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Application of directed vat set yogurt starters by space Lactobacillus reuteri

GAO Ming-jie' ,NIE Yan-fen' ,ZHANG Hong-xing", XIE, Yuan-hong' ,HAO Hong-wei’,LIU Hui'"

" College of Food Science and Engineering | Beijing University of Agriculture Beijing Engineering
Laboratory of Probiotics Key Technology Development Beijing Laboratory of Food Quality and Safety,
Food Science and Engineering College , Beijing University of Agriculture Beijing Key Laboratory
of Agricultural Product Detection and Conirol of Spoilage Organisms and Pesticide Residue,Beijing 102206 ,China;
* Fullerton Bioengineering Technology Co. Ltd ,Beijing 100022 ,China

Abstract: To optimize the fermentation conditions of direct-feeding yoghurt starter by space mutagenesis Lactobacillus reuteri
8823-52. Viable count index{optimization of high density fermentation conditions by orthogonal experiment L, (3*) , using
single factor test to determine the formula of freeze-drying protectant and the inoculation amount of direct starter. The results
showed that the best fermentation conditions of the strain SS23-52 were as follows ; fermentation temperature 37 °C , inocula-
tions size 3%, fermentation time 16 h,improved by 1. 68 times before optimization. The optimal amounts of cryoprotectants
fomula were skimmed.milk powder 10% + maltodextrin 5% ( mass volume percent) , the survival rate of the strain is
98. 67%.. The yoghurt was prepared with the optimized direct inoculation starter of lactobacillus Lactobacillus reuteri SS23-
52 ,the-inoculation volume was determined to be 1.0%o,the milk could be solidified at 3.5 h,and the sensory score was 58.
65. So the space mutagenesis Lactobacillus reuteri SS23-52 direct inoculation starter had high activity, high survival rate after
freeze-drying,and curd time can be as good as ordinary yogurt starter.

Key words : space mutagenesis ;lactobacillus reuteri;directed vat set yogurt starters ; optimize fermentation conditions
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3 40 4.0 20
1.3.3 e

T8 3 ISR AT H A0 DI A A e 2 A Rl L
K2 BB RFLAT T SS23-52 K 5t ¥ 3% Hic Fh it
B2 Ltk MRS §i3r5Ep, T 37 CHiHE &Rz 16
h, FCA A 1 2 -5 1E S 1B AH W], ] Ak LA I8 2%
(CRBHREE 37 C JLFhiE 2% A WERF] 20 h) S %f

SR, R SR AR v B8 TG T 8, LA (I P A e 2
PEES R BB
1.3.4 A2 ARIp F B

R 2= 18] 2 FRFLAT B SS23-52 Al 4% 3% 1%
MR T 2.4 LMk MRS B3RS L2



138 FR YIRS 5TT & Vol. 31

SR TERET AR (E 250 0 Ab A 1 R AT e % B
B2, W ZIEW YN 8 )G T 4 CELLFH LB,
W e, 2 T 8 B (1 5 15% Wi s Wi ky .2 5
15% 72 2FMING 3 45 5% WG WK + 10 % 22 ZF R0k
45 10% JBLRE WK +5% 2 ZEMIHKG 5 5 20% R W5
K6 45 20% EZFEWINE T 5 5. 5% Wi IR Wi A +
14. 5% 2 2ER0K5 8 2 14. 5% LIS KS +5. 5% # 2
0KS )30 mL JCH G TR I SR AT IS BI e 4
T AT A1 700 5 % W 4 0 TR R ) T80 °C TR S 55
C  EZSFF0.13 ~0.16 mBar BT, G T E5e 4
TR S BIRTIE A S . R MRS #5375 L
AR YR 355 3 A 4 T T e 4 T T L) P9 0 DA A
AR T I 3 T e 40 0% 1 ) 300 7 97 TR, DA R T )5
TG PR (R R 1R 3 IRE A ) , 4 A0 (1)
R APAE G 2, LA 2 S AR R B o

A AEFE(%) =A/Bx100 (1)

A—URT 5 3 i e 47 % T o 500 1 0 T 50 ) X6
{8 (CFU/mL)

B—VR 7 Ve 405 355 T T 50 9 T TR A0 R U
(CFU/mL)
1.3.5 SS23-52 M 4k H 3% XK BE A A2 4 BR 05 F 64

1 S823-52 G kR LA A A BERIEL 0.5 1.0.1.5
2.0.2.5.3.0 %o( JifE T-50%0) B4 Fh a4 A 1 &=
AR KR, T 37 C R g E A FLEER il
SEBEFLINA] , I A5 GB5009.239—2016 7 7
EMERYT 4 ClaRJa (B4 CH2 h) R R
pH FNEF AR, I f 10 24 B a2l Mise A
GG Bt i AR DR W 4% 3 2 AT IBCE TE MY o

R2 BRIMBEENIRE
Table 2 Standard for quality of yogurt
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4, Colour 10 T A EEL 1, EEES) 5 ~ 10 43 IR A uE 6, GRS <5 43
. = aste and sme R R B IR SR Z TR T ~ 10 43 RIEFWR S5 EFIRB MR 3 ~7
T LEC DR Taste and smell 10 Gy ORI 1 AT <3 4
S SR 2 Texture 0 BEFLLE S, T LR Y2 ETE G T ~ 10 4 BERLA RSS2, K LRy
e BUUENG FEANITE 3 ~T 45 REEFL B TR 2T G <3 43
1% B 3L Bacterial Counts 10 >10°CFU/mL, 10 43
SEFL ] Curd time 10 ;s?i/’)?;[‘ﬂﬂ‘lﬁ] 3 ~4h,7~10 57 BEFLI ] 4 ~5 h,3 ~7 3 BEFLITE] >5 h, <
RHIEE Acidity and sweetnéss 10 FREE 7 ~ 10 23 MR TR L 3 ~7 435 i R sid il <3 4
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Fig. 1  Effect of fermentation temperature

on the growth of SS23-52 strain
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Fig. 2 Effect of fermentation inoculum

on the growth of SS23-52 Strain
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Fig. 3 Effect of fermentation time on

the growth of SS23-52 Strain
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Table 3 S8S23-52 orthogonal test L, (3’) optimization result of starter

. eI B HERET T i B
(: u Fermentation temperature Inoculum size Fermentation time Viable count
wroup (C) A (%) B (h) C ( x10°CFU/mL)
1 1 1 1 7.90 +£0.03
2 1 2 2 6.70 £0.01
3 1 3 3 5.40£0.12
4 2 1 2 7.60 +0.06
5 2 2 3 11.0+£0.11
6 2 3 1 6.20 £0.08
7 3 1 3 6.80 +0.05
8 3 2 1 5.30£0.07
9 3 3 2 9.70 £0.03
A,B,C,
K1 20. 00 22.30 19.40 -
RA >RC >RB
K2 24.80 23.00 24.00
K3 21.80 21.30 23.20
k1 6.67 7.43 6.47
k2 8.27 7.67 8.00
k3 7.27 7.10 7.73
R 4.80 1.70 4.60
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2.5 WiFKIE x 10" CFU/mL, S AL A HG A 1. 68 £, BLITR
Hi1ZE 4 Al g, B IR FLAF R SS23-52 ARG AHZOUAL A AT LASRE T e 70 5% T 6
R T e AR ZE 80K, LA 16 TR R T2 1. 60
R4 EBNRBEHAUERSVBABEGHERTR

Table 4 Comparison of optimization results between starter cultures and initial culture conditions

0 A KBl B HeFhit C KBS a] T
2051 : . o .
Grou Fermentation temperature Inoculum size Fermentation time Viable, count
P (©) (%) (h) (x 10" GFU/mL)
$823-52 THIRALAL A
Optimization conditions of SS23-52 strain 37 3.0 16 FRL- R
SS23-52 TE R A
SS23-52 Strain control condition 3 2.0 20 0.95§0.9p
2.6 REFMHE 5y 86.33% F1 86.90% . Heifsiz 5151 % (LT

4 BRI ALA 7S B P FURT I SS23- A SS23-52 WU TR R B AT ) 4 5 o/
S2 FFIE ARG, H 98.67% ;8 BHTRI ALK 100mL 5 SRR 410, ¢/100mL BIG ) , H i Fi /7
BRI E A2 H 97, 67% 1 .2 B 3 5.5 5 i ik 98% MK T R BRI TE ECk 4.4 x
PR R4 4 6 B AP A 15 SR AE 91,49 ~95.86% 2 10"°CFU/g,

1,6 51 7 S AR 22 AR AR S0/ 4

RS FREAESRPFNEEGEEBFEEHZ

Table 5 Effect of different combination protectanton survival rate of viable bacteria in fermentation broth

Number of viable bacteria

VRT3 AL

13 Number of live bacteria in (N AN A% Lyophilized starter
Group concentrated live bacteria bacterial preparations Survival rate Number of living
prc'parallon :)ef?re dher freezbedrying x 10° (%) bacter;lum x 1010
freeze-drying x 10° (CFU/mL) (CFUJmL) (CFU/g)
1 27 10 95.86 5.0
2 69 8.8 91.74 4.4
3 40 9.8 94.20 4.9
4 12 8.8 98.67 4.4
5 7.6 1.1 91.49 0.6
6 84 2.7 86.33 1.4
7 51 2.0 86.90 1.0
8 6.6 3.9 97.67 1.9
2.7 HTEHEZEMEBNHE 3 #ig
AT IR, AN [ 26 AR, O TR A il SPLIR 1 1T TR 00 1) v 10 ) A2 3] R I8t . ek 1]

TR EE LS 3 4F 4.0 h LR, B 35 B Fh i 00 m FE A S R B 52, DR IR FH v 8 8 A T ok 1
KEEFLIH I 4%, pH FRAR BRI T, WS RRAL AR eSS BcE . FR A A T S FLAT A LC2W
JEU AR R 1.0 /1 000 mL A1 1.5 ¢/ KREESMAMAL, JEm T I E BRI E) 5. 15 x 10°
1 000 mL, J&E 1415738 5 73 51 A 58. 65 43K 58. 58 CFU/mL, WP LI SLAT I 9 & BRI AL
Oy FERME IR RIETER L  REVERAR ., B TR, THEBGA 10°CFU/mL, A#FSERHIEARS
e ETE 1.0 ~1.5 g/1 000 mL B, EEZLAS Y g puib® O R FLAT I SS23-52 TPk & BE 4514, =
3.40 £0. 10 h 2247 , A AR RO Z2 ik, HLUERLAH ] FSCmRrr A8 %k, S 1.60 x 10'°CFU/mL,

W R TR B Y, M ER K. TEV VR ash 75 v s G 43 i A 40 240 L 1) 4
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Table 7 Optimization results of inoculation of freeze-dried fungus powder
Imjﬁﬁf size ﬁiﬁtfﬂ P Azﬁid%v Vigﬁl?iﬁm LR
(/1 000mL) (h) Potential of hydrogen (oT)J ( x10°CFU/mL) sensory evaluation
0.5 4.00 4.65+0.01 49.15 +£0.50 2.00 £0.02 54.85+0.02
1.0 3.50 4.61 £0.04 54.71 £0.05 3.20 £0.01 58.65 £0.12
1.5 3.30 4.50 £0.01 57.49 £0.06 4.80+£0.03 58.58 #0.58
2.0 3.20 4.49 +£0.01 73.17 £0.03 5.20 £0.03 57.55 £0.06
2.5 3.20 4.45 £0.01 80.47 £0.02 5.90 £0.04 55.59 +0. 10

R PEIREE IR 0 =10 BF4{HE ;1% 55 60

Note ; The sensory evaluation of the data in the table is the average value of n =10 ;Full score is 60 points.

3 , PR & RV R RO B I AR A7), T i f
P e 0 5t g DA T 422 1o B A P 77 35 o
PR — LR35 RV PR B s B4 T AN RE il 2 v R T
FRi BSR, ER TR R A R
A R AT YI-Y B8 R 3R i T o« 1
BV RE 1.1 /100 g, 22 ZFWIKG U BE 24. 8 ¢/100 g,
HMWREE 2.4 g/100 g, i 55400 T WKL IG R 2N
76.08% ;2552 45 AR W L KT 8 075 1 o AR 47 )
fit 5 :3.34% IR F . 1. 85% 163 5 0. 25% #ifi IR 4
VER AR, AR AE T R N 96. 8% s AT 7 25 4
i v A 4 FLAT B R23 B R T AR 30 I - HYl
2.5% , 5 A IREN 1. 0% , - L TR AN 2.2% i i B
1.0% , 1l B4 1. 0% , 78 I 25 7F T 4l M A% 16 Rk
95. 3% 5 HISCHER " AP FLAT 1 LIP=1 07 156 Hh B
FER R TIRLRIT  Hl 2% 22 2505 1% 12l
2 2% FUBE 2% 1735 5% Hy'83.80% o Hfukrvk'™ Fi
FH AR B 3L AT T 2 St R 390 0 2 7 - A L
13.0% , M55 706 % I UALER2. 7% , BRI A7 1% 08
86.28% . A5 [ FI10% [ RS WK FN 5% 2 2]
KRR LR 7] B B R FLAF R AETE 50 98.67% , L
SCHR RIS (14 LA PR A 3 R IR A T R A A
J RIS < BTG L A5 5 40 T PR 4 390 LA A B 207 B A
FRIAE A PR 2 U L3 2 R L & B, A sk /b
DR L B3 495 17 5 A 19 L PR 4 o T s , 3 o A
TTRSAA TR, o, BAEFL P AL S & A
JoT P AR T S A B8 0 B PR AR i i B I R A D
SRR, PR AN IR B 1 R A A S T e A S
LRI A LS AR LS B, Sese b ad
AR Lk St 4 70 1742 T EL At A 4 70 ol i R A
o iasTil

AR A ) LIS TR R I TR AR R A 5 32 i
BRI R R B o R A R P A i ) I LT

LB6 T3 15 g PAHE BR 1 ik 72 1 152 L il 45 iR
o, FCEEFLI R 5 W Ae AT, XU IH AR R 2 A
FRFUT R CICCO121 G MEFLAT B A g PR BR T
il 5 ey , e FLIE (BT I R0 5. 16 b, bR R
FHFL AR S0 Bk 1 L AL Fft HM 598685 | I 2 L AT
HM 598684 |+ i FL AT 7 HM 598683 T 1) 1% 1 3%
(e Ry , LIS 1) 8 b X B 00 3
bt A2 G CIRRAHE AFSR SR R 3R 52 22 2504 Jn
AWGARFLER , BRI A BEFLIN R S 12 he AW 5T F)]
% DHECFUAT S823-52 B3 A e il 46 4l b 4 A
WR WS  BEFLAT AL 3.5 hy 3H7 J PR« 2 B [
FUFF I SS23-52 T bR id i o A+ — 5 QAR 4, 18
23 [P R A RFE N K2R T IERAE , SRR AR I
P R B 0 2 e 2 AT 7 T T B
I3, B ABEFL I 8] 4 B, HL A B E AT -5 ORI M I 2L
T RN B B T TG 5 i e )5 10 P W AT B 5
I AT LA R S b ) i A

ARS8 i TE A P T B R W A B Ak
1, B 20 52 Al R 4 2B T R 9 8 ek e K I 2%
PEh: Kk BEIR E 37 C, A MRS [E] 16 h, 4% ff i
3.0% G ACE UL AT 1 168 . HiiE fr
FRIECTT :10% BERR Wi By + 5% 22 ZFWkG (ot it AR
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