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M E: AR ERERGKMY A RA, AR EEIATE YY-15 e L BESLAF A YY-16 A X B4R, i@ B £ X%
Feviy RIS RAC KBS, AT A B G 2 KRB GRS RN B A R R S FHF MM, EREA
B, P AR SUAT I W B K B B R R G KB 00 AR K BE T A R AR 301, 2 RER G KEMIRE 20.50% , A&
4%, R R VERIRAE 5%, R BB 39.5 C, KB A] 24 he R 40T, A 86 2% G KMkt DPPH A &
A BAMARRANE T A A= FFREE A6 1C, 145 # 4 0.227.0.200,12.851 mg/mL, Fe* #4549 1C5p A
1.856 mg/mL, 5 X B AT AB 553 & T 50.65%.34.64% .6.41% .41.36%.,
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Optimization of Technological Conditions and Antioxidant Activity of Corn Protein Hydrolysates
Fermented by Lactic Acid Bacteria
CONG Shanzi'-2, CAO Yujia', ZHANG Xinxin', LI Guanlong!-?, LIU Xiaolan!-2*, HU Nan'-2"

(1. College of Food and Biological Engineering, Qigihar University, Qiqihar 161006, Heilongjiang, China;
2. Heilongjiang Key Laboratory of Corn Deep Processing Theory and Technology , Qigihar 161006,
Heilongjiang, China)

Abstract: In this paper, corn protein hydrolysates (CPH) were fermented by Lactobacillus rhamnose YY-15
and Lactobacillus fermentum YY -16. The fermentation conditions were optimized by a single factor test and a
response surface test, and then the antioxidant capacity and amino acid content of CPH after fermentation were
analyzed and evaluated. The results showed that the optimal fermentation process of CPH by both strains was
as follows: strain ratio of 3: 1, CPH concentration of 20.50%, inoculation amount of 4%, fructose syrup addi-
tion amount of 5%, fermentation temperature at 39.5 ‘C, and fermentation time of 24 h. Under these condi-
tions, the ICs, values of three scavenging activities of DPPH radical in vitro, hydroxyl radical and superoxide
anion radical of fermented CPH were 0.227, 0.200, and 12.851 mg/mL, respectively, and the ICs, value of
Fe?* chelating ability was 1.856 mg/mL. After fermentation, they increased by 50.65%, 34.64%, 6.41%, and

41.36%, respectively.
Key words: corn protein hydrolysates; Lactobacillus rhamnose; Lactobacillus fermentum ; cooperative fermen-

tation; antioxidant activity
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TR EE FKf#Y) (corn protein hydrolysates, CPH) J&
TR AL E RS S R R T R SER S,
HAEFEMAN S 2 ReUg W 2 AR H 8 s, f e A fi
. KA KA A 2R AW v, andm ] i s 5
5K R 4 Bl M PR R U 97 S AR
T, 72 KA KR B il g R vb  AAAE AR s PR
RO P AT AR i 5 ) 21 A Kb 2 1 A

R T T ARG figp e S oK 2 K ) B i T

FAAEIREE . F KA K e i o 1 mT LA — 25 73 figt
HAR R TEE W AR YL 0 H R B f
77 HE B JRUBR ) J5T AT Hb R S OK R K R AR R
a7 i B FURCE 2R, R S B e 52 o R AT
{E R SR A SR, A W R T S SR AR Bk,
IR A AR T A A A ST B R bR R AR
PUEFH T N, 2 5 Tt AR RROIR B , anfie ik
e/ NSRER A TN E A ZBE N A T2 S AN L RERA
SET1 PUAAL RN R AR, FLRR TR R B
P Tl 9 1 A T, LR BT A 19 1T LA S o B
B SR AR A AT T TR Y BETE Y, O SRR KUK
ANCRAN A FUAT TR 0] L 25 BR A W0 B A2 BB, I 7™ AR B
585 R R IRIT, B o PR . FLIR I A A0 R e U 3
Be P R BEEOR & R KBRS, 5 R
AR LE L TR T o A I S AR 3, — R AR A R I
1o R ESOR B4 32 TR 2 18] ] DUAH B H
P PSS A5 5401, INTTAH B AL kA e Ak, 7
Az G S R RICR, 5 TR A BT W TR RE R A B3R
55 5 LR 52 37, A R WL AR 7 rh E P Ve R BRTA
AR INA S FUAT B PR K I8, Bk Z 1] R LE R 384
TE R WL R, AT LA IS b i AR 7= P ok A 2R 45 A
AR, B SR IR & FLIRR T AR R Rl VE T
ARG, A5 AR A AR B N, O LIRS A
SRR 7 ol TR J3E S B — TR P A A 2 A%, (]I 3 SiE R
TIRIEIIR o FE T FLIR A 0 A 2 b B0 2, BHOT
N B HE K I A K A W R BE 7 A8 T R SR AE ST .
Oliveira S50V UL P& 25 11 Tl A 400 %F 2 403 v s A B IR A
A A B A SRR . SRAR AR SENIBFS R B
2 TR Y 2 RS S K A T Sh ) USRI RTVE TR
FUMF ARG, FLIR G M K RS S ACR AL T 5 — R b
KW, BB 3 SRR LR T A i o R PR L
SRV KU, i BRI 23 ) i R B R e b, A Y £
TRt igp YL P R A KU A 381 1 W e . Ty A SR T G
2 P B o) 8 A T R S AR UK, e B RE RS 58 /N BUAL
REY S Sy MBTIE o7 e 1. HET, NS SE TR I
K B R E F KRBT EHGE F D

ASBIF T FH VR R 2 iS00 DB A SR S 3 B b 28 1
) B ZEBEZLAT I YY-15(Lactobacillus rhamnose YY-15)
R BEFLATE YY-16 (Lactobacillus fermentum YY-16)

N R TR, LK FK I o e J5URE , J 2o R
ESRrZ O NATTRE R f -4 e S O Do 4 3
7 i B R AT A AL BE S BEAT 0 A, B A KR
F KA U BT ity ST A O 6 R T e ) i A

1 #R5HE®
1.1 ER SR

WAL R (Lactobacillus rhamnose YY-15 , 148k
5 CGMCC NO.26821) . & %3 M 7 (Lactobacillus Jer-
mentum YY-16, {555 CGMCC NO.26822) : {43k T
] 3 24 ) T R B P s OKREE UK R T
- BRI AR TR T B S H AR S S50 %= [ .
1.2 FEF

MRS A 755 5 3 MRS BB F2 5 b st Rk 5
R A BR S 7 3 B F55(55% M, 40% Hi%ihE
5% ARFME) WAL T XA A RA R 1, 1- 2K 3 -2-
=S PR B (1, 1-diphenyl - 2 - picrylhydrazyl radical,
DPPH) \FEMME . A= T A=W T AR (36 ) A BRA 7 5 iR
WAk SR S KA IR - KT R MK AL 25 A FR
vl TR A el
1.3 U5

TH IR R PR R (ZWY-211B) « [ 380 A s il
A PR A 5 Bk TE R % 7748 (GSP-9270MBE ) : [
RS A R 5 555 14545 (B-290) : Bt BUCHI
NS (SW-CJ-2FD) : JR 2 B2 SR A IR
F) 54 H 3 R K A% (XS-500) : H AR KAGOSHIMA
INT 3 22 W RE AR (X (EnSpire ) : 142 B2 /R BRAX 28 45 [
OS] A A B E SRR S A (1-8900) : HAS H 37 4 H .
1.4 WEIrik
141 WERETELL

a3 S BRE 1~2 FROE A RE YY-15 5 YY-16 %%
BT MRS Wz B3R5, 37 “CRE 3% 24 he 43 ) I L
0.1 mL ¥ & 20 mL MRS N7 1535 5,37 ‘CH; 3%
12 h, L0k 2~3 W AE A TR R, & .
142 R T 2HE

CPH T ¥~ U I I — K& >R — &
JE— B i

PRAEE AT

e f CPH ORI 25 B 17K $— 52 BHR EL (/1) it
TG .

KK CPH ¥R AE 121 °C .30 min 5514 F #E4T
KRB

W AR R A B SR R YY-15 5
YY-16 $i¢ H8 — 5 R R L P 2] 0K 2 1 /K ff 0 5 T
W R R IR TE A2 106 CFU/mlL,
1.4.3 P s vl

P AL P22 X0 I AEIRY T vk I FLIR 1R P
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[7i) Jh I F KR K ) & R f % DPPH H FR S L -OH .
<O, FTEBRRE S AN Fe B AR 11, R0 1G5 i .
144  EEREYIE

HRAE Hu S0 b 1A i 2 , 25 SR AFLER T
1.4.5  FLFR R A0

HRAE Hu S50 7k A T LR A 16 1R T8
1.4.6  ZFERR A E

SR A B & IR 4 B A, ) FH R 7K A 00 i 2
FR
1.4.7 BEIF

BETEM /N 10 A B STk A LA, FLAR b
T KR K R 0 BB VRN AR DL 3R 1,

*1 ABEEEEKREQKERDNEETENRE

Table 1 Sensory evaluation standard of CPH fermented by lactic

acid bacteria

PEESH PEOT bR IE RE IRy

HEURZS(20)  IRMEHS B TR TEUIE . 16~20
TR R 22, B AR 10~<16
HIEZVIEMZRY) 5~<10

AR EDLERZRY) 0~<5

M (20) WIREN, R IRIE 1 16~20
TERBEA A TR I Bl R A s K 5~<16

TR, TR 0~<5

E(20) [irg S R A 16~20
R RANW] S, A9 AT 570K 5~<16

HART R A 0~<5

P (20) (o ik 16~20
kiAo, 5~<16

TRIE 0~<5

FIFREE(20) IEHER 16~20
FAK 5~<16

ANER 0~<5

1.4.8 HARKNZRIAL

LR RS B RR YY-15 5 YY-16 IR IL 311,
TR FH KPR 20% (AR FLLL) |, $5FP  4%
(RFEO  RARER R I 4% (RFUV 80 , KR
B 37 °C, KR E] 24 he

DLFLIR Pk I8 B K B K 9 b 9 3% TR AL R
T (LRl h) JE RS LA & DPPH A H 56 BR
e N (B WE 1 mg/mL) MFEAR , 20 51 %5 B Fb AR B
e (1:0.3:1.,2:1,1:1.,1:2,1:3.0: 1) R (1%,
2% 3% 4% 5% 6% 1% ) S HHE K AN & (1% 2%
3% 4% . 5% 6% . 1%) . & WEBF ] (16,2024 .28 .32,
36.40.44 .48 h) . & Wi B (35.37.39.41.43 °C)
CPH ¥ % (10% .20% .30% 40% .50% .60% . 70% ) 1 7

FR R .
1.4.9 w7 a1 R

1A 2R (e b L BEBUR BEIRE A
CPH ¥ A SR AI SR AN i o0 A 728 i, DLFLIR B b IR]
S5 T K FR UK @A DPPH [ FR 5375 4 B8 77 R 1
B, BT IU PR 28 = K Ay g 7 T 3 8 o 7 ] 3 5 14
TFHZE SRR 2.

®2 MEERERITEZRSKE

Table 2 Factors and levels of response surface test design

M mmmgre xS XA
WL/ % AL/ %
-1 37 3 10 4
0 39 4 20 5
1 41 5 30 6

1.5 Flsab g

| H Design-Expert version 8.0.6 ¥ {4 £ 1T Box-
Behnken i0B& T i Fil Office 2021 X545 Az & F it
FTAbFE | SPSS Statistics 20.0 %45 JE 4T LR 2507 25 4%
Hr(ANOVA), 4 P<0.05 B R EHE HIAAE b & 2 5

2 ZER55MH

2.1 FLERTAYMA] & I KR K g R R
211 BRI T LR B I R A T KB K i
OpA|

TE CPH ¥ i 20% R ATHER IS = 4% 3EFh &=
4% R EE 37 °C R EERTE]) 24 h B9 K BESE T B
FER MR YY-15 F1 YY-16 AS[RMAER b X 3L R g Ur ) &
T TR ER K s, 25 R e 1 BiR .

S ZLAF B R R I LA R 1 T R b R Y
BERR , B ELA i 25 AR P AR S A (0 5 A T
TR A i v, LR TR ¢ B+ R 7 O e R 4
TIBE MY TP 2 58 PR AR I R 1G5 . PRk, e FL R P
DM IR) 2 T R K R K o R e, 50 L IR A T R R
(o= iy

100+ [ 1DPPH A 3L FREE T 100
: @%Ta’i%%

801

60

RE T4

407

20

DPPH [ M 3EHEBRAES1/% —

1:1
BFMATR L
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B AHAR RatfiRsSRAR BUERIM
; HOFLIR IR 4 S T TT LG L O 855 2 | (R BPL G S
AT DA ST A 6T A B2 2 K 5 b ST

/(g/L)

I
s

0

1

i

LI I TR/ (X108 CFU/mL)

1:0 3:1 2:1 1:1
PR AL

1:2 1:3 0:1

1. DPPH F 1 BE05 BR AR FURE 17435 1. B2 B bR 04 0 7
B AF KNG FREG TR R —F8 b 22 57 0. 3% (P<0.05) o
B1 EHEREIBELREREOKBYHZMN
Fig.1 Effect of strain ratio on CPH fermented by lactic acid

bacteria

& 1 AT LA % R06 2 7E & 8% 24 h )5 FLRR
T HE AU EIA ) 108 CFU/MmL LA I, W HE R YY-15
FYY-16 REMSHEILIE W T K HE K A6 40 B & T3R5
TP 58 B B ARG B . 5 B — TR R R BEAH LG TR A
R A T P ) 2L R T 0% TR R ik 2 4 5 (P<0.05) o
FRE YY-15 5 YY-16 (RFLLL R 3:1 0, & B 5 ZLER
T HECA B A AAA L M 2.4x10° CFU/mL, Z Rk YY-15,
YY-16 B Fh & TR 3.73 £5 801 9.49 4%, A] WL, & Bk
YY-15 Fl YY-16 HAT— (20wl DOAH B4R A=
Koo TRATEF R DA S5CHE i 2 I T Hh K A I 1Y) 5
i, JF HLREN T B— BARp A e M A/ 22 AS 4 T 1 ik
SN R TR RE B FR AR 1 B R R TIOR8,

ARHIFFE B2 LA B RN & LA B LA ALY
AR SRR LR R AR DU I iR 1T K.
SRV IE T RN FLAT B R g R FLAT R A AL AR C R
S B PR T LA ALY AR A, Y RE R SRR A T
KW B ZLFT PR i 28t = P LR mT LA 4 J vE R 7.
TR 1) & TR ], 0 T LT TRT T o8 At 2§ o = 2k 2
IR, J R ZUAT s SR U, Ui = B R4
BSeA: L ERE ST o (HE: B R T BRSO R 18
FLAT B A AH ELAE FHBL S B D

M PLAT B8 T R B LR ke IR Ak, L= 9
KEBS I L-FLER , A W ZUAT B2 M 52 70 2L IR & T v
AR =B £ E L BRFLERSN 38 P OB LR A
AR S HAB Y RO, Driehuis S50 LR R B F,
PR i T A0 S5 U L TR A TR R 2R B AR 4 A D 25 SR
TRA PRI K BEAH LU T CQZLAT 17 SR & T 9 LR 7 i
B A BRI, SRR YY-15 5 YY-16 (& F L
31 B, & 24 h 5 LR RS RACRLENR i 340k
B e KAR, S 3550 T PO AR TR Bk T 1 B TR % £ (P<
0.05), Y5 Driehuis 252HR T8 25 - —F, {8 H P Fp2E A

P2 TR A i T e ) 2 7 A B 2 1 XU B 5, T3 7=
RO R AR PR 25 SR B e T — vk O
HMERR YY-15 5 YY-16 IRFLH A 301 B JEE 145
e, A 81.000 M AMATLL N 1:1~1:3 B, ZLAR A
T GEEORN S TR B i e Y'Y -16 V5 I 8 185 0 i A1 3%
ATRESE I T YY-16 SNtk 2 08 il 7 RS R HE, 1)
Hil YY-15 (A, Bk B 09 LA P B 4T . 27
& ERE RAREFLAT T YY-15 MR ST YY-16
PRGN 301 AT RS2 A B 50
2.1.2 b X LR P R A I R KR K R
Al

TERRR YY-15 5 YY-16 IRFUHE A 3:1 . CPH ¥ %
20% R BER TSN 4% KR BEIRE 37 °C & TR [E]
24 h B ETEAAE T  BIFFEAS R 42 -t %o 2L IR B D3 )
P T K EE K R SR, 25 SRR 2 FR o

[ IDPPH H HIE55FRAE N
I 100 O i ¥ 53 1100
a a
g gof 7180
& 6ol 60 X
juing
= 40§ 40 &
iy
E 20l 20
a
0! 0

=

(g/L)

i
4o
%

FLIR S 1R %%/ (X108 CFU/mL)

R /%

1. DPPH H 123G BRAE S MU E 43 5 1. SR & i FIEL IR T 0 7
B, ARIR/NG TR IR R A — 45 b5 22 5 % (P<0.05) .
2 BEMENIBEABEXREOKEVNZN
Fig.2 Effect of inoculation amount on CPH fermented by lactic

acid bacteria

HIPE 2 R WG H b i AR, LR 1 16 B RO
DPPH A i AETE BRAE ) 22 5L L THE TR
DAL AT B e e b fat e I, SPL I i 7 A I A e 0 ik JE 0 1)
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T N B A LR A R 3 A 1) T 3K 5 RO B R ot
o, SRR LR B A R A R RE B, P A K A LR,
PR pH {E R B AIG, P R B LR AT I AR G, B R
PR ) , B2 S BCELRR RIS TR AU DPPH. F] i JE T R g
FIFEAR . 4R 4% I}, FLRR A & B 5 K 3 K i
Yy 1) L R TR I TR B0GA B e K AE L A 1.15%10° CFU/mL,
[FEE, DPPH [ H 335 BR AR 1 FUECE P ik Bl i ok,
SRR AT S5 A . RER B B R A i ) 1
ISR TR E g M EME KT 5%
J5 R AT R I, 45 4H R) T e 25 R (P>0.05) .
EGIRE VRS R, MR BN R A O
JREETR RN B G, X DA 55 CPH 93 R 5 SR &5
L IR i e R WA Ao ¥, 52 e HL Al XU, 5 OB
iR 2R A RN SRR 3% 4% 5% TR
] o7 1 P AU
2.1.3 LRSS i ) 2L P R R & I OK B K
it 00 1) B i)

TEHEMR YY-15 5 YY-16 {1 3: 1. CPH ¥R &
20% AN 4% R ERRE 37 °C UL BERFTA] 24 h () &
PS5, F 58 AN ) SR 08 2 % o %o 2L I v D[]
I T K B K IR BRI, 25 SR an &l 3 TR o

[_1DPPH [ 5 RAE )

I 100 RSy 100
S got
= D
RS
2
& 60f |d &
P B
bl b
£ 40 #
I
E 20
a
ol

=

/(g/L)

g
&t

3

iR
LR TR B %/ (108 CFU/mL)

1 2 3 4 5 6 7
SRR %

1. DPPH [ H 335 BRAE AU E 7435 1. SR & d AL R TR 3% 7
o ARIFFKNEFREG I FOR R —F8 b7 22 7 .35 (P<0.05)
B3 REBEFKIMENIABALBEXEOKENNZN

Fig.3 Effect of fructose syrup addition on CPH fermented by lac-

tic acid bacteria

UEM AR R BRI AR R 1 s,
RIRFIRE A O RIAIEEER . TR R i T bk
FrE e, LU R R AR W 2. AR R
FIKff 0 o FHEAT T 2508 By i Ab B, DR G sk T 7 B 4R
1%, APRIE R B R AT , 75 ZE A Fe kIR . SRS IR 2
— b R AT E R B AN 7R 5 R R S A R TR
LU A5 A R e A W AT SROM R N H T R BE  h
AT AR FERR IR , 38 T LSS5 7= i ) BRI T BB .

M & 3 AT LA, Bl SRR s n 3, 5
iR Er 1 FIFLIR oA IS PR B SE LTS TRt 3 Y7 2R
PRSI NG A 5% WA R e (H o SRR i
S FURE A K T R A, BUE A RE ) T %
PRI D RS 2 5 R 8 T U, U
Tt 22 000 2 5 502 B ) 4 B A 284 [] HsF A 2 (o R
FER A, G TR S SRR IR Nl 4%~6%
B, FLIR P & I £ OK 8 K 0 (R R i IE v, i b 2y
5, A IR FUUTE , BB E5r 885 . DPPH H HBE T R
A8 7 1 78 Ak R 5 L A1 1% A B TE AR G, i IR AT g
A TILRRE A 3 BA —E WA EE ), FLIR R Y
B g, NTHESE T K B P Ak BE 1 s B
LR BB IE N, e TR 0 B P s, 1 % 1
T 7K A B NP, B 22 f S U 25 10 ok, B i TR I
WP EALRE J1 o R 3 B R
DPPH [ i JE 7 BREE I (52 /N (0 HoA 3 v 2=
5o LR IE EPCR AR AN 4% 5% 6% it
eIk
214 RTREIR X 2L A P R & 1 R OK B KR Y
Al

TERPE YY-15 5 YY-16 (KFLLE A 3:1.CPH ¥ i
20% HEFP i 4% SRR 5% K BERTE] 24 h
M) R BESRAE T WA TR) e T i X L1 T Wi ) T
KB FUK AR, 5 5 & 4 FR o

R TR IR M v S Al P2 2 S B0 A AR g R
TR S & I BE R PR IR e ), AN R ELIR B Y AR
K4, I 4 AT AR A TR X L R R T TR AR
SRR, 2 R BT Ky 35~39 CI , i % & TR 1Y

DPPH H H1 5T bR AE S

I 100f 0 v, 1100
S gof 180
= cD
& 6ol 160 R
E =
e v
H 40f 140 #
iy
)
& 20 L T 20
a

od —0

KR EC
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FEAFR

I 60r 114
=)
50 12 £
B
2 40 109
3 s 2
ﬂﬁﬂ* 30 §
»r[ 6 3
2 5 E
e 4 M
&
10 2 B

0 = o 3

39 43
KRR EC

1. DPPH H i BE0 BRAE T AU E 03 5 1. AR & AL B 15 1
B A KNG FREG I FOR R —F8 b5 22 7 35 (P<0.05) o
4 REBRENIABHLZBREXREQKEIHZN
Fig.4 Effect of fermentation temperature on CPH fermented by

lactic acid bacteria

Th s, FURR 6 B A BT, IR R B R 39 °C
sk 2L I T 175 TR EIGR B B KL, o 9.8%10°8 CFU/mL, 4k 2%
T i e P Ul P35 B, LR TR 36 PR BT IR R I 5 R
DPPH [ 37 B B8 7 55 LR A1 16 1A 50 28 Ak AL A
Wl BECE VR 5, 5 35 CCHI 43 CIFHECE PR
AN, R BEIR FEAE 37~41°CTE Fl P AR PE 4> 22 R
B3 (P>0.05) . K EFLFF B 0] 78 45 °C LN %) & I i
JER AR, Gl A KRN 41~42 °C, i RZEBEFLAT
TR AR 50 A I TR EE S 37 °C, R TR, 8 ek v P 4 S PN Tl
FIEILRE 12 KRR, B 2 4 S 8O e mA s,
AT 2 M TR R B E 8 AR KPS 2R 28 1, R IUR TR
BEk 37.39 .41 “CHEAT 5 Sl N i A Ak il
2.1.5  CPH ¥ & x4 2L IR & D3 [R] & I8 6 K 23R (K il 9
PG|

TEHERE YY-15 5 YY-16 (KR N 3:1 i
4% A BRI 5% & IR EE 39 °C Lk BRI ]
24 h (R EESAF T WF9E AR CPH ¥R BE X L IR T b R
Ko KR K 52, 25 A& 5 BT .

TER TRV ZR IS0 1) W 4 5 i L IR T 1)
BERE ). 5 R FHEAMEL, CPH R& RS 521

[ DPPH [ th 3 FRAE 1)
100F B 10

—

80

60

BT

40

20

DPPH H L5 R AE J1/%

0_

CPH ¥ /%

I so0r 115
=)
E
401 =
. =
= {10 %
2 30 =
= X
ol g

20 30 40 50 60
CPH ¥ J£/%

1. DPPH [ S50 B8 3 AU R AT 205 1. B 2 A LI T4 0% 1
Ko ARG F B3 53R 7] — 545 28 53 ik 35 (P<0.05)

E 5 CPHREMNIABALBREXREQKEIHZN
Fig.5 Effect of CPH concentration on CPH fermented by lactic

acid bacteria

INGEF IR LR IR A, v LA g LR A )
FHL IR R EERR . R 5 aTLAE Y, XY CPH #E N
20% W}, LR B 1 AL JECE PE 4> . DPPH [ H 3L BR
AE ) B B R B i K (E . AL CPH W& &
WK, SRR BRI B S X T AR A Y
CPH fifi i R 40 it PN 15 335 F5 T, S50 i iR ik 24, A
7 2PL 1 T 00 PR Ak L o IS, S oy A R B R A
R S PEREAR , CPH 5 2L B A% 22 fink v AR AS /N, )
AL AR [, AR 4, 125 530 DPPH H 1
S BRAE S LR R S R AR R S A R, mT L,
WM CPH B R Rl A K Ve . BT,
KFEE KR oE LR A AR 1K AT RE A AL A
1) 3R KR R R0 R 35 4 B A AR I 75 1 2
FEfRI20, 2) R KRV VR 35 A T 2 K2 R
PRI, BIER (520 F-E A 25 A8 B AT, S h iR
P P LK i B 1) 22 K B, A BB & I AT R I i
FIHRT, 3)F KA vT DA 8 4 19 TR R 7E TR PR 2R b
W A2 0, DR R RIS, RO TR 2 K R
X R R A K PR HEVE IR R] 1 2R A0SR 5T 2 R, i
T KA %t SR LA BR A LT B 0 g ARG Bk
R A 2B AR A R AR T o A5 i 61 IV 2L AT B R XL
FFR A R IR AR RAER . FOREE KA
R TRE R R AT — 2 RV, X 2 T 7= i 11 i JB 52 M L 3 K
R CPH W T, Kk B C e %, W R M52 i)
T BERE . LA IR, BRI CPH RN 10%
20% .30% AT i L2 17 T A AR R
2.1.6 AR A X LR P b R) 2 T K BR K i
A

TERFE YY-15 5 YY-16 /RN 3:1,.CPH ¥ &
20% FEFP R 4% SRR IS NG 5% KR E 39 °C
B RS AT T sk a0 o 2L 1 1 & I 5 K B
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1. DPPH F BT BRAE I RS PP 435 11 AR 5 et FH LR B 0 1
o ARIONG FREIFR Rl — 18 bR 28 57 8.5 (P<0.05)
B 6 RBEERTEXFLEE & B K E B KB BIR0E
Fig.6 Effect of fermentation time on CPH fermented by lactic

acid bacteria

R MRS ] AT LB LR TR A Y S8 R B o R IR
I )ik o, S ORI AN FE8, 7 il O XUBRAS A2 5 eI
], FLRR B R AE T, FLIRR AN W R AR 7 i 11 )k
S BT TR, I 6 FTLLE TR R T FE
FLREAE CPH KR AT FLBRTE G WAUE K ¥ 48 h
WL AN BT, SRR 5 LR TR TR AR
H—2 A8tk 1 DPPH [ i RLE BR g 1 W 7E &
W% 24 h AR ARAE N 75.73%, 25 — H 2 TR
R, WG RCE TR A RERE I R PR A RENT ] 24 h
HEAT a2t
2.2 FLIR A PR R] A I oK E KA A e oz T A A 1K
UEAE S

R RIS 45 R B a1, DL DPPH B &7
B B8 1 (V) Ay miel 13 AE , 34T 0 PR 3R = 7K~ 18 e i T 4k
B SR ILER 3,05 22T LR 4.

IvAEE| Design-Expert version 8.0.6 A% 22 3 B
HATZ eI A G AR B 0 R 2T 3 5 #E Y Y=
79.64+0.25X,+0.23X,+0.22X5+0.31X,-0.13X,X,+0.098 X X3+
0.83X,X,—-0.32X,X3-2.5X10°X,X,-0.089X,X,—1.13X,>-
2.16X,2-2.26X2-1.34X 2,

#3 IBAABEREOKBYHNINNEEREESR
Table 3 Response surface test results of CPH fermented by lactic

acid bacteria

S Y DPPH H

RS X, kB XEM XCPH X, SRR MR
WEEC W% WEE% g (EJ1%

1 37 4 30 5 76.33
2 39 4 30 4 75.87
3 41 4 10 5 76.19
4 37 4 10 5 76.29
5 39 4 20 5 78.99
6 39 5 20 4 75.22
7 37 4 20 6 75.47
8 41 3 20 5 75.54
9 39 4 20 5 79.79
10 41 4 20 4 77.22
11 39 4 30 6 76.51
12 37 4 20 4 77.40
13 41 5 20 5 76.86
14 39 5 30 5 75.47
15 39 4 20 5 80.03
16 41 4 20 6 78.61
17 39 4 10 4 75.19
18 39 3 30 5 75.54
19 39 3 20 4 76.01
20 37 3 20 5 75.37
21 39 5 10 5 75.54
22 39 5 20 6 76.51
23 39 3 10 5 74.33
24 41 4 30 5 76.61
25 37 5 20 5 77.22
26 39 4 20 5 79.40
27 39 4 10 6 76.19
28 39 4 20 5 79.99
29 39 3 20 6 77.29

&4 [EVANG R ERRERY T E AT

Table 4 Variance analysis for regression response surface model

P 3/ Form BAiE S By F{H P i

HEE TR 63.18 14 451 958  <0.000 1

X, KR g 0.73 1 0.73 1.55 0.233 8
X, i 0.63 1 0.63 1.33 0.267 6
X;CPHEE 056 1 0.56 1.20 0.2922
X, RAHER 1.12 1 1.12 2.38 0.144 8

I

XX, 0.072 1 0.072 0.15 0.7027
XX, 0.038 1 0.038 0.082  0.779 4
XX, 2.75 1 2.75 5.83 0.030 0
X,X, 0.41 1 0.41 0.087  0.3657
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Continue table 4 Variance analysis for regression response sur-

*5 IBHABEREAKBYUNSERSE
Table 5 Amino acid content of CPH fermented by lactic acid bac-

face model teria
A EHM BB By FAE PE SR KIETI/(g/100 g)  KBEJE/(g/100 g)
XX, 2.50x10° 1 2.50x10° 5.31x10°  0.999 9 KA R (Asp) 4.57 3.61
XX, 0.032 1 0.032 0.067  0.7989 IR (Thr) 2.71 2.03
X2 8.28 1 8.28 1758 0.0009 2251 (Ser) 4.02 3.00
X2 30.13 1 30.13 63.94  <0.000 1 AE R (Glu) 17.66 13.65
X2 33.19 1 33.19 7045  <0.000 1 R (Cly) 1.89 1.48
X2 11.56 1 1156 2454 0.0002 i (Ala) 6.23 440
ez 6.60 4 047 W (Val) 342 261
KA 5.82 10 0.58 299 0.1510 H 4 (Met) 179 129
AR 0.78 4 0.19 FERMR (1le) 2.92 221
B 978 28 20 5L R (Leu) 13.16 9.60
11::P<0.05 FRR LM k2 5 P<0.01 SRR S MHY % . Jig 2% (Tyr) 3.70 231
3 4 AT th 2T RAIAER LR 0,905 5, TR Phe) 446 338
VBRI D4 B B AF T4 BT AU 450 HUARL L) 099 007
FAEH 9.58, P<0.01, H 3% ; 81391 P=0.151 0>0.05, AR 140 128
AR A R RE,=0.810 9, B ARG PR - 10
17 B A R WS BR T BI 10 B v e -
GORVEAT AT A . — I X, CR BRI ) (X, (A m‘*ﬁ%& — ) 9: 45 5 2: "
) X (CPH ¥R EE) A X, CHRATHE 2R A in &) 52 ) A amino acids, EAA)
5 TR X2 X2 X2 X2 A AR S KO DB HE SR SR (non- essen- 47.03 35.91
T M) 7 L P 5 M 658 5 28 ELI0T X, X Ak B 3 /KO i tial amino acids, NEAA)
FHY R Tl J3E RIS AR SR S i 2 AP e A2 HAE I, EL SRR (branched 19.50 14.42
St DPPH [ P LT R A OB vk chatin amino acid, BEAL)
2% Design-xpert version 8.0.6 C0F T ZAEM, el oA Kt 816 5'69
KeRET. 2 BHOTRRERE 39.34 °C Befir it 4.049% .CPH IR TERR (bragg amino 27.70 20.39
W PE 20.45% R AR IR IS N HE 5.16% , #5558 T i 4% acids, BAA)

N9 DPPH [ HJEWE BREE ST Ik 79.69% . 456 3K FR
T WAL 5 1 7 5238 2L hy & BT 39.5 °C 2
Fl i 4% . CPH ¥ 20.50% i B3¢ I & 5%, 18
M E R AT BRI G , 3 YERTE I 5615 2] 1Y DPPH
H T R AE TN 80.89% , MR & N 55.65 o/L, FL
1% B 6 B R 2.66%10° CFU/mL, J&E iF4r 4 89.5, 5
TIOR3 Ay 42230, 1o O A 7R T 00 o e e, R D o iz
TS BT AL LR P K 8 T 22 AT .

2.3 FLER R PR K 1 R KB K Rl G A R 2
Je =B B R )

IR FP IS B HL B 5 55 At 1 XU B TR R
AR G o LR T PR R) 2 I T K R K R & T S
Y FEIR Fr i A RN 5 R .

H 2% 5 aT LA Y, ZLIR b P R & 1 oK 3R K R
Y % T H e SRS B 16 Fha LR , Hoh & AT 1) B
PR 5k 76.48 /100 g, K G 1 AL TR & N
58.00 ¢/100 ¢, ZFLIR W A TG M AR T /T T
24.16% . KF5r FLIR B HA 2 R & 5L 8 IR kb

TE R WS AR T, FLIR A 23 U6 i) N A1 2 11t 2 7K At SRR
TR BRI IR, 7 AR R, 1l e LR T B AR AR
W, PR B A T2 1) TR HEA T80, 95 RE RESFROVM AR P L
FRER A e SR EE I, LU P A R B T R T 78.30%
(ESUSEAT B A 2R T v, 5 A AR LL , 2530 B
P 5 o 3 B TR0, ] DL iy g AR R TR ) A QB R 5 T
A EFEVINCR . BRARER S B E 5 %L
WA Ko BEERR ] i — il R R R
PSS (B S A5 R M Y. AR L IR i ) A AR
P R AT L I A 18 i B XU S A 5, AT G
TRIEBEF RO L BER R . TR AESFRTTER B, 5 Rl
SR T 28 R T I U S S R R el D, R M KUK )
Jo b 2I K st i S ) o 2 I, U A A A W e A R R
A T B ETRIE M 3t R 7 A KU ) Jo 1) Tl 2R A
2.4 RIMIUEALRE IS R

SAACHE R B AR T 38 K A BV, (2 A )
PRepGEE AR AR s i A A A AR R R
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F R AR R B i AT 7 A Sy &
IRNMA PUAALBT I R 58, (HIX 8 R ARESE A
RO ARAR 2l 8 S S A, QR AS B R A e 2, )
SR HURGE B3, 51 RS PR, BAT w4 fb
T B 32 BT 80 s B2 AL, MRS RE T Y
W5E E O T RE B I B AR bR 2 — . FLIRBA
1 KR K R ST A TE P I3 6.
xo6 IBHALABERZAKBUNEIMELESE
Table 6 Antioxidant activity of CPH fermented by lactic acid bac-

teria in vitro

1Cs, 1H/(mg/mL)
45 DPPH M1 -OH iEK: -0, Tk Fe B fr
SEVEBRAE fig HEJ) HeJ)
yaain 0.460 0.306 13.728 3.165
KR 0.227 0.200 12.851 1.856

W 6 o, LR B & e 1 oK 3 A K i) & I i
o YRt A 0% B DPPH [ 1 &5 L -OH. - O, Al 4R 55
Fe B A RET) . RERT BoREE H/K MY H) DPPH H i
FLIEBRAE ST - OH IHBRAETT .- O, T BRAE ST (Fe™ B G E
JIH TCso 1553 514 0.460.0.306,13.728 .3.165 mg/mL;
KT 1) DPPH A f L35 BRAE ST . - OH TEBRAE ST .- 0,
TR AE ST Fe B G RE J1 10 1Cso 1823 91K 0.227.0.200 .
12.851,1.856 mg/mL. 5 & BEHIAH LG, 43 5l 4 T
50.65% .34.64% .6.41% .41.36% , 1. ] E K25 1 K f#)
Zoad LR TR R IREAH AL T & BT AT S A b S A 1 o

F T AR ST SR, R AR UK R 2 R A
AR I Fe B A, GBI 1 ] 251 (Fenton ) 52 1
TV ¥ 35 1) A g, 3w kit ) P SR VS BRBE T, DT T
B 1 H LA B SR A 405 o LR R A 4 P
o R AF IR rp 2 A 2ok 2 )T A AR T LR TR K
PUEMG B RE A5 . AT AR [ R AT
B NG R A R, DT G A 1 5 S R AE
T8, FORER UK AR A BRI A AL BE 1 A E
SLVEBRAE ST, AT LAAS Bh FLIR B 7E A& e B P
i, A HARE RGP A KRBT 5 R, R K
i A AT LR A A A AR

FLIR B B G Fer R BH 1R Bt E Ak AE - OH
MRS AR B AE 5 E A B RS o Li 2500 A+ FLAT
PR B A 2 R TT , R LRI B0 1) Fe® 28 5 ik
1, 1Cso A AT 35 1.45 mg/mL. FLIR T & I £ K& A K
Ry A R 48 3 &6, v Lhpdi /b - OH 1y 7™
Az I AR A . TRIS, LR R A T R OK B A
IK ) e 3k K W I 2 iR AR R AL L Y 2 R R /)N
K, XL N A AR S 5 H RS G b A B
PTG R B /N o IR BE 3G 0, 5 B R R ES A
PR K, L FLIR TR 4 T8 6K 2R K i %o ek

MG BRAE ) Bt . FLIR AR L e FE vh e A
ALY S Ak T ( superoxide dismutase , SOD ) A e H Ik
(glutathione , GSH) & B3 - OH A1 H,0,, 1fi] SOD AE Fi %
RIS R4 A PR A REVE TR IE PR A i m] - OH
70T X S SIN A BEFLAT R LR FLIR TR PE IR AL
B A ST 4 ARFLIR W AR ST A e ) T
R, FLRR G RR - OH BTG PEY) ot 32 247 AE T TR TR 4
Jf e T LR AR Yy b i AR N o BRI Ah LR I
Al LAy 10 B B 2 BE B (ferulic acid esterase, FAE) , B HE
R AR T A ) 240 T B R BT R R (ferulic acid, FA) 14 B,
FA J&—Fombra b, Bz, FLRR R & I oK
TP R A RE T BT Y SR R R 2 Rl S A T 25
H1EM.

3 it

AT 5T BRAE WS LT TR R & T LT T P ) 2
B S A=FS 27/ ISR UR- NPS I L AR ) = 3
fe T2 8RB T 23500 YY-15:YY-16=3:1
(RFRLL) , CPH ¥ 20.50% , 471 4% , F g 7
H 5%, KB 39.5 °C, K BENTA] 24 h, 78 514
T, FLIR R & I EOKEE K 19 DPPH B i 3 i B
fiE J1°4 80.89%, SAR % 1M 55.65 ofL, FLIEA FE 11 B 4L
R 2.66x10° CFU/mL, J& T ¥F5r 0 89.5. 16 & Wil 2
e, ORI UK RE b FLIRR TR AR LI S b a8 21 B%
FIFARRE A K . I B REERZUR B R B 2L
TR & T LIAH B | DA AR 3G B 8RR T B — TR AR
KMo FLIR TR & I AT BH S 3R T FOR B UK 4 4R
FRBE ST, I AT DAk S R A e AL, BRI R R R 1Y
i SR A T BB R R

S 30k -

[1] WU J Q. Advances in the production and functional properties of
corn protein peptides[J]. IOP Conference Series: Earth and Environ-
mental Science, 2020, 512(1): 012089.

(2] EWEA, XIe2, AR . TR RGEE R B K™ s
PERBESEN]. HhEHMAR, 2019, 44(11): 70-74.

WANG Xiaojie, LIU Xiaolan, SHI Yanguo. Enzymatic glycosyl-
ation of corn peptide and solubility of glycosylated product[J].
China Oils and Fats, 2019, 44(11): 70-74.

(3] WA, XU, AR A . I IS AR AT Sk ). 1l 2R
URIFE R A2 4 (F AR, 2021, 36(4): 337-365.

PAN Jie, LIU Lathao, MU Jianwei. Research progress of gut micro-
biota and human health[J]. Journal of Shandong Normal University
(Natural Science), 2021, 36(4): 337-365.

(4] THHER, KRS, IR FLRR B A BE ST BLR BN ). B AR,
2012, 37(9): 25-29.

YIN Shengli, DU Jian, XU Chen. Advances in the research and ap-
plication of Lactobacillus|J]. Food Science and Technology, 2012,
37(9): 25-29.

[5] HEYMAN M. Effect of lactic acid bacteria on diarrheal diseases|[J].
Journal of the American College of Nutrition, 2000, 19(sup2): 137S-
146S.



RRAKA

RRtASHR

202443 A
EASEESH

16] —

6]

(7]

[10]

[11

—

=
N

[13]

[14]

[15

[k}

[17]

[18]

WU CY, LITL, QIJ, et al. Effects of lactic acid fermentation -
based biotransformation on phenolic profiles, antioxidant capacity
and flavor volatiles of apple juice[J]. LWT-Food Science and Tech-
nology, 2020, 122: 109064.

KUSZNIEREWICZ B, SMIECHOWSKA A, BARTOSZEK A, et al.
The effect of heating and fermenting on antioxidant properties of
white cabbage[J]. Food Chemistry, 2008, 108(3): 853-861.
SIEUWERTS S, MOLENAAR D, VAN HIJUM S A F T, et al. Mixed-
culture transcriptome analysis reveals the molecular basis of mixed-
culture growth in Streptococcus thermophilus and Lactobacillus bul-
garicus|J]. Applied and Environmental Microbiology, 2010, 76(23):
7775-7784.

BB, BRI . 25 A LR 1A 1 A BRI 9T e JCAE R T R TR
YR B R RORE SR, 2017, 35(4): 33-41.

HANG Feng, CHEN Wei. Research of beneficial lactic acid bacte-
ria and its application for fermented fruit and vegetable juices[J].
Journal of Food Science and Technology, 2017, 35(4): 33-41.
OLIVEIRA M N, SODINI I, REMEUF F, et al. Effect of milk supple-
mentation and culture composition on acidification, textural proper-
ties and microbiological stability of fermented milks containing pro-
biotic bacteria[J]. International Dairy Journal, 2001, 11(11/12): 935-
942.

SRAR A, E I, UK, S AR AR X ER K X R LR
BARSMER B2 T]. £ 5 Tolk R, 2020, 41(4): 99-104, 132.
ZHANG Gensheng, WANG Xuan, HAN Bing, et al. Effect of
metallothionein egg hydrolysates on the growth of two lactic acid
bacteria in vitro[J]. Science and Technology of Food Industry, 2020,
41(4): 99-104, 132.

BUWE, R, 203500, 45 | FLERTE R B o0 R A 2R Al
BOABR I FELI]. T £ SR 240, 2004, 4(4): 39-42.

DUAN Xuchang, XU Huaide, LI Zhicheng, et al. A study on im-
proving flavor of turtle protein enzymatic hydrolyzate by Lactobacil-
lus fermentation[J]. Journal of Chinese Institute of Food Science
and Technology, 2004, 4(4): 39-42.

Tr g, R, B AR LA PR RN BRI Sy ) Kbt
S SFRE I A5 IlAR, 2022, 35(12): 146-150.

FANG Lei, ZHANG Ruixue, WEI Ying. Fermented soybean pro-
tein peptide enhances immunity and anti-fatigue ability of mice[J].
Cereals & Oils, 2022, 35(12): 146-150.

XU, Xe 22, RS, 55 . A KR R IRy
PUAALIF M FE. B S LK, 2015, 31(1): 141-145.

LIU Yue, LIU Xiaolan, ZHENG Xiqun, et al. Antioxidant activity
of hydrolysate from corn glutelin by protamex[J]. Food & Machin-
ery, 2015, 31(1): 141-145.

HU N, LEI M, ZHAO X L, et al. Analysis of microbiota in Hainan
Yucha during fermentation by 16S rRNA gene high-throughput se-
quencing|J]. Journal of Food Processing and Preservation, 2020, 44
(7): e14523.

HU N, LEI M, ZHAO X L, et al. Analysis of the microbial diversity
and characteristics of fermented blueberry beverages from different
regions|J]. Foods, 2020, 9(11): 1656.

FUGE K, %, 4 SCIR, A L R FLAT T M55 AR R R AT ST
JELIL. B A SRR, 2015, 34(2): 121-127.

AO Xiaolin, PU Biao, CAI Yimin, et al. Research progress of Lacto-
bacillus fermentum and its probiotic characteristics|[J]. Journal of
Food Science and Biotechnology, 2015, 34(2): 121-127.

WOF, B XUFBH, 55 | L8R AR A HE A5 A TR A I
PERFFELT]. L 4R, 2019, 19(2): 27-36.

PAN Fen, YANG Min, LIU Mengyang, et al. Growth-stimulating ef-

fects of pea protein hydrolysates on probiotics|J]. Journal of Chi-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

nese Institute of Food Science and Technology, 2019, 19(2): 27-36.
TVETE, BBV, 0. 55 . PR FLAT I P IR] & A A A e
LB TZWEFENN. £ R, 2009, 30(21): 178-183.

YIN Yanyang, LUO Aiping, LI Shi, et al. Optimization of symbiotic
fermentation of Lactobacillus acidophilus and Lactobacillus rhamno-
sus for calcium transformation in bovine bone powder[J]. Food Sci-
ence, 2009, 30(21): 178-183.

2R ] A S A SR R L IR TR S IR B v BE X K- AR TR
FICHCRAEIRED]. 7% VLR ARHER 2, 2022.

LI Zhipeng. Effects of homofermentative and heterofermentative
lactic acid bacteria additives and concentrations on the quality of
corn - alfalfa mixed silage[D]. Yangling: Northwest A & F Univer-
sity, 2022.

DRIEHUIS F, OUDE ELFERINK S J W H, VAN WIKSELAAR P
G. Fermentation characteristics and aerobic stability of grass silage
inoculated with Lactobacillus buchneri, with or without homofermen-
tative lactic acid bacterialJ]. Grass and Forage Science, 2001, 56(4):
330-343.

g0, 6 TR, BRK, 45 . 2 A T R BESE ALK T 2000k M ok
HIJEATE A2 PR IR M. 2 AR, 2019, 40(8): 87-93.
REN Tingting, YUE Tianli, WEI Xin, et al. Process optimization
for production of fermented apple pulp with probiotics and analysis
of volatile flavor components before and after fermentation[J]. Food
Science, 2019, 40(8): 87-93.

FREHE . B U IR B R RS (4 T i) K HC D REPE W52 (D]. B
A0 FAUME R, 2021.

CHEN Yingyan. Development of corn yogurt containing antioxidant
peptides and its functional research[D]. Nanjing: Nanjing Normal
University, 2021.

RRBFE, 22 T4k, 2R W, 45 . 52 6 FLIR I A B L T 20Ok it
FEN. BRI SIF 4, 2020, 41(20): 119-123.

OUYANG Jia, LAN Xuehua, LI Qingming, et al. Study on the opti-
mization of compound Lactobacillus fermentation in yaml[J]. Food
Research and Development, 2020, 41(20): 119-123.

XEE . IR SRR Y M. 2 . b ST AR Tl AR,
2011.

LIU Hui. Modern food microbiology[M]. 2nd ed. Beijing: China
Light Industry Press, 2011.

FILANNINO P, AZZI 1., CAVOSKI 1, et al. Exploitation of the
health - promoting and sensory properties of organic pomegranate
(Punica granatum L.) juice through lactic acid fermentation[J]. In-
ternational Journal of Food Microbiology, 2013, 163(2/3): 184-192.
Y, B8, 58V . AL R B G S FURRE SR R
IR BATEE AT PERY ST, £ b5 A Tll, 2018, 44(4): 111-
118.

LI Tong, PENG Zhen, XIONG Tao. Effects of lactic acid bacteria
on nutritional components, aroma components and antioxidant ac-
tivity of compound soybean milk[J]. Food and Fermentation Indus-
tries, 2018, 44(4): 111-118.

ROBITAILLE G, LAPOINTE C, LECLERC D, et al. Effect of pep-
sin - treated bovine and goat caseinomacropeptide on Escherichia
coli and Lactobacillus rhamnosus in acidic conditions[J]. Journal of
Dairy Science, 2012, 95(1): 1-8.

IRBERE. KA, L, & . FLIR B R RS S0 S BB v
RERYSZIMLT]. €255 & Tl 2018, 44(9): 117-124.

SU Nengneng, GUAN Qianqgian, PENG Zhen, et al. Effects of lactic
acid bacteria on quality and antibacterial properties of mulberry pu-
ree[J]. Food and Fermentation Industries, 2018, 44(9): 117-124.
NKHATA S G, AYUA E, KAMAU E H, et al. Fermentation and ger-

mination improve nutritional value of cereals and legumes through



— 162

[31]

2024 4E3 A
EASEESH

RattaSHR

RRBEAR

activation of endogenous enzymes|J]. Food Science & Nutrition,
2018, 6(8): 2446-2458.

Y AR, AR, . FLRR TR X K I PR I I B 1 R
WRRFAE B SE M AT ZE E (D). BBk, 2023, 44(9): 194-201.
GAO Fang, BAO Yali, HUA Xiaoqing, et al. Lactic acid bacteria:
A review of their inhibitory effect on harmful microbes and effect
on flavor characteristics of fermented meat products[J]. Food Sci-

ence, 2023, 44(9): 194-201.

[32] ARV Az, yH 5K, BUAE . ALY FLAT B A WA ) ARG T KUk it B F

[33]

[34]

FEL]. Ak T A=, 2018, 34(19): 293-299.

LI Biansheng, LU Jiayi, RUAN Zheng. Favor quality of different
fruit and vegetable juices fermented by Lactobacillus plantarum|J].
Transactions of the Chinese Society of Agricultural Engineering,
2018, 34(19): 293-299.

XK, X025, Wi, 55 . 8 FhFLIR I K I Bt - REE A A
SRR B Tk RHE, 2020, 41(23): 106-113.
LIU Xin, LIU Yun, CHEN Meichun, et al. Study on amino acid me-
tabolism characteristics of litchi juice - soybean protein fermented
by eight lactic acid bacterialJ]. Science and Technology of Food In-
dustry, 2020, 41(23): 106-113.

FET, N2, Z T, A5 OKRA E UK IR 2 BF S B0
LO2 AR PRI RN, £ dh -5 AR Tk, 2022, 48(6): 52-57.
CUI Ning, LIU Xiaolan, LI Guanlong, et al. Protective effect of corn
glutenin hydrolysate on ethanol induced injury of LO2 cells[J].
Food and Fermentation Industries, 2022, 48(6): 52-57.

[35]

[36]

[37]

[38]

(391

T Al2E, AW . FLER BT AL HLEE AR 25 B0, L,
2011(7): 68-73.

YANG Yuhong, BAI Ming. Preliminary study on antioxidant
mechanism of lactic acid bacteria[J]. China Dairy, 2011(7): 68-73.
LI W, JIJ, RUI X, et al. Production of exopolysaccharides by Lacto-
bacillus helveticus MB2-1 and its functional characteristics in vitro|J].
LWT-Food Science and Technology, 2014, 59(2): 732-739.

KWAW E, MA Y K, TCHABO W, et al. Effect of lactobacillus
strains on phenolic profile, color attributes and antioxidant activi-
ties of lactic - acid - fermented mulberry juice[J]. Food Chemistry,
2018, 250: 148-154.

XPE, S8 A, W TEAR . 4 Fh LR T M ST S AL RE I 1Y LR
FELI). B AR, 2012, 33(11): 25-29.

LIU Yang, GUO Yuxing, PAN Daodong. Comparative antioxidant
activity of four species of lactic acid bacteria in vitro[J]. Food Sci-
ence, 2012, 33(11): 25-29.

WRall . FLRR A & B 3L P U SIS T B P B S5 Y RIFFE D). R
He RHERHEREE, 2018.

CHEN Shan. Study on activity and sequence structure of antioxi-
dant peptides in Lactobacillus fermented milk[D]. Tianjin: Tianjin
University of Science & Technology, 2018.

IR KE
s B #9:2023-10-27



