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Study on the relationship of metabolites and antioxidant
activity during natural fermentation of fig enzyme

YAO Pei-lin* ,JIANG Jia-xuan, WU Jin-yu, KONG Zhen-yang, JI Xiao-kang,XU Li-sheng

School of Biological and Food Engineering ,Suzhou University ,Suzhou 234000 , China

Abstract:In order to analyze the correlation between metabolites and antioxidant activity, the physical and chemical indexes
and active substances (pH, total acid, total sugar, total phenols, total flavone and organic acids) , and antioxidant capacity
('scavenging capacity against DPPH radical , hydroxyl radical ,superoxide radical and reducing power) were investigated dur-
ing natural fermentation process of fig. In order to determine the optimal natural fermentation time of fig enzyme, the correla-
tion between metabolites and antioxidant activity and the comprehensive evaluation index ( CEI) were performed by principal
component analysis method. The results showed that pH decreased continuously, the total flavone irregularly fluctuated, and
the total acid, total phenol, DPPH radical , hydroxyl radical ,superoxide radical scavenging ability and reducing power initially
increased and then decreased. Thirteen major organic acids were detected in fig enzyme,in which lactic acid, succinic acid,
malic acid, citric acid, glucuronic acid and pantothenic acid were more abundant. The comprehensive evaluation value ( CEI)
was highest at 60 d and then continued to decrease after 80 d,which could be as the end point of pre-fermentation of fig en-
zyme and provided a theoretical basis for the precise fermentation of fig enzyme.
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Fig. 1  Variation of total acid content and pH

value of fig enzyme at different fermentation time
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enzymes at different fermentation time
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Table 1  Results of organic acid content change during natural fermentation of fig enzyme (mg/ml.)
o AN 2 T sF [0 £ 5
APLRRFE Content at different fermentation time
Organic type

10 d 20 d 40 d 60 d 80 d 100 d 130 d 150 d
BN 0.132 = 0.252 = 0.206 + 0.286 + 0.233 + 0.309 + 0.304 + 0.298 +
Lactic acid 0.11° 0.13* 0.21" 0.50¢ 0.27¢ 0.47¢ 0.37¢ 0.41°
IR 0.238 + 0.313 + 0.158 + 0.264 + 0.389 + 0.384 + 0.376 + 0.372 +
Succinic acid 0.09° 0.28" 0.43° 0.48¢ 0.23¢ 0.26° 0.49°¢ 0.37°
R 0.015 + 0.024 + 0.031 + 0.030 + 0.020 + 0.014 + 0.013 + 0.013 +
Fumaric acid 0.25° 0.42" 0.37¢ 0.18°¢ 0.31¢ 0.09° 0.21° 0.20°
SRR 0.386 + 0.422 + 0.553 + 0.579 + 0.534 + 0.230 + 0.220 + 0.218 +
Malic acid 0.17* 0.30" 0.10¢ 0.361 0.21°¢ 0.43! 0.23f 0.35"
T 4 0.001 + 0.001 = 0.002 + 0.003 + 0.002 + 0.001 + 0.001 + 0.001
Maleic acid 0.08" 0.09* 0.26* 0.17* 0.09° 0.20° 0.13% 0.54°
FrETR 0.321 = 0.342 + 0.368 = 0.340 = 0.343 = 0.305 + 0.301 + 0.299 +
Citric acid 0.32° 0.28" 0.26° 0.35" 0.47" 0.39¢ 0.344 0.27¢
R ERE R 0.201 + 0.282 + 0.379 + 0.541 + 0.601 + 0.532 + 0.639 + 0.709 +
D-Glucuronic acid 0.22° 0. 14" 0.37¢ 0.28¢ 0.56° 0.21¢ 0.40° 0.31¢
Zik 0.123 + 0.282 = 0.360 = 0.383 = 0.404 + 0.335 + 0.339 + 0.304 +
Pantothenic acid 0.21° 0.30" 0.52¢ 0.54¢ 0.20° 0.15 0.29" 0.65¢%
NLYaA 0.003 + 0.003 + 0.004 + 0.003 + 0.004 + 0.003 + 0.003 + 0.003 +
Tartaric acid 0.11° 0.08* 0.26* 0.29* 0.17° 0.23° 0.15° 0.20°
LAERE R 0.003 + 0.005 + 0.006 + 0.006 + 0.006 + 0.008 + 0.009 + 0.010 +
Pyroglutamic acid 0.08" 0.33* 0.35" 0.35* 0.31° 0.34" 0.19" 0.13¢
DL-3- R 0.001 + 0.002 + 0.003 + 0.003 + 0.003 + 0.007 + 0.007 + 0.007 +
Phenyllactic acid 0.25° 0.41° 0.32° 0.11° 0.19* 0.17° 0.43% 0.24"
_¥A 2. IR T THA
g flld% 3 fgfﬁmﬁ . 0.009 = 0.013 + 0.028 + 0.037 + 0.040 + 0.054 + 0.053 + 0.055 +
acidy roxy=-melylgliiane g 160 0.30 0.14¢ 0.02¢ 0.36° 0.41° 0.25¢ 0.26°
Wk 0.016 + 0.027 + 0.044 + 0.052 + 0.060 + 0.060 + 0.062 + 0.064 +
Malonic acid 0.23° 0.16" 0.20° 0.09¢ 0.13¢ 0.10° 0.20° 0.18°

T AR A AR RN AR B 2253+ 3% (P <0.05)

Note : Different lowercase letters in the upper right corner of the table represent significant differences between groups (P < 0.05).

ng rate(%)
=]
(=]

DPPH}

DPPH free radioal sc:

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
) B} ] Fermentation time(d)
4 RRREERARE X EZRE DPPH
BHREFRENHTL
Fig. 4 Changes of DPPH free radical scavenging ability of

fig enzymes at different fermentation time
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Fig. 5 Changes of hydroxyl radical scavenging ability

of fig enzymes at different fermentation time
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Fig. 6 Changes in superoxide radical capacity

of fig enzymes at different fermentation time
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E SR IEAT YA B, TCAE R 2R 3 Ao R AE
{H . 5T Bk 3 0 R FR DT MR 3 W 3R3 R o LURAAE 1
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Table 2 Correlation of parameters in the fermentation process

i BE AW REE TR BRNM WM ERE EER O smapmaEDPPH  BE B B

Parameter = = s i = [T © - -
sy 1
J=y 0.557 1
ST 0.424 0.384 1
N 0.129 0.397 0.453 1
BEFAMR 0.377 0.257 0.505 0.630 1
DR 0.244 0.542 0.547 0.686-0.875** 1
PR 0.019 0.679 -0.402 -0.754 0.6510.909** 1
FrEEIR 0.139 0.577 -0.529-0.911* *0.78170.914* 0.921** 1
AR TR 0.431 0.324 0.636 0.575 0.601 -0.650 -0.466 0.692 1
7z 0.711 0.616 0.308 -0.309 -0.143 0.343 0.602 0.387 0.260 1
EERiINICESS s 0.653 0.287 0.461 0.136 0.335 -0.101 0.223 0.114 0.719 0.786* 1
DPPH -0.146 0.659 -0.597 -0.591 -0.83170.976* *0.871" 0.863* -0.670 0.335 -0.113 1
258 0.765* 0.799* 0.016 -0.121 -0.214 0.325 0.446 0.279 0.157 0.801* 0.565 0.430 1
WIE Sy 0.316 0.351 0.180 0.348 -0.044 0.260 0.320 -0.035 0.371 0.554 0.673 0.320 0.578 1
k=) 0.533 0.578 0.091 -0.703 -0.108 0.323 0.634 0.599 -0.077 0.768* 0.462 0.268 0.466 -0.037 1

F:*P<0.05,**P<0.01.

WA, PEBU — TR 1 TR RN 47.16% , 55 —
TR 4> 1 TR R R 24, 96% , W R Tk R
72.12% B 35 RE U8 I W R A i 72 12% BIAE

B TR T RA R g e 5 8. I, X EE
(Y 14 AR R R T R AE AL PRS ARASF IS BTE

R3 ERSBFHEE.TEEMNRRTERE

Table 3  The eigenvalue, contribution rate and the cumulative contribution rate of principal components

ENWip i1 FHEE Dk ST

Principal component Eigenvalue Contribution rate( % ) Cumulative contribution rate( % )
1 7.617 47.16 47.16
2 1.786 24.97 72.12
3 1.014 15.78 87.9
4 0.952 8.65 96.55
5 0.479 2.36 98.91
6 0.115 0.98 99.89
7 0.050 0.11 100

2.7.2 ERHFMERLREZL G EAIFNIRAT
R T AR TR AR SR I 2R 3 A A o R A A
8 N, K10 KA 20 RAESE 1.2 F i B &
BB . R 20 K5 KB40 RS | F LA
BRI, R E 20 K5 RRE60 RIESE 1.2 F AL
gy B EBRGE, K40 K5k 60 RTEN 2 &
B b A R RS e, U W A 10 KR 20 KAy G
AE RS AL P SRR I 2 1% 20 .40 .60 K (1) TC AL

SRR ZR A ol 1 5T 22 S R R I8 60 KR 80 K1)
55 1.2 RS A B AT, T A X AN R ERY B Y
TCAE R R i 22 5 N K KT8 80 R 545 100 X |
130 KA 150 K, MIFFLRTESS 1 F i b a i #& BE
BRI, B R BERHELT RS 2 R L E R
BIF IR ARG, AR JC AL SR B AR T M 2 R T IR
R

A 5 FE I3 S AT AR T AN () A TP B A i 9 252
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Fig. 9 Comprehensive evaluation index of fig enzyme
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