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TOI UU HOA THANH PHAN MOI TRUONG LEN MEN RE TIEN
CHUNG Bacillus subtilis LH1 BANG PHUONG PHAP QUY HOACH
THUC NGHIEM PHUC VU SAN XUAT PROBIOTIC

Optimization of low budget fermentation medium compositions Bacillus
subtilis LH1 for probiotic production by using experimental design methods

Doan Thi Tuyét Lé*, Pham Vii Bao, Nguyén Ngoc Tung, D5 Minh Anh
Khoa Ky thudt Hoa hoc va Méi truong; Truong Dai hoc Lac Hong, Pong Nai, Viét Nam

TOM TAT.Chét lugng va gia thanh ché pham probiotic phu thudc nhidu vao giéng vi sinh vat, thanh phan méi truong 1én
men (c4c ngudn cacbon, nito, mudi khoang...) ciing nhu cac yéu té khac anh huong dén qua trinh 1én men nhu nhiét do, pH,
tdc do lac, ham lugng oxy hoa tan. Nghién ctru nay dugc thuc hién nhim lya chon thanh phén moi truong 1én men ré tién,
ddng thoi t6i ru ham luong cac yéu t6 ¢6 anh huong trong moi truong 1én men chung Bacillus subtillis LH1. Cac yéu tb trong
mdi truong 1én men bao gom nguon cacbon, nito, nguodn khoang dugc chon theo phuong phép quy hoach thuc nghiém, véi
ham muc tiéu 14 sinh khdi chung Bacillus subtilis LH1. Két qua cho thdy thanh phdn méi truong 1én men tdi wu cho chung
Bacillus subtillis LH1gdm ri dudng 10 g/I, (NH4)2S04 15 g/, ngudn khoang: MgS04 1 g/l, CaCI2 0.2 g/l, K2HPO4 2.13
g/l, NaCl 7.5 g/l thu dugc sinh khéi cao dat mat do té bao 109 cfu/ml va giam chi phi moi truong 1én men udce tinh ré hon 7
lan so v6i moi truong MRS.

TU KHOA: Bacillus subtilis, t6i wu héa, probiotic, plackett-burman, phwong phdp dép iing bé mdt

ABSTRACT. Quality and the cost of probiotic productsare highly dependent on species andfer mentation medium
compositions (carbon, nitrogen and mineral sources, etc.) as well as other factors like temperature, pH, rotation speed,
dissolved oxygen content. This study was performed to select the low cost components simultaneously with optimizing
content of the most influential factors of fermentation mediumfor Bacillus subtillis LH1. The fermentation medium factors
including carbon sources, nitrogen sources and mineral sources was selected by applying experimental designs: Plackett-
Burman design and Box-Behken design with biomass as target funtion. It resulted from the above that we suggest the
optimumfermentation condition for Bacillus subtilis LH1 which molass 10 g/l, (NH4)2S0O4 15 g/l, mineral sources: MgSO4
1 g/l, CaCl2 0.2 g/l, K2HPO4 2.13 g/1, NaCl 7.5 g/l with biomass archieved is about 109 cfu/ml and reducing the cost of

fermentation media 7 times cheaper than MRS media.
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1. MO PAU

Probiotic 12 hdn hop cac ching vi sinh vat c6 loi dap tmg
loi khuan duong rudt, tang strc dé khang ciing nhu kha ning
tiéu hoa cho vat chi. Uu diém vuot trdi cua probiotic 1a
khong gay tac dung phu anh huong dén chat lugng san pham,
strc khoe nguoi sir dung nhur chat héa hoc va chét khang sinh
(Krishnaprakash, 2009; Senthong va cs, 2012). Chung loi
khuén Bacillus an toan cho ngudi va dong vat, co kha ning
sinh enzyme phan giai chat hiru co manh, tao bao tir va thich
nghi nhanh véi cac diéu kién bét loi ciia moi trrong nén da
tr thanh Iya chon cho cc nghién ciru vé ché phim sinh hoc
hién nay (Rengpipat et al, 2000; Jorge et al, 2014) trong do
c6 chung Bacillus subtilis. Ngoai viéc phan l1ap nhitng chung
vi khuén c6 tiém ning probiotic, thiméi truong 1én men ciing
quyét dinh dén hiéu suit thu hdi sinh khéi dan dén viée san
xuét probiotic ¢ hiu qua hon (Shahravy, 2012). Thanh
phan méi trudng 1én men ré tién s& giam chi phi san Xuét.
Ubc tinh chi phi cho 1 lit méi truong 1én men ré tién khoang
62.000 vnd/lit, thap hon 7 1an so v&i méi truong 1én men
thuong dung la MRS (khoang 430.000 vnd/lit sau khi quy
dbi ra vnd), gitp ha gia thanh san pham. Tir d6 da thiic day
su phat trlen cuia nganh cong nghiép cong nghé sinh hoc,no
luc cai tién moi trudng nudi cay, t6i da hoa nang suit nhim
dap ng duoc nhu cau cua thi truong va giam gia thanh san
pham Theo d6, buédce téi wu hda méi tredng nudi cay 1a khau
hét stic quan trong dang dugc quan tim nghién ciru. Phuong

phap téi wu hoa truyén thdng dua trén viée tdi wu timg nhan
td (one-factor-at-a-time) 1a don gian, d& thyc hién va nhirng
anh hudng ctia cac thanh phan dugc trinh bay trén d6 thi ma
khong can phai phan tich thong ké. Tuy nhién, két qua mo
hinh thuong xuyén that bai trong viéc xac dinh vi tri tai khu
vuc dap tng t6i wu vi nhirng tac dong chung cua cac yéu tb
trén bé mat dap Gmg khong thay dugc, diéu nay c6 y nghia
trong 1én men quy mo 1én. Hién nay, voi viéc su dung
phuong phap toan hoc quy hoach thyc nghiém, cho phép xac
dinh duoc diéu kién t6i wu cua da yeu t6 mot cach chinh xéac
va mirc d6 anh hudng cua cac yéu td dén qua trinh thu nhan
sinh khdi vi khuan trong cung mot thoi diém. Hon nita,
phuong phap nay con cho thay vai tro tac dong qua lai gitra
cac yéu td trong cting mot thoi _gian nudi cay voi sO 1an thi
nghiém it, danh gia duoc sai s0 trong mdi lan thuc nghiém
theo chc tiéu chuan thong ké, xem xet anh hudng cua cac yéu
t6 v6i muc do tin cdy can thiét, tiét kiém duoc thoi gian, chi
phi ma van dem lai hiéu qua mong muén. Do d6, nghién ciru
da su dung thiét ké Plackett-Burman 1a mét cach hiéu qua dé
sang loc cac thong sé chinh trong mot sé lugng 16n cac yéu
t6 cua qua trinh t6i wu (Plackett and Burman, 1946).

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
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2.1 Vit liéu

Chung vi khuén Bacillus subtillis LH1 (Trudng Pai hoc
Lac H(“)ng, Déng Nai) c¢6 kha nang chiu nhiét, chiu duoc diéu
kién kho han, chiu mén va tao bao ti (Poan Thi Tuyét Léva
cs, 2016).

2.2 N¢i dung nghién ciru

Khao sat don yéu t6 chon duge ngudn cacbon va nito thich
hop dua vao két qua OD610nm. Tiép theo két hop ngudn
cacbon va nito da dugc chon véi 4 ngudn khoang cb dinh dé
thuc hién sang loc cac yéu td anh hudng chinh béng Plackett-
Burman, 3 yéu t6 anh huéng chinh nay tiép tuc tham gia vao
thiét ké Box-Behnken dé xac dinh nong d¢ tbi wu. Tir d6 xéac
dinh thanh phdn mdi trudng 1én men tét nhét cho chung B.
subtilis LH1.

2.3 Phuong phap nghién ctru
2.3.1Khdo sdt don yéu té chon lpc nguén cacbon va nito

Khao sat 5 nguon cacbon va 5 ngudn nito trong thanh phan
mdi trudng 1én men chira cac ngudn khoang CaCl, 0.2(g/1),
K>HPO42(g/l), MgSO4 1(g/1). Khao sat 5 ngudn cacbon vai
nong do 10(g/l) gom: glucose, ri duong, lactose, tinh bot sin,
tinh bot bép,yéu t ¢b dinh gdm ngudn nito 1a pepton 10(g/1)
va cac nguén khoang ban dau; nudi & nhiét do 37 °C, pH 7.2,
sau 24 gid ghi nhan két qua OD tai budc séng 610nm. Khao
sat 5 ngudn nito véi nong do 10 (g/1)gdm: cao nidm men,
tryptone, ddu nanh, peptone, (NH,)>SO4; yéu t6 ¢b dinh gdm:
ngudn cacbon X (tir két qua khao sat ngudn cacbon) 10(g/l)
va cac ngudn khoang ban dau; nudi ¢ nhiét d6 37 °C, pH 7.2,
sau 24 gid ghi nhan két qua OD tai budc séng 610nm (Chen
P.T va cs, 2007; Tran Vil Dinh Nguyén, 2013; Tran Qudc
Tuén va cs, 2014).

2.3.28ang loc cdc yéu té anh hwéng chinh bang phwong
phap quy hoach thuc nghiém theo thiét ké Plackett-
Burman

Str dung thiét ké Plackett-Burman 1a mot cach hiéu qua dé
sang loc cac thong sé chinh trong mot s6 lwong 16n cac yéu
t6 cta qua trinh toi wu (Plackett and Burman, 1946). Ngudn
cacbon va ngudn nito di dugc sang loc trong thi nghiém
true duoc thém vao moi truong 1én men dé tdi wu hoa. Thiét
ké Plackett-Burman cho phép danh gia cac yéu t6 c6 murc
anh huong cao dén thu nhan sinh khéi, mdi yéu t& da dugc
kiém tra & hai cap do: mic thap (-1) va mic cao (+1). Cac
yéu td duge chon cho nghién ctu nay la cacbon X, nito Y,
MgSO04, KoHPO4,NaCl, CaCl, dugc liét ké trong Bang 1.

Bing 1. Cic bién trong ma tran Plackett-Burman

Mirc
Yéu td DPon vi Thép (-1) Cao (+1)
g/l - -
g/l - -
g/l 0.25 L5
g/l 1.25 3
g/l 25 7.5
g/l 0.05 0.4

Bing 2. Ma héa ky hiéu cdc yéu t6 sir dung
Ky hiéu

g/l X1
B W X2
g/l X3
Tir két qua ¢ Bang 1, chon va ma hoa 3 yéu td A, B va C
¢6 anh huong 16n nhat 1én sinh khdi ching B. subtilis LH1,
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ky hiéu 1an luot 1a X1, X2, X3 dua vao st dung trong thiét
ké Box-Behnken dé xac dinh ham luong t6i wu véi cac muc
khao sat thip (-1), co so (0), cao (+1) (Tran Qudc Tuén va
cs., 2014) nhu trinh bay & Bang 2.

2.3.3Téi wu héa bti,ng phwong phdp quy hoach thuc
nghiém theo thiét ké Box-Behken

Phuong phap quy hoach thuc nghiém la mét ky thuat mo
hinh thyc nghiém dugc st dung dé danh gia moi quan hé
giita mot tap hop ca cac yéu 6 thir nghiém kiém soat. Dua
trén két qua kiém tra bién, mé hinh kiém tra cac bién thir
nghiém can thiét cho hi¢u qua thu sinh khdi tdi wu bang cach
sir dung thiét ké Box-Behnken va phuong phap bé mit dap
tng (Nguyén Canh, 2004; Plackett and Burman, 1946).
Trong nghién ciru nay, xac dinh gia tri t6i wu cua ba yéu to
chinh tir két qua sang loc thu dugc va dugc nghién cuu ¢ 3
muc (-1, 0 va +1) nhu Bang 2, v6i 17 thi nghiém trong d6 co
5 thi nghiém & tam. Ham déap mg duoc chon 14 sinh khdi
chung Bacillus subtillis LH1 (OD 610nm), mo6 hinh héa dugc
biéu dién bang phwong trinh bac hai: Y = B + B1X; + B2X
+ B3X3 + BiXuXo + BisXiXs + B3 XoXs + BiiXiz + B Xon
+ B33X32. TI‘OIlg dé,B1, Bz, B3 la cac hé SO béC 1; B11, B22 va
B33 14 hé s6 bac 2; Bz, Bys va Bys 1a cac hé sb twong tac ciia
timg cap yéu t; X, Xo, Xs, Xi1, X2, X33, X12, Xo3 va Xy31a
céc bién doc lap..

2.4 Phuwong phap xir 1y s6 liéu

Tt ca cac thi nghiém duoc thyuc hién 3 1an lap lai dé tinh
gié tri trung binh, xr Iy théng ké bangphdm mém Excel 97-
2003, phin mém Design Expert® 7.0" Stat-Ease, Inc.,
Minneapolis, Hoa Ky.
3. KET QUA VA THAO LUAN

3.1 Anh hwéng ciia ngudn cacbon va nito 1én méi truong
thu sinh khoi ching Bacillus subtillis LH1
= Nguon cachon
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Hinh 1. Két qua khéo sat OD nguén cacbon chiing Bacillus
subtilis LH1

Trong cac ngudn cacbon khao sat nhu thé hién trong Hinh
1 nhan thiy, glucose c6 anh hudng 16n nhat dén higu qua thu
sinh khoi ching Bacillus subtillis LH1, dat gia tri OD=0.246.
Céc ngudn cacbon khac nhau nhu lactose, ri dudng, bot sén,
bot bip c6 déu co gia tri thap hon glucose. Tuy nhién véi
muc tiéu 1a xdy dyng méi truong 1én men ré tién hudng téi
quy md san xudt cong nghiép, dé tai da chu dong chon ngudn
cacbon la ri duong vi gia thanh ri duong (12.000 vnd/kg -
cong ty C6 phan Héa Phat Dong Nai) thap hon rat nhiéu so
v6i glucose (khoan 1,7 triéu vnd — cong ty Sigma-Aldrich),
ddng thoi thi nghiém trén gop phan chimg minh cho hiéu qua
ning sudt cua ri duong trong viéc thu sinh khéi ching
Bacillus subtillis LH1 rat kha quan néu so sanh voi cac
ngudn cacbon ré tién khac. Két qua nghién ctru nay phu hop




T6i wu héa thanh phan méi truong 1én men ré tién ching bacillus subtilis LHI bang phwong phap quy hoach thie nghiém phuc vu san xudt probiotic

v6i nghién ctru ctia Chen va cong sy (2007), Tran Vi Dinh
Nguyén (2013) ciing nhu Tran Qudc Tuan va cong su (2014).
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Hinh 2. Két qua khdo sat OD nguén nito chiing
Bacillus subtillis LH1

Tir két qua anh huong cac ngudn nito nhur Hinh 2 nhan thay
peptone ¢6 anh huong 16n nhat dén hiéu qua thu sinh khoi
chung Bacillus subtillis LH1, dat gia tri OD=0.228. Cac
nguén nito khéc c6 sy chénh l1éch vé mirc do anh huong nho,
va v6i muc dich wu tién chon nguén nguyén liéu ré tién va
chét lwong 6n dinh, dé tai wu tién chon (NH4),SO, dé tién
hanh cac bude tiép theo. Két qua nay phu hop véi két qua
nghién ctru cia S.D. Todorov, L.M.T. Dicks (2006) ciling
nhu két qua nghién ctru ctia Laxmi va cs (2011).

3.2 Két qua sang loc cac yéu t6 anh hwong bang Plackett-
Burman
Bdng 3. Mirc do anh hirong cua cac Yéu té 1én sinh khoi ching
B. subtilis LHI theo thiét ké Plackett-Burman
Mirc do 4nh
huéng

Thap Cao Anh Prob>F

-1) +1) hudéng
gl 1.25 10 1.0s*  0.3520
g/l 5 15 11.06*  0.0209
gl 025 1.5 1.54>  0.2692
g/l 1.25 3 2.85"  0.1523
g/l 25 75 233" 0.1871
g/l 0.05 0.4 0.13>  0.7376

“C6 do tin cdy anpha = 0.05; "Khéng cé ¥ nghia ¢ do tin cdy anpha = 0,05

Tir két qua & Bang 3 cho thiy 3 yéu t ¢6 anh huong 16n
nhat dén hi¢u suat thu sinh khoi chung B. subtilis LH1 la
(NH4)2S04, KoHPO4 va NaCl, cac yéu to nay dugc chon dua
vao Box-Behnken dé xac dinh ham lugng t6i uvu.

3.3 Toi wu hoéa gia tri cac yéu té znh hwong dén 1én men
thu sinh khoi chiing B. subtillis LH1

Céc thi nghiém 1én men thu nhan sinh khdi ching B.
subtillis LH1 dugc thyc hién trén ba yéu td & ba muc g6m 17
cong thirc trong d6 5 1an 1ap lai cua cac diém trung tim duoc
thé hién trong Bang 3 véi cac gia tri ham dap tng.

Tir két qua phan tich xac dinh mirc tdi wu cta cac yéu td
khao sat cho sinh khdi ¢ thi nghiém 6. Két qua phan tich
ANOVA theo pham mém Design Expert® 7.0" duoc trinh
bay trong Bang 5 cho thiy, mé hinh ¢6 ¥ nghia thong ké véi
do tin cay p < 0,05, hé s6 hdi quy R2 = 0.8611>0.75 ching
té mo hinh tuong thich véi thyce nghi¢m.

Bang 4. Két qua thuee nghiém va mé hinh theothiét ké Box-
Behnken chiing B. subtilis LHI
Cic bién OD 610nm

Thuc

X1 X2 X3 nghiém MO0 hinh
10 3 25 0.176 0.156
15 3 5 0.161 0.181
15 125 5 0.165 0.171
“ 5 125 5 0.114 0.143
5 213 75 0.084 0.141
“ 15 213 175 0.189 0.193
5 213 25 0.199 0.147
“ 10 125 25 0.179 0.150
“ 10 3 175 0.163 0.170
“ 15 213 25 0.139 0.159
“ 10 125 175 0.170 0.164
5 3 5 0.079 0.145
10 213 5 0.161 0.160
10 213 5 0.170 0.160
10 213 5 0.213 0.160
10 213 5 0.186 0.160
10 213 5 0.169 0.160

Bac Saiso Anhg F-Value Prob>F

tu do chuin

0.0002 1 00l 0.008 056 04792
0.007 1 001 0041 1582 0.0053
O 4x10° 1 0.01  -0.001 0.009 0.9259
Xy 0.005 1 001 -0035 1175 0.011
X»? 0.001 1 001 -0015 232 0.1714
X3? 0.0002 1 001 0.008 057 04766
0.003 7 0.094
Tong 0.022 16

R?=0.8611; C.V%=12.98 %; R2-diéu chinh = 0.6825;
R?-du doan = -0.0858

Tir két qua phan tich ANOV A nhan dugc phuong trinh hoi
quy nhu sau: Y = 0.16 + 0.016X; +0.003X, +0.007X3
+0.002X,X; +0.01X,X3 -0.0002X,X5 +0.0001X,2 + 9x10°
6X22 + 5X10'5X32,

Két qua tir Hinh 3 (A) cho ta thay gia trj OD ting cuc dai
khi gia tang lugng (NH4).SO4 va KoHPO4. Trong khi dé
Hinh 3 (B) va 3 (C) chi ra gia tri OD khong bi anh huong
nhiéu boi luong NaCl sir dung. Tir cac dit liéu trén va phuong
trinh hdi quy nhan dugc, théng s6 téi wru cho cac bién duoc
cac dinh ¢ Bang 4 nhu sau: (NH4)>SO4 15 g/1, NaCl 7.5 g/l
va KoHPO,4 2.13 g/l. Gia tri OD tdi da nhan duoc 12 0.189 &
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bugc song 610nm. Két qua trén phu hop v6i nghién ciru cua
Tran Qudc Tuan va cdng su (2014).
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Hinh 3. Mt ddp vmg sinh khoi theo hai yéu 16: (4). (NHy)2S04 (X1)
— K2HPO4 (X2) v6i NaCl 6 nong dé 7.5 g/l; (B). (NH4)2804 (X1) —
NaCl véi K2HPO4 6 néong dg 2.13 g/l; (C) K2HPO4 (X2) — NaCl véi
(NH1)28046 nong aé 15 g/l.

4. KET LUAN

Budc khao sat don yéu té d chon dugc ngudn cacbon 1a ri
duong va ngudn nito 14 (NH4);SO4. Sau d6 thong qua thict
ke Plackett-Burman chon ra dugc 3 yéu to ¢6 anh hudng 16n
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nhét 1a (NH4)2SO04, K;HPO4 va NaCl. Thiét ké Box-Behken
c6 y nghia voi p-value < 0.05 & mirc do tin cdy 95%. Gia tri
sinh khéi OD t6i da dat duogc 13 0.189, phuong trinh hdi quy
Y = 0.16 + 0.016X; +0.003X, +0.007X3 +0.002X;X>
+0.01X;X5 -0.0002X,X3 +0.0001X,% + 9x10°X,2 + 5x10-
X352 voi Y 1a sinh khéi ching Bacillus subtilis LH1. Thanh
phin moéi truong téi wu 1én men chung Bacillus subtilis
LH1v6i ri duong 10 g/l, (NH4):SO4 15 g/, ngudn khoang:
NaCl 7.5 g/l, K;HPO42.13 g/l, CaCl, 0.2 g/, MgSO4 1g/1.

5. CAM ON

Chung t6i xin chan thanh cam on Ban Giam Hi¢u Truong
Pai hoc Lac Héng, Lanh dao Khoa va quy théy c6 Khoa K¥
Thuat Hoéa Hoc va Méi truong Truong Pai hoc Lac Héng,
Trung tam Nghién ctru Hhoa hoc va Ung dung Trudng Pai
hoc Lac Héng, Lién Hiép cac Hoi Khoa hoc K§¥ thuat tinh
Ddng Nai d3 tao diéu kién cho chung t6i hoan thanh nghién
clru.
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