho cac thi nghiém tiép theo.

3.2.3. Anh hudng ciia nhiét dé dén su ting
sinh khéi cta vi khuan

Tu két quéd cua thi nghiém ti 1& giéng va
thoi gian nudi cdy, tién hanh cdy dich ting sinh
vi khuén sau 24 gis, mat d6 vi khuén la 108
CFU/ml vao 50ml méi truong TSB véi ti 1& nap
giong 2,5%. Lic 150 vong/phit véi thoi gian
nuodi cay 36 gio 1an lugt trong 30°C, 33°C, 35°C
va 37°C.

Két qua bang 8 cho thdy mat do vi khudn
P. stutzeri KLL15 dat gia tri cao nhat 1a 1,75 x
10" CFU/ml (10,23 Log10. CFU/ml) khi nuéi cay
6 nhiét d6 37°C. Khi nuéi cdy vi khuédn & nhiét d6
tit 30°C dén 37°C, mat d6 vi khuédn tang dan.
Tuy nhién, mat do vi khuén khi nuéi cay 6 37°C
khoéng c¢6 khac biét c¢6 ¥ nghia so véi cac nhiét do
khac (P >0,05). Do d6, nhiét d6 nhan sinh khéi vi
khuén 14 30°C (nhiét & phong) duge lua chon cho
cac thi nghiém tiép theo nhidm giam chi phi cho
qua trinh 1én men nhan sinh khéi P. stutzeri.

Bang 6. K&t qua sy anh hudng cta ty 1é nap giéng
dén qua trinh nhan sinh khéi vi khuén P. stutzeri KL15

Ty 1& nap giéng (%)

Nghiém thirc
1,0

2,5 3,5 5,0

Mat dé vi khuan (Log 10. CFU/m!) 9,84°+ 0,18

10,07° £ 0,11 9,78" + 0,06 9,73+ 0,07

Ghi chii: Trong ciing mét hang gia tri trung binh mang chi c4i giéng nhau thi khéng cé su khac biét y nghia

thong ké 6 P = 0,05.

Bang 7. K&t qua sy anh hudng ctia thoi gian nuéi cay
dén qua trinh nhan sinh khéi vi khuan P. stutzeri KL15

Thoi gian nudi cay (gir)

Nghiém thic
12

24 36 48

Mat d6 vi khuan (Log 10. CFU/ml) 9,75° + 0,11

10,13° £ 0,16 10,19°+ 0,18 10,077 £ 0,18

Ghi chi: Trong cting mot hang gié tri trung binh mang chit cai giéng nhau thi khéng cé su khac biét y nghia

thong ké 6 P = 0,06.

Bang 8. K&t qua sy anh hudéng cta nhiét do
dén qua trinh nhan sinh khéi vi khuén P. stutzeri KL15

Nhiét do (°C)

Nghiém thirc
30

33 35 37

Mat d6 vi khun (Log 10. CFU/ml) 9,87 +0,28

9,88 0,11 9,96 + 0,05 10,23 £0,13
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Bang 9. Két qua sy anh hudng clia cac ngudn nito
dén qua trinh nhan sinh khéi vi khuén P. stutzeri KL15

Ngudn nito
Nghiém thirc -
(NH4)2SO4 Cao nam men NaNO; Pepton
Mat d6 vi khuén (Log 10. CFU/ml) 8,20° + 0,13 10,08% + 0,20 8,03" + 0,04 10,00° + 0,05

Ghi chi: Trong cting mot hang gié tri trung binh mang chit cai giéng nhau thi khéong cé su khac biét y nghia

théng ké ¢ P = 0,05.

Bang 10. K&t qua sy anh hudng ctia nguén cacbon
dén qua trinh nhan sinh khéi vi khuén P. stutzeri KL15

Nghiém thirc Ngudn cacbon
Glucose Maltodextrin Mat ri dwong
Mat d6 vi khu&n (Log 10. CFU/ml) 9,24° £ 0,05 9,28" + 0,02 9,41% £ 0,06

Ghi chi: Trong cing mét hang gia tri trung binh mang chi c4i giéng nhau thi khéng c6 su khac biét y nghia

thong ké ¢ P = 0,05.

3.2.4. Anh hudng ciia nguén nito

Dich ting sinh P. stutzeri KL15 sau 24 gio,
dat 10® CFU/ml dugc cdy vao mdi trudng co
ngudn nito 1an lugt 1a (NH,),SO,, cao ndm men,
NaNO, va peptone. Vi khudn dugdc nudi cdy &
cac diéu kién téi uu dudc xac dinh tu cac thi
nghiém truéc bao gom ti 1& giong 2,5%, thdi gian
nudi cdy 36 gid, lic 150 vong/phut & nhiét do
phong 30°C.

Trong cac ngudn nitd dugc khao sat nhan
thay cao ndm men c6 anh hudng 16n nhat dén
méat d6 vi khuén P. stutzeri KL15, dat gia tri
1,31 x 10" CFU/ml (10,08 Logl0. CFU/ml).
Nguén nito hitu co khac 14 peptone cho gia tri
méat d6 vi khudn th&p hon, khodng 7% so véi
ngudn cao ndm men. Mat d6 vi khuan khi nubi
cay trong mdi trudng chiia cao ndm men cé khac
biét c6 ¥ nghia so v6i cAc ngudn nitc khac
(P < 0,05), do d6 cao ndm men dudc chon lam
nguén nito thich hop cho qua trinh thu sinh
khéi vi khuén P. stutzeti KL15.

3.2.5. Anh huéng ctia nguén cachon

Két qua khao sat cac ngudn cacbon cho thay
mat ri dudng cho gia tri mat dé vi khuén cao
nhat, dat 2,56 x 10° CFU/ml (9,41 LoglO.
CFU/ml), sau d6 dén glucose va maltodextrin
(Bang 10).

Xét vé gia tri kinh t€, mat ri dudng la
ngudn cacbon rat thich hdp cho qua trinh lén
men thu nhan sinh khéi vi khuan. Két qua xt 1y
thong ké cho thdy mat d6 vi khudn nuéi cdy
trong méi truong chita mat ri dudng c6 khac biét
c6 ¥ nghia véi cac ngudn cacbon khac (P <0,05).
Do d6, chon mat ri dudng lam ngudn cacbon t6i
uu nhat cho thanh phan moi trudng.

3.3. T6i uu héa thanh phan méi trudng lén
men thu sinh khéi vi khuan P. stutzeri KL15

3.3.1. Sang loc cac yéu té cé6 y nghia bang
ma tran Plackett - Burman (Plackett &
Burman, 1946)

Dich tang sinh vi khudn véi cac diéu kién
khao sat tir cac thi nghiém trén sau khi diéu
chinh dat mat d6 vi khuan 10° CFU/ml dugc ciy
vao moi truong gém 6 thanh phan la mat ri
dudng, cao ndm men, K,HPO,, MgSO,, CaCl, va
NaCl da dudgc bo tri theo ma tran Plackett -
Burman. Vi khuén dugc nudi cdy ¢ diéu kién
thich hgp d3 dugc khao sat tit cac thi nghiém
trude. Xac dinh mat do vi khudn va nhap vao
phan mém Design Expert 11 dé xt ly s6 liéu.
Két qua dudc trinh bay & bang 11.

Sau khi xt 1y thu dugc két qua nhu sau: tu
6 yéu t6 chon dudc 3 yéu t6 c6 anh hudng lén
nhit dén mat do vi khuén P. stutzeri KL15 déu
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14 cac gia tri c6 anh hudng + v6i miic y nghia
P = 0,05 (P <0,05), bao gébm: mat ri dudng, cao
nadm men va MgSO,. Trong khi d6 3 yé&u t6 gom
K,HPO,, CaCl, va NaCl c¢6 anh hudng thap,
dong thoi gia tri P >0,05 nén khong cé y nghia
vé mat thong ké, do dé bi loai bd.

Dua vao hé s6 anh hudng cho thay mat ri
dudng c6 tac dong 16n nhat dén mat do vi khudn
P. stutzeri KL.15 (0,55 g/l), sau d6 12 cao ndm
men (0,32 g/l) va cudi cung 1a MgSO, (0,25 g/l).

Dua vao két qua bang 12 cho thay gitia gia
tri m6 hinh va thuc nghiém c6 sy chénh léch
khong dang ké. Ba yé&u t& bao gbm mat ri dudng,
cao ndm men va MgSO, 1a nhiing yéu t& c¢6 anh
hudng va tidc dong nhiéu nhit dén quéa trinh

nhan sinh khéi vi khudn P. stutzeri KL15. Do
d6 chon ba yé&u td nay cho thiét k& thi nghiém
theo ma tran Box - Behnken dé xac dinh su
tuong téac gitia cic yéu t6 cling nhu xac dinh cac
thong s6 toi vu anh hudng dén qua trinh nhan
sinh khéi vi khudn P. stutzeri KL15.

3.3.2. T6i uu héa thanh phan méi truong

T ba yéu t6 da dugde sang loc bing ma tran
Plackett - Burman bao gbm mat ri dudng, cao
nadm men va MgSO,, tién hanh thyc hién thi
nghiém t6i uu héa. Dich tiang sinh vi khuén sau
24 gio, mat do6 10® CFU/ml sé& dugc cdy vao moi
truong c6 thanh phan dudc b tri theo ma tran
Box - Behnken (Box & Behnken, 1960; Ferreira
& cs., 2007).

Bang 11. Cac bién trong ma tran Plackett - Burman va anh huéng ctia chiing

o Murc Mtrc d6 anh hwédng
Ky hiéu Yéu to bon vi -

Thap (-1) Cao (-1) Anh hwéng Prob>F
A Mat ri dwong gll 2 6 0,55° 0,0002
B Cao ndm men g/l 9 25 0,32° 0,0029
C K:HPO, gll 1,25 5,00 0,03° 0,6502
D MgSO, gll 0,25 1,50 0,25° 0,0079
E CaCl, gll 0,05 0,40 0,09° 0,1933
F NaCl gll 1 5 0,15 0,0568

Ghi chi: *: c6 y nghia & do tin cay P = 0,05; *: khéng c6 ¥ nghia 6 do tin cay P = 0,05

Bang 12. Ma tran thiét k& Plackett - Burman

Nghigm Cac bién Mat d6 vi khuan (Log10. CFU/ml)
thire A B C D E F Thyc nghiém Mb 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
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Bang 13. Cac yéu t6 trong ma tran Box - Behnken

Yéu tb Ky hiéu Pon vi Khoang bién thién - Mo
Thap (-1) Co sé (0) Cao (1)
Mat ri dwong A gll 2-6 2 4 6
Cao ndm men B g/l 9-25 9 17 25
MgSO, Cc gh 0,5-1,5 0,5 1,0 1,5
Bang 14. Thiét k& ma tran Box - Behnken
] Mat do vi khuan (Log10.CFU/ml)
Nghiém thirc Mat ri dwong (A) Cao nam men (B) MgSOQO4(C)
Thwc nghiém M®b hinh
1 1 0 -1 11,37 11,38
2 0 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
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 bang 14 cho thdy mat d6 vi khudn
P. stutzeri KL15 nam trong khoang tu 11,04
Log10. CFU/ml dén 11,57 Log10. CFU/ml. Mat
dd vi khudn dat cao nh&t khi néng d6 thanh
phan méi trudng nhu sau: mat ri duong 4 g/l,
cao ndm men 17 g/l va MgSO, 1 g/l. Trong khi
d6 khi néng do cac thanh phan méi trudng goém
mat ri dudng 2 g/l, cao ndm men 17 g/l va
MgSO, 0,5 g/l thi mat d6 vi khuén dat th&p
nhat. Tt két qui phan tich ANOVA anh hudng
ctia 3 yéu t6 dén ham muc tiéu duge trinh bay 6
Bang 14, cac gia tri clia cac nhan t& tuyén tinh
(A, B, C) va gia tri bac hai (A B2 C?) déu thd
hién miic d6 ¥y nghia tin cay cao (P-value <0,05)
khi tham gia mo6 hinh ngoai trit ba tudng tac
AB, AC va BC (P-value >0,05). Gia tri F-value

ciia md hinh 13 54,25 va gia tri P-value = 0,0002
da chting t6 md hinh thi nghiém dugc thiét lap
¢6 ¥ nghia thong ké cao.

Dua vao két qua phan tich, phuong trinh
héi quy da bién cho két qua trén duge thé hién
nhu sau: Y = 11,55 + 0,1550A + 0,0437B +
0,0588C + 0,0225AB - 0,0125AC + 0,0100BC -
0,1675A% - 0,0950B% - 0,1100C>.

Trong dé: Y la mat do vi khudn (LoglO.
CFU/ml), A mat ri duong (g/l), B 14 cao ndm
men (g/1), C 1a MgSO, (/).

Heé s6 xac dinh tuong quan R? 1a yé&u td xac
dinh su pht hop ciia mé6 hinh dude kiém ching.
Khi hé s6 x4c dinh tuong quan R? 16n hon 0,8 thi
moé hinh c¢6 do tuong quan tét (Guan & Yao,
2008). M6 hinh tuong quan dudc xay dyng ti thi
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nghiém phai thod man diéu kién véi gia tri R?
cao (R? = 0,9899) tic c6 98,99% s6 lidu thuc
nghiém tuong thich véi s6 litu mé hinh. Diéu
nay ciing chiing to rang mé hinh phu hgp véi cac
dai dién ddy du cta cac moi quan hé thuc su
gifia cac bién dudgc lua chon. Theo Montgomery
(1984), gia tri P-value cta Lack of Fit la
0,2125 (>0,05) phan 4nh d6 roi rac cta dii liéu
phai khéng c6 ¥ nghia vé mit théng ké. Két qua
phan tich ANOVA cho th4y su thay d6i ciia méat
ri duong (P-value <0,0001) va cao nidm men
(P-value = 0,0075) trong khoang khao sat cta
hai y&u t6 nay c6 anh hudng manh, tuy nhién su
tuong tac gitta hai yéu t6 mat ri dudng va cao
ndm men (AB, P-value = 0,1758) it c6 tac dong
dén mat d6 vi khuédn P. stutzeri KL15. Bén canh
d6, su thay d6i cia MgSO, (P-value = 0,0021)
ciing anh hudng 16n t6i mat d6 vi khudn. Mt
khéc, su tudng tac gitia cao n4m men va MgSO,
(BC, P-value = 0,5148) va sy tuong tac gitia mat

ri dudng va MgSO, (AC, P-value = 0,4213) déu
anh huéng khéng nhiéu dén mat dé vi khuén.
Hé s6 xac dinh tuong quan R? = 0,9899 cho thay
98,99% phuong sai cua mat d6 vi khudn
P. stutzeri KL15 c6 thé dugc giai thich bdi ba
yéu td trén. Pong thoi, R? hiéu chinh ciia mé
hinh cao, (R?Adj = 0,9716) cho thdy md hinh thé
hién thuc t&€ khi chinh xic va R? du doan
(R%*pred = 0,8583) phut hgp véi R? hiéu chinh (sai
khac phu hgp 14 nhé hon 0,20) cho thdy mé hinh
da day du. Adeq Precision (46 chinh xac day du)
= 21,6113 thé hién mot ti 16 tin hiéu trén nhiéu
tét (yéu cau > 4), diéu nay cho thdy mé hinh
phut hgp dé dua vao thuc t&. Dé xac dinh mtc d6
t61 uu ctia mdi yéu t6 d6i véi mat do vi khudn
P. stutzeri KLL15 va sy tuong tic cua ting cip
yéu td, do thi bé méit 3D - dap ting bé mat dugc
xdy dung v6i truc Z la mat do vi khudn
P. stutzeri KLL15 va 2 yéu t6 doc lap bat ky,
trong khi duy tri yéu t8 con lai 6 mic téi vu.

Bang 15. Két qua phan tich ANOVA

Ngudn bién thién Téng binh phwong  Bactwdo  Trung binh phwong F-value P-value
Model 0,3979 9 0,0442 54,25 0,0002
A - Mat ri duong 0,1922 1 0,1922 235,83 <0,0001
B - Cao ndm men 0,0153 1 0,0153 18,79 0,0075
C - MgSO, 0,0276 1 0,0276 33,88 0,0021
AB 0,002 1 0,002 2,48 0,1758
AC 0,0006 1 0,0006 0,77 0,4213
BC 0,0004 1 0,0004 0,49 0,5148
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
Phan dw 0,0041 5 0,0008
Sw thiéu phu hop 0,0035 3 0,0012 3,86 0,2125
Sai sb 0,0006 2 0,0003
Téng 0,402 14 0,0442
R? R2Ad R®Pred CV.% Adeq precision
0,9899 0,9716 0,8583 0,2515 21,6113

Bang 16. K&t qua kiém dinh mé hinh thuc t&
Lan I3p lai Lan 1 Lan 2 Lan 3 Trung Binh

Mat sé vi khudn (CFU/ml) 2,2.10" 2,5.10" 2,4.10" 2,37.10"
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Mt o khuin

Hinh 1. Mt dap @ng giita cac y&u t6 (a) Mat dap (ng tuong tac gitta cao nAm men
va mat ri dudng, (b) Mat dap (ng tuong tac gitta mat ri duong va MgSO,,
(c) Mt dap Ging tuong tac gitta cao nAm men va MgSO,

Hinh 1a va 1b cho thay mat ri duong 14 yéu
t6 c6 anh hudng 16n dén mat d6 vi khuén
P. stutzeri KL115. D6 thi mit dap tng cho thay,
nong do6 mat ri dudng trong moi trudng nudi cay
vi khudn ti 16 thuan v6i mat do vi khuén
P. stutzeri KL15, nhung dén giéi han nhat dinh
mat do vi khudn giam dan do nong dé mat ri
dudng cao sé lam thay déi ap suét thdm thé&u
clia méi truong gy tc ché su sinh trudng cta vi
khuén. Cac loai vi khudn nam trong chi
Pseudomonas thudng sinh trudng va phat trién
t61 vu khi méi trudng c6 ti 1& C:N 1a 20:60
(Peekate & Gideon, 2017). Khi nong dd mat ri
dudng qua cao lam tang tilé C trong méi trudéng
nudi cdy, khién ti 16 C: N bi chénh léch, tu dé
lam mat do vi sinh vat giam. Tuong tu, néng do
cao ndm men trong moi trudng cling cé6 anh
hudng dang ké dén mat d6 vi khudn. Khi ndng
d6 cao ndm men thay d6i, ti 16 N thay d6i lam
anh hudng dén mat d6 vi khudn. Tuy nhién, ti
két qua ¢ hinh 1a va hinh 1lc cho thiy néng do6
cao ndm men anh hudng khéng nhiéu bang
nbéng d6 mat ri dudng trong qua trinh nhan sinh
khoéi P. stutzeri KLL15. Bén canh d6, nong do
MgSO, trong méi trucng nudi cdy cling anh
hudng tuong d6i kha dén qua trinh nhan sinh
khéi P. stutzeri KL15 nhung su tac dong cua
y&u t6 nay c6 vé khong nhiéu bang mat ri duong

va cao ndm men.

3.4. Kiém dinh thyc t&€ mé hinh t6i wu héa

T cac dit liéu thu duge va phuong tinh héi
quy, cac théng sé toi uu ctia mdi thanh phan
moi truong dude xac dinh nhu sau: mat ri dudng

4,95 ¢g/l, cao ndm men 19,08 g/l va MgSO,
1,13 g/1, m6 hinh du doan mat d6 vi khudn
P. stutzeri KL15 t61 da dat 2,45 x 10" CFU/ml
(11,60 Log10. CFU/ml). P& kiém chiing mé hinh,
thi nghiém kiém dinh duge thuc hién véi 3 14n
liap lai v6i thanh phan méi truong téi wu nhu
trén va két qua dugc trinh bay trong bang 15.
Mat s6 vi khudn P. stutzeri KL15 sau 36
gi¢ nudi cdy, nhiét do6 33°C, ti 1& nap gidng 1a
2,6% 1a 2,37 x 10'' CFU/ml, tuong thich véi
mat s6 vi khudn ma mo hinh da du doan.
Yanjie & cs. (2014) da t61 uu héa thanh phéan
ctia moi truong lén men gia ré dé thu sinh khéi
P. putida R-198 va san xuét axetic acid hoa
tan (IAA) bang phuong phap dap tng bé mit
(RSM). Néng do TAA toi da (18,73 mg/l) dudc
dy doan trong moi trucng chita 52,41 g/l bot
ngod, bot dau nanh 15,82 g/l, 2,40 g/l K,HPO,,
0,17 g/l MnSO, va 5,00 g/1 NaCl, mat d6 vi
khuén dat t6i da 10'* CFU/ml. T4c gia Ana &
cs. (2017) da nghién cttu thanh phén t6i uu cua
khuén

P. stutzeri 1a glucose, KNO; va peptone khac

moi trudng nudi cdy 2 dong vi
hoan toan v6i méi truong to6i vu cua dong vi
khuan P. stutzeri KL15, c6 thé cac dong vi
khuédn tuy ctung loai P. stutzeri nhung khi dugc
phan lap & cac diéu kién sinh thai khac nhau
thi s& phat trién cac méi trudng 1én men khac
nhau. Tt cac nghién ctiu cho thdy ngudn nito,
cacbon, cic mudi vo cd anh huéng kha nhiéu
dén viéc nhan sinh khéi cac dong vi khuédn va
cic tac gia cling nhim téi viéc lya chon nguén
nghién liéu ré tién dé c6 thé 1én men vi khuén
d qui mé 16n.
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T6i wu héa thanh phan mai trwdng 1én men thu sinh khéi vi khudn Pseudomonas stutzeri bing phuong phap dép tng

bé mat (RSM)

4. KET LUAN

Vi khuéin P. stutzeri KL15 la chung vi
khuén c6 hiéu suét chuyén héa NH," 1a 83,87%
v6i thol gian 7 ngay, hiéu suat xi ly NO,
99,06% trong thoi gian 4 ngay va hiéu sut xi ly
NO, 98,07% véi 3 ngay.

Sau yéu t6 bao gobm mat ri dudng, cao ndm
men, K,HPO,, MgSO,, CaCl,, va NaCl dugc tién
hanh thi nghiém sang loc bing ma tran Plackett
- Burman, tit d6 da chon ra ba yéu té chinh anh
hudng dén mat do vi khudn P. stutzeri KL15 la
mat ri dudng, cao ndm men va MgSO,.

Théng qua thi nghiém t6i uu héa thanh
phan méi trudng 1én men thu duge phuong trinh
hoi quy c¢6 dang: Y = 11,55 + 0,1550A + 0,0437B
+ 0,0588C + 0,0225AB - 0,0125AC + 0,0100BC -
0,1675A2 - 0,0950B? - 0,1100C? véi Y 1a sinh
khéi vi khudn P. stutzeri KL15 Mat do vi
khuén P. stutzeri KL15 dugc mé hinh du doan
cao nhat v6i gia tri dat 2,45 x 10" CFU/ml véi
thanh phan méi truong gém mat ri dudng
4,76 g/l, cao ndm men 18,99 g/1, MgSO, 0,99 g/l
thuc hién trong diéu kién nhiét d6 30°C, thoi
gian nudi cdy 36 gio, ti 1é nap gidng 1a 2,5% va
thuc t€ thi nghiém thu dude mat s6 vi khuén la
2,37 x 10" CFU/ml. Két qua dap ting duge muc
tiéu nghién cu, xay dung dugc quy trinh t6i uu
thanh phan méi trudng 1én men thu sinh khéi vi
khuéan P. stutzeri KL15.
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