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Optimization on process of fermented soymilk by Lactobacillus casei 16
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WE. X B Fis35L4 8 (Lactobacillus casei )16 & 8 5L
AT BB IR G0 A BB 1) R BB R A B A 2F L. casei 16
AEaile pH EBMEZ HBELALRE T HHRIBIFNY
BRI RAL AR S, ERAV . RELABEHSA
L. casei 16 VA 205 44 T4 A4F T 241,37 'C L8 24 h. &
BHERELCABROh ZEHTAHLAMENESEA
13.94 mg/100 mL./# & ALK 4 E A4 1.33 mg/mL,.# &
#%219232¢gs. EERAFEAOHETHRAEN > A
0.31 2 79.43%, 2% & T AR B 2 A= AR ALK B K 4+
# 2 5L (P<<0.05),

KPR TERAATH 16; LB 2 5L $ B & ALK 7
£

Abstract: In this study., Lactobacillus casei 16 was used to fer-
ment soymilk. The effects of different fermentation time, fer-
mentation temperature and refrigeration time on pH value, total
phenol content, free amino acid content, and physical properties
of L. casei 16 fermented soymilk were further investigated. The
orthogonal experiment was further adopted to optimize the fer-
mentation conditions of L. casei 16 fermented soymilk, with
total phenol content and free amino acid content as indicators.
Moreover, the antioxidant capacity of fermented soymilk after
optimization was also investigated. The optimized conditions were
found that L. casei 16 was inoculated into soymilk with concen-
tration of 2%, fermented at 37 “C for 24 h, and then refrigerated
at 4 °C for 6 h after fermentation. Under the control of these con-
ditions. the total phenol content was 13.94 mg/100 mL. and the
that of free amino acids was 1.33 mg/mL, with the consistency of
solution of 2 192.32 g » s. The total reducing power and hydroxyl
radical scavenging ability were 0.31 and 79.43% . respectively,

significantly higher than those of unfermented soymilk and unop-
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timized groups (P<0.05).
Keywords: Lactobacillus casei 16; fermented soymilk; total phe-

nol; free amino acid; antioxidant properties
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FACHR or Al , K KR 2T

TR < 4> T AW B RKiEECEWA R F
L1.2 fUEs 5%

PP . TA-XT plus 9, 9% [ # 4% A 7 5

L HFFEATHEHLDITIB B, U B0 FR A 7 5

AR TR FQC Y, Bl —1E R F# U A B A F

M TAER SWCILID2D &, 35 e 42 [ 95 JH 22 23 25
FAREGRRAF 5
BfEFRIY : 1510 AY, 35 E Thermo Fisher Scientific 23] ;
K% pH 11 :S210 B M HF ) — LR AU A IR A F] 5
BLAL:5804 B FEEIAMEARAA .

TR T Bk

L. casei 16 {5 CCTCC M2018557, K 3% Tl Kk
2R B KO %5 AE TR D) AR R M F O B S T AR L
A 38 T R S TR 5 5 M AR P L
1.2 REAHZE
1.2.1 TZH&

KE>RO BRI > KB
A
1.2.2 #EAFE 5N

WD HERF . HTEEKERILN L 2HWEHT
12 h 4 TR SKRERIL N 14 FATHE R Z0E A
MEHRFEAT S UE, T & EZE R KE#H T 105 C KA
15 min,

(2) BEANIE AL R I MRS WM 55 3% 45 LL 206 45 A
¥ L. casei 16 EZHEAL 3037 CLI8 WHTF U R K,
1.2.3 BRERRR

(1) % Bewst () %) % Be 5 3000y I 29 2 2L MR & 1t Y52
Wi 5L KRR AL B o N R L DL 2 Y0 SR A R L.
casei 16,37 CHFFE P LB 6,12.24 h,4 CEMHTF
i 6 h,

(2) st o) ) % W 3L By U B AR R R
M. G KA HGAHERR, L 2% R L.
casei 16,37 CY; 346 h BB 24 h.4 C &M F 4 04 0%
6,12,24 h,

(3) KT B ke e 3L R it 2 B TR 1 R
W SFLK WAL G R B =R, DL 2% A R L.
casei 16,739 F 37,40,43 CREFEA P A BE 24 h,4 C 4
T 6 h,
124 BRIt fERFE RS R L, UK R
JE R T I TR] | 8 g B ] Sy a8 36 PR 25 DA 1y R 3 g
R E RN AR UE, R A Lo (3 IE NI HEAT L. cased
16 kB3 T2 &Mk,
1.2.5 YHEIRARRI S BRI S DT 7 ks R 1B
O ) FE W ASCHE AT R R R R L N SR L B R O .
3k A/BE A BF 1.00 mm/s, 3R 8] & BF 30.00 mm,
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MR EE B 15.00 mm. fil & J71 5.00 g,

L.2.6 pH#lE RA pH Itk
L2.7 B aiE SRR Oy kAR

MLH 10 g REEEFL.MA 10 mL 50% PNER.40 CIR%
4 h, 445 pH £ 4.5,1 500 r/min &.0> 10 min, B |15 &
100 pL FiBEE 1 mL, 43 SN A AR AR 0.5 mL, #%5], A
12% Na,CO, 3 1 mL, F/KM B E 12.5 mL. &4, #t
SR 2 hy MRE 765 nm Kb W GAE » DA &+ R 8 bR 1
AR AE M 2 & M A By vy =5.105 1x +
0.009 7,R*=0.996 9,
1.2.8 WHAEBRNE S8 Xing 107 kg5
10 g ABESFLT 50 mL 3.0 9, T pH £ 4.5,
¥ & 20 min,4 ‘C .3 000 r/min &0 30 min, B 50 uL I
WA 1 mL &8 28 — B ) . % IR SN 2 min, I 8
340 nm AEROEBE L LLE B R A bR HE M 4 AR HE T 4R, R
PEENA D7 F2 Sl vy =1.294 72 +0.007 7,R*=0.996 8,
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¥k A 3 AR (P<C0.05) . X Kk BB 8]y 24 h i, % %
I PR S E AR AR KME A
15.56 mg/100 mL F11.41 mg/mL, XJ&H Th&H KX B
BRI AR R L 8 E B L. caser 16 77 4 1 [
B KA MBS A R Y A R R TE L i L
L. casei 16 ¥4 TLFL o5& 22 0 K43 W3 25 0 T2 A6 /N 43
TR BT R AL B 22 0 M R R IO T A o R R IR I
A RTHIN 55K B g R — 3
2.1.2 VoI [R] X & W o 3L BT A L pHLL B i R g A B
MR oA R 2 L KB G ELR I 12 h 5%
24 h (Y RE FE G W3 M 25 S5 Ve A E] Y 24 h B R RS
L BE | SR M AR B R HY 3 T (P<C0.05) HiAth v
BT, KBS FL0Y pH {H BE ¥ JE AT ] ) 2E K 6
A X R T IRRAM T  RBEE A L. casei 16
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x1 AEXEAETAEIIANERER
Table 1 Performance indicators of fermented soymilk at different time
K RS iz / Pz / M/ FEEARE/ sNiiies vl Ui B LRt/
] /h g (g+*s) g (ge*s) pH (10 ?mg+*mL" ')  (mgemL 1)
6 176.75+9.05¢ 1 219.47-23.33¢ 73.98+2.05¢ 68.14+0.25¢ 5.2140.05* 11.4140.48" 1.03+0.09"
12 365.67+8.02" 2 554.91+66.26> 147.91+14.87> 139.024+16.32> 4.36+0.11" 15.25+0.51¢ 1.0540.13"
24 589.404+32.18* 4 160.97+117.752292.06+3.20* 303.50+16.61* 3.9240.10¢ 15.56 £0.54° 1.4140.122
*k2 AEAEAETABEIIANERER
Table 2 Performancel indicators of fermented soymilk at different refrigerating time
4 i A TRz / BBz / R/ R R4/ ST/ i B LR i/
[i] /h g (g+s) g (g+s) oH (10 ?mg*mL"'") (mgemL 1)
6 298.124+5.25> 2 149,50+34.97¢ 135.15+5.16> 136.964+5.25> 3.9540.03* 13.27+0.24" 1.1740.16
12 332.11420.60* 2 289.394133.15> 121.7249.09¢ 126.46411.18° 3.9340.01* 14.5340.30% 1.0440.24¢
24 330.994+8.20* 2 409.16+34.38* 148.21+0.39* 150.06+4.56* 3.8740.06* 11.334+0.87¢ 1.114+0.09"
*3 AAXRBREETEZESIMMEEIER
Table 3 Performancel indicators of fermented soymilk at different fermented temperature
KR i i / B B/ AR/ FhEARE/ S/ liF B SR o i/
BE/C g (g+s) g (g+s) PH (107 2mg * mL™')  (mge+mL™1)
30 282.00+6.21* 1 957.94+65.32¢ 123.96+8.62* 110.33+5.46> 3.944+0.03" 14.054+0.69¢ 0.81+0.04¢
37 284.24410.95* 2 001.97+69.06* 110.08E7.17> 140.04+8.67* 3.8640.11° 14.67+0.920 0.8840.03°
43 226.84410.08" 1 569.59+95.75>  96.06+2.71¢ 135.88+6.66* 4.8840.10* 16.68+0.80* 1.0440.10*

PR B2 AT L IR A R BE AT S B L pHL S A XS
R BARZS" . YR BRI 12 b R R R A
B O 14.53 mg/100 mL, H5ECR SN E5E— 8. f5
WMarmEsl b BB SR TR L T AR b A
RS o AR L I R A R Y RS
IR F) S0 < S B A S TH g - FT R VR RE 12 ho s R W FL
S T H A AR AR A o DT {68 37 2 2 R IR O
2.1.3  JeWEIR BE X S T B FL M L pHLL B T IR A 2
MR & BRI R 3 AL YR REIRE N 37 CC LR
M LB A B IR O s i (E . S R L
30,37 C i, KB R FL pH (HEAR . A B B FL A R E Bk
H AR W R AR BEAS L R T T BORE BE BB N R R R A
B A2 AT BE R ML R BE R FLH L. casei 16 IR
AR R AR S B0 pH B, MR B IR
43 Cf . RBEE I L. casei 16 MERK J7MRAE T
W iR pH i

M 3 M, A R O 43 T, KRR FLH
S R I (P<C0.05) , W] BB iy TR R IR Y T
BRI EL POy TR YR W A e, OF B
o T A P T LA s A B O A A BE A 58 T L o B 28 ) o
HEGNEBEI PRBEENS, —HHFEHAT S

R

WU RBEI P A SR kB E A R A
R & B R IR B R TE e WS T . R R
Lactobacillus % 5% dy Il P JIk Bl CEL P9 IR G 240 56 Ik il
SEO W SRR AT P A B R LR MR EER TN
pBreH, FHUATHEEAERTERE N
1.04 mg/mL. XUBE™2 055 & B, B 2= B FLAT 7 1.0386
) iE B R 1 I 2 PO Y e 3 IR R 43 S Dy 40,45 °C
T e Wit B Ry 43 °C T it B A B R & A T v Y IR T R
& L. casei 16 ZBEF LR BGAE 43 CIf PR FF R G5 1
2.2 EXRE

ERRHZ AR EL DR R RS R
ZEARHR A R e I ] L & 0N ) L I8 B E AT OE A0 I 5
LA E foc f 0 R B 2 A o IR BR IR R AP 3k 4, 45 R 54y
Bl 5.

x4 BEERKER
Table 4 Factors and levels of orthogonal experiment
K¥ A EEERE/h B HE /R C REEIRE/C

1 6 6 30

2 12 12 37

3 24 24 43
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MRS AH, BmERNRETEN ABC B A
BEIRE 37 °C, R EEMTIA] 24 h, /& sEHTA] 6 h. wm e
Eﬂﬁﬁ'xzﬁtf%%y/\ B; G, BV K B E 37 °C, & 24 h,
VI 24 ho HFE 6 RIEL SR RS A R AR TR

S
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F(P>0.05) 854 S b A 7 55 5K 0 o dee HE 1 R T % 140
AsB, G, B R eI ] 24 h, ¥ it ] 6 h, 2 BERE 37 °C,
PEAE T RS 2L B 8 & B 13.94 mg/100 mL., i B
HEMRET RN 1.33 mg/mL, BRIME™ K. 4 24 h ki

I R i AN 8. 3% (P=>0.05) ,

JG L. casei CCEMOA12 % % 5 FL 7 7 B85 4 0 i & i I

GAEZIEERWAELHBERWER. WR T T EMRTRELER, WE SRR s =5 7
RHEABCHARERAETHE ABCG (HERAE KBTI A AR 0.
RO EXRBEREDWN
Table 5 Analysis of the results of orthogonal experiment
e A B c _— St/ Ui B LR i/
(10 %mg » mL™1) (mg * mL~1)
1 1 1 1 1 14.407 9 1.263 1
2 1 2 2 2 12.430 9 1.355 8
3 1 3 3 3 10.705 6 1.431 0
4 2 1 2 3 13.882 2 1.313 0
5 2 2 3 1 12.190 5 1.195 5
6 2 3 1 2 11.575 9 1.193 7
7 3 1 3 2 11.639 2 1.341 4
8 3 2 1 3 12.722 6 1.113 9
9 3 3 2 1 15.666 8 1.610 2
""""""""""" k1251 1331 1290 1409
ko 12.55 12.45 13.99 11.88
k3 13.34 12.65 11.51 12.44
R 0.83 0.86 2.48 2.21
ki 1.35 1.31 1.19 1.36
WEE ke 1.23 1.22 1.43 1.30
SR ks 1.36 1.41 1.32 1.29
R 0.12 0.19 0.24 0.07
6 EXRWAENH
Table 6 Variance analysis of orthogonal experiments using total polyphenol content as evaluation index
07 . Ty 2% F 1A 5
K ——————— HHE - - -
M WE R R Ml AR AW R EER B e EEmR
1.317 0.028 2 0.658 0.014 0.167 3.278 0.857 0.234
B 1.220 0.054 2 0.610 0.027 0.154 6.332 0.866 0.136
C 9.280 0.084 2 4.640 0.042 1.174 9.794 0.460 0.093
% 7.005  0.009 2 3953 0004
BIE BT 19.722 0.175 8
R7T ABEARUFTRERIELR
Table 7 Verification experiment
P — HAEE/ g FEERRH/ | B/ Ui B SR/
(g9 (g=s) (107 ?2mg+mL"!) (mge+mL 1)
A3BCy 311.91+8.16" 2192.32442.11* 146.83+9.82* 175.14+13.81% 13.94+0.61% 1.3340.04
A3B;Cy 325.36+21.35* 2 094.474+166.38" 126.82421.12" 151.64422.48" 14.26+0.13% 1.21+0.05"
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MRS, SREBEIAMLL R L. casei 16 &
T2 (1 A A A 4L RN A Ak 2 2L SR TR 7 43 3 Ry 0.28,0.31,
¥ AR REE SR 72.35%,79.43% . B EE TR
K HEL Y (P<C0.05) s A Ji5 1) & 1 B 3L 5 38 SRR 1
B B SIS bR AE ) 19 2 i 4R R (P<C0.05), Suo 41
RIMKEEEFLHI B Zhao K EE G FLI A A HILIEREE S N
55.1% AR FL A B K B AL B B RIS R EE S N
LTV HE Tl 45 R .
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Table 8 Comparison of antioxidant activity

i BIR R A BRI/ %
KEEEEIL 0.244-0.01¢ 27.4241.81¢
E VRV A Ak 0.284-0.04" 72.3540.54°
etk 4l k i 53 0.314-0.02¢ 79.4342.33%
3 ik

W R KRBT AL MR L2440 L. casei 16
DL 2% A F 2,37 ‘CR|E 24 ho4 "CR 6 h;
WA T BB R B A & 13.94 mg/100 mL, Jif &
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JERE SN 0.31. 52 H i SLIEBRAE 1 R 79.43% . )5 B2 Xt
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