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Abstract: In this study, the main raw materials included Carrots, Cucumbers, Cabbage, while seasonings, medicine and food homologues
were added as auxiliary materials. In the natural fermentation vegetables process, microscopic characterization and antioxidant activity of flora
of fermentation broth and vegetable were studied using different water addition (3000 ml, 3500 ml) and different formulations (seasoning,
medicine and food homologues). The results showed that more aerobic bacteria existed in the early and middle stage of fermentation, and the
yeast decreased in the middle and end stage of fermentation, after less water was added. When more water were added, coccus and short bacillus
was the dominant species in the early stage of fermentation. Coccus was found to be decreased in the middle stage and short bacillus was the
dominant species in the end. During the fermentation process, the antioxidant activity increased gradually. When less water was added, the SOD
activity and DPPH free radical scavenging rate were the highest, reaching the maximum of (16.32+1.31) U/mL and (95.60+0.15)% on the 6th
and 4th days respectively. The reducing power of fermentation vegetables was slightly influenced by the amount of added water. Under different
formula conditions, bacteria and cocci coexisted in the early stage of fermentation, the number of cocci increased gradually in the middle stage,
decreased in the late stage, and increased in the later stage, but there were more bacteria in the seasoning, medicine and food homologous groups.
During the fermentation process, the antioxidant activity increased too. But the reductive power of the seasoning group decreased slightly on the
2nd day. The SOD activity and DPPH free radical scavenging rate in the medicine and food homologues group were the highest, reaching the
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maximum of (16.58+1.37) U/mL and (97.15+0.60)% respectively on the 7th day.The results showed that Coccus were more likely attached to

the surface of vegetables, and the rough surface of cucumber was likely attached by flora. SOD activity increased with the increase of typical

coccus in fermentation vegetables.
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pH 8.20 0.1 mol/L = HIIEZ LT (Tris) -#hR
L2 (NS 1 mmol/L EDTA-2Na): FREL 12114 g
Tris £1137.2 mg EDTA-2Na & F 62.4 mL 0.1 mol/L £5F&
Wi, FHZEM/KERZE 100 mL.

4.5 mmol/L &7 =T EhRIA: 56.7 mg 4B =
WA /b & 10 mmol/L ThIRVA W E A % 100 mL.

2.5%% ISR FH pH 7.2 0.1 mol/L Rz
O I T 25% AR 10 5.

TERRZZ VAW (pH 7.2.0.1 mol/L): 360 mL A+140
mL B EZA A 1000 mL. HHr, EHE A: 0.2 mol/L ¥
Na,HPO, ¥ (NaH,POy4 12H,0 71.6 g FHZ& /K i i#
HEZZ 1000 mL); B B: 0.2 mol/L ] NaH,PO,
W (NaH,PO,-2H,05 1.21 g FIZIBKIEMIFERE
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2% N300 g, 1% 1.4.1 JEGRMEHTT bR, Iy
KNET RIEFGEN, BMEBEEN 3%. HHKE.
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Table 1 Table of raw materials and accessories with different formulas

% 20 5%,

A 1 G 300g. #/M400g. £F F300g. £ 10g. fEM20g. Lok 10g. K 3500mL. 2 105g

for 2 EiB 300g. %N400g. 4F [ 300g. L5 20g. Mt 10g. %45 10g. FE 10g. A£H 20g. 7K 3500 mL.
#105¢

55 3 EE 300g. #N400g. LLF 300g. AF 10g. B 10g. AHE20g TH10g. KWEZE 10g. 7K 3500 mL.

% 105¢

JREREHZ 1.4.1 JE5IRMGEE 7 U3, 2SN R
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Ve FIMEERZEMR (pH 7.2, 0.1 mol/L) &V 3
%, 20 min/iX  BHIFBEA I G 6000 r/min #5.0» 10 min
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Fi/K: SR SRR LK 75, AR IR
30%- 70%- 100%, BEANREME 3 K, 20 min/iX,
UK Z5 R 6000 r/min B5.Cr 10 min 25 Fi.

Tl HERER RS, 50 CHETF

M5 e )P A BB R £ oA o B 4 DA o 5 v
PE.

MEE: R ER LTRSS E R R B B T
152 KB FARG REAESAT

FRERIAE S O TRARER : P K A B 7R U N
FEBERE e HARDIRR 1.5.1,
1.5.3 SOD #M

R4 E A% GB/T 5009.171-2003 (ffe £ i il
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FR 4 SCHR Lin MY %%( Antioxidative ability of lactic
acid bacteria) FIEE AR AT, ¥ ve BUE ik
FES3 94 104 20+ 30+ 40 F1 50 pg/mL. 7} 5HL 0.2 mL
RV, IIA 0.8 mL Z&M/K. 2.5 mL pH 6.6, 0.2
mol/L BERRZEM M 2.5 mL R/ HN 1%MEF L
£, 50 ‘C/K¥ 20 min, SRSEHIIN 2.5 mL &S EN
10% =5 4/, 4000 r/min 0> 10 min. BB
L35 2.5 mL, SO 2.5 mL Z&1#87/K & 2.5 mL i
53H09 0.1%0] FeCly o IR 215 ## B 10 min, M5 700 nm
B FAE T IR IAEH L HbrHE LR . FES )5 T
KNG ERTTEMIE], S5REEH Ve UEFR. i
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Fig.1 Standard curve of reducing force
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2 mL #5500 2 mL 0.2 mmol/L DPPH V&, VRS Jf5 ik
JERM 30 min, 7E 517 nm P N IEBROGIE.
gERITH

DPPH I EE%‘)%@%—[I—%}XIOO%



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.10

KF: Aw 2 mLAdes 2 mL DPPH /SRR AL /& 698 K%
18; As: 2mL &S5 2 mL BKCEEAE 517 nm EREH T8
HAAE; Aw: 2 mL DPPH &5 2 mL &48/K4 517 nm &K
ESCRELP N

1.6 HAE 047

F Origin 8.0 #A4%f Hds it A7 Ab PN B R 1,
FEH SPSS 21 kGit it &%= .

2 HERS5PH
2.1 R oK E xR B 5 kAR A R

FAE B AR NCTE B R

2.1.1 %ﬁfmﬁiﬁjﬁ
2,111 REEM R AR AE

ANFE K& R FE R A A R L 2. 3
R

2 hiskEJ9 3000 ml & ESIFEPEETL
Fig.2 Change of microflora in fermentation with 3000 ml water
addition
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d; £ %5d, g #%6d h: $7d, B
51 iy s

e LY b

NS o

+R R As B2

B3 fnsk&EH 3500 mL & ESSIZHEEIEL
Fig.3 Change of microflora in fermentation with 3500 ml water
addition

2 7Kk & 3000 mL K EEEESEER 0~7 d [
R BIEFTUE L, KT AR A D&
FIATER, NSRRGSR R
Hn, FEOAFIATE, NS /DEIRE. 2 d WA
A5 1 d AL 3 d R, HIEIES 2. 5 4d
REERHPEERFERZ, 5 5d. 6 d BEREE I R,
B7d UL . G H, S R A R Y-
LR REEI K (PCR-DGGE) 41k F AR K IR
SO RE PRI RVE R AT, 45 R ARALIR
S E AR RS RE R AT T AR 2R A LS, K%
HE VRS BRI B . TR R R b AR A
PUBMBRIRERE, PR febE, ¥R i % H AW
HE AR BE AR B 1A AR T AN AR A . Bk &S
TRALR B0 R o BT 10 2 PRAE (R R ] DA R %
RLFR P R HEAT AT T HARAERE T /N, G55
IV o 1T 1% S S BE DA 3 22 2 R IR b i)
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AREERZ, EEMREIER, FIRRSER
585k, 454 SOD AL TR, EERERE >
i SOD JEMEREHIN T 4 £, W ZEERE R AL U
HilR B SOD 1

3 MhN7KE: 3500 mL KBRS 0 d~7 d (14
R HERTUEH, KIS 0 d FE R REIRE
b, B MW RIS . K —RIGHw K E
ARKETE, KIESE 1. 2 d REARHEREE AT S
H, BRI TN HEREEFINEREE . 55 3. 4. 5 dBREE
JIT 5 LU b, AR SR, I EAFREIESRE
FEeo 25 6. 7 dRATE HIUHAIF HEFIESEN R —,
454 SOD ARG, AR LS SOD & 1%
AT E, H SOD V& PEAN S BRI 1 A -
2.1.1.2 RIS AR SR I R AR

AN AN 7K B T 85 TR IR i S 3 T S AR A 1]
4. 5 FR.

Bl 4 M B ARG 7K 2 3000 mL Jk FE4h R
g b TR AL AR . HERT LR,
grds A NRH M E A KRR, JHFRENER
o VEAE R HEAME R, FEAE.

SO ANAT

B 4 hskE 3000 mL &EAHRSERE BRI
Fig.4 Adhesion of bacteria on the surface of fermented

vegetable with 3000 mL water
JE:r ar £2F | 1000x; b: ¥ | 6000%; c: &I\ 1000x;
d: &N 6000x; e: FEFLE 1000x; f: EFLE 6000x, B S, B
12~14 F].
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&5 fn7kE 3500 mL &EFHREERE MR
Fig.5 Adhesion of bacteria on the surface of fermented
vegetable with 3500 mL water
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218 DAELE AR PG AR, 5 IR T R A4 b
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212 REALF M
AN AN 7K B P i = i A o e S v 1 1R AR A

(SOD %M. it /7. DPPH H HFEE %) WA 6~8
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o A, ATHANAIRE /N, SOD WG shiE K .
hn7KEK 3500 mL I, SOD A R, Abih
FROE, RIBLE A 8 LR SRR T . KR
DI, TERIES 6 d SOD WPk EIRAME, 41632
U/mL. %, N/KERZ IS KR T SOD JE i
. KGRI SOD 43524 10.79 U/mL. 12.89
U/mL. Z3 A a0, AT IR} & 2 & [ R4
A IR ZH Y SOD T PR =i 7.79 U/mL £ 0.99
U/mL, NI7KEHEZ N R B POA IOy 3R, S
PERA M LR B AL KHE RS, FF 5 - SOD BE 1
Ui R G FLER RS S Be S =42 SOD BENE /7,
35 PR N BT 5615 ) PR T 7 A P R R A
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B[ e AAE3000 mL 3000 mL, KRS RHEE JAR IR K. %R
] T mkEssOOmL TR RER, A2, A SR
g;; SERTEM RS, & ERHARITH 58 R A%
< ol WikasE . IKEEE, A R A AL R R
= sl LA, GUTHEESERSE, FURRE SO0, AR
S O e (LR R AR T, 15 R0

2l TR ) FLIR T R 08 7 A 0 S ke — B

% i 8 i, ARk SRS, DPPH [

1)/ d
& 6 REmKEXTZEIFE SOD SEMAISIN
Fig.6 Effect of water addition on SOD activity of fermented

vegetables
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Fig.7 Effect of water addition on reducing power of fermented

vegetables
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Bl 8RRk E S & BT DPPH F Fi AL B RSN
Fig.8 Effect of water addition on DPPH free radical scavenging

DPPHH HEERE /%

rate of fermented vegetables

Wi 7 pras, KESFIETTIIZKE 3000 mL % 3500
mL B R F153 518 12.97 pg/mL. 10.71 pug/mL Ve 245,
REELEHIST 7358 26.05 pg/mL. 26.15 pg/mL. f7kK
& 3000 mL FEAIE R RS = RIAEIHROKME 26.12
pg/mL. FHEL SOD &P, MK &2 /DX R B8 )5
FIFEMAA/N, /K& 3000 mL 5 3500 mL & EAR ik
R 7335 2R, BEA R E AR MK

B BRI I, 4 d JE#a TR . 7K & 3000
mL B, KB RT DPPH H HH ST B % (38.80+0.80)%,
TMAN/K & 3500 mL i DPPH [ HIFETE B R AAG HY o
ATREMIIR R : BRKG, BAREAFFIAREE, 2
Horp ARG K S S Tk, R
It 7 DPPH H HESSRRZ . NUKERZH,
VIR BERRE, WREERAG, BUEAREER . HeAh, Ik
B LI REIF SRR, DPPH H hiERREE
&, MZKEDE E HIEERERESIER . e
REEE 4. 5 d TERFIB RN, 4 (95.60+£0.15) %.
(9537+0.12) %o KIFGHRET —FHEANK, 25H
(95.40+0.20) %F1 (95.18+0.26) %.

22 ARBITHERXBEREXIBEFHHE

TORAE R AT A M7 1 #y R v

221 BAFEDIEAE
22.1.1 KPR RERAERAE

I =ANETT 0 Rk (2, TEML 205K
HO- 25 FPEMA (hzy. Mk, 2. S, HEED.
WMk KA B FEDH O\ HE. R T
W50 o« ANRIRL 7 B SR R B i i 2 i T i A
SEAURAEWE] 9~11 iR
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9 AIEREL B A L EETRSGT 2P E A RIERIE
Fig.9 Change of bacterial morphology in vegetable
fermentation by adding seasonings

9 NIRRT 2 0~7 d
REERAAR G E . HEM AL, KO0 diF
AR ARED, B TR Y. RIS 1.
2 d AP AR, BRI IR, JEREEE]
SEIRE. 55 3. 4 d PR IBEIESEER, 55,
7d5 1. 2d BOAERL, 556 d MEBIKEIRE. 456
SOD JEIEARAL, KM P IR EIERE S, SOD %

& 10 HMAREIRMR B AL BRI 2 ER BRI
Fig.10 Changes of microflora in vegetable fermentation by
adding medicinal and food homologous substances

10 J9sngs & R B AR KBRS EE 0~7 d 1Y
PR B LR, KT KR E
TERUD, AR NS RISR AR . R 1 d W
FIREEBREA H BB, f LA P 2 R B AT 3 B o
B, VLIPS N 24 £ [FRIE A0S R 73 2% A AR AT
FHMEIE . 25 2. 3 d BREE HO0H, [R5 34L
ZRATHE. B4 dETFFEZR, BRRZIRE. HAE I
EMERREZ KA. 585 d FATF B SO HARES
WAL, TEONRATR. 25 6 d KATR. BRE.
AR, R REUD 58 7d 5258 6 d TARFAHL,
HERAFER D, 454 SOD AL, HBLSLAERE
J&, SOD EMITaatG t, 73t SA E 7K SRR )

g5,

74



MR E MR Modern Food Science and Technology 2020, Vol.36, No.10
R L TR R e PR RMERIE. HETTUUEE, 4% MRHEE
AR VUBER B AAT I, 3RS AR M E A

& 1 RIERRRL R 2R REIRYIER B A LB ST I PR E B
BRFIE
Fig.11 Changes of microflora in vegetable fermentation by
adding seasonings and medicinal and food homologous
substances
B 11 s imifEsort & 2 & [RYRY) B SRR IR
% 0~7 d iR El. AT UE S, KEEITIART
JUFERA A, 1. 2d A, 53 d AL
ML REIRTE . 5 HAR T LAARIRE, 3 d JEERE—
B, AEEHRE A ERE N T SR Z R
SOD MEE=JIJThkath, SHARJLHAMELL, SOD i
PRI B ERE A AEE i T, SRR RS A
rh U SR ERER AT LA AR SOD i .
2212 KEEGEHR G SRR AR AL
Xof b IR Hh R R 4 TR A SR R PR A AT : - ‘ ‘
gL, SRNE 12~14 Fs. B 13 A RRIFIR B R LB RE R MRE
[N b\ e . B Fig.13 Adherence of bacteria on vegetable surface fermented

1

with medicinal and edible homologous substances

Bl 13 IR UG IR INZ £ [R5 R e 2
WL b TN, FELE AR AR ST L4UM
A, 208 MR AR, 3 TURTELE B3R AL
% HFE IR .

Bl 14 e B R UG IR oRL K 24 & [R5
REEAERITLLE b, )R, AL R R RERIE. B
KR AR Y, 2080 DRI A/DEATR, #=REEIH
AL, FEAARIERED

p L s,

& 12 RIERRARL B R R BER S AR E B ERAE
Fig.12 Attachment of bacteria on vegetable surface fermented

with seasonings

B 12 ISR R B AE RIN 215 b B 52
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& 14 FIERRRL R 2o R EIRYIE B A & BEHR SRR E 21
FRAE
Fig.14 Attachment of bacteria on vegetable surface fermented
with seasonings and medicinal and edible homologous
substances
222 REBMFESAT
ANFIBCTT HAR R B i id e rf SOD i, i i
71% DPPH H HFEERRAHEMATIE, 45518 15~17

PR o

20 -

18| e iIniERRAE

16 - - NNz & RYEY) a
3 1al ISR R 2 R R
£}
E 10}

8_
2 al

2k

0 I

0 1

INfIE / d
Bl 15 REIEL A% B & BRI SOD SRS
Fig.15 Effects of supplementary materials on SOD activity of
fermented vegetables

WK 15 Fiow, %40 SOD JEPE 2L H _E T
KIEFUETT, —2H SOD V&M H . K FEH
SOD JEMEIRUT Ay: s INZ & READ A>T IR} &
25 AR AR . 25 7 d %40 SOD &1k
FH = FIEAK A 16.58 U/mL. 7.79 U/mL. 0.99 U/mL.
REESFE, & RBEET . PR R AT R R
(PGSl VN IMIARRZE FLRR R A= Ko a3, SOD JiE 4
1E 0~6 d WARKLH

Wi 16 Frax, BRASIIAMEHLEJE e 2d J5
WEA RSN, A PRALIR R 1B i o 3B SR JI7E 0~2 d
IF, IR & 2 6 RIEAZH> T D soRH2H> 78
A FEYA. B3 d LS, BmEsoR & 25 & AR
WIS INZG B RIR A>T IR . R 46
B, Z#Hik)i 7y (BL Ve HEERR) HEERs 5N
40.51 ug/mL+ 37.12 ug/mL. 26.97 ug/mL. % 7 d %41
R T RN N 70.46 pg/mL. 54.31 pg/mL.
46.35 pg/mL. ININVAMKEILIE R SI7ESE 5 d ISR ER
18 47.28 pg/mL.
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NS - TR A

> 20 - RN 2 R
10} - VR K 2 R
%1 2 3 s s 6 7

B 5] / d

E 16 TERCH B RAEERIGDIR SRS
Fig.16 Effect of Supplementary Materials on Reductive Ability

of Fermented Vegetables
100

DPPHH HFEEBRR / %
3

70
2(5) e~ TR I TR
55 - RN & R
S‘F - IR IR X 2 & R IR
K i 2 3 ry 5 6 7
IR /d

& 17 T ERCH*TER&EEHRSE DPPH B BRETBRREAIFZND
Fig.17 Effect of supplementary materials on DPPH free radical
scavenging rate

AN 17 B, B INAS [RIRE R I RS A BRI
DPPH H M7 FREE /). KRG DPPH H HHEIERR %
IR SRR >IN R K 24 & R P 2> V8 I 2
BRI, KN 63.35%. 60.40%- 56.62%. 0~1
d I KEHAHE, KB 1 dJ5, %4 DPPH H %
TERRFIYRT 90%, 7379109 91.67%- 91.05%- 93.18%.
IS INRMORL 2 25 G RSB R 2R AE S 6 d A BIEK
HN 93.86%, H AP Sh7E R 28 R I T4 21 e K
6. %57 dDPPH H HIZEERZE: WINZ& FEY4>
ISR > DR eRoRl & 25 & IR, RN
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