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fez i AE (G nhihik BT e b Ak Al
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1.1 REH
L1 I A 59 5 B2 1k 48 i A S 2L AT &
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(Tt ARy R 2 B TR 22 Be k1 TR 50 % ) |
WHATESR .
1.2 JEkb A% N A AT R B T,
RS MR GG FR A,
1.1.3 ¥zt

1) MRS 5 5; L0o
A F 06 T

2) W M E AR EESRE PR eE o8
I K/NE RS NPk — P B (R 2 mm)
— & (BH:/K=1:1,100 °C,10 min)—7F] % (10
min)—id & (100 H A ,2 i) — B3 (R IRE 10
min ) — 48 A AR K5 (0.3% K B8 I 1.0% 5

WA H T B R 3 AL 1

FI R 0.5% 8 BEE 0.5% Mk T2 55 ) — T M (2~3
Bix®)— ¥4 pH {— K& (115 °C,20 min) > H =
37 C#H, FHFHE o X 8% 372 106 A e T )
E1IR S 5= VAN L
.14 FEUIRER  YXQ-LS-18SI/22L F 28
TR R B, IR AR W R ) 25 4 8 W) 5 SHP-250 7Y
K FRAR, RS R S R A A R ] 5 IM -
SOF R I , VLA PHE R bl ds &
FOM-Z150-2 T3 HL, BV PHE X L rp L g )
STARTER 2100 5552 pH if, BZEH (OHAUS)
I (B A RAE 50 L4 Hsh kB, i
IR A= ) TR A BRZS | 5 B DL A, b v i
PHE A IR F] 78-1 BEJT MRS, &3 7R
B 71 HL A AT FR A W]
1.2 REHZE
1.2.1 LR s S it s il w e
HE SR BRI . R, Rkt
pH B A2 120 S 56 58 4 43 410 =X 35 5% 7R o 1 7
ISZIE SR 5 XA A2 AR TR PR 3R AR R AT IR AS
ek, B Ja 7E IE S A i A5 20 i e i T2 kA
ORGSR AT I U

1) SRR RIS E A 555 Rk
AN A I FLAT B Lb—s1 rp—1 22 MRS AR K 37 3%
WAL, PMARFL 8 0.6% (29 3x10° CFU/mL) # A
KB 300 mL = ff i (W & 200 mL) .pH {64
6.5~7.0 WEAE M E GRS 2 hE T
32,37,42 CHER FHE IR 12 h, o I ORE RS D5
WAL el AR

2) BrFEJ7 A A B SE TR BRI A
Je , PMRFL 88 0.6% (29 3x10° CFU/mL) #2243
S A K 300 mL — F )i CREW i 200 mLL) I
KB 250 mL AU (RSB0, 260 & 200
ml, %9 o & 38 i Hungate IR 8 R 48 72 A& bR
) . pH R 6.5~7.0 BEHE NiTE G345 IR
H, T 37 Cor il E AT 5% 3 80 r/min £ KK R (=
FAN ) R E G IR (A RS R (R U )8
b, A0 7 TR K

3) RIS pH X B AR A
2 mol/L. Na,CO; & W& 1 FE A B & Myt &
G 1RGSR pH H 43 5 2 5.5,6.0,6.5,7.0,
7.5 BRIE R, 4% 300 mL =M CEREIS N
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200 mL), 115 CHK T 20 min ¥ & H . FHERIE L
Jei , BERR B DR R340 0.6% (29 3x10° CFU/mL) $
i 43 0 ¥ AAS TR pH B =M% M E S
TR R 7R, 37 Cfr B BE 3% 8 h, KV 4L,

4) R EXTE AP FERTE S,
I3 S IR FR 53 %1 0.4% ,0.6% ,0.8% ,1.0% ,1.2% %%
A KF R 300 mL = (3% % & 200 mL) .pH {E
h 6.5 A S Myt E A A R IR A 37 CHE:
BE 3% 12 h, 22 B OCRE G 0% TR 40, 2 i A K i 2k

5) WHREEME TS IERRIRE  HIE
BE N R Z AL T FER, EREELR
B SRR AR ALR LG pH A SRR &
FINE R 1o(3%) 132 50 18 1k 55 J5 B AL A~ T
FWFLAF B Lh—s1 rp—1 B FRAYIR MG H T2 4%
i R 1,

®1 Lb-sl rp-1 BEEEIZELHMERXIH
EERKFER
Table 1 Factor level table of Lb-sl rp—1
in orthogonal optimization experiment

of shake flask enrichment process

ey
K AQGERBE/ B(R# pH  C(EHE/
C) 18) %)
1 35 6.2 0.8
2 37 6.5 0.9
39 6.8 1.0

6) IUEIXE AR YE A AR R A T2 E R
AR 5075 3] A S A1 1R T2 A M 35 52 55 I Ak
PRI FE FLFF B Lh—s1 rp—1, X 1E SR 45 5 9t
FTEHIE
1.2.2 50 L &ZBERESHANECY KR AR
TN et R e R e S R n K DB S
2o, FIUHEAEE IS & 3G 5 % 2 X 85 i e 1k f
JNAEZLAF B Lb—s1 rp—1 #8475 50 L (30 L #5355
)4 A B K BEREY R BRI DL T Ry
Fe R, B E 3 AR DA 2 mol/L
Na,CO, ¥ W8 15 15 37 348 2 pH E R 5.5; @1 xF
BRI 6 h ISFAMIN 1.5 mol/L 7 % 0 15 Wl %
T2 R v W W 5T v DR RE 20 o/L; QREH 2
mol/L 1Y Na,CO5 ¥ W I 15 55 7% B 46 & pH {H 4

5.5, MAEXTBUAE KA 6 h BEENIN 1.5 mol/L 4 %5
WS, o Bt BUREAG I 76 B4, 2l A Kl 42
1.3 #WilA*
1.3.1 FBREEEITE =8 GB 4789.35-2016
SRR BOEMN AR R 3K,
132 pH{EMME KH OHAUS Starter 2100
pH T ELHE0 2 , B M EE 3 K,
1.4 REHESITHHHE

IR 6 I K F SPSS Statistics 17.0 ¥E47 7 %
R ET R

2 ZBR55H
21 REEEHAS#MAEFKE
2,11 BRI X ARG TR A S I R R
MAEYAERKZEHNEZERNREZ —, BdgmEH
JT | A% TR S AR W) R A F 45 R R D e LA S A0 i 4
A A 5 M s A 0 W A A R R R AR, A [ £
AW B S AR KR B G SR R B R AR
PR A K B B AR AR T AR MRS 1.2.1 (1) i
IR T, PRICAS A5 3 U B %k 553 5 1R A Ok A1)
WFLATHE Lb—s1 rp-1 A KM, 45 R WK 1,
B AT, RRRTESA S DTG 1 T R R
o A 32,37 ,42 CHE IR E 5 BI85
A K AR I Bl AR 0 ) Y B R ) 4 B0 9,75
h, FeE BT B AT 5 1.33%10%,9.98%10°,4.89x
10° CFU/mL, 37 “CH: 3% 09 1% B AR 35 5 F 32 CHI
42 CHi #% (P<0.05) . JE R FE— 2 {E N, YR

[——32C =37C +«42C
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Fig.1 Growth curve of Lb-sl rp—1 in carrot juice

complex enrichment medium at different temperatures
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2.1.2 B3RO A0 R R T 5 e AU B
i 15 % 22 ) SR AL R S, Tl L R i A AR 3
AR AR B 3O TR AR Y AR G S
U RS 1.2.1(2) W il ge 7y v, R FAS T A 35 5%
75 B 5T 55 I R A6 A3 i A FLAF ) Lb—s1 rp-1
KR 25 LI 2,

B2 ol TRRRTERA S DT G 1 T B R
v, 37 Cor i BEAT $5 R85 7% (§% 38R 80 r/min) | i
B, RAH I 8h o, I E A 2.02x
10",1.93%10',3.23x10” CFU/mL, & £ 37 F1 K 48,
FE SR 001 O 03 = THRERKE SR (P<0.01), 1M
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0.05), S5 FT B3R 05 20 59 5 1R 46 42 hn A I
FULAFE Lb—s1 rp—1 A K AR K, #8515 3% A
IR T T4 IR I S 8 5%

EN AT DTN N -3 S A SRS Y 1
5, 33X E TR W TR0 R LR PR 5L N A b
ALY AR, S EOLTEA H AT AR
25, AR R 32 He b i S8 i BRI T L T
A e P A K, MR A IR A5 R R R AL T2
P, A RRIR B A: 77 AR 0 & R 0T 1
55 J& B AL AR I A ZLFF 7 Lb—s1 rp—1 R JH # &
P e
2.1.3 EEFRILE LG pH EXT A E AR R
Fr H R i pH{F 2 5 ) B AR T DA RIS 1 DG i A
R —, AEMEY pH {H A8 48 %8 5 kA= K 1 4E
Ty AR PR ) AR5 A A AS [R] TR PR 7 s A
K pH (G B A [0, PRt Al 1.2.1(3) i
I vE, WFFE I 3 3 R F R 4G pH (E X 55 )5 iR
AR A ZLAT B Lb—s1 rp—1 K B 52 | 45
WE 3,

&3 n] g, AR 7 4G pH {EN 5.5,6.0,6.5,
7.0,7.5 WA E MEE SR FRES 37 CHRIK

T T AL
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Fig.2 Number of Lb—sl rp—1 viable bacteria

in the stationary phase of different culture methods
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Fig.3 Number of Lb—sl rp—1 viable bacteria

in stationary phase at different initial pH media
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FEAN [ 42 i ) 55 Ji PR Ak AR I R ZLAT B Lb—s1
rp-1 AERK By FZm 45 L ULIE 4,

mE 4 m] %1, BEAR AL 0.4%,0.6% ,0.8%,
1.0% ,1.2% W FEF EAESH 38 NI 50 1 T B o5 2
W37 CCHRE R IR A K I TR A L, B8 X E
K AR A R F= 0 8] 43 30k 10,9,7,6,5 hi ka1
T B0 538 3 2.09%10°,2.13%x10,2.18x10%,
2.28x10%,2.20x10"° CFU/mL, %5330, Bepp Xt
PR 1) 5 0 B8 AR K R I Y B RDA S 3 R e (P<
0.05) , % 191 1) 175 B B0IC i 2 52 M (P>0.05) o 4%
o A IR 2 B K T AR 1) B VS Y, o i A v TR A
SR AR EAE ], T A PR AR AR
W, R E MR IR  5 kAR LA, R, %
P 1.0%0 M EENT — 2 B m &
TR 5 AT,
2.1.5 WM T2 ELMARE  RyE 1.
2.1(5) 1 my ik 7 i AT 55 )5 R A6 0% i A FLAT
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Fig4 Growth curve of Lb-sl rp-1 in carrot juice

complex enriched medium with different

inoculation amount

P Lb—s1 rp—1 $EMAIG A T2 IE AL 50, 45 2%
k2,
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Table 2 Orthogonal optimization test results of Lb—sl rp—1 in shake flask enrichment process

K5 AGERIRE) B(#2 4 pH 14) C(#A %) & W #/CFU-mL!
1 1 1 1 1.34x10'" + 4.0x10%
2 1 2 2 1.66x10" + 3.0x10%"
3 1 3 3 1.79x10'" + 1.0x10%
4 2 1 2 2.05x10" + 4.0x10%
5 2 2 3 2.28x10" + 3.0x10%"
6 2 3 1 1.94x10' + 4.0x 103
7 3 1 3 1.90x10'" + 2.0x10%™
8 3 2 1 2.01x10" + 1.0x10%*%
9 3 3 2 1.97x10' + 4.0x 1 0%
W AR E 5 ky 1.60x10" 1.76x10" 1.76x10"
ks 2.08x10" 1.97x10" 1.89x10"
ks 1.96x10" 1.90x10" 1.98x10"
r 4.83x10° 2.10x10° 2.17x10°
AR KT A, B, C,
EREE A>C>B

2 2 W, =R ZX B AR 1 5 IR« 8 5
MBS (A)>HER i (C)>AE 4G pH B (B) , 38 13 X &
B 25 43 b A5 20 B RR 0 B AR T R R AR .
AByCy, BNRE FRIR B 37 °C 4G pH {H 6.5 4% 1 it
1.0%,
2.1.6

IR YR 1.2.1(6) 7 By 56 J7 ik %t

55 Je TR AL AR N R W ZLAF R Lb—s1 rp—1 2 i 34 A
T 5 IE AR I 45 R AT IR iR 5, 45 R
W5,

AR 525G = [ WA 45 R ok 285 55 R R 1k
TEF R IR FLAF B Lb—s1 76 %l 2 & T
R 37 CHIRG IR 18 h, 1H I BUAF] 2.25x
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024335 )5 IR AL A ARAZHLIG T T ¥ R A BEHE Y 32X I 103

10" CFU/mL, S5 A5 25 5 B 5 fr o AR A Iz 2L
FFB Lb—s1 rp—1 7F e fE38 o 55 72 24 7,6 h %
IR B R AR e S TR A 2.28x10" CFU/
mL, XF R 4 555 AR B e o e 1T
BOOC M 22 5 (P>0.05) , 213k X $50CR 1 4 B (]
W i 3 45 5 (P<0.01)

HE— 2 UE WA I A FLAT B Lb-s1 23t 55 )5
Wbk & 25, FLA0 AR KRR O e , A 2k
IS N el T G AN S A A AL OE 5 T |
FTERZATI, /AN 5 50 L & A sk
PR BE A A 2 R o T 2085 s e ai
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9571
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6.5

D)

T A
Viable count/lg(CFU-mL
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Fig.5 Growth curve of Lb-sl rp—1 under optimal

culture conditions

K6 AT, e BRI 3 41 X 8 52 1 g 1 31 1Y
e AE I TR T 200 55 )5 R AR R I RIE ZLAFF 1 Lb—s1
rp—1 7€ 50 L & BERE h /3 LX) K45 5%, 6 h 55k
P EA KA 1 B AN 2.35%10" CFU/mL, i i
3 AR 2, BDE ST pH (. AMEE AT pH S
FMEE, B3R X HAE R T A B 1] 43 2 8,6,8 h,
Ko 3% 1A B4 i 2 2.29x10'°,2.39x10'°,2.48 x
10" CFU/mL, B 875 pH {8 7] DA 3 28 K% e
PR B AT (P<0.05 ), Ak X 12 1 ik A5 348 1 A
H R0, e R gt o i, 3 Rhorb ey SO0 B
PRAS A W1 TR 234 T i 252 e (P>0.05) o Ji A AT
RE LR 6 h BDT BAXT B KR, B T4
KB A, B35 300 78 35 0 ot e ok 4 T
FEF, PPLAlRD 70 45 W R — B U, T T 2 T Rk Ak
SR A K E IR R L, 255 8 IR R bR 3R
JAS B BOR R AR B DL S 32 R 50

Fig.6

i LRTR 55 )5 BR AL R N R E FLAT B Lb—s1
p-1 LI E IR TR R A W T8 &
oy BEFRIREE 37 C KGR ARG pH (H 6.5 $EH =
1.0% B8R L T A TR FRIZHE K 6 h
Sk B K ORW, AR WIS WA 2.28%10"
CFU/mL,

22 50 L ZEERES#AME KT KSR

HRAE 1.2.2 75 19 106 J5 vk ) 55 J5 2 Ak 4% n #l
W FLAF R Lb—s1 rp—1 #E4T 50 L & BEfE /e #h ot
Y R FRA L, &5 R 6 iR,

105
5 o100f
E
= 95f
w3 90f
=< |
Bs 85 —— KK T
T E 80r —— i pH
v 75} = A A
= 70k —— 1 pH {4 T 4K
; B

g5
02 4 6 81012 14 16 18 20 22 24
B FR 1k ]
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Growth curve of Lb-sl rp-1 under different methods

in 50 L fermenter
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POl AT AR B 37 T 244 1

3 Wit54ie

T I P9 A1 5 i R A DR IR S LA B 9 8 7
TR EEAFLF R JSUE TR S SN TR
A R GERIFEAL Tl BARAAAE T AR R KA
[T, 2R T 308 ) 5383 I PR A T R 22 VA ORAIE T
HL B T A MR Fil 5 RO 0 B, 7 S 58 8 i
$01 30 1o B T R 2K AL A R Ui B AR B 55 ) R AL
BINFIEFLAF B Lb—s1 rp—1, %W HR1L 255 8 1%
3 EAT 55 R TR AL PERE , A AL R e 1 . H IR
FUR B e (I R R A I B0 A T 5 2 i e
RR TCHLER A IR 1 e % T A9 MRS B
I A B 2 B BB, O AN E T
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Tl A=, R A 398 5 A R R IR A 1Y G
BEIRTT ARS8 2 A 2000 4EWI LT IR T 4 FLAR B
BEAN S A B FR L WIS, 2R X R[] TR Ak A
RV S Sl R 51T . 7 S - o S R -
AR RE IR H AT, A 5250 % 1 XA AR O AR K
A SR ] N IR VAT O T 55 ) R Ak A i R W FLFE
DR AN 1 98 G R BRI R 0B, AR SR X 55 e
W AL A LA B Lh—s1 rp—1 JE4T T HY BEMNY
R IE SR BRI R TAE, RIS MR G
BE R R e AR B IR 2

P Ji 3 S5 PRIE 5 1) AT DL RE 28 J5 1R Ak 17 O in )
EFLAT B H—ATPase fft [ 1 T 7 07 18 1Y) 53 'F
KOG R IR AL 0 BBUN 1.44x10° CFU/mL; 22 R
o SN G AT B ORI ) 2 S R i) B 37 2 K 8
FREAFIAT T AL, S tifb)a 16 w8k 6.07x10°
CFU/mL; B4 = 55 PR 52 45 AR i A ZLAF 4 LB
TEYGFE R g b ) WG WA 35 1.09x10° CFU/mL,
ABIEFEAS 55 )5 W Ak AR A ZLAT B Lb—s1 rp-1
U R R SR, B S AU 2.28%10%
CFU/mL, i THA B R, 5HEmRIEdE
HIAH LU, TR R AR 313 1 8O i 2 25 5 (P>0.05)
I A W FLAT 3 Lb—s1 233 555 MRk it & 2
Jo , HME A K R R A R AR R, AR Sk
M4 NG 3R T2 AT I, AN R — 254
550 L4 A8l ZBERE AR KR T2
B e S

M TR A% 5 R WERE RS 37 ) A58 1A 1R
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Abstract In view of the current backward technical level of high—efficiency direct—injection starter in China and the
widespread problem of yoghurt post—acidification in applications, it is imperative to develop a weak post—acidification
high—efficiency direct—injection starter with independent intellectual property rights. In this paper, the self-selected weak
post-acidification Lactobacillus bulgaricus Lb—sl rp-1 was used as the starting strain, and the proliferation culture was
carried out on an optimized carrot juice complex bacteria culture medium. Firstly, the effects of single factors such as
culture temperature, culture method, initial pH value of medium and inoculation amount on the growth of weak post—
acidification strains were studied, and then the fermentation conditions of batch culture in shake flasks were optimized by
Lo (3%) orthogonal experiment. The effects of pH adjustment, glucose feed supplementation, both pH adjustment and glu-
cose feed supplementation on the growth of weak post—acidification strains were studied through expansion culture experi-
ment in 50 L fermenter with batch expansion culture as a control. The results showed that the optimal bacterial growth
conditions for the weak post—acidification Lactobacillus bulgaricus ILb—sl rp—1 in laboratory shake flask batch culture
were: the culture temperature was 37 °C, the initial pH of the medium was 6.5, and the amount of inoculation
was 1.0%, static culture, under which process condition the strain was cultured, the time to reach the end of logarith-

mic growth was 6 h, and the number of live bacteria in the stationary phase was 2.28x10" CFU/mL. The strains were
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cultured in three different feeding methods in 50 L fermenter. The time to reach the end of logarithmic growth was 8, 6
h, and 8 h, respectively and the number of live bacteria in the stationary phase was 2.29x10", 2.39x10", 2.48x10"
CFU/mL, which was not significantly different from the number of live bacteria in batch expansion culture (P>0.05).
Therefore, it is feasible to expand the cultivation of weak post—acidification Lactobacillus bulgaricus Lb-s1 rp—1 by batch
fermentation in 50 L fermenter. This study provides a low—cost cell proliferation culture technology for industrialized pro-
duction of weak post-acidification Lactobacillus bulgaricus direct—injection yogurt starter, and also provided a reference
for the study of other cell culture techniques of weakly acidified probiotic bacteria.

Keywords weak post—acidification Lactobacillus bulgaricus; shake botile; bacterial enrichment process; 50 L fermenter;

expanded culture



