MR ERRE 2022, Vol.38, No.7

Modern Food Science and Technology

REF AN EABFLRV T ZMK

HZFE, S, XEE, RE
e T RFRSASE TSR, RSN 510640)
E: AR B S IOAT R BEILA 5 T AT T AL, AR 30 13002, #RAnf BIAFE CGMCC 1.290. =% #4ksk
# CGMCC 12741 %ﬂ#é@%ﬁﬁiﬁ#?tﬁbfﬁ%ﬁ%, ATRFIEAY LBt @AM . ABMAREREMZRTEREZR, &
ARVE RS A e pAd, iBif Box-Behnken P SR S MFARARFT K I RAEL T T, SREAW, A AR (B4 04T
H: %ﬁ&éﬁfmz4%immmtﬁaszlzl ) 31, WRRAERImE 1.50%. BATE 1.50%A RGBT LM, BZREHT, T8
FLag-T BB A 90.59, HARAFUMEREAL (93.25) #fefik 97.15%, HLMERLE FIATHA L BILAA —E W55 ERH, A
F A & BT R ARAE IR s A dn R T K
KIEIR: BRAEFROATHE; ABEIL, TR mEE
MEBS: 1673-9078(2022)07-90-97

DOI: 10.13982/j.mfst.1673-9078.2022.7.1111

Optimization of Preparation of Fermented Milk by Bacillus coagulans
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Abstract: The production process of Bacillus coagulans fermented milk was optimized. The new fermented milk co-fermented with
Bacillus coagulans 13002, Lactobacillus bulgaricus CGMCC 1.290 and Streptococcus thermophilus CGMCC 1.2741 was used as the research
object. The single factor experiment was conducted with different strain compound ratio, strain inoculation amount and fermentative
oligosaccharides addition amount. Sensory score was used as the response value. Box-behnken center combination was used to establish a
mathematical model to study the optimal production process of fermented milk. The results showed that the optimal technological conditions of
fermented milk were as follows: bacteria compound ratio (Bacillus coagulans: (Streptococcus thermophilus: Lactobacillus bulgaricus=1:1)) 3:1,
oligosaccharides addition amount 1.50%, inoculation amount 1.50%. Under the optimized conditions, the average titrated acidity of fermented
milk was determined to be 90.59, and the fitting rate with the acidity predicted by the model (93.25) was 97.15%, indicating that Bacillus
coagulans fermented milk has certain competitive advantages, providing theoretical basis and expanding ideas for the development of new
fermented milk.

Key words: Bacillus coagulans; fermented milk; process optimization; the response surface method

E[BE 5

F 205 A, X1 A A, A5 Bt 2 AT IR R B FLIY L A6 0] AR A 4,2022,38(7):90-97

XIAO Lanfang, ZHAO Shan, LIU Dongmei, et al. Optimization of preparation of fermented milk by Bacillus coagulans [J]. Modern Food
Science and Technology, 2022, 38(7): 90-97

JiT, A A s AR R AR IS 2 20 ZAEEHAS T BRI
Wi BT, R ’fﬁ(u%tij SR AL R )
B EEN Lactobacillus spp.>®). Bifidobacterium

KL, el Wms s I E 2 B LA
B, BIRRIL, RIS N MK R R bIAR
K, RN RBOI T BRI 2 oR%

PRSI 80y, T T RSB ) o AR
kS AHA: 2021-10-07

E4TWH: EREANFESTR (31771908); I"HREBARFELSHEE
IIE (2021A1515012451); T-MImRHZITRITE (201903010015)
fEEEN: BZF (1998-), &, MLMRE, WRsE: SRNEDFIA
5%, E-mail: lanfangx2021@163. com

BREE: XIZE (19720), %, EL, Bd¥, WRARE: SRMEDRT
P S#If5E, E-mail: |iudm@scut. edu. cn

90

spp., REMHIEMAE Lactobacillus acidophilus
Lactobacillus plantarum « Lactobacillus rhamnosus ~
Lactobacillus casei. Animal Lactobacillus subspecies.
Bifidobacterium lactis~ Bifidobacterium longum 5. N
ek o AR B R AE KA /g, B AE RS AR R AR 3L A
YORk R IR R ARSI P 2 A e
ai AR ORI E R B R T 2 A TR R RS A e R o )
P . Blan, FLAREH B, animalis Bb-12 F1 Lb.



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.7

acidophilus La-5 BIAEKANSZ 5687 B E KA 4ER 5200,
{E SR 2 W 2 R T IR 2R AR T AR A R IR
K,

BT, E AR — A wEHR, oA X
BB SCHRIE SR £ i S FH R 22 A ) T )i
LR, R KRR, TS HE
T AR L TR AT R 5 i T A AP (LA
TS TR s LR sy T, BRI
WUAIAEBEThRE . 25 E FDA FLZE 1992 4R vEkESS 2
TR N Z e g AR, BirHo 2R
Gy T, PR, ERE 2016 SRR
SEH TN TR S T, SRR
CUIR. e, FLER 2650, B H SN ks
N B R, R ORI R g L P
Brdh. hAh, ShSEI R IkkLs ZE AT I 13002+
REERRE (BCSHFOS) RIS IAIEE (CTX) Frsl
LI I e BR A /KPR A, TR 4R R 77K
AARGF AR ASCETRE R R
PRE NI SR S0 () 5k 45 25 P T B A IR LI R 1 1
20 AT B BRI T A PR BV SR AN 1 e R

1 MR5E%
1.1 #eEpHE

BN (Bacillus coagulans) 130021772,
EH A PR ZH N o [ A G o) B i 2 b 4 9 1 126 45
2, T 2013 FECRAFTHH E AR R M DR BE 2R 7
LB, S5 CGMCC NO.7431; fRnF)
WHAE (Lactobacillus bulgaricus) CGMCC 1.290,
W S BEER B (Streptococcus thermophilus ) CGMCC
1.2741, W R A WA R DR 0 o

20k, w8 (FED ARAR; AR, K
PR AR oligo AIRRANE, BT &R (hED
W T FEA MR A Al Volatile Free Acid Mix ,
SUPELCO:; 25%/%. -, FI(EHAED) TR A
g, TKCRE CRRINER. AR W Gh
IIATAD, TN T NIRRT PR A W] i ERE, TN
FAMBHA TR AR .

SPX-350B RUEALKEIRAS, bR SIS =G
BIRAF; TG 16G B EIEARES O, TrdbdbsisE
AR A F]; RHB8O BYFHFT AL, Ao HEZRITRHX
AEAIRAR; 680 ML TRl R, 55 Bio-Rad
{F15K; FiveEasy Plus 2 pH i1, #8520 (1
) AIRAF; LGI-10A BTN, BRI
HERAF] .

12 %R

12,1 KBEER 44

WGBS ZEIAF I 13002 VA TR A B ERK,
¥ 3% (V) BT HBAER SR, & 2~3 YOEth
BE 77 5 T AR B ER /K 250 (8000 t/min, 4 °C,
10 min) =X, HEPR. #ZETE: PRI (10%M)
NEWIH K 10%BIHEEEERE T 0.9%FIJ0 AR R /KO
=13 Gmm) 5, BT, WEGRTR, B4
FIFFE R TREHEECN 61.50x10° CFU/g, -20 °C TR
1E, Mo R B BAFORINAE FLAT B VR TR s A
N 1.00x10° CFU/g, W& HRHEER B T8 i B BN
1.00x10° CFU/g, -20 °C FRAE, #%H.

REEFLH SRR K 12 g SRR 8 g AR
PEIES], NN 100 mL JCREAFEEEK, 85 °C/KIG KA
30 min, AHEHEFKIEA], 43 °CKRIE#4h, 4°ClE#
12 h.

122 KB TR
1.22.1 WHMERHTIL

Wl ZEHIRT I (BCS) SE4 R (Al
W AT ERBERRE, SL) % 1:0. 5:1. 3:1. 1:1.
1:3. 1:5. 0:1 fbbfl, SdEfeE 1% (m/V), 43°CK
% 4 h, 4°CIE#4 12 h, FRITHEFPERAC HLG R T 5
(PIEEM,  FFREAT AR DG AL M B B (I E
1222 #EMEML

NI 4% Cm/V IR SLE, s 2R AT 1R (BCS)
BAEGRIEGT (SL) 4% 3:1 BILLH], 3 AR B S df
B 02%- 0.5%. 0.8%. 1.0%. 2.0% (m/V), 43°CK
% 4h, 4°CJa#h 12 h, XARBEAATA DGEA TP
R E I, RAS R R .
1223 fRERPERMERAL

IR HFE 04 1.0%- 2.0%- 4.0%- 6.0%- 8.0%

(m/V), WEEE AT (BCS) 540 kT (SL)
1% 3:1 LR, SRR 1.0% (m/V), 43 °CKF# 4h,
4 °CJa#h 12 h, TRFUICIREANEIS I BT A T L i ST )
S, TR S AR A M T R I
1224 W EERAATZ
£1 ABITEZHEEKERIT

Table 1 Factor level design of fermentation process

KF ekl - :
A BRI BARERAE % CHEAMNE/%
-1 2:0.5:0.5 1.0 0.5
0 3:0.5:0.5 1.5 1.0
1 4:0.5:0.5 2.0 1.5

B 1.2.2.1~1.2.2.3 525025 3, 87T Box-Behnken
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Table 2 The sensory evaluation indexes of yogurt
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different mixture ratio of bacteria
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Table 3 Effects of different mixture ratio of bacteria on basic physicochemical properties and sensory perception of fermented milk

- pH B /T TEWERM % HFRH% BB
1:0 495+0.01¢  60.42+0.14° 14.50+0.50° 47.45+0.53° 69
5:1 433+0.01°  86.06+0.81 14.17+0.29° 64.000.14° 86
3:1 433+0.01°  84.62+0.54° 14.01+0.01° 56.44::0.89° 90
1:1 428+0.01°  86.11+0.44¢ 14.27+0.25° 53.3620.16" 83
13 423+0.01°  85.06+0.20° 13.17£0.29* 58.79+0.73" 78
1:5 424+0.01°  86.15+0.61 13.03£0.06* 59.45+£0.27° 82
0:1 429+0.02°  79.03£0.32° 13.20+0.26 52.20+0.67° 81

i AP AR AR FIATH: A% RBEA 6 BIE,

R 4 TREHEMEN L EEFLERRU MR R E RS

Table 4 Effects of different inoculations on basic physicochemical properties and sensory perception of fermented milk properties of

fermented milk

BAE/% pH BELT  TTAMBEE®Y%G  BRANM% BREERS
0.2 455+0.03¢  66.94+0.49° 15.37+0.63 48.06+0.42° 75
0.5 44140.01°  74.82+0.23° 15.84+0.75% 50.62+0.57° 79
0.8 439£0.01°  78.11+0.27° 16.23+0.25% 51.50+0.15° 79
1.0 438+0.02°  78.21+0.60° 15.86+0.71%° 50.82+0.53" 85
2.0 43240.01°  89.24+0.52¢ 16.82+0.32° 49.18+0.25° 82
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Fig.2 Sensory evaluation of fermented milk prepared with
different inoculations
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Fig.3 Sensory evaluation of fermented milk prepared with

different amounts of oligofructose
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Table S Effects of different oligofructose additions on basic physicochemical properties and sensory properties of fermented milk

TRIR AT Y% pH BELT  TTEEEHMY%  BFBRAY%  REERS
0 445+0.01°  78.18+0.25° 13.67+£0.58° 49.19+0.32° 83
1.0 438+0.02°  80.78+0.13¢ 14.67+0.29° 48.77+0.56% 86
2.0 435+0.01°  80.60+0.19 14.87+0.33° 48.74+0.63° 85
4.0 43740.01%  74.73+0.47® 15.86+0.31° 49.90+0.72° 89
6.0 436+0.01"  74.09+0.63" 17.50+0.50 47.33+0.26 89
8.0 435+0.01°  74.99+0.68 18.69+0.60° 50.23+0.74° 90

& 6 REEFLMNE SRR RS

Table 6 Fermented milk response surface analysis test design and results

285 A B C BREFT REWP®S pH  FH4gCFU/mL)
1 1 -1 0 91.49 85 4.03 830
2 0 1 1 93.29 83 4.00 8.41
3 0o 1 - 81.41 80 4.09 8.64
4 0 0 0 91.06 88 4.02 8.56
5 0 -1 1 90.96 84 3.99 8.59
6 10 1 91.63 88 4.05 8.37
7 110 88.66 84 4.06 8.55
8 0 0 0 92.26 89 4.07 8.73
9 1 1 0 89.11 88 4.09 8.84
10 0 0 0 92.85 87 4.06 8.69
11 00 1 90.43 91 3.99 8.54
12 10 - 84.90 88 4.17 8.71
13 0 0 0 92.55 85 4.03 8.58
14 00 -l 85.43 90 4.11 8.73
15 0 0 0 92.25 91 4.04 8.90
16 0 -1 - 86.98 85 4.13 8.85
17 B B 90.94 85 4.06 8.63

IR 7 P, MR Rl R T 22 b . Bk
7 TTRH, PR O AL AR R IR R MR MK
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Table 7 Response surface regression model analysis of variance

T AR F F= B2 4 H)7r F{a P& BEM
AEA 170.9323 9 18.99248 31.58828 <0.0001 significant
A-A 0.348507 1 0.348507 0.579637 04713
B-B 7.808593 1 7.808593 12.98725 0.0087
C-C 95.14626 1 95.14626 158.2472 <0.0001
AB 0.003126 1 0.003126 0.005199 0.9445
AC 0.750703 1 0.750703 1.248569 0.3007

BC 15.60007 1 15.60007 25.94602 0.0014

A2 5.132481 1 5.132481 8.536338 0.0223

B*2 4.560853 1 4.560853 7.585608 0.0283

c"2 37.74013 1 37.74013 62.76936 <0.0001

KRE 4.208756 7 0.601251
KIE 2.373679 3 0.791226 1.724671 0.2994 not significant
4R £ 1.835077 4 0.458769

175.1411 16
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Fig.4 The response surface and contour line of different factors
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BObt (St 2R fbT B - AR k7], B BCS:SL) 3:1.
R RBERINE 1.50%. HFE 1.50%. SiEfE
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