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Abstract: The Solanum nigrum L. fruit was used as the raw material for this study, the fermentation process for Solanum nigrum L. juice
was optimized using probiotics. Eight factors, including initial sugar degree, initial pH, fermentation temperature using lactic acid bacteria
(LAB), LAB-inoculation dose, fermentation time of LAB, fermentation temperature of yeast, fermentation time of yeast, and yeast-inoculation
dose, were selected for the Plackett-Burman test. The main factors influencing total phenolic content were the fermentation temperature of LAB
and the yeast-inoculation dose. Fermentation conditions were optimized by central composite design, and the results showed that the optimal
conditions were as follows: initial sugar degree, 12%; initial pH 4.5; LAB-inoculation dose, 5%; fermentation temperature of LAB, 39.5 °C,
fermentation time of LAB, 24 h; yeast-inoculation dose, 0.07%; fermentation temperature of yeast, 25 °C; and fermentation time of yeast, 20 h.
The total phenolic content in the Solanum nigrum L. fruit following optimization reached 1.18+0.02 mg/mL, which represented a 21.6%
increase. Additionally, anti-inflammatory and antibacterial activities were significantly increased as compared with those observed before
fermentation, and the inhibition percentages associated with hyaluronidase activity and protein denaturation of the fermented Solanum nigrum L.
fruit were 82.98+4.16% and 81.57+1.24%, respectively. Furthermore, the inhibitory effects of fermented Solanum nigrum L. fruit against
Staphylococcus aureus and Bacillus subtilis were stronger than those against Escherichia coli.
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Table 1 Factors and levels in the Plackett-Burman design

e oF al

-1 1
A FUBR B A B4R 8] /h 20 24
B FUBR R B4R 2/°C 37 43
C FLBR A 4T /% 3 5
D AHERE T/ Yo 12 18
E 4 pH 45 55
F BB B0 1) /h 20 24
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Table 2 Factors and levels in the central composite design
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Table 3 Effect of inoculation sequence on fermentation

) Fl ook Ak Eis e

485 & B pH R
/(x107 mg/mL)  /(mg/mL)
%—1  3.91+0.03° 2.34+0.03 0.97+0.01°
%40 4.48+0.06" 1.52+0.06° 0.65+0.01°

Er HA TR R A LI, AT
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(p<0.01).
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Table 4 Plackett-Burman test design and responses

F5 A B C D E F G H Y
1 1 1 -1 1 1 1 -1 -1 1.05
2 -1 1 1 1 1 1 1 -1 1.06
3 1 -1 1 1 -1 1 1 1 1.06
4 -1 1 1 1 1 -1 1 1 1.01
5 -1 -1 1 1 1 1 -1 1 1.05
6 -1 -1 1 1 -1 1 1 -1 1.09
7 1 -1 1 1 1 -1 1 1 1.04
8 1 1 1 1 -1 1 -1 1 1.02
9 1 1 1 1 -1 -1 1 -1 1.08

BT
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10 -1 1 1 1 -1 -1 -1 1 1.03
11 1 -1 1 1 1 -1 -1 -1 1.12
12 -1 -1 -1 1 -1 -1 1 -1 1.11
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Table 5 Effects of Plackett-Burman test design

o6 R H-F =2 £ 4 P75 Aa B EE ¥z F1& p1a BEH

T 1.060000 0.012 8 1.54x107 21.71 0.0141 *
A 7.69x10™ 7.10x10°¢ 1 7.10x10°¢ 0.1 0.7726
B -0.017 3.44x107 1 3.44x10° 484 0.0061 o
C 6.92x10° 5.75x10™ 1 5.75x10" 8.1 0.0653
D -7.69x10™ 7.10x10°¢ 1 7.10x10°¢ 0.1 0.7726

Y E -4.62x10° 2.56x10" 1 2.56x10" 3.6 0.154

F -4.61x10° 2.56x10" 1 2.56x10" 3.6 0.154
G 231x10° 6.39x10° 1 6.39x10° 0.9 0.4128
H -0.025 7.73%x10° 1 7.73x10° 108.9 0.0019 o

KE 2.13x10* 3 7.10x10°

HBE & Fm 0.013 11

R 0.9830

E R TEREE (p<0.05); R RERMEE (p<0.01).
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j@1d Plackett-Burman 1036 % 11 AT HLOZH A 150 HA
BT B S RS AT N WIRERERE N 12%. ¥4 pH
N 4S5, ABREEMERN 5%, HLREARIREN
39.5 C. AFEHE KEERIIAIN 24 h BEREREHEM &
0.07%, KEHEFE 25 °C, MERFEREANTE 20 ho 7EIL
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Table 6 Central composite design and results

XI5 A B Y &84F/(mgmL)
1 -1 -1 1.13
2 1 -1 1.08
3 -1 1 1.04
4 1 1 1.03
5 -1.41 0 1.06
6 1.41 0 1.05
7 0 -1.41 1.18
8 0 1.41 1.02
9 0 0 1.21
10 0 0 1.15
11 0 0 1.18
12 0 0 1.18

E: RPEIEA 3 WPATIRIR LSRR .
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Table 7 Variance analysis of center composite design
KR A E 7 Fa ¥ F 14 pia 2EM
AEA 5 0.051 0.01 21.98 0.0009 o
A 1 1.03x10° 1.03x10° 223 0.1858
B 1 0.018 0.018 38.36 0.0008 ok
AB 1 5.33x10™ 5.33x10* 1.16 0.3238
A? 1 0.026 0.026 57.45 0.0003 ok
B? 1 0.01 0.01 2232 0.0032 ok
®RE 6 2.77x107 4.61x10™*
% IR £ 3 1.22x10° 4.05%10™ 0.78 0.5766
shig £ 3 1.55x10° 5.17x10*
A3t 11 0.053
E: p<0.05 ARE, AkR; p<0.0l ARBE, A kw.
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(p<0.01), X T K Bk 72 v By 259 o 19 % 4k
Filannino® 4§ H 76 3L 1 7T LUCKE 3¢ S5 I /K A s e
AZETRR, I HARARUTI R A (A 2R RO K A
TR S (00 T AR SIS A 1 PP R B B 7 AT IR
KRR A RN R R . SRR SR
(IR G AR, o N AR R B I 2

TEARA A TR R R B 2 R pH N
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Table 8 Effect of fermentation on antibacterial activity against three different foodborne microorganisms (diameter of the inhibition

zone is measured in mm)

Ak RIS % 2HEHHRA KA RKIATE REFIATH
e 50 7.0+0.0° 7.540.0° 6.5+0.0°
/‘iﬁ%ﬁ#‘f_% b b b
100 9.0+0.0 8.5+0.5 9.0+0.0
e 50
AL AT
100
iRESap:e TR K - - -
PRI AR I mgmL 25FFE % 11.0+0.5 11.3+0.5° 10.5+0.5°

A CORTANAE A FII T RR FAAT AL 27 H X B EEKF (p<0.01).

M 8 TLUE Y, AR FERE S TR Bl =4, K
P e B S AN B e 1A BB RS (p<0.01). Ui K%
REME TR iR R AR 3 Pl B B R, (B4
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S B 0 R TR R S 2 A 1R (P 5 T3 EROK
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N S0%IF T e PR . BRI IR s AR
T KR R 2R & 2360, W5FEmE) pH A
K, Feah pH BURSAEHAN B RE 1A B s .

3 Zhig
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FBRERE R R I R R T 2T ik ST
BRI L2564 9 FIAERERE N 12%. #1146 pH
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39.5 C. FAFRHE KEEWIIAIN 24 h FEREREHEM &
0.07%. REHRE 25 C. FERFEE K IERS1E] 20 he XITE

R A T RS B R IR Je 25 SR BB AR AT 1
T MY SN 1.1840.02 mg/mL (CSARALRTHI LR =
21.6%), pH 4 3.85+0.06, ol 32 S A 25 79(1.93+0.06)
x10” mg/mL, FLEREIH BN 9.1210gCFU/mML. K
TRRPEE H, MURIRHS, SRR,

3.2 FHAMEZE B R A VAN B B AR A
TAARRAE RS B R S K R T, 5
REZ BTALLHT ARG R (p<0.05). REREM)
IR b 140325 B J R Tl M A i 2R A 3] 82.984:4.16%,
I AR AR AR 81.57£1.24%. By A
AIRUFRIPTR IR, KIS T & 2 i3 e LR
LR IGHEIEBR M F BRI 22—,

3.3 BRI SR =R SR P A A R FH B
KRR GRS PR E R (p<0.01), (HHTERBUIRSS
TRATEXS IR R TERE SRR 100% % 43 26 47 )
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