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TOM TAT

Muc tiéu ciia nghién ctru nay 1a chon loc dugc ngudn carbon va nitrogen trong mdi truong nudi ciy dong vi
khuén chiu min c6 kha ning hoa tan 1an Pantoea sp. TTB4.1 cho ham luong 14n hoa tan cao nhét. Dong thoi
nghién ctru nay ciing thuc hién t6i wu hoa cac yéu té anh hudng dén kha ning hoa tan ldn cua dong vi khuan
Pantoea sp. TTB4.1 theo mé hinh RSM-CCD (Response surface methodology-Central composite design). Bon
yéu té duge tdi wu bao gdm ndng dé carbon (5-15 g/L), ndng dé nitrogen (0,05-0,15 g/L), pH ban dau (6,0-8,0),
va mat sd giéng chung (7,7-11,7 log(CFU/mL)). Két qua cho thiy ring glucose va (NH4)2SO4 1an luot 1a nguén
carbon va nitrogen thich hop dé dong vi khuan Pantoea sp. TTB4.1 hoa tan lan cao nhit. Bén canh d6, két qua
t6i uru hoa theo md hinh RSM-CCD xéc dinh nong do glucose tir 11,52-12,49 g/L, nong d6 (NH4)2SO4 tir 0,112-
0,118 g/L, pH ban dau tir 7,4-7,5 va mat s6 gidng chung tir 10,4-10,7 log(CFU/mL) 1a diéu kién t6i wu dé thu
duoc lugng 1an hoa tan tot nhat tir 1.369,99-1.372,62 mg/L, dat hiéu suit khoang 44,8% so véi luong Cas(POs),
(5 g/L) dugc bd sung ban dau.

Tir khéa: Pantoea sp. TTB4.1, RSM-CCD, t6i wu héa, vi khuén chiu min, vi khuin hoa tan lan.

1. PAT VAN DE

Phospho (P) hay con goi 1a lan 1a mot trong
nhitng chat dinh dudng chinh cho sy sinh trudng
va phat trién cia thuc vét. Phospho dugc tim
thdy trong tat ca cac té bao song cua thuc vat.
N6 dong vai trdo quan trong trong nhiéu chirc
nang cua thyuc vat, ch'fmg han nhu van chuyén
nang luong, quang hop, van chuyén dudng va
tinh bdt, van chuyén chét dinh dudng trong co
thé céy trong va di truyén cac dac tinh cua gen
tir thé hé nay sang thé hé khac [3]. Trong cay
trong, phospho luu trit trong ré hodc duoc van
chuyén dén cac b phan bén trén cta ciy. Qua
nhiéu phan tmg hoa hoc khac nhau, phospho tham
gia vao qua trinh hinh thanh nén cac hop chét hitu
co nhu: cac nucleic acid (DNA va RNA), cac
phospholipid, cac hgp chat phospho gidu ning
luong nhu chit andenosine triphosphate (ATP),
cac enzyme, cac phosphoprotein va cac duong
phosphate [7]. Trong dat, phospho ton tai & hai
dang v6 co va hitu co nhung chu yéu & dudi
dang khong hoa tan nén cay trong kho hap thu
duoc. Dé tang hi¢u suét sir dung lan thi vi¢c st
dung céc vi sinh vat chuyén hoa lan 1a mot trong
nhirng gidi phap than thién véi méi trudong va
hitu hiéu trong quan 1y su thiéu hut phospho
trong dat nong nghiép [11]. Vi sinh vat chuyén
hoa 1an trong dat chi yéu 1a nhém vi khuan ving
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ré kich thich sinh truong ¢ thyc vat (Plant
Growth Promoting Rhizobacteria — PGPR).
PGPR 13 vi khuén trong dét, sinh séng xung
quanh hodc trén bé mit ré, truc tiép hodc gian
tlep tham gia viéc kich thich sinh truong va phat
trién cta thuc vat thong qua san xuét va tiét ra
nhimg chéat hoa hoc khac nhau ¢ xung quanh
vung ré [5].

Trong nhitng nim gin day, dong bang séng
Ctru Long chiu anh huong cua xam nhdp man
ngay cang sau hon va cuong do man cling tang
nhiéu hon [2]. Nhiéu nghién ctru di tong hop va
bao cdo vé kha ning chiu min cao ciing nhu
thiic day cay trong phat trién t6t & dt anh hudng
man cua PGPR [1, 15], trong s6 do cb cac vi
khuan c6 kha ning hoa tan lan (Phosphate
Solubilizing Bacteria-PSB). Chinh vi nhiing 1i do
tiém niang d6 ma PSB di duoc tmg dung nhiéu
trong san xuat phan bon sinh hoc nham thay thé
hodac giam lugng phan bon héa hoc. Do d6
nghién ctru nay dugc thuc hién véi muc ti€u xac
dinh méi truong t6i wu nhat dé nang cao hidu qua
hoa tan 1an nham hudéng dén viéc tmg dung vao
san xuat nong nghiép bén viing.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ctru

Dong vi khuan Pantoea sp. TTB4.1 da dugc
tuyén chon tir dat ving ré trong cdy an qua tai
tinh Bén Tre, dong bang séng Ciru Long trong
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dot han man nam 2021 dién ra tai khu vuc déng
bang séng Ciru Long [16]. Dong vi khuan dugc
phan 1ap trén moéi truong NBRIP (National
Botanical Research Institute's phosphate) c¢6 bd
sung 10 g/L NaCl. Thanh phan 1 lit mdi truong
NBRIP gom c6 10 g glucose, 5 g Ca3(PO4)2, 5 g
MgClz-6H:0, 0,25 g MgSO4-7H>0, 0,2 g KCl,
0,1 g (NH4)2S0O4.
2.2. Khao sat anh huwéng cia cic ngudn
carbon Ién kha ning hoa tan lan cia dong vi
khuén Pantoea sp. TTB4.1

Dong vi khuan chju min c6 kha ning hoa tan
lan Pantoea sp. TTB4.1 dugc nudi tang sinh
trong moi trudng NBRIP 16ng c6 bo sung 10 g/L
NaCl véi cac ngudn carbon khac nhau dé khao
sat kha ning hoa tan lan cua dong vi khuan. Vi

khuan Pantoea sp. TTB4.1 dugc nudi ting sinh
mdi trudng LB 10ng sau 18 giv. Do hap thy cta
dich ting sinh ¢ budc séng 600 nm duoc didu
chinh v& 0,8 [12]. 0,2 mL dich huyén phu vi
khudn (ODeoo = 0,8) duoc ching vao 20 mL mbi
truong NBRIP 10ng c6 cac ngudn carbon khac
nhau nhu glucose, sucrose, mannitol, tinh bot,
glycerol voi ndong d6 10 g/L. Tat ca cac nghiém
thure duogc lap lai 3 lan. Cac 6ng falcon sau do
duoc dat trén may lac 120 vong/phut ¢ nhiét do
phong [12] va duoc thu dé do ham luong 1an hoa
tan sau 5, 10, 15 ngdy nudi cdy bang phuong
phap molybdenum blue (ODgaso) [8, 13]. Ti 1&
ham lwong 1an hoa tan PO4> (%) dugc tinh theo
cong thirc:

Ham lwong 1an hoa tan (mg PO4>"/L)

Tilé 1an hoa tan(%)=

2.3. Khao sat anh hwéng cia cic ngudn
nitrogen lén kha ning hoa tan lan cia dong
vi khuén Pantoea sp. TTB4.1

Sau khi chon dugc ngudn carbon ti wu dong
vi khuan Pantoea sp. TTB4.1 s& tiép tuc duoc
nudi tang sinh trong moi truong NBRIP 16ng co
b6 sung 10 g/L NaCl véi cac ngudn nitrogen
khac nhau két hop véi ngudn carbon tdi vu nhat
dé khao sat kha ning hoa tan 1an. Thi nghiém
duoc thuc hién nhu sau 0,2 mL dich huyén phu
vi khuan (ODgoo = 0,8) duoc ching vao 20 mL
moi trudng NBRIP 16ng ¢6 ngudn nitrogen khac
nhau nhu NH4Cl, NH4sNO3, (NH4)2SOs, urea,
yeast extract v6i ndong do 0,1 g/L. Tét ca céac
nghiém thuc duoc 1ap lai 3 lan. Cac éng falcon
sau d6 dugc dat trén may lic 120 vong/phit &
nhiét do phong va duoc thu dé do ham luong lan
hoa tan sau 5, 10, 15 ngay nudi cay bang phuong
phap molybdenum blue (ODsa4o) [8, 13].

Ham lwong 1an ban dau (mg PO4*/L)

x 100 (%)

2.4. T6i wu diéu kién nudi cdy dé dong vi
khuin chiu min c6 kha ning hoa tan lin
Pantoea sp. TTB4.1 dat dwgc hiéu qua hoa
tan lan tot nhat

Sau khi d4 x4c dinh dugc ngudn carbon va
nitrogen thich hop cho dong vi khuan hoa lan c6
kha ning chiu man, t6i vu hoa diéu kién nudi
cdy can phai dugc thuc hién dé xac dinh diéu
kién tdi vu cling nhu danh gia sy twong tac giira
céc yéu tb do6 1én kha ning hoa tan cia dong vi
khuén duge chon loc. Méi truong NBRIP co bd
sung 10 g/L NaCl nudi cdy dong vi khuin
Pantoea sp. TTB4.1 s& duoc tdi wu theo md
hinh RSM-CCD (phuong phap dap tng bé mat
-thiét ké ciu truc c6 tam). Cac yéu t6 dugc toi
rru bao gdm (A) ndng d6 carbon (g/L), (B) ndng
db nitrogen (g/L), (C) pH ban dau va (D) mat sd
gidng ching (log(CFU/mL)).

Biang 1. Nong d9 cac yéu té dung trong mé hinh RSM-CCD

Yéu t6 Muc 49

-0, -1 0 +1 +a
A-Carbon (g/L) 5,0 7,5 10,0 12,5 15,0
B-Nitrogen (g/L) 0,50 0,75 1,00 1,25 1,50
C-pH ban dau 6,0 6,5 7,0 7,5 8,0
D-Mat s0 giong chung
(log(CFU/mL)) 7,7 8,7 9,7 10,7 11,7

Mo hinh dap tng bé mit theo thiét ké cau
trac c¢o6 tam (RSM-CCD) duoc su dung dé xac
dinh céc diém toi vu cua cac yeu to cho kha

ning hoa tan cua dong vi khuan. Véi 4 yéu 4,
mdi yéu t6 dugc thiét ké véi 5 mue do (-o; -1;
0; +1; +a) (Bang 1), 30 thtr nghiém (Run) dugc
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thiét 1ap. Két qua phan tich luong lan hoa tan
theo mo hinh RSM-CCD dugc danh gid muc
anh hudng va dg tin cay dé xac dinh phuong

trinh hdi quy ctia mé hinh thue nghiém [14].
Ham luong lan hoa tan (mg/L) dugc bi¢u
dién bang phuong trinh bac 2:

HLL = x0 + x1A + x2B + x3C + x4D + x5AB + x6AC + x7AD + x3BC + x9BD + x10CD
+Xx11A? + x12B? + x13C% + x14D?

Trong do:

A,B,C,Dlanluotla néng do nguén carbon,
nitrogen, pH ban dau, mat sb giéng chung;

Xo, X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, X11, X12,
X13, X14 12 céc bién doc lap.

S6 liéu dugc phan tich bang chuong trinh
Design expert 7.0.0. Tir két qua phan tich xac
dinh murc t6i wu cta cac yéu t6 cho ham luong
lan dat cuc dai [14].

2.5. Xac nhén lai diéu kién t6i wu

Dua trén két qua du kién cua thi nghiém tdi
wu, tién hanh thi nghiém xac nhan lai 3 nghiém
thire ¢6 didu kién toi wvu. Mdi nghiém thurc lip
lai 3 1an. Két qua thu dugc s€ dugc so sanh voi
gia tri toi uu du kién ctia mé hinh RSM-CCD.

3. KET QUA VA THAO LUAN
3.1. Khéo siat anh huéng cia cic ngudn
carbon Ién kha ning hoa tan lan cia dong vi
khuén Pantoea sp. TTB4.1

Dong vi khuan hoa tan lan Pantoea sp.
TTB4.1 dugc nuoi trong moi truong NBRIP
16ng v&i ngudn carbon thay doi khac nhau. Mbi
truong duogc ¢d dinh véi pH ban dau 1a 7,0,
nguon nitrogen 1a (NH4)2SO4 s& duoc thu dich
dé do ham luong 1an hoa tan sau 5, 10 va 15
ngay. Két qua ham luong 1an hoa tan duoc thé
hién ¢ Bang 2.

Bang 2. Ham lwgng lan hoa tan (mg/L) ctia Pantoea sp. TTB4.1 qua cac ngay
& cac ngudn carbon khac nhau

X Thoi gian
Nguon carbon - - -
5 ngay 10 ngay 15 ngay
Glucose 1.032,0£19,8* 1.326,6+16,4* 1.239,9+£26,6*
Sucrose 85,9+2.3¢ 83,4+5,1¢ 79,2+1,7¢
Mannitol 563,7+12,2° 600,0£12,2° 594,0+21,7°
Tinh bot 61,1£2,0¢ 52,442 .4¢ 55,2+5,44
Glycerol 183,4+10,2° 268,8+5,2¢ 245,7+14,6°
P 0,00 0,00 0,00
CV(%) 2,97 2,09 3,81

Ghi chii: Céc gid tri trong bang la trung binh ciia 3 lan Idp lai. Cdc ky tw khdc nhau theo sau cdc gid tri
trén cung mot cot thé hién sy khdc biét co y nghia vé mdt thong ké voi do tin cdy 95%.

Qua Bang 2, két qua cho thiy v6i méi truong
nudi cdy c6 cac ngudn carbon khic nhau thi
luong lan hoa tan dugc cling khac biét nhau 1o
rét. Vuot troi nhat so véi céc nguén carbon
khac, glucose cho kha ning hoa tan 1an cao nhat
qua cac ngay la: 1.032,0+19,8 mg/L (ngay 5),
1.326,6£16,4 mg/L (ngay 10), 1.239,94+26,6
mg/L (ngay 15). V6i lwong 1an hoa tan cao nhat
vao ngay 10 khoang 1.326,6 mg/L. dong vi
khuédn d3 hoa tan duoc khoang 43,35% lugng
Ca3(PO4)2 ban dau. Bén canh d6, ham luong lan
hoa tan qua cac ngay cling c6 su khac bi¢t. Nhin
chung ham lugng lan hoa tan tang & ngay 5 va

10, trong d6 ngay 10 ham lugng lan hoa tan thu
duoc cao nhét. Pay co thé 1a khoang thoi gian
vi khuan thich nghi dugc v6i méi truong va thé
hién kha ning hoa tan 1dn manh nhét. O ngay 15
lwong 14n hoa tan bat dau giam, nguyén nhan cé
thé 1a do ham luong dinh dudng trong moi
truong dan can kiét theo thoi gian, mot luong
16n san pham phy khong mong mudn (dic biét
la céc acid hiru co) dugc sinh ra trong qua trinh
hoa tan 1an da @c ché su phat trién va chuyén
hoéa cua vi khuén [10, 19].

Thi nghiém cua Lebrazi va cong sy [10] da
tdi vu hoa moi truong va tuyén chon dugc
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ngudn carbon t6i vu nhét 1a ngudn glucose cho
cac dong vi khudn ving ré duoc phan lap tir
ndt san trén 18 Acacia cyanophylla. Dong nim
mbc Aspergillus sp. M33 dugc Pham Thi
Ngoc Lan va Hoang Duong Thu Huong [9] tdi
wu mdi trudong nudi cdy voi ngudn carbon
thich hop nhat cho sinh truéng va phat trién 1a
tinh bot. Nghién ctru cia Nguyén Thu Huong
va cong su [4] ciing d4 tuyén chon duoc ngudn
carbon 1a glucose cho mdi truong NBRIP nudi
cdy dong vi khuan hoa tan 1an Pseudomonas

aeruginosa HD3.
3.2 Khio sat anh hwéng ciia cic ngudn
nitrogen lén kha nang hoa tan lan cia dong
vi khuén Pantoea sp. TTB4.1

Dong vi khuin hoa tan lan Pantoea sp.
TTB4.1 sau khi tuyén chon dugc ngudn glucose
la nguén carbon ti wu nhét s& dugc tiép tuc nuoi
trong moi trudng NBRIP 16ng v6i ngudn carbon
da duoc ti uu va thay doi ngudn nitrogen khac
nhau. Két qua ham lugng 1an hoa tan sau 5, 10
va 15 ngay duoc thé hién & Bang 3.

Bang 3. Ham lwgng lan hoa tan (mg/L) cia Pantoea sp. TTB4.1
qua céc ngay ¢ cac ngudn nitrogen khac nhau

Nguon nitrogen Thoi gian
S ngay 10 ngay 15 ngay

NH4Cl 984,1+15,2° 1.074,6+14,0° 1.059,6+7,6°
NHsNO; 821,2+16,6° 1.199,3+66,9° 1.155,4+11,4°
(NH4)2S04 1.069,0+29,5° 1.329,0+28,5° 1.268,3+10,1?
Urea 959,7+24,6° 1.231,0423,3° 1.193,3+22.4°
Yeast extract 932,1+11,0° 1.223,3+14,2° 1.177,4+15,1°

P 0,00 0,00 0,00

CV(%) 2,15 2,92 1,22

Ghi chii: Cdc gid tri trong bang la trung binh cia 3 lan lap lai. Céc ky ti khdc nhau theo sau cdc
gia tri trén cung mot cot thé hién sy khac biét co y nghia vé mat thong ké voi do tin cay 95%.

Két qua Bang 3 cho thay ham luong 1an hoa
tan thu duoc khac nhau khi thay déi cac nguon
nitrogen khac nhau trong moi trudng nuoi cay.
V&i ngudn nitrogen (NH4)2SO4, dong vi khuan
Pantoea sp. TTB4.1 cho ham lugng lan hoa tan
cao nhét, cu thé ham luong lan hoa tan thu dugc
lan luwot 13 1.069,0+29,5 mg/L (ngay 5),
1.329,0+28,5 mg/L (ngay 10) va 1.268,3+10,1
mg/L (ngay 15). Nhin chung vé&i cac ngudn
nitrogen NH4Cl, NH4NOs3, Urea, Yeast extract
cho lwong 14n hoa tan thap hon (NH4)2SO4 va
khac biét c6 ¥ nghia thong ké. Cung véi luong
lan hoa tan khac nhau gitta cic ngudn nitrogen
thi lugng 1an hoa tan qua cac ngay cling c6 su
khéac biét. Cu thé ham luong lan tang dan tur
ngay 5 d&én ngay 10 sau d6 giam vao ngay 15.
Nguyén nhan lugng 1an hoa tan tang tur ngay 5
dén ngay 10 do day la khoang thoi gian dong vi
khuan phat trién manh nhat. Sau d6 giam & ngay
15 ¢6 thé do cac san pham phu khong can thiét
sinh ra trong qua trinh hoa tan lan nhu acid
acetic, gluconic, glycolic, isobutyric, isovaleric,
lactic, malonic, oxalic, va succinic lam ¢ ché
nguoc lai kha nang hoa tan 1an [10, 18].

Trong nghién ctru cia Pham Thi Ngoc Lan
va Hoang Duong Thu Huong [9] d& chon dugc
cao thit la nguodn nitrogen t6i wu cho 2 ching
nam mdc c¢6 kha ning hoa tan 1an Aspergillus
sp. M33 va Aspergillus sp. M72. Nghién cuu
ctia Lebrazi va cong sy [10] vé tdi wu hoa kha
ning hoa tan phosphate cua cac ching vi khuan
ving ré di chon dugc (NH4)2S04 1a ngudn
nitrogen cho ching vi khudn Bacillus sp. CS14.
Chung Pseudomonas aeruginosa HD3 da dugc
Nguyén Thu Huong va cong sy [4] phan lap va
xéc dinh dugc ngudn nitrogen hitu co trong moi
truong NBRIP nu6i cdy chung vi khuan nay 1a
cao nim men va ngudn nitrogen vo co lan luot
1a (NH4)2SO4, NHsH,PO4, NHsNOs. Két hop
két qua cua Bang 2 va Bang 3 cho thiy dong vi
khuan Pantoea sp. TTB4.1 dugc nudi trong moi
truong NBRIP voi ngudn carbon 1a glucose,
ngudn nitrogen 1a (NH4)S04 va duoc nudi &
ngay 10 s& cho két qua ham luong 1an hoa tan
cao nhét véi ti 16 lugng 1an hoa tan khoang
43,43%.
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3.3. T6i wu hoéa diéu kién nudi ciy dé dong vi
khuin chiu min cé kha ning hoa tan lin
Pantoea sp. TTB4.1 dat dwgc hiéu qua hoa
tan lan tot nhat

Sau khi tuyén chon duoc ngudn carbon va
nitrogen tdi wu nhait cho méi trudong NBRIP
nudi cdy dong vi khuan Pantoea sp. TTB4.1 1a
glucose va (NH4)2SO4, dong vi khuan Pantoea
sp. TTB4.1 sé& duogc t6i vu cac yéu td bao gdbm

(A) nong do glucose (g/L), (B) ndng dd
(NH4)2S04 (g/L), (C) pH ban dau va (D) mat sb
gidng ching (log(CFU/mL)). Cac nghiém thirc
duoc thuc hién theo md hinh RSM-CCD dé xac
dinh diém t4i vu cua cac yéu t6 anh huong dén
kha nang hoa tan lan cua dong vi khuan qua dé
tim duoc ndng do thich hop dé nudi ciy dong vi
khuan Pantoea sp. TTB4.1.

Biang 4. Két qua cic nghiém thirc theo md hinh RSM-CCD

Ham lwgng lan Ham lwgng lan

Run Glucose  (NH4):504 pHA Mat 5o hoa tan thye t¢  hoa tan dy doan
(g/L) (g/L) ban ddu  Log(CFU/mL) (mg/L) (mg/L)
1 12,5 0,075 7,5 10,7 1.241,77 1.235,24
2 10,0 0,100 7,0 9,7 1.302,50 1.290,49
3 7,5 0,075 7,5 8,7 1.123,21 1.141,26
4 12,5 0,075 6,5 8,7 1.186,04 1.183.,45
5 12,5 0,125 6,5 10,7 1.348,76 1.316,52
6 10,0 0,050 7,0 9,7 1.017,79 1.011,37
7 10,0 0,150 7,0 9,7 1.156,07 1.185,70
8 10,0 0,100 7,0 9,7 1.324,84 1.290,49
9 7,5 0,075 6,5 8,7 1.008,07 1.013,88
10 12,5 0,125 7,5 8,7 1.352,97 1.321,73
11 10,0 0,100 7,0 9,7 1.264,38 1.290,49
12 12,5 0,075 6,5 10,7 1.262,01 1.239,31
13 7,5 0,125 7,5 10,7 1.259,65 1.248,04
14 12,5 0,125 6,5 8,7 1.280,15 1.249,43
15 15,0 0,100 7,0 9,7 1.195,77 1.275,17
16 10,0 0,100 7,0 11,7 1.302,23 1.299,13
17 7,5 0,125 6,5 10,7 1.061,43 1.093,58
18 12,5 0,125 7,5 10,7 1.378,99 1.364,17
19 10,0 0,100 8,0 9,7 1.347,19 1.361,52
20 10,0 0,100 6,0 9,7 1.177,63 1.186,49
21 7,5 0,075 6,5 10,7 1.019,90 1.036,94
22 10,0 0,100 7,0 7,7 1.207,33 1.233,63
23 10,0 0,100 7,0 9,7 1.289,88 1.290,49
24 12,5 0,075 7,5 8,7 1.245,19 1.204,04
25 10,0 0,100 7,0 9,7 1.272,00 1.290,49
26 7,5 0,125 7,5 8,7 1.224,68 1.238,39
27 7,5 0,125 6,5 8,7 1.066,95 1.059,29
28 7,5 0,075 7,5 10,7 1.117,95 1.139,67
29 5,0 0,100 7,0 9,7 1.045,66 989,46
30 10,0 0,100 7,0 9,7 1.289,35 1.290,49

Tir Bang 4 cho thay o run 18 (glucose 12,5
g/L, (NH4)2S04 0,125 g/L, pH ban dau 7,5 va
mat s6 gidng chung 10,7 log(CFU/mL) ham
lwong 14n hoa tan dat gia tri cao nhat 1.378,99

mg/L. Nhin chung két qua ham luong 1an hoa
tan thu dugc sau thi nghi€ém chénh 1éch khong
dang ké so v6i du doan cia mé hinh RSM-CCD,
ham luong lan hoa tan nim trong khoang tir
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1.000 dén 1.400 mg/L. Diéu nay cho thiy cac
yéu t6 thi nghiém c6 tic dong manh dén ham
lugng lan hoa tan.

Tur két qua ham luong 14n hoa tan thu duge
qua md hinh RSM-CCD cho két qua phan tich
ANOVA (Bang 5) vo6i gia tri p-value cia mo
hinh nhé hon 0,0001 (c6 ¥ nghia thong ké) va
p-value ctia kiém dinh sy khong pht hop (lack

of fit) 12 0,0659 (khong c6 ¥ nghia thong ké) &
muc y nghia 5% [17]. Trong 4 nhan t6 khao sat
gom glucose (NH4)2SO4, pH ban dau va mat
s6 gidng chung c6 3 nhan t6 tac dong dorn coOy
nghia v&i cac gia tri p-value <0,0001 gém c6
ndng do glucose, ndng do (NH4)2SO4 va pH
ban dau.

Biang 5. Két qua phan tich ANOVA cho mé hinh béc hai bé mit dap g

Téng

Do tu do

Trung binh

Nguon binh phwong (df) binh phwrong GiatriF Giatri P
Model 331644,7 14 2368891 16,38111 <0,0001
A-Carbon 122443,6 1 122443,6 84,67097 <0,0001
B-Nitrogen 45588,53 1 45588,53 31,52492 <0,0001
C-pH ban dau 45955,9 1 45955,9 31,77896 <0,0001
D-Mit s6 giéng chiing 6435,616 1 6435,616 4,450292 0,0521
AB 423,1435 1 423,1435 0,292608 0,5965
AC 11405,27 1 11405,27 7,886859 0,0132
AD 1075,474 1 1075,474 0,743701 0,4021
BC 2675,152 1 2675,152 1,849894 0,1939
BD 126,2965 1 126,2965 0,087335 0,7716
CD 607,3815 1 607,3815 0,42001 0,5267
A? 42891,8 1 42891,8 29,6601 <0,0001
B? 63167,8 1 63167,8 43,68116 <0,0001
C? 465,8571 1 465,8571 0,322145 0,5787
D? 996,368 1 996,368 0,688998 0,4195
S6 du (Residual) 21691,67 15 1446,111

LOF (Lack of Fit) 19342,23 10 1934,223 4,116353 0,0659
Sai s6 (Pure Error) 2349,437 5 469,8874

R? 0,938609

CV.% 3,136713

Hé s6 hdi quy (R?) tinh duoc 1a 0,9386, cho
théy ¢ 93,86% sb liéu thuc nghiém tuong thich
v6i s6 liéu tién doan theo md hinh. Hé sb bién
thién (CV%) cho biét mirc do chinh xac cua thi
nghi¢m. Cac thi nghi€ém c6 dg tin cdy co gia tri
CV% thap. Trong thi nghiém nay, gia tri CV%

l1a 3,14 cho théy cac thi nghi¢m dugc thuc hién
la dang tin cay [6, 17].

Tur két qua thu dugc sau khi phan tich
ANOVA, ta c6 dugc phuong trinh bac 2 dung
dé du doan ham luong lan hoa tan nhu sau:

Ham lugng lan hoa tan (mg/L) = -3.815,96801 + 264,56498A + 7.945,21315B + 548,06755C +
175,61069D + 82,28181AB — 21,35910AC + 3,27944AD + 1.034,43743BC + 112,38170BD

—12,32256CD - 6,32711A% -
Trong do:
A: Glucose (g/L);
B: (NH4)2SO4 (g/L);

76.783,21066B* — 16,48484C> —

6,02710D?

C: pH ban dau;
D: Mat s6 gidng chung (log(CFU/mL)).
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A Glucose
(log(CFU/mL)) (d) (g/L)

Him luemg 1in hoa tan (mg/L)

D: Mit s6
(log(CFU/mL))

®

Hinh 1. D6 thi bé mit dap wng cho biét znh hwéng cia cac cip nhéin té dén lweng lan hoa tan
(a) Glucose - (NH4)1504 (b) Glucose — pH; (c) (NH):SO, - pH, (d) Glucose — Mdt s0;
(e) (NH4)>S04 - Mdt so; (f) pH - Mdt so

Mit dap tmg Hinh 1 (a, b, c, d, e, f) thé hién
su twong tac cua timg cip yéu to va tir biéu do
nay cé thé xac dinh duoc gia tri tdi wu cua tung
yéu té dé ham lugng l1an dat cuc dai. Qua hinh
anh cua cac d6 thi cho thiy luong glucose,
(NH4)2SO4 va pH ban dau c6 tac dong dén ham
lwong 1an hoa tan ting dén diém tbi wu.

Trong thi nghiém ciia Nguyén Thuy Huong
va Mai Thuc Di [6] da st dung RSM-CCD da
xéac dinh mdi trudong 1én men ban ran toi wu dé
nudi cdy Aspergillus oryzae BKO thu lactase cuc
dai 1a (4,120 U/g) & gia tri ham lugng lactose
13,3%, ham lugng (NH4)2SO4 12 1,7%, pH la
5,94, 46 am 13 61,04%, ti 1& gidng 1a 1,05%. Thi
nghiém ctua Nguyén Quang Tién va cong su
[17] xay dung duoc quy trinh nudi cdy xa khudn
Streptomyces albaduncus tt m6 hinh RSM-

CCD cho két qua tiét kiém thoi gian, chi phi va
thu dugc lugng bao tir 1on véi d6 4m ban dau
(54% v/w), thoi gian u (3,6 ngay) va luong
CaCO; (3,0 g). Két qua tdi wu cho thiy nong
do glucose tur 11,52-12,49 g/L, ndng do
(NH4)2SO4 tir 0,112-0,118 g/L, pH ban dau tir
7,41-7,5 va mat sb giéng ching 10,4-10,7
log(CFU/mL) cho lugng l4n hoa tan tét nhat
trong khoang 1.369,99-1.372,62 mg/L, dat
hiéu suat khoang 44,8% so voi1 luong
Ca3(POs4), ban du.
3.4. Xac nhan diéu kién t6i wu

Dua theo két qua phén tich cia mé hinh
RSM-CCD, két qua cac nghiém thirc t6i wu clia
moi truong dugc chon dé thuc hién khao sat
dugc thé hién ¢ Bang 6.
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Bang 6. Két qua thi nghiém xdc nhin ciia mé hinh RSM-CCD

Nghiém Glucose (NH.:SO,  pH Matso Ham lugng lan  Ham lugng lin
thire (/L) (@/L) ban diu giong chung hoa tan duw doan  hoa tan thue te
Log(CFU/mL) (mg/L) (mg/L)
1 11,75 0,116 7,5 10,5 1.372,17 1.380,82
2 11,52 0,112 7,5 10,5 1.367,44 1.392,33
3 11,95 0,117 7,4 10,7 1.371,86 1.420,35

Dua vao két qua xac nhan, cac nghi¢m thuc
duoc thue hién déu cho ham luong 1an hoa tan
nam trong khoang du doan ctia mé hinh RSM-
CCD. Vay véi diéu kién thyc té cac méi truong
RSM-CCD du doan mang tinh chinh xac cao va
cho ham luong lan hoa tan & mirc tdi wu nhét.
4. KET LUAN

Nghién cuu da xac dinh dugc glucose va
(NH4)2SO4 12 ngudn carbon va nitrogen t6t nhat
dé nudi cdy dong vi khudn hoa tan 1an c6 kha
nang chiu min Pantoea sp. TTB4.1. Két qua tdi
wu theo mo hinh RSM-CCD xéc dinh dugc diéu
kién nudi cdy voi néng do glucose tir 11,52-
12,49 g/L, nong d6 (NH4)2SO4 tir 0,112-0,118
g/L, pH ban dau tir 7,4-7,5 va mat sd giéng
chung 10,4-10,7 log(CFU/mL) cho lugng lan
hoa tan t6t nhat trong khoang tir 1.369,99-
1.372,62 mg/L dat hi¢u suit khoang 44,8% (so
v6i luong Ca3(PO4), ban dau). Két qua thi
nghiém xac nhan cho thiy véi diéu kién thyc té
cac diéu kién dugc mo hinh RSM-CCD du doan
mang tinh chinh x4c cao va cho ham lugng lan
hoa tan & mirc toi wru nhat.

Loi cam on

Nhom téc gia chan thanh cam on Truong Pai
hoc Céan Tho da hd tro kinh phi thuc hién nghién
ctru thong qua d& tai nghién ctru khoa hoc cap
co o, mi s T2021-135.
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OPTIMIZING THE CULTURE CONDITIONS OF A SALT-TOLERANT
BACTERIAL STRAIN CAPABLE OF SOLUBILIZING PHOSPHORUS
Pantoea sp. TTB4.1

Tran An Binh, Truong Thi Anh Thu, Nguyen Vinh Thai,
Nguyen Chanh Tin, Tran Vo Khanh Toan, Tran Van Be Nam, Tran Thi Giang*

Can Tho University

ABSTRACT

This study aimed to select carbon and nitrogen sources in the medium of salinity-tolerant phosphate solubilizing
bacteria (ST-PSB) Pantoea sp. TTB4.1 to obtain the highest dissolved phosphorus content. Moreover, the study
optimized the factors affecting the phosphorus solubility of Pantoea sp. TTB4.1 using the RSM-CCD model
(Response surface methodology-Central composite design). Four optimized factors consisted of carbon
concentration (5-15 g/L), nitrogen concentration (0.05-0.15 g/L), initial pH (6.0-8.0), and inoculum concentration
(7.7-11.7 log(CFU/mL)). The results showed that glucose and (NH4),SO4 were suitable carbon and nitrogen
sources for the Pantoea sp. strain. TTB4.1 leads to the highest phosphorus solubility. Besides, the optimization
results from the RSM-CCD model showed that using the glucose concentration of 11.52-12.49 g/L, the
(NH4)2SO4 concentration of 0.112-0.118 g/L, the initial pH of 7.4-7.5 and the inoculum concentration of 10.4-
10.7 logs(CFU/mL), the soluble phosphorus was attained from 1,369.99-1,372.62 mg/L, with a yield of about
44.8% compared to the initially added amount of Ca3(POs4), (5 g/L).

Keywords: Optimization, Pantoea sp. TTB4.1, phosphate solubilizing bacteria, RSM-CCD, salinity-
tolerant bacteria.
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