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TOM TAT

Azotobacter chroococcum khéng chi déng vai trd chinh trong viéc ¢é dinh dam ma con giit vai trd quan trong
trong nén nbéng nghiép bén viing vi ¢6 dic tinh thuc day ting truong thuc vat ciing nhur san Xuat cac tac nhan
kiém soat sinh hoc chdng lai mam bénh gay hai trén thuc vat. Trong nghién ctu ndy, qua trinh nudi cay thu sinh
khbi Azotobacter chroococcum dugc t6i uu hoa bang phuong phép quy hoach thyc nghiém. Thyc hi¢n khao sat
don yeu t6 chon ra khoang anh huong cua mdi yéu t6. Sang loc bang phuong phép Plackett — Burman va chon ra
3 yeu t6 c6 tac dong manh nhat 1a pH, nong do (NH4),S0, va ty 1¢ nap giong (p < 0,05). Tim khodng t6i wu cua 3
yéu té anh huong chinh bang phuong phap leo déc va t01 uu héa moi truong nudi cay bang phuong phap dap
g bé mat (RSM) theo céu tric c6 tam (CCD). Thong sé cua thanh phan va diéu kién méi trudng toi uu cho
chung Azotobacter chroococcum HBCM-B0068 dugc xac dinh: mannitol 0,5%; (NH,),SO, 0,15%; peptone
0,15%; MgSO, 0,015%; K,HPO, 0,125%; NaCl 0,25%; FeCl; 0,0005%; Na,Mo0O, 0,00025%; CaCO; 0,25%
(WIV); toe @6 lc 180 vong/phut; pH 5,3; nhiét do 30°C va ty 18 nap giéng 6,68% (v/v) dat mat do ti da 1a 9,477
log (CFU/mL) sau 24 gio nudi cdy, cao hon 6,67 1an so v&i méi trudng ban dau TSB 14 8,671 log (CFU/mL).

Tir khéa: Azotobacter chroococcum, ¢b dinh dam, leo déc nhat, Plackett — Burman, RSM — CCD.

MO DAU

Viét Nam |a nwéc san xuét ndng nghiép 16n vi vay phan bon la mot yeu b vo cung quan trong va khong thé thiéu,
gitip thic day nang suét lao dong, tdng san lwong néng nghiép va nang cao chat Iu’cyng cay tréng. Theo thong ké
tr nam 1985 dén nay, mic tiéu thu phan dam lién tuc gia tang khoang 7,2%/nam. E)e nang cao nang suét cay
trdng, néng dan da ting lwong phan boén gap 2-3 1an, tham chi 5-7 1an so véi nhu ciu, dan dén dw thira lwong
nitrat trong rau, cG, qua. Ngoai ra, viéc s&r dung dam héa hoc trong tréng trot bira béi khién dw thira nitrat va khi
vuot ngudng sé bién thanh nitrit géy nguy hai cho con ngwoi, anh huéng toi nguén gen céc loai sinh vat. Déng
thoi, phan dw thira chua dugc cay trong hap thu sé ton tai trong dat hodc bi riva tréi theo nguén nwdc va gay 6
nhiém ngudn nwéc. ‘Trong tinh hudng nhw vay, phan bén sinh hoc tré thanh giai phap thay thé t6t nhat dé duy tri
dd phi nhiéu cla dat (Bhardwaj et al., 2014) Vi khuan cé dinh nito' tr khi quyén bang cach khi nito phan to
thanh amoniac, cha; nay tiép tuc duqc st dung d& ddng hoa thanh cac axit amin. Qua trinh nay dwoc cho la
cung cap 200 triéu tAn dam mdi nam (Gosal et al., 2012).

Vi vay, dé tai cung cép méi trwdng nudi cy vi khuan Azotobacter chroococcum HBCM-B0068 c6 kha ning cb
dinh dam lam tien de cho viéc san xuat phan bon sinh hoc cung cap dinh dwdng cho cay trong, han ché 6 nhiem
moi trvdng, hwédng dén nen ndng nghiép xanh va tan dung nguon dam c6 san trong khdng khi.

NGUYEN LIEU VA PHUONG PHAP

Nguyén liéu

Vi khuan Azotobacter chroococcum HBCM-B0068 dwoc cung cép tr Phong Coéng nghé Vi sinh — Trung tam Céng
nghé Sinh hoc Thanh ph6 H6 Chi Minh. Héa chat va thiét bi may méc st dung trong nghién ctru nay tlr cac hang
Himedia, Merck, Carl Zeiss, Mettler Toledo, Memmert, Thermo Fisher Scientific.

Phwong phap

Xac dinh mat d6 té bao

Xéc dinh mat d6 vi sinh trong mau b&ng phwong phép pha lodng thap phan.

Khao sat don yéu t6 anh hwéng dén qua trinh tang sinh khéi vi khuan Azotobacter chroococcum

Trong nghién ctru nay, ching toi tién hanh khao sat cac yéu t6 anh hwdng dén qua trinh tang sinh khéi trén moi
trwong TSB bao gom: thoi gian nudi cdy (0 - 108 gi®»), pH (3 - 11), nhiét d (20 - 40°C), téc dd lac (150 - 210
vong/phat), ty 1& nap gibng (0,5 - 9%), ngudn cacbon (mannitol, glucose, fructose, sucrose, mat ri) va nito
(peptone, tryptone, yeast extract, (NH4)2SO4, NH4CI), ndng dd cacbon (0 - 3,5%) va nito (0 - 4%) (Gutiérrez et al., 2011).
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Khi khdo sat thi nghiém don yéu t6, can c6 dinh cac yéu t6 con lai & mirc phit hop, trong tredng hop nay chon
mirc phi hop cho toan b thi nghiém khao sat nhw sau: thoi gian la 24 gid, nhiét do 30°C, pH 7, téc do lac 180
vong/pht, ty 1& nap giong 1% (Huang et al., 2019).

Sang loc cac yéu té c6 anh hwéng dén qua trinh ting sinh khéi bang thiét ké Plackett — Burman

Thi nghiém Plackett — Burman dwoc thiét ké dwa trén két qua khao sat don yéu té chon ra dwoc khoang &nh
hwéng (ng v&i pham vi khao sét, bé sung thém yéu t6 khoang (MgSO4, K2HPO,, FeCl;, NazMoO,, CaCO3 va
NaCl). Ham Iwgng cac nguén khoang duogc Iwa chon dya trén co s& cac nghién clru (Gutiérrez et al., 2011,
Huang et al., 2019; Mukhtar, 2018). Téng 14 yéu t& dwoc xem xét & 3 mirc do: mirc thap (-1), muc co s& (0) va
murc cao (+1) gdm 21 thi nghiém duoc bd tri dwa theo phwong phap quy hoach thwe nghiém bang phan mém
JMP 10 (Castillo, 2007).

Tim khoang téi wu cta cac yéu t6 anh hwéng chinh bang phwong phap leo déc

Céc thong sb ctia phuong phap leo dbc dwoc tinh toan thong qua hé sé héi quy tir phurong trinh héi quy cda thi
nghiém Plackett — Burman sau khi loai bé nhirng yéu t6 khdng anh hwéng dang ké t&i ham muc tiéu (Nguyén
Van Dy, Nguyén Bang Binh, 2011).

T6i wu héa méi trwong nudi cay bang phwong phap dap rng bé mat (RSM) theo cau triic cé tam (CCD)

Sau khi tim dwoc khoang gia tri thi wu tir thi nghiém leo déc, cac yéu tb cé y nghia dwoc dwa vao mé hinh tdi wu
héa (RSM-CCD). Méi yéu t6 dwoc xem xét & 5 mirc dod (—a, —1, 0, +1, +a), trong d6 mirc trung tam (0) dwa theo
két qua cua thi nghiém leo déc, gdm 20 thi nghiém dwoc bb tri dwa theo phwong phap quy hoach thwe nghiém
b&ng phan mém JMP 10 (Nguyén V&n Dw, Nguy&n Dang Binh, 2011).

Kiém dinh thwc té mé hinh téi wu héa

Theo m6 hinh do phan mém JMP 10 dy doan gia tri t6i wu cua tirng yéu t6 lam ham dap (ng dat cuc dai da
duwoc xé(; dinh. D& kiém chirng mé hinh, thi nghiém véi thanh phan va didu kién méi trwdng toi wu dwoc thuwe
hién 11 1an lap lai.

KET QUA VA THAO LUAN

Khao sat don yéu t6 anh hwéng dén qua trinh tang sinh khéi vi khuan Azotobacter chroococcum

Bang 1. Két qua khao sat don yéu té

Yéu t6 Ngwéng tét nhat  Mat dé log (CFU/mL)  Khoang dwa vao Plackett — Burman

Thai gian (gid) 24 9,031 16 - 32

Nhiét do (°C) 25 9,063 20-30

pH 8 9,079 5-11

Tbc d6 l4c (vong/phit) 180 8,922 120 - 240

Ty |é nap giéng (%) 4,75 8,899 05-9

Mannitol (%) 0,5 9,002 0-1

Peptone (%) 0,15 8,85 0-0,3

(NH4),SO, (%) 0,5 9,019 0-1

Két qua vé mat do vi khudn Azotobacter chroococcum thu dwoc sau thi nghiém don yéu t6 cho thay tat ca cac
yéu t6 khdo sat déeu c6 anh huédng dén sinh triedng cda vi sinh vat. Do d6, cac yéu td nay dwoc dwa vao sang loc
vé&i mire nghién clru dwore trinh bay & Bang 1.

Sang loc cac yéu té c6 anh hwéng chinh dén qua trinh ting sinh khéi bang thiét ké Plackett — Burman

Bang 2. Cac bién trong ma tran Plackett — Burman va phan tich théng k& ANOVA

o Mirc Hé sé héi quy Gia tri
Ky hiéu Yéu té -
Thap (-1) Cao (+1) t — Ratio Prob > |t|
Hé sb tw do 6,812

X1 Nhiét d6 (°C) 20 30 -0,162 -0,420 0,6919
X2 Tbc d6 I&c (vong/pht) 120 240 -0,121 -0,310 0,7658
X3 Théi gian nudi 16 32 0,149 0,380 0,7143
X4 Ty 1& nap giéng (%) 0,5 9 1,071 2,750 0,0333*
X5 Mannitol (%) 0 1 0,407 1,050 0,3360

950



HOI NGH| KHOA HOC TOAN QUOC VE CONG NGHE SINH HQC 2024

X6 (NH4);:S04 (%) 0 1 -1,651 -4,240 0,0054*
X7 Peptone (%) 0 0.3 0,671 1,720 0,1357
X8 MgSO0, (%) 0 0,03 0,689 1,770 0,1269
X9 K:HPO, (%) 0 0,25 -0,230 -0,590 0,5761
X10 FeCl; (%) 0 0,001 -0,451 -1,160 0,2902
X11 Na,MoO, (%) 0 0,0005 0,247 0,630 0,5493
X12 CaCO; (%) 0 0,5 -0,293 -0,750 0,4801
X13 NaCl (%) 0 0,5 -0,857 -2,200 0,0700
X14 pH 5 11 -1,861 -4,780 0,0031*
R%=0,9137 p-value = 0,0363

Két qua phan tich & Bang 2 cho thay mé hinh c6 y nghia thdng ké v&i p = 0,0363 < 0,05. Hé sb R? = 0,91, cho
thay so liéu thye nghiém twong tich véi so liéu dy doan cdia mé hinh.

Thi nghiém nay sang loc dugc 3 yéu t6 anh hudng chinh 1a pH, nong dé (NH.):SO4, ty 1& nap giéng. Két qua
nghién cru nay phu hop voi Huang va dong tac gia (2019) khi tim ra yéu t6 c6 anh hudng chinh dén méat dé vi
khuan Azotobacter chroococcum la pH va ty |é nap giéng. Phwong trinh hdi quy cé dang:

Y =6,812 -1,861X1 - 1,651X2 + 1,071X3

Trong do, Y la ham muc tiéu (log (CFU/mL)), X1, X2, X3 1an luot la cac yéu té pH, néng d6 (NH4)2S04 (%) va ty 1&
nap giong (%).

Khoang téi wu ctia cac yéu t6 anh hwéng chinh bang phwong phap leo déc

Ké&t qua tinh toan buwdc chuyén dong cua ba yéu td anh hudng chinh theo phuong phap leo déc dwoc trinh bay &
Bang 3.

Bang 3. Két qua tinh toan bwéc chuyén dong cua cac yéu té anh hwéng chinh

Thong s6 pH - X1 (NH,),S0,— X2 Ty lé nap gidng (%) — X3
Mrc thap (-1) 5 0 0,5

Mtrc co s@ (0) 8 0,5 4,75

Mtrc cao (+1) 11 1 9

Hé sb hdi quy bj -1,861 -1,651 1,071

Khoang bién thién Aj 3,000 0,500 4,250

Ajbj -5,583 -0,826 4,552

Budc chuyén dong &j -0,676 -0,100 0,551

Chon bwéc chuyén dong ctia 5, = -0,100 va tinh todn cac buwéc chuyén dong con lai.

5, =6 bsds _ 0,100 /552 =0,551
3772 p,4, 0,826
5, =6, 28 _ 01002283 _ 0676
1T 2,4, Y0826

Bang 4. Két qua thi nghiém leo déc

Cac yéu té anh huwéng

Nghiém thic N Mat do6 log (CFU/mL)
pH (NH4);SO4 (%) Ty 1& nap gidng (%)
0 8,00 0,5 4,750 9,074 + 0,010°
1 7,32 0,4 5,301 9,213 + 0,058°
2 6,65 0,3 5,853 9,318 + 0,068"
3 5,97 0,2 6,404 9,298 + 0,012"
4 5,29 0,1 6,956 9,592 + 0,061°
5 4,62 0,0 7,507 9,550 + 0,006

Cha thich: a, b, ¢, d, ... la két qua tréc nghiém phan hang duoc xét & mikc y nghia (p < 0,05), nhing gia trj trung binh cda céac
nghiém thdc nao cé it nhat mét ky twr giong nhau thi sy khéac biét khéng cé y nghra.
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Két qua Bang 4 cho thay nghiém thirc 4 cho gia tri mat d6 cao nhat 9,592 + 0,061 log (CFU/mL) va sw khac biét
c6 y nghia thdng ké (p < 0,05) so v&i 4 nghiém thirc con lai. Riéng nghiém thic 5 tuy sy khac biét khéng co y
nghta so v&i nghiém thirc 4 nhung Iy do khong chon nghiém thirc 5 vi yéu t6 (NH4)2S04 & ndng dd 0% la khong
phu hop d& tinh mte alpha khi dwa vao thi nghiém téi wu. Vi vay trong trwong hop nay, khoang gia tri cia cac
yéu té dwa vao thi nghiém tbi wu la: pH (4,995 - 5,625), ty I& nap giébng (6,680 - 7,232%), (NH4)>SO4 (0,05 -
0,15%).

T6i wu héa méi trwng nudi cay bang phwong phap dap rng bé mat (RSM) theo cau triic c6 tam (CCD)
Bang 5. Phan tich théng ké ANOVA ctia ma tran CCD

Nguén Bac tw do Tg:g;’;gh b-irr:l}in;?hz’i:v:g F-value  p-value
M6 hinh 9 0,288 0,032 19,169 <,0001* Y nghia
Su thiéu phu hop (Lack of Fit) 5 0,010 0,002 1,494 0,3349 Khéng y nghia
RSquare = 0,9452 RSquare Adj = 0,8959 RMSE = 0,0409

*Co6 y nghia & dé tin cdy a = 0,05.

Két qua phan tich phwong sai ciia mé hinh dwoc trinh bay trong Bang 5, voi p-value nhé (p-value < 0,0001), diéu
nay cho thay d6 twong thich tbt cla phwcng trinh hdi quy 0 Vv0Oi s0 liéu thue nghiém, tir d6 cho thay do tin cay
cao trong thong ké. Hé sb héi quy (R ) la 0,9452 the hién ring cé 94,52% sb liéu thwe nghiém twong tich véi sb
lieu dw doan cta mé hinh. Theo Castillo (2007), R?> 0,75 cho thdy rdng mé hinh twong thich v&i thie té. Két qua
kiém dinh sw thiéu phu hop cia mé hinh (Lack of Fit) c6 p = 0,335 > 0,05 cho thay réng sw thiéu phu hop khong
c6 y nghta thdng ké, tir d6 két luan mé hinh phu hop (Zabeti et al., 2009).

Phuwong trinh hoi quy da thre bac hai mo ta dy doan mat doé vi khuan co dang:
Y = 9,312 + 0,011X1 — 0,025X2 — 0,064X3 — 0,074X1X2 — 0,067X1X3 — 0,103X2X3 — 0,051X1? + 0,03X3?

Trong d6, Y 1a mat d6 vi khuan (log (CFU/mL)), X1, X2, X3 lan lwot la cac yéu t6 pH, ndng do (NH4)2SO04 (%) va ty
I& nap giong (%).

Tir bé mat dap ng clia mod hinh rdt ra dwoc gia tri téi wu cho diéu kién va thanh phan méi truong nudi cay vi
khué}n Azotobacter chroococcum nhw sau: pH 5,3; ty 1&é nap giong 6,68%; nong d6 (NH4)2SO4 0,15% va dat méat
do toi da la 9,486 log (CFU/mL) (Hinh 1).

X1 pH(4.955.5.625) X3 (NH4)2504(0,05,0 15) X2 1y I& nap giéng(6.68,7.232) X3 (NH4)2504(0.05,0.15)

P i 232)
. T8, 9\56‘67
6 P go™
\e
¥y

Hinh 1. B& mat dap (ng cia mat dé vi khuan theo cac cap yéu té anh hwéng
A) pH va ty Ié nap giong, B) pH va néng dé (NH.),SO., C) Ty Ié nap giéng va ndng do (NH,),;SO..
Kiém chirng thwe té mod hinh téi wu héa

Bang 6. K&t qua thwc nghiém kiém tra dd chinh x&c ctia m6 hinh téi wu héa

Nghiém thiec Mat d6 log (CFU/mL)
Mbi trwdng ban dau (TSB) 8,671
Mbi trwdng tdi wu 9,477
M6 hinh dw doan 9,486

Két qua kiém chirng thirc nghiém clia méi trwong téi wu la 9,477 log (CFU/mL) twong duwong véi két qua dy doan
cta mo hinh la 9,486 log (CFU/mL). Tt d6 cho thay mé hinh dy doan rat dang véi thwe nghiém. Bén canh do,
mat dd vi khuan trong méi trwérng t6i wu cao hon 6,67 1an so véi moi treerng TSB 1 8,671 log (CFU/mL).
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KET LUAN VA KIEN NGHI

T cac két qua nghién ctvu trén xac dinh dwoc thong sb thanh phan va diéu kién méi trwong tdi wu cho ching
Azotobacter chroococcum HBCM-B0068 la mannitol 0,5%; (NH4)>SO4 0,15%; peptone 0,15%; MgSO, 0,015%;
KoHPO4 0,125%; NacCl 0,25%; FeCls 0,0005%; Na,MoO4 0,00025%; CaCOs; 0,25%; tbc do lac 180 vong/phat; pH
5,3; nhiét d6 30°C va ty 1&é nap glong 6,68% dat mat do t6i da la 9,477 log (CFU/mL) sau 24 gi& nudi cay, cao hon
6,67 lan so v&i méi trudng ban dau TSB 14 8,671 log (CFU/mL).

Tiép tuc danh gia kha nang c6 dinh dam cua chiing Azotobacter chroococcum HBCM-B0068 nudi céy trong moi
treong trwde va sau khi téi wu. Tlr d6 hwdng dén trng dung san xuat phan bén sinh hoc.
La&i cam on: Nghién ciu nay duoc thuc hién tai phong Cong nghé Vi sinh thugc Trung thm Céng nghé Sinh hoc Thanh pho

Hé Chi Minh. Tdi xin cam on dén Trung tam Cong nghé Sinh hoc da tao diéu kién thudn loi, cam on nhom nghién cieu da hé
tro cung téi thuc hién nghién cizu nay.
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OPTIMIZATION OF CULTURE MEDIUM FOR Azotobacter chroococcum
BACTERIA WITH NITROGEN FIXATION CAPABILITY

Pham Thi Duy Anh"’, Hoa Truong Minh Hieu', Tran Chi Hieu?, Phan My Hanh?
lDepartment of Biology - Biotechnology — University of Science University of Ho Chi Minh city
2Department of Microbial Biotechnology, Biotechnology Center of Ho Chi Minh City

SUMMARY

Azotobacter chroococcum not only takes a key role in nitrogen fixation but also plays an important role in
sustainable agriculture because of its particularity that is plant growth promoting rhizobacteria as well as the
production of biological control agents against plant pathogens. In this research, the process of cultivating
Azotobacter chroococcum biomass was optimized using the experimental planning method. We conducted a
single-factor survey to determine the range of influence for each factor. Screening using the Plackett-Burman
method was conducted and 3 factors with the strongest impact were selected: pH, (NH,4),SO,4 concentration and
inoculum size (p < 0,05). Finding the optimal range of the 3 main influencing factors using the method of
steepest ascent and optimizing the culture medium using the response surface method (RSM) according to the
central composite design (CCD). The parameters of component and condition medium were determined:
mannitol 0.5%, (NH,4),SO, 0.15%, peptone 0.15%, MgSO, 0.015%, K,HPO, 0.125%, NaCl 0.25%, FeCl;
0.0005%, Na,Mo00, 0.00025%, CaCO; 0.25% and with conditions such as rotation speed of 180 rpm, pH 5.3,
temperature of 30°C, inoculum size 6.68% (v/v) reaching a maximum density of 9.477 log (CFU/mL) after 24
hours of culture, higher by about 6.67 fold than the initial TSB culture medium is 8.671 log (CFU/mL).

Keywords: Azotobacter chroococcum, nitrogen fixation, Plackett-Burman, Method of Steepest Ascent, RSM-CCD.
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