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Process optimization for mixed lactic acid bacteria fermentation of
Xinjiang Thompson seedless grape leaves and antioxidant activity

evaluation of fermentation broth
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Abstract: [ Objective] To optimize the fermentation process of mixed lactic acid bacteria for grape leaves and to improve their antioxidant
activity. [ Methods] Using Lacticaseibacillus paracasei TM-27, Lactobacillus brevis KM-6, and Lactobacillus plantarum NG-120 as test
strains, the optimal mixed strain ratio is selected by measuring pH, viable bacteria count, DPPH, ABTS™, and hydroxyl free radical
scavenging rates, iron-reducing capacity, total polyphenol content, and total flavonoid content. Furthermore, key fermentation process
parameters are optimized via single-factor experiments combined with response surface methodology. [ Results] The optimal fermentation
conditions of mixed lactic acid bacteria are as follows: the volume ratio of TM-27: KM-6: NG-120=1: 1: 2, fermentation time 69 h, fermentation
temperature 43 “C, and inoculation amount 4%. Under these conditions, the DPPH, ABTS ', and hydroxyl free radical scavenging rates are

(76.431+0.74)% , (98.7140.16)% , and (54.35+-0.37)% , respectively. The iron reducing power is (65.65+0.28)% , the total flavonoid
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content is (1.72840.002) mg/mL, and the total polyphenol content is (2.340=+0.003) mg/mL. The measured values are in good agreement

with the predicted values. [ Conclusion] Mixed fermentation with lactic acid bacteria can significantly enhance the antioxidant activity of

grape leaves.
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Table 1  Strain ratios

410 [LR73 I
Gl TM-27 .KM-6 FI NG-132 1:1:1
G2 TM-27 . KM-6 1 NG-120 1:1:1
G3 TM-27 .KM-6 fI NG-132 1:2:1
G4 TM-27 . KM-6 F1 NG-120 1:2:1
G5 TM-27 KM-6 I NG-132 2:1:1
Go6 TM-27 .KM-6 f1 NG-120 2:1:1
G7 TM-27 . KM-6 I NG-132 1:1:2
G8 TM-27 .KM-6 f1 NG-120 1:1:2
G9 TM-27 . KM-6 1 NG-132 1:1:3
G10 TM-27 .KM-6 F1 NG-120 1:1:3
Gl1 T ] 2
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Table 2 Effect of mixed bacteria ratios on physicochemical properties of fermentation broth

il pH i B/ X 10" CFU-mL™") DPPH [ i JE35 B 2% /% ABTS " [ i L35 B /%
Gl 3.39340.035" 0.23740.043° 77.717+1.666° 98.537+0.318"
G2 3.390+0.020° 0.35740.032° 78.743+0.916° 97.747+0.421"¢
G3 3.430+0.010° 0.040+0.011° 71.1174+1.107° 97.380+0.104*
G4 3.410+0.020° 0.046=-0.006" 60.557+2.863° 98.047-0.525%¢
G5 3.390+0.026" 0.33740.040° 60.117£0.916° 98.413+0.561"
G6 3.407+0.012° 0.530+0.017% 67.303+1.344% 97.743+0.214"¢
G7 3.400+0.010° 5.233+0.058" 81.52343.043" 97.867+0.380"
G8 3.43340.025° 2.1170.083" 86.947+0.916° 98.967+0.214°
G9 3.400+0.020° 0.577+0.093° 62.757+1.016% 98.780-+0.384™
G10 3.430+0.030° 0.377+0.074% 60.557+1.586° 97.073+0.365¢
Gl1 3.920+0.010° 0.000+0.000 54.397+1.107" 92.620+0.462°

21 51 2 H R LT BR R /% R AR T1/% LW /(mgemL ") BT A B/ (mgemL )
Gl 41.290+1.7138 53.343+0.382" 2.23240.004° 1.38040.017°
G2 46.777+0.859" 54.500+0.240° 2.30440.008" 1.61040.006"
G3 50.070+1.037°" 54.337+0.371° 2.20040.006° 1.61140.009"
G4 49.11041.445" 53.5934+0.629° 2.230-0.004° 1.391+0.004°
G5 55.143+£1.645% 54.003+0.650" 2.22840.005° 1.58640.007°
G6 52.950+0.953" 54.577+0.361° 2.23740.004° 1.47540.009°
G7 57.617+1.426™ 52.240+3.421° 2.23140.005° 1.62040.005"
G8 59.260-+1.820" 60.057-0.572° 2.35140.004 1.71240.013°
G9 55.007+1.445% 53.580+1.127° 2.12740.004° 1.6220.011°
G10 57.7501.037" 52.813+1.315" 2.23740.006° 1.37840.006°
Gll1 62.277+0.626" 44.147+0.966° 0.00040.000 0.000+0.000

T NEF RIS R 22 5 W (P<0.05) .
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Figure 2 Effect of inoculation rates on physicochemical indicators of grape leaf fermentation broth
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Table 3  Factors and levels of response surface design
K- ARBER A/ BAEA /%  CRIERE/C
—1 60 3.5 42
0 72 4.0 43
1 84 45 44

PG, 15 204 4 i & T ) o {8 25 5 1T 43 Il UH O 7R
Y=8745—431A—028B+03C+0412 5SAB—352AC—
3.02BC—19.50A>—2431B—22.71C, (1)
] 4 Ry 4% PR 28 32 B AR X A 2 I TR 4 T 4 5%
i) f o o, TR ot T P . R o TR R S T S R AR Y U
FRAE, 30 B & e IA] & T B B Fh it 7 3 56 v R 3
FEAESR A X ) o Fl i T 25 AT 0, e T 3R 8 5 A e ]
S W IR P 5 A i R R R) S R R i ) A AR
ZEH RN o 254 I 22 Ty 5 8 5 £ IXC 1) 5 45 33U 4l Bh Bt 41k
& b 90 UE 25 B, 19 B B b R B L2 A Kk R Y D]
70.66 h, K& R BE 42.99 °C, % i 4.01%, 25 B N
87.69. Z5 G SIBRIE B B I I T2 & 18 1F O R R TA]
69 h, & WEih E 43 °C, 5 Fh & 4%, 1% 4 1 T Bl Y DPPH
F 2 ABTS [l 3 A [ i 3605 B R 0 518 75.80%,
98.63%,54.22% , B i S5 BE J1H 65.46% , Sl B 5 22 Wy A
B4y 51 1.726,2.336 mg/mL. % 00 & B T2 & kit 47

M Bz T 36 2 T R AR

Table 4 Design and results of response surface experiments

- N s DI"PH A 5k AJ%TS* A 3 fé A s E\z@}ﬁiﬁ/ ﬁéﬁlﬁﬁlﬁiﬁ/ RN
HBR /% HERR%  EERE%  fEhH/% (mgemL')  (mgemL ')
1 0 —1 —1 45.87 97.75 28.01 64.14 2.206 1.509 38.65
2 0 0 0 73.29 98.50 56.45 65.35 2358 1.689 84.24
3 1 0 —1 46.85 97.38 30.55 63.87 2.294 1.448 38.69
4 0 0 0 74.69 98.56 52.22 65.17 2.339 1.675 79.12
5 0 0 0 75.24 98.61 55.60 65.54 2.346 1.720 89.65
6 0 0 0 76.08 98.66 55.39 65.42 2.332 1.752 92.67
7 0 —1 1 54.55 97.65 27.80 64.53 2276 1.537 43.42
8 —1 1 0 63.36 98.02 39.75 64.34 2.288 1.654 54.13
9 —1 0 —1 53.71 97.86 34.78 64.57 2.281 1.634 48.43
10 1 0 1 48.25 97.54 33.40 64.00 2.287 1.437 39.66
11 1 1 0 49.65 97.11 37.32 63.12 2.291 1.454 38.77
12 —1 —1 0 53.29 98.07 34.36 64.66 2.251 1.494 44.66
13 —1 0 1 57.34 98.34 28.22 64.49 2277 1.534 47.75
14 0 1 1 49.51 97.49 23.47 62.98 2.203 1.509 36.16
15 1 —1 0 47.79 97.70 41.97 64.60 2.269 1.470 43.39
16 0 0 0 77.48 98.56 53.81 65.60 2312 1.746 91.55
17 0 1 —1 53.99 97.33 36.68 63.18 2.294 1.592 43.46
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Figure 4 Effect of multi-factor interaction on comprehensive indicators of grape leaf fermentation broth
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