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Optimization of high density culture of Lactobacillus fermentum BLHN3
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Abstract: Objective: This study aimed to develop a low cost and

high density lactobacillus starter. Methods: The Lactobacillus

fermentum BILLHNS3 isolated from chopped pepper was used as

material, on the basis of MRS medium, the high density
fermentation medium and culture conditions were optimized.
Results: The optimal carbon source, nitrogen source, buffer salt,

growth-promoting factor of L. fermentum BLHN3 were as
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30.0 g/L Trehalose. 34.0 g/L Soybean peptone, 2.0 g/L
g/L g/L
Dipotassium hydrogen phosphate, 10% Carrot juice. The viable

follows:

Ammonium citrate, 5. 0 Sodium acetate, 2. 0
count of L. fermentum BLHN3 using the optimized medium was
6.05 X 10° CFU/mL. We determined the optimal fermentation
process using this medium as follows: Initial culture pH was 6,
and culture temperature was 37 ‘C, inoculum was 3%, and
loading liquid was 30 mL. Based on these results, a study of
semi-continuous high-density culture was carried out, preferably

three centrifugation cultures. Conclusion: The optimization of
medium and culture conditions can significantly improve the
growth activity of L. fermentum BLHN3, which was
significantly higher than that of MRS medium.

Lactobacillus fermentum BLHN3; high density
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Figure 1  Growth curve of L. fermentum BLLHN3

EPHE . ABIAFE BLIN T EEFRL

ORI R & T FLAF TR AR A0 52 W AN (7] . 96 95 0 X kT L
FFIE BLHN3 19 £ 4 K 4E 1] & A, 0% B % 4. 90 X
10" CFU/mL; ZLBE . D-2FZL0E  RERR 02 A4 KRB 22 RO
WE R BEECN 32X 10° CFU/mL Z& 45 ; ) %9 4 v 19 1% B
ol 2.07 X 10° CFU/mL; JE ¥ F 44 8 09 42 A= 4 &0UR 85
Z L EEBUT AR 2.00X10%,5.50 X 10° CFU/mL., A[dH
LR VA AW 218 B A3k 42 A 2 ), 4 0 bl 2 S D KR IR
FLAF B A R PR, MRV FLAT B BBE 09-18 £ 22 2 M
b A RO B L T R BT 8 1,88 X 10° CFU/mL! ™ 5 #
F5 0 U TSR & BLFLAT B X BB R R A L T RE R AL
TR X BB £ 8 Al T R BR L 28 b, S ) 3L R 1A X A
I O G P N — A DR G 3 B U BERE R O R BE LT R
BLHNS3 fefEm Ui

2.2.2 HWEAE MAEA 2L AHM.4RHBHMKEEN
T & WAL T R A K R i, —H R EER M
T R R RN R BRI IR L FLIE R O MR B 22
IME IR ED TR W R A A KA TR R A
& T FLAT BRI 19 Jocad VR . TR L 1 T AR K v i G B
53 s BLE LR A FLARE A0 B F o i A v, 5 BB DL AR R
WA AR Y LA 358 10 5 B O 32 B A0 A 1K R A1 A R ROR
B K T8 ERVE A & B FLAT T8 BLHNS /Y 2R 1 T AT
ik 5.23X10° CFU/mL,

2.2.3 HAEZehE:  mE 200 TTA. Y 58 b B A R
B/ LR/ BRI B, R R TA e R R I
FOHWEMERA/ HRE . LR R —a/
BEMRE M BEMEA /R S = F LR EH N E
SLOMBRE M/ CmM/Ar G RS R k2%,
HHME R R A EREE BRI 2 R 5, 2
B ER AN ROR AL L 5 Chen P 4516 — B, M BR
Eh AT DL 0 FLR A0 I EMP & 42 T Bkl R R ATP Y7
A AR £ T AR O LR B AR K iy JE LRV,
W EFEAFT R B/ 2 TR AN/ WE R A B O R MR
BLHNS3 %% mpih .

2.2.4 AEMEEHET  HE 2(DWH L HEFEBRSET,
EE M E AR AR RO B 3 R ORI T
WMEMEREE. SAREZH EAR.HE MR,
AR A A A & P 48 o 2L R B B T R T, Kun 460
WFoE R MDA FEL & Mt BA KRR R, KT
WHROK BT A TS BP MR =Y, 8 5 & AT . K
TS SR R Y S 0 A AR K R RSk
SR RGN o N N N )
FUO R E NG R BR R C2T B EHF AN LR
o LUA R R B 43 B0 F 4 1 78 £ v A 3
BEVE A BRI R I FLAT A AR KRR B2 L T e 2 A
- T U AN A A R T ELFE I AR K, SR T B 3R
W B — VLA pH BRSPS AR . A



184

F % B F DEVELOPMENT &. APPLICATION

551
50F A
45F
40F
351
3.0F b
25¢
20F
15¢
Lot
05 d
()()  — | | | |

D-FFLRE FLAE

Gk
Viable count/(x 10° CFU + mL™)

Carbon source/(g + L)
(a) BRI

1

Viable count/( x 10° CFU * mL

ol
Buffer salt

(c) ZEupdh

A~F Gl AT IR 8/ L IR AN/ B R & —
Bl B A R AR U TR AN [ 3R R 22 5 B 3 (P <C0.05)
B2

Figure 2

RIF 2 T PG LA % LT R A K AUR A
Z, BT ECII R REAE Y I H17 26 P64
Ml Na, CO. ¥ L A 85 78 TRIA A BRI, Wik, ik
PEEASE N AR & BEFLAT B BLHNS BB 5w W 1
2.2.5 EFERAWBME  BE 3 AL, K BT A
BLHNS3 {i T $0 B 4 35 08 5 2 1) 389 m &2 5% 1 T IS F B
B R 4 WO TR I 30 o/ L L & BE VRIS T A i
KA 5 24 v B 5 i B > 30 g/ L A, 0 50T e, T fiE
WIHR IS P oM e B L A T R R A P AR K.
B 3 A H1, & B A B BLHNS JF B 50bE K O 8% A IF
S IR R 1 I R N, 2 K AR A R A 4 >34 g/ LAY,
T B R e, 2 W) ZLIR VA T 38 5 43 R AN R A A
J AR A 0, BB 3 (o) AL, & EEFLAT B BLHNS %
T BB 27 vh AR VS i 9 3G 58 B S T RE L M R
Ty 9 g/ L Wi i GE e Rl 5 B AP g e —
. B 3Cd AN K BEFLAT A BLHNS I 1 %5 b 51
MTFRIME Y e B8 TS, S E M
1R 10 U6 B 3 TR B S

2.3 AEEEREIREN R R LIRS

2,31 m R EIR BRI 54R RTRERARL R,

B TR A AT TR A/ B R

B 2548 | 20224 12 A | RSV

A1

koAl FLREAR AR E A
R [Eas3t3 il
Nitrogen source/(g + L)
(b) HK

hadbdhi
(=R}

R

Viable count/(x 10° CFU - mL™)
W W
>

DL
n

—_— N
(=S, )

oo
=NV

-1
N
=

b b

1

Viable count/(x 10° CFU - mL™)

0
5
0 . . - .
e ok P
[ZEts SRR [EEaRiiNes
WHE KT
Growth—promoting factor

(d) HEHET
TR OBERR A T SRR N /T R BN B R AU/ B A

HHRERRSER AR EZFTE AR TTHEAK

Viable counts in different carbon source, nitrogen source, buffer salt, and growth-promoting factor

PEFEXS K W FLAT I BLHNS 82 0w W 35 (19 B 50 3 0% 5
B2 RABRKGEAKRRME G N Rng R A2
1, DATE TR R i B BT =R B =K i R
W H R 5K LR 1R B LRIk 2,

% ] Design-Expert 8.0.6 # {4 Xt i 56 £ 48 7 17 Ik
Wi SO TRT 91 05 43 7 75 21 S T L AT T 0 TR A S A TR R e

FRAUL T i
Y=+5.75—0.14A +1.61B — 0.32C + 0.53AB —
0.060AC+0.37BC—0.99A*—0.72B* —0.68C*, (2)

2.3.2 FESNEEE mFE 3 WHLERE P<0.01, B
L E RECRT =0.991 0, B E B R B (RA) N
0.979 4, 2% B3 [l A MY (1 40045 B A, S B 55 o £
U5 RPN P H R 0.485 8,8 W 3, 3 W% 7 AR X 58 1l
B RN AT A A R AR S A R 6 4

HEAT AT AT L B AR AL S TR W FLAT I BLHNS 5
FRERFR RS, B F AL N E N LR
FFTE BLHNS /5 %5 B 35 % 1 T 4000 5% ) 72 B AR o R R
RN (B > EA 8 R I (O) > 1 5 0 VR in it
(A, Hp—RI B, R I A? (B2 AT C* X i 1 4005 i A
3% (P<{0.01), — Wi C, 28 H 5 ABFIBCXT i 0 44 5%



F&M | Vol.38, No.12

9.751
9.70
9.65
9.60
9.55
9.50
9.45F
9.40+
9.35r
9.30+

9.25 .
10 20

4]
Viable count/(Ig CFU - mL™)

30 40 50
T ARV 0
Addition of trehalose/(g + L™)
Ca) i HEAG I
9.801

9.75t1

. mL")

9.701
9.65r

FERE R
Viable count/(lg CFU

9.60F
9.55+
9.50+

945 , , , ,
3 6 9 12 15

ZZ RSN
Addition of bulf salt/(g + L)
(c) ZZipEhisima:

A3
Figure 3

%1 MEEEZAT

Table 1 Factors and levels of response surface

AMFEERERINGE/ B RUEAKRBNE/ CWHE Mt

wr (g« L7 (g+ L7 wnt/ Y
—1 10 14 5

0 20 24 10

1 30 34 15

Wi % 3 (P<C0.05) .,

2.3.3 W IEAFAT O A A4 WIS i A
KOG R IR AR B Bl 25 0 OBV I T e &
PTG B T T R . M D TR = 0T
TS AN AR I B R AR R S 0 A I R RS
PABCZR BT R . M TSR R N R OK SR R = R
ARE Bl BB TSR A B, % RS B B T
JE T V2%, AR5 i R BT AL, ABLUBC 1Y 55 = 4R 5
BJE , 6B AB.BC f3¢ BAE M W% ; AC M 453 Lk 1R
e Ui AC 128 BAE R i 2,

i 3 [0 5 AE A TN e I B 3R 0 B 3R AL R AR AL
Y 30.0 g/ L R HE M 34.0 g/L i3 4 Mt 9.96% .
5B BCHUAE H 6.05X10° CFU/mL, R{E THAE, %
B NEIE R 10% , I HEAT 56 50F 52 56, K T 7L A 1R 1
35 IR 75 T AT 3K (6.0520.05) X 10° CFU/mL, [t MRS
WSRO0 BB R T 2.9 A% . T W T E R A A 3 A

. mL—])

Viable count/(lg CFU

. II]_L—l)

Viable count/(lg CFU

9.85
9.80
9.75
9.70
9.65
9.60
9.55
9.50
9.45

=2

EPHE . ABIAFE BLIN T EEFRL

14 24 34 44
R TR R
Addition of Soybean peptone/(g *+ L)
(b) KREEAWREINGE

5 10 15 20 25 30
IE AR I
Addition of carot juice/%

(d) S35 bITa

BHERRAZERERY FMETHERHK

Viable counts in different added medium content

Wi 7 T 3 36 3% T B 45 R

Table 2 Response surface experiment design

and results

- A 5 Y i R/
(X10° CFU » mL™1)
1 1 —1 0 1.93
2 0 0 0 5.90
3 0 1 —1 6.04
4 0 0 0 5.77
5 0 0 0 5.60
6 —1 1 0 5.10
7 1 1 0 6.05
8 0 0 0 5.50
9 1 0 1 3.53
10 1 0 —1 4.20
11 0 —1 —1 3.40
12 —1 0 1 4.10
13 0 0 0 6.00
14 —1 —1 0 3.10
15 —1 0 —1 4.53
16 0 1 1 6.05
17 0 —1 1 1.93
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Variance analysis of quadratic response surface
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regression model

TR FOTR AmE ¥y F1{E P A .
A 32.55 9 3.62  85.68 <C0.000 1  x* *
A 0.16 1 0.16 3.71  0.095 3
B 20.74 1 20.74  491.19 <C0.000 1 * *
C 0.82 1 0.82  19.40  0.003 1 *
AB 1.12 1 1.12  26.61 0.001 3 *
AC 0.01 1 0.01 0.34  0.5775
BC 0.55 1 0.55 12,97  0.008 7 *
A? 4,10 1 4,10 97.16 <C0.000 1 % %
B2 2.19 1 2.19  51.99  0.0002  x *
C? 1.93 1 1.93  45.71  0.000 3

2% o030 7 o004
KA 0.13 3 0.04 0.98 0.485 8

R 0.17 4 0.04
il 32.85 16

T ox x ZRBEFP<0.0D), * ZREFP
0.991 0,R%4=0.979 4,

<0.05);R?=

2.4 BEFEHMRL

2.4.1 WG pH WK 5O A, Y pH K 6 W, A EEFL
TR 176 T 0w = 3R WD G I Ok T LA A A KRR Bl
5 & WEFLAT B LF-8001 SiE Wbk pH — 55, 24 pH>6
W & L AT G EEOT I R 2 pH>8 I I A

w
o~

+mL™")
. L“)

U N
[ o]
\O

T AL
Viable count/

[\)

=

(x 10’ CFU

\O

Soybean peptone/(g

Ju—
=

15

CH% it
Carrot juice/%
EL
Viable count/
(x 10’ CFU * mL™)

15 20 25 30
A TSR
Trehalose/(g * L)
(d) ACHFRZIA

3]-,77

A R
Trehalose/(g * L)
(b) ABSFmZA

t gy,
Jug,
e/ %

(e) BCH R &l

B 2548 | 20224 12 A | RSV

R %4 pH S 12 B, 36 B L 7.33 1g(CFU/mL) ., R
il 1 A %t pH A — mﬂﬁﬁﬁxrff 3o R T Ao B 1 R B R
FlF LR AR, H L, 38 pH 61BN H R4 K ik
ER 46 pH

2.4.2 REFFRIEE B S(h) A, M FRIE <37 C
B, B 57 3 I B 09 T 0 B ROZ WS N R R AL
FF 1 R RE 7% 108 10 T, A K A5 R L T Bl 2 R A B 8 R
R T AR B M — E L AR RR T Y i
B BE i — 25 IR A A LR P AN A AR AT Y
KSR =37 °C W, Rl 8% 35 IR 00 i, 0 T S0P [
.49 TG BB E 7.22 1g(CFU/mL), 555716 i
T S SR AR A A0 A0 N B O h M R T g R e O 2
T, S W AT B IR 2 0% 0t A K 32 B T B AR A
FEFRIR Sy 37 C i I B B e 26 WA UL IR B R R R LT
BB0E B SRR, 50 AR AT B grx1009 | 71—@%
FLFF B IMAU 1012957 B9 BIF 5% 25 3t — 2. B oL, 36 #%
37 CHEN W R AR KR .

2.4.3 AR A SORHL KM E<3YE, B E
2 I A B TN, S TR G B B T s 24 A >3 Yo i B
o R i 0 N, & T VRS TR O B RG n, m  ok
. Pk, e 3 %0 1E T iR R A e A i

2.4.4 e BE SR, YRS N 30 mL K,
R TR AT TR VG DA B0 v L R O R B FL A TR AR T R AR

AR T BEAT A SRR, PR T R R AR K P AR B B A
KB . AWy 15 mL W, K 1% W0 T 2 A A
5 Siciliano 4 B 5% — B0, % W] 3 w5 i 3 4 X 4R L A

Viable count/
CFU - mlf')
SO

(x 10° CF

20 R 30

£ 8
=S
Z £
w2
B
o
ool 4 19 24 29
R 2
‘1’) \\e»‘% ) B A ELE 1
& Soybean peptone/(g * L)

) BCEEZA

B4 BRAFXZAEATERHG Y A

Figure 4

Effects of the interaction of each factor on the number of viable bacteria
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