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Y Hoc TP. H6 Chi Minh * Phu Ban Tap 22 * S6 1 * 2018 Nghién cttu Y hoc

NGHIEN CUU PIEU KIEN NUOI CAY THU NHAN BAO TU

BACILLUS SUBTILIS KP3
Vii Thanh Thdo®, Phan Canh Trinh", Nguyén Thi Linh Giang', Lé Viin Thanh*, Tran Cit Dong
TOM TAT

M6 ddu: Bacillus subtilis KP3 san xudt chdt chong oxi héa va 6 cic dic tinh probiotic 6 loi dwoc phin ldp
boi Phong thi nghiém Vi sinh cong nghé Dugc, tuy nhién diéu kién lén men cia chimg vi khudn nay dé’tgo ra mgt
lwgng I6n bao tir chwa dwoc nghién citu.

Mouc tiéu: Diéu kién 1én men cuia B. subtilis KP3 dwgc nghién citu trén binh non va trén noi 1én men.

Phuong phdp: Moi truong 1én men trén binh nén dugc t6i 1w héa biang phuwong phip dép vmg bé mdt. Sau
do, khodng dwoc b6’ sung viao moi trieong thich hop vao cdc thoi diém khic nhau dé cam itng B. subtilis KP3 tao
bao tir. Ngoai ra, t 1¢ truyén chiing, pO», toc dj khudy va cdc thong so' cua lén men mé bd sung co chit dugc khio
st trén noi lén men dé'tang livong bao tir tao ra.

Két qua: Moi triong thich hop dé'sin xudt sinh khoi ciia B. subtilis KP3 trén binh non la glucose 10 g/l, ddu
khong dau 19,75 g/l, amoni citrat 1,7g/l, madt ri 7,2 g/l, pepton tir thit 11,13 g/l, MnCl> 16,58 mM (1 ml/l),
KoHPO+ 4,58 ¢/l, CaCl20,01 g/l, NaCl 4,04 ¢/, FeSO+7H0 1 uM (1mi/l), MgSO:+7H:0 0,38 g/l, sau 8 gio bé’
sung CaCl20,5 g/l va FeSO+.7H20 35 uM (1 ml/l) dé'kich thich tao bao tir voi lwgng bao tir ting 1én 3 lin so véi
moi truwong doi chirng. Doi voi lén men mé, diéu kién nuoi ciy thich hop la pO:2 50%, toc do khudy 400
vong/phiit, ti 1¢ cdy truyén 5%. Trong 1én men mé - bd sung co chdt madt v b6’ sung vdi toc Ao 58 ml/gio, trong
vong 8 gio; bao tir dieoc thu hoach sau 32 gio nudi cdy, dat madt dj 4,46.10° bao tir/ml, tang 2,3 lin so vi [én men
trén binh non.

Két ludgn: Diéu kién l1én men ciia B. subtilis KP3 trén binh nén va noi 1én ndi lén men da dwoc xic dinh
nham tgo ra mot liwong 16m bao tir dé'1eng dung lam probiotic.

Tir khéa: Bacillus, 1én men mé b6'sung co chit, bao tir
ABSTRACT
STUDY ON FERMENTATION CONDITIONS FOR BACILLUS SUBTILIS KP3 SPORES PRODUCTION.

Vu Thanh Thao, Phan Canh Trinh, Nguyen Thi Linh Giang, Le Van Thanh, Tran Cat Dong
*Y Hoc TP. Ho Chi Minh * Supplement Vol. 22 - No 1- 2018: 453 - 459

Background: Bacillus subtilis KP3 which produces antioxidants and has good probiotic characteristics, was
isolated by Laboratory of Pharmaceutical Biotechnology, but fermentation conditions of this strain have not been
studied for producing large number of B. subtilis KP3 spores.

Objectives: Fermentation conditions of B. subtilis KP3 on flask and fermenter were investigated.
Methods: The fermentation medium on flask were optimized using response surface methodology for B.
subtilis KP3 biomass production. Then, the minerals were supplemented to optimal culture medium at different

time to induce sporuation of B. subtilis KP3. Moreover, stirring speed, pO., inoculation rate and data for fed-batch
fermentation were surveyed in fermenter in order to increase the density of spores.

Results: The appropriate medium for producing B. subtilis KP3 biomass consisted of glucose 10 g/, non-oil
soybean 19,75 g/l, amonium citrate 1,7¢/l, molasses 7,2 g/l, pepton from meat 11,13 g/l, MnCl> 16,58 mM (1
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mi/l), K:HPOx 4,58 g/l, CaCl20,01 g/l, NaCl 4,04 g/l, FeSO47H20 1 uM (1ml/l), MgSO+7H20 0,38 g/l, after 8
hours of fermentation, CaCl2 0,56 g/l and FeSO+7H>0 35 uM (1 ml/l) were supplemented to the medium to
stimulate spore production, and spore yields increased by 3 times compared with control medium. In batch
experiment, suitable culturing conditions were 50% of pO2,400 rpm of stirring speed and 5% of inoculation rate.
In fed-batch experiment, molasses was added to the speed 58 ml/hour, for 8 hours. Spores were harvested after 32
hours of incubation, reaching densities 4,46.10° spores/ml, up 2.3 times compared to fermentation flask.

Conclusions: The fermentation conditions of Bacillus subtilis KP3 spores on flask and fermenter have been

identified to produce large amounts of spores for application as probiotic.

Key words: Bacillus, fed-batch, spore
DAT VAN DE

Hién nay, cac ching Bacillus la d6i tugng
hang dau duwgc cac nha khoa hoc quan tam
nghién ctru d€ san xuat probiotic véi cac wu diém
nhu san sinh mét s6 loai enzym ngoai bao va tao
bao tit bén voi nhiét rat thuan 1oi trong qua trinh
ch€ bién, bao quan va st dung(8,19). Khi tién
hanh san xuét probiotic, néu ap dung cac phuong
phap nuoi cdy thong thuong sé ton kém vé chi phi
nguyén vat liéu, thiét bi, dién tich, khong dat hiéu
qua kinh t€ cao. Lén men chim duoc 4p dung chu
yéu trong cong nghiép nho kha ning kiém soat
cac thong s dé dang(13). Do d6, day 1a phuong
phéap dugc ting dung nhiéu trong nghién ctu, san
xudt nguyén liéu probiotic. Thanh phan moi
truong va cac diéu kién 1én men la cac yéu t6 can
t01 uu hda gitup thu duge lugng sinh khoi cao(15).
Monterio (2005)(10) da tién hanh t6i wu hda 1én
men theo mé lam ting mat d6 bao Bacillus ttr
2,6.109 Ién 2,2.1010 CFU/ml, tang mat d6 bao ttr ttr
4,2.108 1én 5,6.109 bao tit/ml. Sau d6, nhom tac gia
da tiép tuc 1én men bd sung co chat (fed-batch) d€
nang luwong bao tir 1én dén 7,4.109. Nghién cttu
nay lam tang hiéu qua kinh t€'1én dén 17,6 lan khi
1én men so véi cac thanh phan va diéu kién trude
khi t6i wu(10). Mot nghién ctru méi day cta cling
nhém tac gia trén Bacillus subtilis 210, khi st
dung ky thuat lén men fed-batch da gitp tang
mat do bao tix 1én 5,7 Ian so vdi 1én men theo
mé(11). Taveres (2013)(16) lén men Bacillus
subtilis 1012 trén moi treong F dat mat do 7.109
bao tt/ml. Véi xu hudng nghién cttu trén, Phong
Thi nghiém Vi sinh Cong nghé Duoc da phan lap
duoc chung vi khuan Bacillus subtilis KP3 ¢6 cac

454

dac tinh probiotic c6 loi, an toan trong cac tht
nghiém doc tinh(17,18). Tuy nhién, d€ thu duoc
sinh khéi 16n nham tng dung lam probiotic,
nghién ctru thuc hién viéc khao sat moi truong va
diéu kién nudi cdy thich hop dé€ thu nhan bao ti
Bacillus subtilis KP3.

VAT LIEU VA PHUONG PHAP
Chuing vi khuan

Chuing Bacillus subtilis KP3 phan 1ap tir mau
dat ¢ Krongpa, Gia Lai, day la chung vi khuan da
dugc chiing minh ¢6 cac déc diém probiotic ¢6 loi,
duoc cung cap boi PTN Vi sinh Cong nghé
Duoc7),

Sang loc cac yéu t6 anh hudng chinh dén viéc
tao sinh khoi ctia B. subtilis KP3 trén ma tran
Plackett-Burman.

Sang loc 11 yéu t6 anh huong dén sinh khdi
gom ¢ ngudn carbon, nito, cac khoang chat voi
muc cao (+1) va muec thap (-1). Tong so thi nghiém
1a 12, dwoc thiét ké theo ma tran Plackett-Burman.

Bang 1: Cic yéu t6'va nong do trong thiét ké'Plackett

-Burman
- N Gia trj

Ky hiéu Tén yeu to Thép (1) | Cao (+1)
X1 Glucose (g/1) 5 15
X2 Mat ri (g/1) 5 15
X3 | Dau nanh khéng dau (g/) 5 20
X4 Pepton ttr thit (g/1) 2 15
X5 Amoni citrat (g/l) 0,5 2
X6 MnClz (mM) - 1ml/l 5 20
X7 K2HPO4 (9/l) 25 10
X8 CaClz (gfl) 0,01 0,5
X9 NaCl (gfl) 1 5
X10 | FeS04,7H,0 (mM) - 1ml/l 1 35
X11 MgSO.,7H,0 (gfl) 0,2 1

Chuyén Dé Duogc
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Khdo sit nong do mdi truong thich hgp theo
phuong phap dap ing bé mit RSM (Response
Surface Methodology)

Tht nghiém duoc tién hanh nhdm xdc dinh
noéng do cta 3 yéu t6 cd anh hudng chinh dén
viéc tao sinh khoi 1a mét ri, amoni citrat, MnCl..
Thi nghiém dugc tién hanh trén 3 yéu td véi 3
cap do theo thiét ké ctia Box-Benhken. Tong cong
la 15 tht nghiém véi 3 thit nghiém thtt nghiém
tai diém trung tam dé xac dinh mirc d0 sai sd cua
mo hinh dap tng.

Bang 2: Nong do cua cdc yéu t6'khdo sit trong thir
nghiém RSM

Yéuts Pham vi Mtke
nghiénciru | -1 0 | +
A Mat ri (g/l) 5-15 5 10 | 15
B | Amoni citrat (g/l) 05-2 05 (125 2
C MnCl, (mM) 5-20 5 1125] 20

Sau d6 st dung phan mém qui hoach thuec
nghiém Design Expert 7.0 (DX 7.0) d€ tim ra md
hinh thuc nghiém thich hop. Ttt m6 hinh suy ra
dugc phuong trinh hoi qui da thiee nhu sau:

Y=o+ L fixi+ E Bixixi + & Bii x# (1)

Vi Y: 1a ham muc tiéu; fo: 1a hé sd tu do; B
1a hé s6 thé hién anh hudng tuyén tinh cua yéu
t0 i; Pi:1a hé s6 thé hién anh huong tuong tac ctia
yéu td i va yéu t0 j; Bi: 1a hé sO thé hién anh
huong bac hai.

Khao sat thoi di€ém b6 sung khoang kich thich
tao bao tw

Khao sat duong cong tang triedng trén moi
truong thich hop véi ti 1é ching bé sung la
1%. Thoi diém bo sung chung la to. X4ac dinh
mat do t& bao sau mdi gio bit dau tir to, cho
dén khi mat do t€ bao giam sau hai mdc dém
lién tiép. Vé duong cong tdng trudng log [s6
luong t&€ bao] theo thoi gian va xac dinh thoi
diém: chuyén tir pha lag sang pha log; gitra
pha log; két thac pha log, chuyén sang pha én
dinh; gitta pha 6n dinh. Tai cac mdc thoi diém
lua chon, khoang duoc b6 sung dé kich thich
tao bao ti, xdc dinh sd luwgng bao t b?mg
phuong phap dém song4.

Chuyén Dé Duogc

Nghién ctitu Y hoc

Khao sat thong s6 1én men trén noi 1én men
10 lit

C4c thong s6 1én men duoc khao sat trén noi
lén men 10 L Biostat B Plus, Sartorius. Cac thong
s0 1én men thich hop d6i v6i ching vi khuén thi
nghiém duoc khao sat gom: ty 1é cdy truyén: 1, 5,
10% tong thé tich mdi truong 1én men, tdc do
khudy: 250, 400, 600 vong/phdt, lvong oxi cung
cap: 50, 75, 100%. Chung vi khuan duoc bd sung
vao 5 lit moi truong thich hop. Lay 5 ml mau sau
mbi 2 gio ké tir 18 gio (tir khi bat dau 1én men)
dé€ xac dinh thoi diém tao bao tir cao nhat. Dém
sdng dé tinh s6 luong bao tr va phéan tram tao
bao ttr.

Khao sat qua trinh 1én men mé - bé sung co
chat (1én men fed-batch)

C4c thong sO cuia qua trinh 1én men fed-batch
duoc tinh toan tir thi nghiém lén men meé theo
cac cong thirc sau:

(In xe - In x0) = p(t-to); Yws = dX/dS

F(t)= _Y“ (XV/S g )

X/

xt, Xo: legng sinh khoi tai thoi diém t (g/1), ban
dau to(g/l),u tdc do tang treong (1/gio), Yxshiéu
suat chuyén ddi co chat thanh sinh khéi (g/g),
F(t): tc do bd sung co chat (ml/gio), X: luong
sinh khoi trude khi bd sung co chat (g/l), V: thé
tich 1én men (L)®.

Thi nghiém 1én men fed-batch duoc thiét
ké v6i cac thong s thich hop da duwoc khao sat
¢ 1én men mé. Co chit dwoc b6 sung thong
qua bom nhu ddng c6 kiém soat tdc dd dong
chay. Thoi diém bd sung co chét vao gitta pha
log duoc xac dinh b:‘?mg cach theo doi pH (khi
pH tang tro lai). Thoi diém ngting bd sung co
chdt dugc quyét dinh thong qua téc d§ ting
tredng (xac dinh méat do té bao vi khuan trén
budng dém) va ham lugng glucose xac dinh
thong qua phuong phap dwong kht va do

brix trong moéi treong.
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Xt 1y s6 liéu

Cac s0 liéu trong nghién cttu déu duogc
thé hién dudi dang so trung binh + SEM. Thi
nghiém t5i wu hoa mdi treong theo ma tran
Plackett-Burman va phuwong phap dap ung
bé mit dwoc xt Iy bang phan mém Design
Expert® 7.0.0. D6 thi dwgc vé bang phan
mém Graphpad Prism 6.
KET QUA
Sang loc cac yéu t6 anh huwdng dén sinh khoi B.
subtilis KP3 theo Plackett-Burman

Bang 3: Mat dg té’'bao ciia B. subtilis KP3 trong cdc
thi nghiém theo mo hinh Plackett-Burman

Thi Mat do té bao Thi Mat do té bao
nghiém | (x10® CFU/ml) | nghiém | (x10® CFU/ml)

1 16,80 7 8,87

2 18,18 8 11,85

3 12,44 9 10,84

4 16,22 10 13,75

5 16,44 11 13,67

6 10,69 12 11,71

Thi nghiém duwgc thiét k&€ mo hinh theo
Plackett-Burman véi 11 yéu t6 trong 12 thi
nghiém. Két qua gid tri p cua mo hinh sinh
khdi la 0,0448, chiing t6 mo hinh c6 y nghia
thong ké. Cac yéu t0 mat ri, amoni citrat,
MnClz2 cé gia tri p<0,05, anh huwong cé y
nghia gid tri thong ké dén viéc tao sinh
khéi. Cac yéu td con lai c6 gia tri p>0,05
nén khong cé y nghia thong ké. Do d6, 3
yéu t8 ¢6 y nghia thong ké dwoc lwa chon la
mat ri, amoni citrat, MnClz d¢€ ti€p tuc khao
sat nong d¢ thich hop theo md hinh RSM,
cac yéu td con lai duoc c6 dinh dua vao duw
doan luwgng sinh khdi cao nhat cia mo hinh
Plackett-Burman gom: glucose 10 g/, dau
khoéng dau 19,75 g/l, pepton tur thit 11,13
g/l, K:HPO: 4,58 g/l, CaCl2 0,01 g/, NaCl
4,04 g/l, FeSOu7H:0 1 uM  (Iml/l),
MgS0:7H:0 0,38 g/1.
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Khao sat nong d6 moi treong thich hgp theo
phuong phéap dap tng bé mat RSM
Bang 4: Mat dj té'bao cua B. subtilis KP3 theo RSM

TN | Té bao (x10% CFU/mI) | TN | Té bao (x10° CFU/ml)
1 17,83 9 8,05

2 6,84 10 14,65

3 10,50 11 10,99

4 14,90 12 9,52

5 15,62 13 21,00

6 16,85 14 18,07

7 16,12 15 18,07

8 14,65

Két qua khao sat trén cac moi truong theo
mod hinh RSM thu dwoc mat d0 cua B. subtilis
KP3 ttr 8,05.108 CFU/ml - 21,00.108 CFU/ml. Cac
d@ liéu veé sinh khoi phu hop véi mo hinh bac 2
(Quadratic model) véi hé s6 tuong quan cia mo
hinh sinh khoi la 0,9452. Dt liéu phan tich thong
ké tinh toan duoc gia tri p cia md hinh sinh khoi
la 0,0114 chiing to6 mo hinh ¢6 y nghia thong ké.
Céc yéu t6 B*amoni citrat, C>-MnCl: va sy phoi
hop gitta mat ri va amoni citrat anh huong cd y
nghia thong ké véi gia tri p<0,05, cac yéu t6 con
lai anh hwong khong cd y nghia thong ké.
Phuong trinh hoi quy vé lugng sinh khéi ctia B.
subtilis KP3 thu duoc:

Sinh khéi (x108 CFU/ml) = -5,64 + 0,49*A*B -
5,49*B2 - 0,023*C2

Véi ham muc tiéu 1a sinh khoi cuc dai, phan
mém du doan cac thong s6 thich hop cia moi
treong la: mat ri 7,2 g/l,; amoni citrat 1,7 g/l va
MnClz 1a 16,58 mM (b6 sung 1ml/l) véi mat do t&
bao 1,96.10° CFU/ml. Két qua danh gia s phu
hop cta cac thong s6 theo mo hinh véi thuc
nghiém cho thay d6 tuong thich 1a 99,49%.

Khao sat thoi diém bo sung khoang kich thich
tao bao tr

Véi thanh phan cong thitc moi truong thich
hop, tién hanh khao sat sy duong cong ting
tredng ctia B. subtilis KP3 trong 30 gio. Buong
cong tdng truwong c6 cac pha nhu sau: pha liy
thira tir 1 dén 7 gio, pha on dinh ttr 8 gio dén 26
gio, pha suy vong sau 26 gio.
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Cac mdc thoi diém bo sung khoang duoc
xac dinh tt duong cong tdng treong nhuw sau:
1 gio (dau pha lay thtra), 4 gio (gitta pha lay
thtra), 8 gio (bat dau pha 6n dinh), 12 gio (gitta
pha 6n dinh) véi 2 khoang bd sung gitp kich
thich tao bao tit la FeSO4.7H20 (1ml/1) 35 uM
va CaCl2 0,5 g/l.

10 80
60

40

Log[TB]

20

nat giem ()
Hinh 1: Duong cong ting trieong cua KP3 trén moi
trueong thich hop
Bang 5: Thoi diém b6’ sung khodng anh hwong dén ti
1é tao bao tir

Thoi diém bd Khao sat sau 48 gio
sung('g'?g;’a"g Téng té bao*| Baote* | I "”(;3° t
1 2,21+£0,12 |0,7310,03 33
4 2,14+0,08 | 1,0410,05 49
8 2,24+0,05 | 2,22+0,06 99
12 2,25+0,07 |2,1840,07 97
Déi chirng 2,21+£0,11 | 0,7410,04 35

Ghi chii: *: x10° CFU/ml. D6i chikng: moi trieong thich hop
khong bd'sung khodng kich thich tao bao tik.

Céac ion kim loai trong moi treong la thanh
phan can thiét tao ra diéu kién stress dé€ giup
vi khuan tao bao t&. Tuy nhién, trén moi
treong thich hop, ti 1€ bao ti thu nhan con kha
thap khoang 35%. Ti 1€ tao bao t&t c6 thé duoc
cai thién nho viéc bd sung thém cic khoang
kich thich tao bao tit nhw FeSO4, CaCl2, hay
MnCI2 nhu trong cac moi treong cd ti 1€ tao
bao t&t cao nhu DSM hay 25G (2x Schaeffer's
sporulation agar). Két qua cho thay viéc bo
sung cac khoang kich thich tao bao ttt vao moi
truong t0i uwu c6 hiéu qua tét. Khi bd sung
khoang kich thich tao bao tr, mat d¢ t€ bao
van ¢ muc cao, viéc b8 sung khoang khong

lam giam mat d¢ t€ bao nhung c6 tac dung

Chuyén Dé Duogc
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lam ting mat do va ty 1€ bao te dat dwgc. Thoi
diém bo sung khoang luc 8 gio giup ting mat
dd bao tir 1én 3 [an. Sau khi t6i wu hod moi
treong nudi cdy thu sinh khéi va bd sung
khoang kich thich tao bao tir B. subtilis KP3,
cong thirc nudi cdy thich hop cho B. subtilis
KP3 nhu sau: glucose 10 g/l, dau khong dau
19,75 g/l, amoni citrat 1,7g/l, mat ri 7,2 g/,
pepton tir thit 11,13 g/l, MnCI2 16,58 mM (1
ml/l), K2HPO4 4,58 g/l, CaClI2 0,01 g/l, NaCl
404 g/l, FeSO47H20 1 uM (1ml/l),
MgS04.7H20 0,38 g/1, sau 8 gio bd sung CaCl2
0,5 g/l va FeSO4.7H20 35 uM (1 ml/l).

Khao sat thong sd lén men thu bao tix B.
subtilis KP3

Trong 3 ti 1& cay truyén khao sat 1a 1%, 5%
va 10% trén thé tich moi truong 1én men, ti 1&
cay truyén 5% co thoi gian thu nhan bao tir la
36 gio mat d6 khoang 14,19x108 bao tt/ml la ti
1é cho thoi gian thu nhan nngm nhat va mat 4o
bao tr cao nhat. Téc d¢ khudy 400 vong/phut
thoi gian tao bao tr ctia chung la 32 gio
(14,83x108 bao tit/ml) nhanh hon so vdi téc do
khudy 250 vong/phuat va 600 vong/phat. pO2
50% cho thoi gian thu bao t& nhanh hon pO2
75% va 100% vdi leong bao ti thu duoc la
14,83x108 bao tit/ml. Vay cac thong s6 thich
hop trén noi 1én men la ti 1€ cdy truyén 5%, toc
d6 khudy 400 vong/phat va pO2 50% voéi thoi
gian nudi cdy la 32 gio. Tuy nhién khi 1én men
mé thi lwong bao t& thu nhan duoc giam so
v6i 1én men trén binh noén, diéu nay 6 thé giai
thich do viéc st dung co chat trén noi lén men
nhanh dan dén t& bao nhanh chéng chuyén
sang pha suy vong trudc khi tién hanh tao bao
tir, do d6 co chét 1a mét ri sé dwgc bd sung
gian doan dé€ giup tang mat d¢ t€ bao va luong
bao tt hinh thanh.
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Khao sat qua trinh 1én men mé - b sung co
chat

Bang 6: Thong s6'lén men mé - b6’ sung co chit

STT Thong s6 Gia trj
1 Téc d6 téng trwdng cuc dai (1/gidy) 0,97%
2 Hiéu suét str dung co’ chét (g/g) 0,60°
3 | Ndng d6 mat ri trong dung dich bd sung (g/) | 500°
4 Thé tich 1én men khéi dau (L) 3
5 | Sinh khéi trudrc giai doan bd sung co' chat (g/l)| 2,1°
6 Téc d6 bd sung co chat F(t) (ml/gicy) 58
7 Thoi diém bd sung co’ chét Glg_ihu’

a: gid tri woc dodn dya vao thi nghiém 1én men theo mé,

b: tuwong ttng néng do dwomg tong trong dich bd'sung 200
¢/l, c: gid tri sinh khoi quy d6i tie mdt do vi khudhn tai thoi
diém trudc khi b6'sung co chat.

Thi nghiém lén men mé - b6 sung co chat
nhdm muc tiéu tang mat do bao tir béng viéc bo
sung co chat mat ri voi téc d6 bod sung co chat
khong d6i. Mat ri dugc bo sung dé duy tri can
bang pH nho acid tao ra trong qua trinh oxi héa
carbohydrat.

Thong sO can tinh toan trong lén men mé -
bd sung co chat 1a tdc do bd sung co chat F(t).
Ttr cac thong sd néu trén, F(t) tinh dwoc la 58
ml/gio. Puong cong tang truwdng trong lén
men fed-batch c6 pha log dai 9 gio, t6c d0 tang
treong cuc dai pma= 0,89 (1/gi0). Toc dd s
dung co chat ti 1& thuén véi tdc dd tang treong
(n). Do @6, khi vi khuan giam tdc d¢ tang
treong, mat ri dugc bd sung ti€p tuc lam tang
nong do co chét trong moéi truong. Panh gia
dod brix, nong dd glucose va gia tri p, ngting bo
sung thém co chat ¢ gio tht 12. Tai thoi diém
nay, gid tri o brix la 4,7 cao hon 0,2; ndéng do
glucose 1a 1,65 g/l cao hon 0,44 g/l so véi thoi
diém 11 gio 30 phat. Mat do vi khuan xac dinh
trén budng dém gitra gio tht 9 va 12 khong cd
sut khac biét (1,02.10%°-1,12.10" CFU/ml). Trong
sudt qua trinh bd sung mat ri, pH khong tang

quéa cao ma on dinh quanh gia tri pH 7.
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-~ Log [TB] -o- Log[BT] -a pH - Brix

Log[TB|

o] 5 10 15 20 25 30 35 40
Thoi gian (gid)

Hinh 2: Dién bién cic thong so'ctia B. subtilis KP3
trong lén men fed-batch

BAN LUAN

Nhu vay, viéc b8 sung mat ri ¢6 vai tro diéu
chinh pH mdi treong trong qua trinh 1én men®.
Thi nghiém 1én men fed-batch duy tri vi khuan
trong trang thai pha liiy thtta tir gio thi 1-9, dat
mat d6 vi khuan cue dai 1,12.10°, mat do bao ti
sau 32 gio nuoi cay la 4,46.10° BT/ml tang 1én 2,3
Tan so vdi 1én men theo mé 1a 1,96.10° BT/ml.

KET LUAN

Moi truong thich hop cho sy phat trién cta
B. subtilis KP3 da duoc xay dung theo mo hinh
Plackett-Burman va RSM la glucose 10 g/l, dau
khong dau 19,75 g/l, amoni citrat 1,7g/l, mat ri
7,2 g/l, pepton tr thit 11,13 g/l, MnCl> 16,58
mM (1 ml/l), Ko2HPOs 4,58 g/, CaCl20,01 g/l
NaCl 4,04 g/l, FeSO+7HO 1 puM (1ml/l),
MgSO47H:0 0,38 g/l, sau 8 gio bd sung CaClz
0,5 g/l va FeSO+.7H0 35 uM (1 ml/l). Quy
trinh nuodi cdy trén noi 1én men c6 bd sung co
chat da duoc xay dung, véi mat do bao tir B.
subtilis KP3 thu nhan la 4,46.10° bao tit/ml tang
1én 2,3 Tan so vdi 1én men trén erlen.
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