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Optimization of process and quality characteristics of pea milk fermentation by lactic

acid bacteria
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Abstract; In order to develop new nutritional pea milk, Lactobacillus plantarum was used in the fermenta-
tion process. The effects of fermentation time, temperature, inoculated amount and pea flour addition on
the number of viable bacteria in pea fermented milk were studied through single factor experiment. The re-
sults indicated that the optimal conditions were: fermentation temperature of 36 C, inoculated amount of
lactic acid bacteria of 0. 10% , additive amount of pea powder of 5. 83% , fermentation time for 24 h. The

interaction between pea powder addition and fermentation temperature, fermentation temperature and time
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had significantly influences on the number of viable bacteria. The logarithm of viable bacteria counts under
the optimal fermentation conditions was 9. 05 CFU/mL, the total phenolic content was 281. 77 mg/L, the
total sugar content was 86. 01 mg/mL, the starch content was 21.94 mg/g, and the protein content was
0.11 mg/g. Compared with pre-fermentation, the antioxidant activity of pea milk was significantly en-
hanced after fermentation, and the DPPH clearance could reach 66.83%. The total sugar, total phenolic
content, number of viable bacteria, antioxidant activity and starch content of pea fermented milk were higher
than those of soybean fermented milk. The texture of pea fermented milk was determined by texture analyzer,
and the results showed that the adhesion, cohesion, hardness, elasticity and chewiness of pea fermented milk
were significantly improved. Pea fermented milk fermented for 24 h showed the highest sensory score. The
fermentation by plant lactic acid bacteria can improve the nutritional composition and quality characteristics of
pea milk, and the research results provide a new way for the development and utilization of pea.

Key words;peas; lactic acid bacteria; fermentation process; antioxidant activity; plasma structure charac-

teristics; sensory evaluation
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Table 2 Results of Box-Behnken test

F5 A FLERTE Ee bt/ % B K Wit E] /h C Wi AN/ % D KB/ C Y lg(iE E$/ (CFU-mL™"))
1 0(0.08) -1(24) -1(5) 0(37) 8. 88
2 1(0.10) 1(48) 0(6) 0 8.93
3 0 0(36) 0 0 9.04
4 0 1 0 -1(35) 8.79
5 -1(0.06) 0 0 1(39) 8.76
6 -1 0 0 -1 8. 65
7 0 1 0 1 8.87
8 0 0 -1 -1 8. 80
9 -1 0 -1 0 8.78
10 0 -1 1(7) 0 8.97
11 -1 0 1 0 8.96
12 1 0 0 1 8. 85
13 0 0 0 0 9.03
14 0 1 1 0 9.01
15 -1 1 0 0 8.95
16 1 0 0 -1 8.90
17 1 0 -1 0 8.91
18 1 0 1 0 8.93
19 0 0 1 -1 8. 81
20 -1 -1 0 0 8. 88
21 1 -1 0 0 9.00
22 0 -1 0 1 8. 66
23 0 -1 0 8.88
24 0 0 0 0 8.99
25 0 0 -1 1 8. 60
26 0 -1 0 -1 8. 94
27 0 0 1 8.90
28 0 0 9.04
29 0 0 9.02
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Table 3 Analysis of variance of response surface test results
UE-+ 3 Ryl F R ¥or F P B E
R 0.364 3 14 0.026 0 16.67 <0.000 1 ok
A 0.024 9 1 0.024 9 15.95 0.001 3 ok
B 0.001 0 1 0.001 0 0.65 0.4350
c 0.045 8 1 0.045 8 29.35 <0.000 1 ok
D 0. 005 2 1 0. 005 2 3.35 0.088 7
AB 0. 005 2 1 0. 005 2 3.31 0.090 1
AC 0. 006 2 1 0. 006 2 3.98 0.065 9
AD 0. 005 9 1 0. 005 9 3.75 0.073 1
BC 0. 000 4 1 0. 000 4 0.25 0.6250
BD 0.030 8 1 0.030 8 19.76 0. 000 6 ok
cD 0. 020 4 1 0. 020 4 13. 09 0.002 8 ok
A? 0.022 3 1 0.022 3 14.31 0.002 0 ok
B? 0.004 2 1 0. 004 2 2.70 0.128 8
c? 0.028 4 1 0. 028 4 18.21 0. 000 8 ok
D? 0.206 8 1 0.206 8 132. 46 <0.000 1 ok
B % 0.0219 14 0.001 6
PR 0.0199 10 0.002 0 3.96 0.098 2 ENTES
2% 0.002 0 4 0. 000 5 R*=0.943 4
S 0.386 1 28
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Table 4 Effect of lactic acid bacteria fermentation on nutritional compositions and antioxidant

activities of pea milk

oy BB/ oy iV DPPH % -OH W ABTS" % lg (15 AL/ BN, TEMER/
" (mg-L™") (mg-mL™") B/ % B3R/ % B®/%  (CFU-mL)™') (g-(100 &) ') (mg-g™")
RAKBEHTFL 212.60£2.64° 121.32+1. 13" 58.87£2.18°  48.4220.05°  53.40x0. 25° - 1.31° 24.04"
YT REERL  281.77+3.07"  86.01£1.28° 66.83+0.07" 58.58+2.23"  62.10+1.07" 9.05+0.02" 1.10° 21.94"
KEBERTIL 191.68+3.09¢ 112.25+1.08" 52.79+1.68"  44.15+1.86" 45.27+5.08° - 2.17° 17.61"
KEREEFL  258.49+3.21"  78.22+0.55" 62.89+4.83° 51.65+2.08° 51.32+4.81' 8.82+0.04" 2.13" 15.78"
Ve - - 99.15£0.38" 97.72+1.60°  98.90+0.47" - - -
- R TLEIR . R —FI MR F R R EFARBE(P>0.05) , NEFHERERBF(P<0.05), £5HFE6 M,
A5 FE UK BTG BR A A2
Table 5 Gel texture parameters before and after fermentation of pea milk
FE i B /N FifttE/(N-mm™") N R P/ mm e/ N NE I/ m)
KK A 0.36+0.07" 0.58+0.04" 0.30+0. 00" 1.36+0.26" 0.21£0. 04" 0.30+0. 14"
K w5 5L 0.43+0. 08" 0.73+0.07" 0.35+0.07" 2.11+0. 30° 0.19+0. 03" 0.40+0. 14°

BB E NS R . R 6 AT AL, KB 24 h
1Y 5 5L LA A o B, ROWAT 42l 785 47,
VRN 710 4y, RV Z R 7.35 4y BE R T
KW 60 h (B S 3L (P<0.05) . TS 24 (4 & B
I V1) A 0% T4 355 A o 1140 968 e 465 4, e EL T A R B

EhnAn AN, KB 48 h 5K EE 60 h (1B G FL
B ERAT o R, AR T R 24 h (9B
TFL.(P<0.05), XAl REJRE & IR A4, 80 0 3L
FR I 7L R AS U M AR e A R S T R ) 4 21
ARZS B R SR N B A R 3 A

%6 REABEET S 6 R E RN

Table 6 Sensory evaluation of pea milk at different fermentation times

& I [] /h FR M B i SRR 2 RV
12 7.05+0.79" 7.30%0. 53° 6.30+0. 75" 7.70+0. 63" 7.0520. 49° 35.40+2. 05"
24 7.25+0. 42° 7.85+0.41° 7.10+0. 39" 7.75+0. 67" 7.35+0.41% 37.30+1. 66°
36 7.30x0. 58° 7.60£0.51" 7.150. 52° 7.900. 49° 7.25+0. 48" 37.20+1. 08"
48 6.95+0. 59" 7.55+0.55" 6.75+0. 48" 7.4520. 43¢ 6.90+0. 45" 35.60+1.55"
60 6.80+0. 42 7.35+0.41° 6.40£0. 45° 7.10£0.31¢ 6.90£0. 31" 34.55+1.11°
SR 7 3L & T ) A 7 e 1 o 52 3 9% 2 X
3 % 7 R T R BRI 3 T i — B BT

TP FLAT B A A R R B LR, R
Wi 7 T 3 AR 9% T I A% 1k i 9 3L 3L IR B U TR
A A IREEEN o4 3 SR NiOE ) e
B R 0.10% & BERTH] 24 b & BEIRE 36
C . BiEMABINES. 83%, % &M T oG A
TR BRI RN 4 BB M 9. 05, B & ol 281,77
mg/L, M & BN 86.01 mg/mL, EH S &N
1.10 g/100 g, JE 83 & 1t 21. 94 mg/g. 5 K FEHT
A EE, & e 0 5 2L G M B AR DPPH A
H1 E 7 B = 1K 66. 83%

S WA 0 T LR B L R R
SR PR T RSB PERR AR . KT 24 h (B
FLBCE T 43 B o 37,30 4%, R AL UE . BESR 4
ST B BN 2R A R T A e R AR
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