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Tap chi phan tich Héa, Ly va Sinh hoc - Tdp 26, S6 1/2021

TOI UU HOA THANH PHAN MOI TRUONG TRONG QUA TRINH LEN MEN
CHUNG VI KHUAN BACILLUS SUBTILIS GB03, TAC NHAN SINH HQC
TRONG THUOC TRU NAM HAI CAY TRONG

Pén tda soan 01-09-2020

Pham Trung Hiéu, Pinh Thi Hién, Lé Ping Quang
Trung tam Phét trién cong nghé cao, Vién Han 1am Khoa hoc va Cong nghé Viét Nam
Tran Pai LAm
Viégn Ky thudt Nhiér doi, Vien Han 1am Khoa hoc va Céng nghé Viét Nam
Lé Thé Tam
Truong Dai hoc Vinh
Vii Thi Thoa
Trung tam Nghién cizu Trién khai cac Hogt chat Sinh hoc, Vién Héa hoc Cong nghiép Viét Nam
Nguyén Thi Phwong Thao, Nguyén Thi Thay
Vién Sinh hoc Nhiét déi
Ho6 Ta Cwong
Vién Cong nghé Moi truwong, Vién Han lam Khoa hoc va Cong nghé Viét Nam
Vii Dinh Hoang
Truong Dai hoc Bach Khoa Ha Ngi

SUMMARY

OPTIMIZATION OF FERMENTATION MEDIUM FOR BACILLUS SUBTILIS GBO03,
A BIOAGENT OF FUNGICIDE

Plackett-Burman matrix and response surface methodology — Box-Behnken were used to optimize the
fermentation medium of Bacillus subtilis GB03. Based on the analysis of the Plackett-Burman matrix,
the result indicated that yeast extract, molasses, and ammonium sulfate were three main impact factors,
which affected the yield of B. subtilis GB03. Then, the optimum combination of the three factors was
investigated by the Box—Behnken design of response surface methodology (RSM) to increase the spores
of B. subtilis GB03. The maximum spores yield of 8,761x10° spore/ml was predicted when the
concentrations of that yeast extract, molasses, and ammonium sulfate were 14,32 g/I, 18,92 g/l, and
0,19 g/, respectively. The results of preliminary test in vitro on two fungal including Sclerotium rolfsii
and Rhizoctonia solani showed that B. subtilis GBO3 had a good inhibition on the growth of these
fungal.

Keywords: fermentation, Bacillus subtilis GB03, Plackett-Burman, RSM - Box Behnken, Design Expert®

1. MO PAU tryc khuan rom vi chung duoc tim thiy cha
Bacillus subtilis hay con duoc goi "loi khudn yéu trong co, rom va ca dit, thong thuong dat
suptilit" 1a mot chung vi khuan hinh que, gram trong trot c6 khoang 10°— 107 triéu CFU/g.
duong va hiéu khi khong bat buoc [1, 2]. B. Tuy nhién, nhiéu nghién ciru ciing da chi ra
subtilis con dugc goi la truc khuan co hozc rang chung phat trién nhiéu trong duong tiéu
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1. MO PAU truc khuan rom vi ching dugc tim thay chu

Bacillus subtilis hay con dugc goi "loi khuan yéu trong co, rom va ca dat, théng thuong dat

suptilit" 12 mot chung vi khuan hinh que, gram trdng trot c6 khoang 10°— 107 triéu CFU/g.

duong va hiéu khi khéng bat buoc [1, 2]. B. Tuy nhién, nhiéu nghién ciu ciing da chi ra

subtilis con dugc goi la tryc khuan co hoic rang ching phat trién nhiéu trong duong tiéu
6



hoa ctia ngudi va nhiéu loai gia stc khéc nhau,
nhét 1a cac loai déng vat nhai lai [3].Vi khuan
nay c6 kha ning sinh bao tir nham chdng chiju
cac diéu kién nhiét d6 khic nghiét va nhing
thay ddi bat lgi cia méi truong sdng.

B. subtilis 1a vi khuan c6 loi va nhiéu tiém
nang san xuit cac san phim thuong mai tng
dung trong y hoc, trong néng nghiép va trong
cong nghiép thuc pham. B. subtilis di duoc sir
dung cho cac nghién cau di truyén va sinh héa
trong vai thap ky, mot so nghién ciru di chi ra
vi khuan c6 mot sé hoat tinh dang chi ¥ nhu
hoat tinh catalase, sir dung citrate, khur nitrate,
phan giai tinh bot, v.v. [4]. Tuy nhién, Gng
dung dang quan tAm nhat |4 tiém ning san xuat
thuc khang sinh cua B. subtilis, diéu nay da
dugc cong nhan qua rat nhiéu nghién cau trong
50 nam tré lai day. Mot sé khang sinh do B.
subtilis tong hop c6 thé ké dén nhu: subtilin,
subtilosin, tasA, surfactinm bacilysocin, v.v
[5]. Ngoai ra, B. subtilis con c6 hoat tinh khang
mot sb loai vi sinh vat va nim gay bénh khac
[6, 71.

Trong nghién ciru nay, ching t6i di tién hanh
khao sat cac thanh phan méi trudng cua qué
trinh 16n men tao bao t& vi khuin B. subtilis
GBO03 nham tbi vu héa qué trinh bing ma tran
Plankett-Burman dé sang loc cac yéu té chinh
anh huong. Sau d6, tim ra cac théng sd toi wu
cua cac yéu té chinh bing phwong phap dap
tng bé mat (RSM) sir dung thiét ké Box-
Behnken nhim thu dwoc mat do bao tir vi
khuan B. subtilis GBO3 1a 16n nhét trong qué
trinh len men vi khuan. Pdng thoi, ching toi
tién hanh thir nghiém dinh tinh hoat tinh khang
nam cua vi khuan B. subtilis GBO03.

2. THUC NGHIEM

2.1. Chiing vi sinh vat va méi treong nudi
cly

Chung vi khuan Bacillus subtilis GB03 duoc
str dung trong nghién caru da duoc tach ra tir ré
cay trong trén nén dit sach va khong nhiém
hoa chat. Chang vi khuan di duoc nghién cau
va phat trién thanh san pham & dang sinh khoi
khd tai Han Quédc do TS. Chang Ho Chung

thuoc Vién Vit liéu Sinh hoc Jeonju, Han
Quéc.

2.2. Nudi cdy va xac dinh mat d bao tir vi
khuén

T moéi trudng nhan gidng dich thé ban dau,
pha lodng dich thé dén khi nong d¢6 OD = 0,5;
tiép giéng dich thé vao cac méi truong khao
sat voi ty 1é tiép gibng 10%, pH dat 6,5-7 va
nudi trén may lic 200 vong/phdt & 37°C trong
24h. Sau 24h tién hanh thu canh truong nudi
cy, tao bao tir vi khuan bang phuong phap sdc
nhiét, cu thé 13, lay canh truong nudi cay dun &
80°C trong 20 phdt. Mat do bao tir vi khuan
dugc xac dinh théng qua phuong phap dém
khuan lac trén dia thach. Mau dugc pha lodng
va cdy 100 pL trén dia thach, s6 luong té bao
c6 trong mau theo cong thac: bao tu/ml = C x
10™1 v6i C: sb khudn lac trung binh dém duoc
trén 2 dia peptri & nong do da chon (c6 sb
khuan lac nam trong khoang tir 25-250 khuan
lac/dia); n: h¢ s6 pha loang twong wng.

2.3. T6i wu héa diéu kién 1én men

2.3.1. Chgn lgc cac yéu té cé y nghia bang
thiét ké Plackett-Burman

Thi nghiém dugc thiét ké theo ma tran
Plackett-Burman véi 07 yéu t6 trong 12 thi
nghiém (Bang 1) cho phép danh gia mac anh
huong cia cac yéu to dén qua trinh 1én men,
mbi yéu t6 dugc kiém tra ¢ hai cip do: muc
thip (-1) va muc cao (+1) [8]. Tur két qua
nghién cuu truéc c6 lién quan, méi trudong
dugc chon ¢6 thanh phan gdbm: 15 g/l ri duong;
15 ¢/l glucose; 10g/l yeast extract; 0,4 g/l
MgSOs7H:0; 5 gl K,HPOs; 0,03
ZnS04.7H20; 0,175 ¢/l ammonium sunfat.
Chang tdi chon cac yéu té sir dung trong
nghién ctu nay 1a: Ri duong, glucose, magie
sunfat (MgS04.7H20), kali hydrophotphat
(K2HPO.), nitrogen (yeast extract), kém sufat
(ZnS04.7H20) va amoni sunfat ((NH4)2SO.)
dugc liét k& trong bang 2. Chuong trinh
"Design Expert® 10.0.8" (Stat-Ease Inc.,
Minneapolis, Hoa Ky) duoc sir dung dé xir 1y,
phan tich trong nghién ciru nay.

héa ctia ngudi va nhiéu loai gia stc khéc nhau,
nhét 1a cac loai dong vat nhai lai [3].Vi khuan
nay c6 kha ning sinh bao tir nham chdng chiu
cac diéu kién nhiét do khic nghiét va nhiing
thay di bt lgi cia méi truong sdng.

B. subtilis 12 vi khuan cé loi va nhiéu tiém
ning san xuit cac san phim thwong mai ng
dung trong y hoc, trong néng nghiép va trong
cdng nghiép thuc pham. B. subtilis da duoc st
dung cho cac nghién ciu di truyén va sinh hoa
trong vai thap ky, mot s6 nghién ciru da chi ra
vi khuan c6 mot s6 hoat tinh dang chii y nhu
hoat tinh catalase, st dung citrate, kht nitrate,
phéan giai tinh bot, v.v. [4]. Tuy nhién, tng
dung dang quan tAm nhat |4 tiém niang san xuit
thubc khang sinh cua B. subtilis, didu nay da
duoc cdng nhan qua rat nhiéu nghién ciru trong
50 nam tré lai day. Mot s6 khang sinh do B.
subtilis tdng hop c6 thé ké dén nhu: subtilin,
subtilosin, tasA, surfactinm bacilysocin, v.v
[5]. Ngoai ra, B. subtilis con c6 hoat tinh khang
mot sb lodi vi sinh vat va nim gay bénh khéc
6, 7].

Trong nghién ciru nay, ching t6i da tién hanh
khao sat cac thanh phin méi trudng cua qué
trinh 16n men tao bao tir vi khuin B. subtilis
GBO03 nham tbi wu héa qué trinh bing ma tran
Plankett-Burman dé sang loc céc yéu té chinh
anh huong. Sau d6, tim ra cac théng sé tdi wu
cua céc yéu té chinh bing phuong phap dap
tng bé mat (RSM) s dung thiét ké Box-
Behnken nhim thu dwgc mat do bao tur vi
khuan B. subtilis GBO3 la 16n nhét trong qué
trinh len men vi khuan. Pong thoi, ching toi
tién hanh thir nghiém dinh tinh hoat tinh khang
nam cua vi khuan B. subtilis GBO03.

2. THUC NGHIEM

2.1. Ching vi sinh vt va méi trweong nudi
cly

Ching vi khuan Bacillus subtilis GB03 dugc
str dung trong nghién ciru da duoc tach ra tir ré
cay tréng trén nén dit sach va khong nhiém
héa chit. Chung vi khuan di duoc nghién ciu
va phat trién thanh san pham ¢ dang sinh khoi
kho tai Han Quéc do TS. Chang Ho Chung

thuéc Vién Vat liéu Sinh hoc Jeonju, Han
Quéc.

2.2. Nudi cdy va xac dinh mat d bao tir vi
khuin

T méi trudng nhan gidng dich thé ban dau,
pha lodng dich thé dén khi nong ¢6 OD = 0,5;
tiép gidng dich thé vao cac méi truong khao
sat vai ty 16 tiép gibng 10%, pH dat 6,5-7 va
nudi trén may lic 200 vong/phit & 37°C trong
24h. Sau 24h tién hanh thu canh truong nudi
cay, tao bao tir vi khuan bang phuwong phap séc
nhiét, cu thé 13, 1y canh truong nudi cay dun &
80°C trong 20 phdt. Mat do bao tir vi khuan
dugc xac dinh théng qua phuong phap dém
khuan lac trén dia thach. Mau duoc pha lodng
va cdy 100 pL trén dia thach, s6 luong té bao
c6 trong mau theo cong thuc: bao ta/ml = C x
10™! v6i C: sb khuan lac trung binh dém duoc
trén 2 dia peptri & nong do da chon (c6 sb
khuan lac nam trong khoang tir 25-250 khuan
lac/dia); n: h¢ s6 pha lodng twong wng.

2.3. T6i wu héa diéu kién 1én men

2.3.1. Chgn lgc cac yéu té cé y nghia bang
thiét ké Plackett-Burman

Thi nghiém duoc thiét ké theo ma tran
Plackett-Burman véi 07 yéu t6 trong 12 thi
nghiém (Bang 1) cho phép danh gia mac anh
huong cua cac yéu to dén qué trinh 1én men,
mdi yéu t6 duoc kiém tra ¢ hai cap do: muc
thip (-1) va mic cao (+1) [8]. Tur két qua
nghién curu trugc cO lién quan, méi trudong
duogc chon c¢6 thanh phan gdm: 15 g/l ri dudng;
15 g/l glucose; 10g/l yeast extract; 0,4 g/l
MgSO.7H.0; 5 g/l K,HPOs; 0,03
ZnS04.7H,0; 0,175 g/l ammonium sunfat.
Chang tdi chon cac yéu té sir dung trong
nghién cau nay la: Ri duong, glucose, magie
sunfat (MgS04.7H20), kali hydrophotphat
(K2HPO.), nitrogen (yeast extract), kém sufat
(ZnS04.7H,0) va amoni sunfat ((NH4)2SOa4)
duoc liet k& trong bang 2. Chuong trinh
"Design Expert® 10.0.8" (Stat-Ease Inc.,
Minneapolis, Hoa Ky) duoc sir dung dé xi 1y,
phan tich trong nghién ciru nay.



Bang 1. Ma trdn thiét ké thi nghi¢m Plackett-Burman

Bang 1. Ma trdn thiét ké thi nghiém Plackett-Burman

Mat d¢ bao tir vi khuan (10°

Mat d bao tir vi khuan (10°

Th' Cacbien bao tir/ml)

nghiém - . —
’ 1 Xz Xs Xa Xs Xs Xz Thuc nghiém M6 hinh

1 -1 1 1 -1 1 1 1 57 577
2 -1 -1 -1 -1 -1 -1 -1 1,3 1,72
3 -1 1 1 1 -1 -1 -1 1,3 0,27
4 -1 -1 -1 -1 1 1 3,7 3,73
5 1 -1 1 1 -1 -1 5,8 6,8
6 -1 -1 1 -1 1 -1 4,3 4,23
7 1 1 -1 -1 -1 -1 58 6,03
8 -1 1 1 -1 1 6,5 6,47
9 -1 1 -1 1 -1 1 47 5,28
10 1 1 1 -1 -1 -1 1 56 5,98
11 1 -1 -1 -1 1 -1 1 10,5 9,47
12 1 1 -1 1 1 1 -1 8,3 8,07

Tr_n Céc bien bao tir/ml)

nghiém _ - ——
) X1 X2 X3 X4 Xs Xe X7 Thyc nghiém M6 hinh

1 -1 1 1 -1 1 1 1 57 5,77
2 -1 -1 -1 -1 -1 -1 -1 13 1,72
3 -1 1 1 1 -1 -1 -1 1,3 0,27
4 -1 -1 -1 -1 1 1 3,7 3,73
5 1 -1 1 1 -1 -1 5,8 6,8
6 -1 -1 1 -1 1 -1 4,3 4,23
7 1 1 -1 -1 -1 1 -1 5,8 6,03
8 -1 1 1 -1 1 1 6,5 6,47
9 -1 1 -1 1 -1 1 4,7 5,28
10 1 1 1 -1 -1 -1 1 5,6 5,98
11 1 -1 -1 -1 1 -1 1 10,5 9,47
12 1 1 -1 1 1 1 -1 8,3 8,07

*Xa: ri duong; Xz Glucose; Xa: MgS04.7H20; Xa: KoHPO4; Xs: Yeast extract; Xe: ZnSO04.7H20; X7:

Amoni sunfat

Bang 2. CAc bién trong ma trdn Plackett-Burman va dnk hurong cia ching

*X1: ri duong; Xa: Glucose; Xs: MgS04.7H20; Xa: KoHPO4; Xs: Yeast extract; Xe: ZnS04.7H20; Xy

Amoni sunfat

Bang 2. CAc bién trong ma trdn Plackett-Burman va danh hurong cua ching

Miic Mirc d§ anh hwéng
Yeéu to Ponvi Kihiéu Thép (-1) Cao (+1) Al:lh Prob > P
hudéng

Ri duong g/l X1 10 20 45,542 0,0025
Glucose g/l Xz 10 20 0,048° 0,8368
MgS04.7H,0 g/l Xs 0,3 0,5 2,56° 0,1847
K2HPO4 g/l X 4 6 0,83° 0,4142
Yeast extract g/l Xs 5 15 22,462 0,0090
ZnS04.7H,0 g/l Xs 0,01 0,05 2,56° 0,1847
Amoni sunfat g/l X7 0,1 0,25 9,662 0,0360

Miic Mirc d§ anh huéng
Yéu to Ponvi Kihiéu Thip (1) Cao (+1) Al;lh Prob > P
hwdng

Ri duong g/l X1 10 20 45,542 0,0025
Glucose g/l X2 10 20 0,048° 0,8368
MgS04.7H,0 g/l X3 0,3 0,5 2,56° 0,1847
K2HPO4 g/l X4 4 6 0,83° 0,4142
Yeast extract o/l Xs 5 15 22,462 0,0090
ZnS04.7H0 g/l Xs 0,01 0,05 2,56° 0,1847
Amoni sunfat o/l X7 0,1 0,25 9,66° 0,0360

3C6 nghia d tin cay a=0,05; "Khong c6 ¥ nghia & do tin cay 0=0,05

2.3.2. Téi wu héa bang phwong phdp ddp vng
bé mdt véi md hinh Box-Behnken

Trong nghién ctru nay, sau khi xac dinh dugc
ba yéu té chinh tir két qua sang loc Plackett-
Burman. Ba yéu t6 trén s& duoc xac dinh gia tri
t6i wu va dwoc nghién ctu bang thiét ké Box-
Behnken ¢ 3 muc (-1, 0 va +1) (bang 3) vai 15
thi nghiém, trong d6 c6 3 thi nghiém trung tam
(bang 4).

Ham dép tmg duoc chon la sé lugng bao tu (Y,
Bao ti/ml dich nudi cdy). M6 hinh hoa duoc
biéu dién bang phuong trinh bac hai: Y = Bo +
BixX1 + BoxXy + B3xXsz + BpxXixXo, +

B1axX1xX3 + BasxXox Xz + B1ixX12 + BooxX?
+ BasxXs2. Trong d6 By la hé sb hdi quy bac 0.
B1, B> va B3 1 cac hé s6 bac 1; Bui, By, va Bas
la hé 56 bé.C 2; Blz, Bos va Bis la cac hé Sé
tuong tac cua ting cap yéu té; Xu, Xz, Xa; Xu1,
Xa2, Xa3, X12, X2z va X3 la cac blén doc Iép
S6 liéu dwoc phan tich bang chuong trinh
"Design Expert® 10.0.8"(Stat-Ease Inc.,
Minneapolis, Hoa Ky). Thong qua két qua
phan tich xac dinh dugc muc t6i uu cua cac
yéu t6 khao sét anh huong dén qué trinh 1én
men, s6 luong bao tir cua vi khuan B. subtilis
GBO03.

3C6 nghia d tin cay a=0,05; PKhong c6 ¥ nghia & d6 tin cdy 0=0,05

2.3.2. Téi wu héa bang phwong phdp ddp ing
bé mat véi md hinh Box-Behnken

Trong nghién ctru nay, sau khi xac dinh dugc
ba yéu té chinh tir két qua sang loc Plackett-
Burman. Ba yéu t6 trén s& duoc xac dinh gia tri
t6i wu va dugc nghién ciru bang thiét ké Box-
Behnken ¢ 3 muc (-1, 0 va +1) (bang 3) voi 15
thi nghiém, trong d6 c6 3 thi nghiém trung tam
(bang 4).

Ham dép tmg dwoc chon 1a s lugng bao tir (Y,
Bao ta/ml dich nudi cdy). M6 hinh héa dugc
biéu dién bang phuong trinh bac hai: Y = Bo +
BixX: + BoxXz; + B3xXsz + BpxXixXy +

B13xX1xX3 + BasxXoxXs + B1ixX1?2 + Boox X252
+ BasxXs2. Trong d6 By la hé s6 hoi quy bac 0.
B1, B> va Bs 1a cac hé s6 bac 1; Bui, B va By
1a hé Sé bélC 2; Blz, Bos va Bis la cac hé Sé
tuong tac cua ting cap yéu té; Xu, Xz, Xa; Xu,
Xa2, Xaz, X12, X23 va Xz la cac blén doc Iép
S6 ligu duwoc phan tich bang chuong trinh
"Design Expert® 10.0.8"(Stat-Ease Inc.,
Minneapolis, Hoa Ky). Thong qua két qua
phan tich xac dinh dugc muc t6i wu cua cac
yéu té khao sat anh huong dén qué trinh 1én
men, sé luong bao tir cua vi khuan B. subtilis
GBO03.



Bdng 3. Nong d ba yéu to si dung trong Box-Behnken

Mhirc

oz Ki
Yeuto Ponvi .
higu -1 0 +1

Yeast g/l X1 5 10 15
extract

Riduong g/l X2 10 15 20
Amoni g/l Xs 01 0,175 0,25
sunfat

Bang 4. Ké hoach thuc nghiém theo md hinh
Box-Behnken dé toi iru hda qud trinh 1én men

Mat do bao tir vi

CA4c bién khuan (10° bao
TN tie/ml)

Thuc Mé
X X X nghiém hinh
1 -1 -1 0 57 5,612
2 +1 -1 0 7,3 7,412
3 -1 +1 0 7,9 7,787
4 +1 +1 0 8,6 8,687
5 -1 0o -1 57 5,787
6 +1 0 -1 7,9 7,787
7 -1 0 +1 7,6 7,712
8 +1 0 +1 8,5 8,412

9

-1 -1 5,5 5,500

0
10 0 +1 -1 7,6 7,625
11 0 -1 +1 7,2 7,175
12 0 +1  +1 8,5 8,500
13 0 0 0 8,1 8,133
14 0 0 0 8,2 8,133
15 0 0 0 8,1 8,133

2.3.3. Pinh tinh hogt tinh khang ndm ciia vi
khudn B. subtilis GB03

Hoat tinh khdng nam cua vi khuan B. subtilis
GBO03 dugc thir trén cac dia thach petri véi moi
truong PDA. Thanh phan moéi truong gom:
khoai tay 250 g; duong glucose 15 g; agar 15 g
& diéu kién pH: 6.8-7.0. Mai truong truéc khi
st dung duoc hap tiét tring tai nhiét do 121°C
va ap suit 1 atm. Que ciy duoc nhing vao dich
I&én men vi khuan B. subtilis GBO03 thu duoc tai
diéu kién téi wu, sau do cdy vi khuan lén bé
mat moéi truong PDA theo cac duong thing
hodc 6 dé quan sat kha ning trc ché hai nim la
Sclerotium rolfsii (gay bénh héo rii géc mdc
tring) va Rhizoctonia solani (gay bénh kho
van). Nhan thach chtra ndm gidng duoc dit vao

bén diém cach déu nhau trong dia petri. C4c
dia petri da dugc cdy gidng dwoc nudi u o nhiét
25°C. Pbinh tinh hoat tinh khang nim cua vi
khuan dya trén duong kinh tan nim cua mau
thi nghiém so voi mau ddi chiing am 1a moi
truong PDA khéng chaa vi khuan B. subtilis
GBO03. Quan st va chup anh su phét trién cua
duong kinh tan ndm sau 1 ngay va 2 ngay.

3. KET QUA VA THAO LUAN

3.1. Sang loc cac yéu té chinh anh hwéng
dén san lwong vi khuén B. subtilis GB03
Tién hanh thi nghiém theo thiét ké ma tran
Plackett-Burman véi bay yéu té dugc chon dé
danh gia bao gdm: ri dwong, glucose, magie
sunfat (M@gS0..7H,0), kali hydrophotphat
(K2HPO4), nitrogen (yeast extract), k&m sufat
(ZnS04.7H20) va amoni sunfat ((NH4)2SO,)
v6i hai mac thip (-1) va cao (+1). Ma tran
Plackett-Burman thu dwoc mat do bao tur vi
khuin GBO3 tir 0,27 — 9,47 (10° bao tu/ml)
(Bang 1). Gia tri anh huong cua ting yéu t6 1én
san lugng vi khuan GB03 dugc xir ly bang
phan mém Design Expert® 10.0.8 (Bang 2).
Yéu t6 nao c6 gia tri anh huong duong va 16n
s& anh huong toi mat do bao tir vi khuan B.
subtilis GB03. Két qua thu dugc tir Bang 2 cho
thdy ca bay yéu tb sang loc déu c6 anh huong
duong (+) toi su phét trién mat do bao tir cua
vi khuan. Tuy nhién, chi ba yéu té ri duong,
yeast extract va amoni sunfat c6 muc y nghia
0=0,05 (p-value < 0,05), ddng thoi ciing c6 co
gié tri anh huong 1on nhat. Do d6 trong nghién
ciru ndy, chang téi chon ri duong, yeast extract
va amoni sunfat cho thiét ké thi nghiém theo
phuong phap dap tng bé mat véi mo hinh
Box-Behnken. Trong mot sé nghién cau tdi wu
hoéa moi trwong 1én men vi khuan B. subtilis
truge day, Zhang Shiwei va cong su (2006) da
chon 3 yéu té dich chiét tir ngd (corn steep
liqguor-CSL), bot ngd va amoni clorua [9];
Zhang Li-xia va cong su (2006) chon bot ngé,
bt dau va CaCO3[10].

3.2. Thuc nghiém tdi wu héa gia tri cia cac
yéu t6 anh hwéng dén sy phat trién bao tir vi
khuén B. subtilis GB03

Sau khi sang loc dwoc cac yéu t6 chinh anh
huong la ri duong, yeast extract va amoni
sunfat. Ching tdi tién hanh quy hoach hoa thuc
nghiém theo phuong phap bé tri ma tran cua

Bdng 3. Nong dé ba yéu to si dung trong Box-Behnken

Miurc

_ Ki
Yeuto Ponvi .
higu -1 0 +1

Yeast g/l X1 5 10 15
extract

Ri duong g/l X 10 15 20
Amoni g/l Xs 01 0175 0,25
sunfat

Bang 4. Ké hoach thuc nghiém theo md hinh
Box-Behnken dé téi iru hda qué trinh 1én men

Mat do bao tir vi

CAc bién khuan (10° bao
™ tir/ml)

Thuc M
X X X nghiém hinh
1 -1 -1 0 57 5,612
2 +1 -1 0 7,3 7,412
3 -1 +1 0 7,9 7,787
4 +1 +1 0 8,6 8,687
5 -1 0 -1 57 5,787
6 +1 0 -1 79 7,787
7 -1 0 +1 7,6 7,712
8 +1 0 +1 8,5 8,412
9 0 -1 -1 55 5,500
10 0 +1 -1 7,6 7,625
11 0 -1 +1 7,2 7,175
12 0 +1  +1 8,5 8,500
13 0 0 0 8,1 8,133
14 0 0 0 8,2 8,133
15 0 0 0 8,1 8,133

2.3.3. Dinh tinh hogt tinh khang ndm ciia vi
khudn B. subtilis GB03

Hoat tinh khang ndm cua vi khuan B. subtilis
GBO03 duoc thir trén cac dia thach petri véi moi
truong PDA. Thanh phan méi truong gom:
khoai tay 250 g; duong glucose 15 g; agar 15 g
& diéu kien pH: 6.8-7.0. Moéi trudng trudc Khi
sir dung dwoc hép tiét trung tai nhiét do 121°C
va ap suat 1 atm. Que cdy dugc nhing vao dich
Ién men vi khuan B. subtilis GBO03 thu duoc tai
didu kién téi wu, sau d6 cdy vi khuan Ién bé
mit mdi truong PDA theo cic dwdng thing
hodc 6 dé quan sat kha ning trc ché hai nim la
Sclerotium rolfsii (gay bénh héo rii géc mdc
tring) va Rhizoctonia solani (gay bénh khd
van). Nhan thach chtra ndm gidng dugc dat vao

bén diém cach déu nhau trong dia petri. Céc
dia petri da dugc cdy gidng dwoc nudi u o nhiét
25°C. Pinh tinh hoat tinh khang nam cua vi
khuan dya trén duong kinh tan nim cua mau
thi nghiém so voi mau ddi chirng &m 1a moi
truong PDA khéng chaa vi khuan B. subtilis
GBO03. Quan st va chup anh su phat trién cua
duong kinh tan ndm sau 1 ngay va 2 ngay.

3. KET QUA VA THAO LUAN

3.1. Sang loc cac yéu té chinh anh hwéng
dén san lwong vi khuén B. subtilis GB03
Tién hanh thi nghiém theo thiét ké ma tran
Plackett-Burman véi bay yéu té dugc chon dé
danh gia bao gdbm: ri dwong, glucose, magie
sunfat (MgS0..7H,0), kali hydrophotphat
(K2HPO,), nitrogen (yeast extract), k&m sufat
(ZnS04.7H20) va amoni sunfat ((NH4)2SOa4)
v6i hai mac thip (-1) va cao (+1). Ma tran
Plackett-Burman thu duoc mat dé6 bao tu vi
khuin GBO3 tir 0,27 — 9,47 (10° bao tu/ml)
(Bang 1). Gia tri anh huong cua tirng yéu t6 1én
san lugng vi khuan GB03 duoc xir Iy bang
phan mém Design Expert® 10.0.8 (Bang 2).
Yéu té ndo cé gia tri anh huong duong va 16n
s& anh huong toi mat do bao tir vi khuan B.
subtilis GB03. Két qua thu dugc tir Bang 2 cho
thdy ca bay yéu t6 sang loc déu c6 anh huong
duong (+) toi sy phét trién mat do bao tir cua
vi khuan. Tuy nhién, chi ba yéu té ri duong,
yeast extract va amoni sunfat c6 muc y nghia
0=0,05 (p-value < 0,05), dong thoi ciing c6 co
gié tri anh huong 1on nhat. Do d6 trong nghién
ctu nay, chung téi chon ri duong, yeast extract
va amoni sunfat cho thiét ké thi nghiém theo
phuong phap dép ung bé mit véi mod hinh
Box-Behnken. Trong mot s6 nghién cau tdi wu
hoéa moi truong 1én men vi khuan B. subtilis
trude day, Zhang Shiwei va cong su (2006) da
chon 3 yéu té dich chiét tir ngd (corn steep
liquor-CSL), bot ngd va amoni clorua [9];
Zhang Li-xia va cong su (2006) chon bot ng6,
bot dau va CaCOs [10].

3.2. Thuc nghié¢m t6i wu héa gia tri cha cac
yéu t6 anh hwéng dén sw phat trién bao tir vi
khuin B. subtilis GB03

Sau khi sang loc duoc céc yéu t chinh anh
huong la ri duong, yeast extract va amoni
sunfat. Chdng tdi tién hanh quy hoach héa thuc
nghiém theo phuong phap bd tri ma tran cua



quy hoach thuc nghiém ké hoach bac hai truc
giao Box-Behnken véi mién khao sét ba yéu
td: yeast extract (X1), ri duong (Xz) va amoni
sunfat (X3) nhim xem xét anh huéng cua ba
nhan t6 nay Ién sy phat trién cua vi khuan,
ddng thoi xac dinh gia tri tdi wu nhit cua ba
yéu t6 trén cho qué trinh 1én men. Trong thiét
ké Box-Behnken mdi yéu t s& dwoc danh gia
& ba mic twong ung la -1; 0 va +1. Céc thi
nghiém len mén thu nhan vi khuan duoc thuc
hién trén ba yéu t6 gom 15 cong thirc, trong d6
3 1an lap lai cua cac diém trung tim duoc thé
hién trong bang 4 véi céc gia tri ham dap ung.
Két qua phan tich ANOVA (Bang 5) cho thay

mo hinh c6 gia tri F = 95,20 c¢6 y nghia thong
ké (P < 0,0001) va Lack of fit = 8,25 khéng cé
¥ nghia théng ké (P=0,11 > 0,05), khang dinh
su twong thich ciia md hinh vai diéu kién tién
hanh khao sat thi nghiém. Hé sé hdi quy
R2=0,9942 > 0,75 khing dinh trén 99% cac
bién s6 duoc phan anh boi mé hinh bé mat dap
ung miéu ta qua trinh I1én men tao bao tir vi
khuan, diéu nay chirng t6 mé hinh twong thich
thuc nghiém. Hon nira, gid tri R? du doan =
0,9131 pht hop véi R? diéu chinh = 0,9838 (d6
léch 0,0707 < 0,2), ty I¢ tin hiéu so véi nhiéu la
40,69 > 4 thé hién tin hiéu day du.

Bang 5. Két qua phan tich ANOVA t6i wu héa qud trinh 1én men cdc yéu to

quy hoach thuc nghiém ké hoach béc hai truc
giao Box-Behnken véi mién khao sét ba yéu
td: yeast extract (X1), ri dudng (Xz) va amoni
sunfat (X3) nhim xem xét anh huéng cua ba
nhan t5 nay Ién sy phat trién cua vi khuén,
ddng thoi xac dinh gia tri tbi wu nhit cua ba
yéu 6 trén cho qué trinh 1én men. Trong thiét
ké Box-Behnken mdi yéu t6 s& duoc danh gia
& ba muc tuong tng la -1; 0 va +1. Céc thi
nghiém len mén thu nhan vi khuan duoc thuc
hién trén ba yéu t6 gom 15 cong thirc, trong d6
3 lan lap lai coa cac diém trung tam dwoc thé
hién trong bang 4 vai cac gia tri ham dap ung.
Két qua phan tich ANOVA (Bang 5) cho thay

mo hinh c6 gia tri F = 95,20 c¢6 y nghia thong
ké (P < 0,0001) va Lack of fit = 8,25 khéng cd
¥ nghia théng ké (P=0,11 > 0,05), khang dinh
su twong thich cia mod hinh véi diéu kién tién
hanh khao sat thi nghiém. Hé sb hdi quy
R2=0,9942 > 0,75 khing dinh trén 99% cac
bién s dugc phan anh boi mo hinh bé mat dap
wng miéu ta qua trinh 1én men tao bao tir vi
khuan, diéu nay chirng té mé hinh twong thich
thuc nghiém. Hon nita, gia tri R? du doan =
0,9131 pht hop véi R? diéu chinh = 0,9838 (d6
léch 0,0707 < 0,2), ty I¢ tin hiéu so vai nhiéu la
40,69 > 4 thé hién tin hiéu day du.

Bang 5. Két qua phan tich ANOVA t6i wu héa qud trinh én men cdc yéu to

Téng binh Sai b i , Prob >
Source Bic tw do 2 Anh hwéng F - Value

phwong chuan P
Model 15,28 9 0,077 1,70 95,20 < 0,0001
X1 3,64 1 0,047 3,64 204,39 < 0,0001
X2 5,95 1 0,047 5,95 333,71 < 0,0001
X3 3,25 1 0,047 3,25 182,31 < 0,0001
XXz 0,20 1 0,067 0,20 11,36 0,0199
X1X3 0,42 1 0,067 0,42 23,69 0,0046
XoX3 0,16 1 0,067 0,16 8,97 0,0303
Xi? 0,26 1 0,069 0,26 14,72 0,0122
X2? 0,89 1 0,069 0,89 50,05 0,0009
Xa? 0,72 1 0,069 0,72 40,39 0,0014
Lack of fit 0,083 3 0,028 8,25 0,1100
Sai sb 0,00667 2
Tong 15,37 14

R?=0,9942; CV=1,78%; R2-diéu chinh bang=0,9838; R%-du doan=0,9131

Tir nhitng két qua trén thu dugc phwong trinh
hdi quy nhu sau: mat 6 bao tir vi khuan (10°
bao tu/ml) = -9,45463 + 0,635xX; +
0,94583xX, + 52,64815xX3 - 0.009xX31xX; -
0,86667xX1xX3 - 0,53333xX2x X3 -
0,010667xX1? - 0,019667xX5?% - 78.51852xX3?
Trong vung khao sat, phuong trinh hdi quy cho
thdy gi4 tri mat do bao tir vi khuan chiu anh

huong bac 1, bac 2 cua ba yéu té thanh phan
yeast extract, ri duong, amoni sunfat va chiu
anh huong dong thoi cua cac cap nhan td yeast
extract*ri duong, yeast extract*amoni sunfat, ri
duong*amoni sunfat.

Téng binh Sai s6 ., , Prob >
Source Bac tw do 2 Anh hwéng F - Value

phuong chuan
Model 15,28 9 0,077 1,70 95,20 <0,0001
X1 3,64 1 0,047 3,64 204,39 <0,0001
X2 5,95 1 0,047 5,95 333,71 <0,0001
X3 3,25 1 0,047 3,25 182,31 <0,0001
XXz 0,20 1 0,067 0,20 11,36 0,0199
X1X3 0,42 1 0,067 0,42 23,69 0,0046
XoX3 0,16 1 0,067 0,16 8,97 0,0303
Xi? 0,26 1 0,069 0,26 14,72 0,0122
X2? 0,89 1 0,069 0,89 50,05 0,0009
Xa? 0,72 1 0,069 0,72 40,39 0,0014
Lack of fit 0,083 3 0,028 8,25 0,1100
Sai sb 0,00667 2
Téng 15,37 14

R?=0,9942; CV=1,78%; R?-dieu chinh bang=0,9838; R%-du doan=0,9131

Tir nhitng két qua trén thu dugc phuong trinh
hdi quy nhu sau: mat do bao tir vi khuan (10°
bao ta/ml) = -9,45463 + 0,635xX; +
0,94583xX, + 52,64815xX3 - 0.009xX1xX> -
0,86667xX1xX3 - 0,53333xXox X3 -
0,010667xX12 - 0,019667xX,? - 78.51852xX3?
Trong viing khéo sat, phuong trinh hdi quy cho
thiy gia tri mat do bao tir vi khuan chiu anh
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huong bac 1, bac 2 cua ba yéu t6 thanh phan
yeast extract, ri duong, amoni sunfat va chiu
anh huong dong thoi cta cac cap nhan td yeast
extract*ri duong, yeast extract*amoni sunfat, ri
duong*amoni sunfat.
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Hinh 1. Cac bé mdt ddp img biéu dién twong quan cdc yéu té anh hweng véi mat dg bao tir vi khudn B.
subtilis GB03: (4). Tuwong quan givra yeast extract (X1) va ri duong (X2); (B). yeast extract (X1) va
amoni sunfat (X3); (C). Tuwong quan giira ri duong (X2) va amoni sunfat (Xs)

Biéu d6 dap ung bé mat dang 3D Surface va
Contour tuwong wng (Hinh 1) thé hién sy tuong
tac cua tirng cap yéu té va tir biéu dd nay cé
thé xac dinh duoc gi4 tri t6i vu cua tirng yéu t6
lam cho ham dap ung dat cuc dai. Xac dinh
duoc muc do tdi wu ctia mdi bién cho mat do vi
khuan t6i wu vai dd thi bé mat ba chidu co truc
Z 1a mat d6 bao tir vi khuan B. subtilis GB03
va hai bién doc 1ap bat ki trong ba yéu téc khao
sét, trong khi duy tri bién con lai & muc t6i wu
cua ching. Tir do thi 1A, nhan thay khi nong
do ri duong tang dan toi 19 g/l va yeast extract
t6i 14 g/l thi mat do bao tur vi khudn ting dan
dén cuc tri. Tur @6 thi 1B cho thiy mat d6 bao
tr vi khuin dat cuc dai khi nong do yeast
extract trong khoang 13-15 g/l va amoni sunfat
trong khoang 0,19-0,22 g/l. Tuong tu, theo dd
thi 1C, néng d6 amoni sunfat ting din dén 0,22
g/l va ri dudong dén 19 g/l thi mat d6 vi khuan
dat cuc tri. Hinh 1A va 1C cho thiy mat d6 vi
khuan anh huong nhiéu boi yeast extract va
amoni sunfat. Trong khi do, ri duong it anh
huéng dén mat do bao tir cua vi khuan B.
subtilis GB03. Tir cac dir liéu thu duoc bang
phan mém Design Expert® 10.0.8 va phuong
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trinh hdi quy, chiing t6i xac dinh dwgc muc tdi
wu cua cac ba yéu té khao sét 1an luot nhu sau:
14,32 g/l yeast extract; 18,92 g/l ri duong va
0,19 g/l amoni sunfat. M6 hinh thi nghiém du
doan mat d6 bao tur vi khuan tbi wu dat duoc 1
8,761x10° bao tu/ml sau 48 gio thi nghiém.
M6 hinh duoc kiém chang khi thuc hién thi
nghiém véi cac gia tri toi wu cua ba yéu té
khao sét cho két qua mat do bao tir vi khuén B.
subtilis GB03 dat 8,7x10° bao ta/ml. Trong
nghién cau truée day cua Zhang Li-xia va
cong su (2006) da toi wu hoa moi truong 1én
men vi khuan B. subtilis dat mat do bao tir vi
khuan tir 1,18x10%° bao ti/ml [10].

3.3. Bude dau thir nghiém hoat tinh khang
nam

Bao tir cua vi khuéan B. subtilis GB03 duoc thir
nghiém dinh tinh hoat tinh in vitro véi hai nam
Sclerotium rolfsii va Rhizoctonia solani trén
dia thach. Két qua thé hién trong hinh 2. Quan
sat duong kinh tan ndm (Hinh 2) cho thay vi
khuan B. subtilis GB03 c6 kha ning wc ché tbt
sy phét trién caa ca hai nam S. rolfsii va R.
solani.
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Hinh 1. Cac bé mat dap 1mg biéu dién twong quan cdc yéu t6 anh hirong véi mdt dé bao tir vi khudn B.
subtilis GBO3: (4). Tuwong quan giira yeast extract (X1) va ri duong (X2); (B). yeast extract (X1) va
amoni sunfat (X3),; (C). Twong quan giira ri duong (Xz) va amoni sunfat (Xs)

Biéu d6 dap ung bé mat dang 3D Surface va
Contour tuong @ng (Hinh 1) thé hién su trong
tac cua tirng cap yéu té va tir biéu dd nay co
thé xac dinh duoc gié tri t6i wu cua tirng yéu t6
lam cho ham dap ung dat cuc dai. Xac dinh
dugc muc do tdi wu cia mdi bién cho mat do vi
khuan téi uu voi d6 thi bé mat ba chiéu cé truc
Z la mat do bao tir vi khuan B. subtilis GB03
va hai bién doc lap bat ki trong ba yéu toc khao
sét, trong khi duy tri bién con lai & muc t6i wu
cua ching. Tir d6 thi 1A, nhan thay khi nong
d6 ri dwong tang dan téi 19 g/l va yeast extract
t6i 14 g/l thi mat do bao tir vi khudn ting dan
dén cuc tri. Tir @6 thi 1B cho thdy mat d6 bao
ter vi khuan dat cuc dai khi nong do yeast
extract trong khoang 13-15 g/l va amoni sunfat
trong khoang 0,19-0,22 g/l. Tuong tu, theo dd
thi 1C, néng d6 amoni sunfat ting din dén 0,22
g/l va ri duong dén 19 g/l thi mat do vi khuan
dat cuc tri. Hinh 1A va 1C cho thay mat do vi
khuan anh huong nhiéu boi yeast extract va
amoni sunfat. Trong khi do, ri duong it anh
huéng dén mat do6 bao tir cua vi khuan B.
subtilis GB03. Tir cac dir liéu thu duoc bing
phan mém Design Expert® 10.0.8 va phuong
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trinh hdi quy, ching t6i x4c dinh dwoc muc toi
wu cua cac ba yéu té khao sét lan luot nhu sau:
14,32 g/l yeast extract; 18,92 g/l ri duong va
0,19 g/l amoni sunfat. M6 hinh thi nghiém du
doan mat do bao ttr vi khuan ti wu dat duoc l1a
8,761x10° bao tu/ml sau 48 gio thi nghiém.
Mo hinh duoc kiém chang khi thuc hién thi
nghiém véi cac gia tri téi wu cua ba yéu té
khao sét cho két qua mat do bao tir vi khuin B.
subtilis GB03 dat 8,7x10° bao ta/ml. Trong
nghién ctu truge day cta Zhang Li-xia va
cong su (2006) da toi wu hoa moi truong 1én
men vi khuan B. subtilis dat mat do bao tir vi
khuan tir 1,18x10% bao tu/ml [10].

3.3. Buée diu thir nghiém hoat tinh khéang
nam

Bao tir cua vi khuan B. subtilis GB03 duoc thir
nghiém dinh tinh hoat tinh in vitro véi hai nim
Sclerotium rolfsii va Rhizoctonia solani trén
dia thach. Két qua thé hién trong hinh 2. Quan
sat duong kinh tan nam (Hinh 2) cho thay vi
khuan B. subtilis GB03 c6 kha ning wc ché tét
sy phét trién cua ca hai nam S. rolfsii va R.
solani.



Hinh 2. Hinh anh vong khang ndm trén dia

thach cua cAc mau cheza vi khudn B. subtilis

GBO03 sau 48 gio thi nghiém so véi mdu doi
chiing: (A): nam S. rolfsii; (B): ndm R. solani
4. KET LUAN
Két qua nghién ctru tim ra diéu kién téi wu moi
truong 18n men vi khuan B. subtilis GBO3 bang
phuong phap dap (ng bé mat. Nghién ciru da
sang loc tir 7 yéu té ban dau chon ra 3 yéu t6
anh huong la yeast extract, ri dwong va amoni
sunfat bang thiét ké ma tran Plankett-Burmen.
St dung phuong phap dap ung bé mat Box-
Behnken di xac dinh dugc céc thdng s t6i wu
cho thanh phan méi truong 1&n men thu nhan
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khang nam, vi khuan B. subtilis GBO3 cho thay
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