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Abstract: Cowpea was fermented by kefir grains. The sensory

>

N

score and total acid content were used as evaluation indicators.
Single factor test and orthogonal test were used to optimize the
fermentation process. And the changes of {lavor substances before
and after fermentation were analyzed by high performance liquid
chromatography ( HPLC) and gas chromatography-mass spec-
trometry ( GC-MS ). The results showed that the best
fermentation process conditions of cowpea by kefir grains were as
follows: salt concentration 4% ., kefir grains inoculation amount
1.5%, fermentation temperature 25 ‘C, fermentation time 4 d.
Under these conditions, the sensory score was 87 points, and the
total acid content was 3.40 g/kg. A total of 72 volatile flavor sub-
stances were detected in cowpea fermented by kefir grains. Com-
pared with the raw material, 56 new volatile flavor compounds

were produced after fermentation. Except for aldehydes, the rela-

tive contents of other volatile flavor compounds increased, and
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the contents of alcohols and esters were higher. Compared with
natural fermentation, the types and contents of volatiles were
also higher after kefir grains fermentation.

Keywords: kefir grains; cowpea; total acid; flavor; sensory score
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25 °C, kMt 4 d, %8 H E R MR 0.5%,1.0%,
1.5%,2.0%,2.5 %) X 51 5 BB BF43 FILEL R &5 B2 1

(3) & W B m) [ 72 30V 0 400, Ty T B R
1.5%  REEREE 25 °C B2 Wt ) (2,3,4,5,6 d)XF L
FRE VRS FLR R A R

() R EER B E 8L m i 400, 5 34 1 45 Fh i
1.5% , KRBT 4 d, %558 & B iR ¥ (15,20,25,30,35 °C)
it 9T 5 R 43 R R A R

IEHS . TERAMIET ZRAURERERKEK S S

1.3.7 HHW R G ELHRE 785N FE 1Sl
e AR VRN 2 B B R R A IR R R IR ) Ry
% o0 B0 AT R PP A R AR A L 3 Ly (3D
IE3CIAT .
1.4 HELE

R4 R TR KT £ AR 22 L R SPSS 22.0
o k47 BN & 7 22 40 #F Ml Duncan £ & H 8 (P <
0.05) . f# i Excel 2019 - VEE .
2 RS0
21 BEEXNEEFITABRRENZMW
2.1 Ehushnem L n] D BE AR 0 a9, A
PR T R R Oy s R b L R AT T M A2 B T SR
T 5 S 0 g X LR R T P R A A . B
ER BN ARG R VA AE B 28 S (P<0.05) .
IR AR JBRE PR R R 915 4. ZF b i EEER
ANy 3% ,4%,5% R IEAC I I 3 4K

501 7100

o0

Y ash 190

o0 4 <
"t
T 235k 170 ZEk
g5 {60 5im
=300 —=— HRER 5 ; #

= ——REV |

= 25F 140

(=}

=20 L L L L L 30

2 3 4 5 6
A
Salt concentration/%
Bl #HAmENILeXBERRGY R
Figure 1 Effect of salt concentration on the fermentation

quality of cowpea
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Figure 2 Effect of inoculation amount of kefir grains on

the fermentation quality of cowpea
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£ 20 ; 30 o MW DIEREE CREM DR
i) % P/ % fi] /d B /°C
Fermentation time/d ] 3 1.0 5 2
B 3 K BEA ) xF I8 R B oR L6 R ) ' s . .
Figure 3 Effect of fermentation days on the fermentation
quality of cowpea 8 > 2.0 > 30
F2 EXRBWEBITRER
Table 2 Orthogonal test design and results
s A B C D BEPES BREE/ (g kgD
1 1 1 1 1 55 1.78
2 1 2 2 2 84 3.54
3 1 3 3 3 69 2.46
4 2 1 2 3 66 3.79
5 2 2 3 1 70 2.77
6 2 3 1 2 76 2.17
7 3 1 3 2 65 3.41
8 3 2 1 3 49 3.15
9 3 3 2 1 61 2.14
k6933 6200 60.00 6200
W ko 70.67 67.67 70.33 75.00
PE4r ks 58.33 68.67 68.00 61.33
R 12.34 6.67 10.33 13.67
k1 2.59 2.99 2.37 2.23
R ko 2.91 3.15 3.66 3.04
n Y ks 2.90 2.26 2.88 3.13
R 0.32 0.89 0.79 0.90
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Table 3 Variance analysis

) - J5 % F {8 Pl
K 15 H BB
BESY BREE BREITS BREE REITS MmeR O REITS BREE
A 824.70 0.58 2 412.33 0.29 21.45 7.92 0.000 0.003
B 232.70 4.13 2 116.33 2.06 6.05 56.63 0.010 0.000
C 528.70 2.92 2 264.33 1.46 13.75 40.06 0.000 0.000
D 1.068.70 4.48 2 534.33 2.24 27.80 61.48 0.000 0.000
Uz 34600 0.66 18 .22 o004
RIE B3 3 000.70 12.76 26
T P<C0.01 fAF M B EKE . P<0.05 REBEKE.
k1 IEABUEREAMEYRSETL
Table 4 Changes of volatile compounds content in cowpea before and after fermentation
mg/kg
ES &y B uT Efidiy-ais H R Kk B
LR ND 1.4240.04 ND
LR 0.6240.001¢ 19.92+2.442 15.81+3.110
WNIR LT ND 0.3240.01 ND
a3y IR A ND 0.0740.02 ND
A TR PEmR 0.1740.07 ND ND
S % R HY R ND ND 0.05240.03
TR ND 0.1840.03 0.06+0.01
FLER W R ND 0.630.15 ND
LR 5 % TR ND 3.044+0.78 1.76+£0.12
ZR-2-F -1 T RS ND 0.1540.03 0.1140.07
BR2E  2-FR AU EL R R MR T R 0.1440.02% 0.080.00" 0.0740.00"
BEFR-2- 1 B T AR R ND 0.160.01 ND
TR H R 0.06+0.002 0.52+0.16 ND
ZR-3-C M- 1-BEmR ND ND 0.79+0.06
g 0.1640.04 ND ND
2-H BE-1-Z s -1, 5- 2 W B -4- O I BN R 18 ND 0.1340.08 ND
BN R T TR ND ND 1.4140.14
BEBR LT ND 0.05+0.01 ND
R T BR ND 1.9240.27 ND
FWR L ND 0.497-0.07 0.14720.09
TR H R ND 0.10£0.01 0.06+0.02
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gk 4
LS [iaex?] BT S A R IR EpAyd
fiti FR 4% 2 TR ND 0.1540.03 0.10£0.06
P4k TR ND 0.39740.04 0.11£0.06
fek  HAHR Z T ND 0.164-0.02 ND
T A R T ND ND 0.22+0.06
S A 1.1540.06¢ 29.88+1.86° 20.69412.10"
I ND 20.4340.04 18.61+1.10
S I ND 0.29740.02 0.06+0.01
2-H AT mE ND 0.097+0.02 ND
1-7% 45 - 3- 0.144-0.01 0.1040.01 ND
3 B ND 0.2240.05 ND
5 EE ND 12.1341.03 5.82+3.52
2-H AT mE ND 4.3940.34 1.6740.20
3- 0 i I 9.7940.69¢ 1.33+0.65° 1.30+0.98"
UL ND 0.1840.03 0.2140.11
IEC 7.10+1.01% 0.8740.03" 0.9440.35"
1 ND 0.3520.07 ND
BE 1 ME-3-mE ND 7.7440.73 12.77+2.66
6~ JL-5- B I -2- o ND 0.0640.01 0.0840.004
3-2, B4 F HE N k-1 1.8540.91b 3.55740.26° 3.7941.06%
5B 0.1940.08% 0.2240.01% 0.18+0.02%
10-+ Zpe K1 ND 0.132420.04 ND
3-Z 33—t —hE B 0.75+0.03 1.4140.03 ND
3 Jot B T ND 0.45+0.03 0.704:0.19
2-F -1 0.2040.09" 0.4340.09* 0.4240.15*
05 R ND 2.454+0.33 2.0740.93
3-F-1-FE ND 0.4274-0.04 0.414-0.03
T-BE ND 0.34+0.02 0.2240.04
S 20.02410.57¢ 57.5745.96% 49.27+31.25°
3-CL T 2.5740.78 0.4840.01 ND
L 21.9040.36° 0.704£0.08" 0.5340.09"
2-CV T 0.3140.02 ND ND
BT ND 0.18+0.03 0.15+0.09
E-2- B s ND 4.0641.18 3.2440.98
R 0.1640.01 ND ND
2., 4B ST ND 0.3840.02 0.3440.03
X WO ND 0.14-0.05 ND
T 0.4440.17 ND ND
(E.Z)-2,6-T- M 0.2740.02 ND ND
T I T 0.74740.09 ND ND
3,5- HI R 0.26+0.04 ND ND
4-Z IR PR ND ND 0.1440.01
2-B% I ND 0.14%40.03 0.06+0.03
M 26.64+4.36 6.09+1.35" 4.4641.22¢
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S [(ax?] B S T TE K EPAy-d
1- 3975 -3- ND 0.14740.02 0.1040.05
2- P ND 0.2240.03 0.53+0.03
1= H5-3-T 1.334:0.73% 2.130.23% 2.2940.67¢
2., 5-3 ND 0.3474-0.06 ND
M2 2-2F 1.63+0.14 ND ND
.y | 0.1140.02 ND ND
2-F- i ND 0.17+0.02 0.30+0.02
7 I 5 75 R ND 0.1340.09 0.1240.07
VTR B 3.0741.18¢ 3.3040.72° 3.35+1.567
ST ND 0.2340.02 ND
[SYird ND 0.1140.03 ND
m¥E  FKR ND 0.78+0.13 0.47+0.18
IR ND 0.484+0.07 ND
BRY = ND 1.5940.27 0.4740.28
4= FER ND 2.22+0.85 1.10+0.91
A LHEAIRE ND 0.57+0.05 ND
Lk 2, 4-Z T BEOR 1.1540.47¢ 1.03+0.11% 0.9340.08%
YLy 1.1540.47¢ 3.8040.98° 2.0340.88"
g ND 0.46+0.03 0.2440.01
AR e ND 0.1240.02 0.0640.01
PSSR iy ¢ 0.1040.01° 0.214:0.03% 0.174-0.04*
+ U 0.2040.03" 0.35+0.05¢ 0.2040.07"
B E 0.30+0.03¢ 1.1440.28* 0.67+0.24">
1,39 0% ND 0.05740.02 0.0640.03
W 2.3 TH -2 ND 0.06+0.01 ND
B ND 0.11£0.02 0.06+0.01

T NG FREARTERR 25 B (P << 0.05), ND R A A0 3],

SN IO T 28 I 2 i B B P Y R R R
SRPEE R SR B RS LA B4 R
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M T R T A 2 R S R I 3 A R R KUk L A

S A KR A S P AR T A SRR 1
W3PS R N SE A RME E RS R
A HUFR 2 18] AR H AT A I 28 4 5 G XU R 19 1 AR %o
WHRKIRA BRI TR, WEh 2R Ol (B A F#E
FREREFHROC M S RBE R, SEH MG A’
19.92 mg/kg,

S G B R A TR 2 B AR L O 26.64 me/ke, JUH
RO®E, KFE R PrEER T Em b HeTARK
B, LR E-2- BRI . MR RARE. 5
B AR S R B I e LR B S R SR D, BT
DA W35 i 4 5 M o v TR 28 ) o & Rk AR . B 2R Y
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