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1% i H ¥ (Brassica rapa L. var. hakabura)
il 7E i T TTOE BTG S A R R, FLIR A %
SR B M B LB A DR AT TR R B FLAT R LR
Jo ME ) ER BR A A i LA VB TR FLAT I R FLAT

WA FLFT T ORI FLAT IR R BEFLAT R . MRS
[ A 55 A B MRS WK B 95 55 | FLIR v %) Wl
e FH S IR 3, DU RIEAL TAXER A Hl AR
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12 UR5EF
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F) ;TE2000-S 7Y 3] B 0 B8, H A JE HEA Al
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75 [ AH f A B (SPME) #f #F 2% | % Bk (100 um
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85 wm PA), [ Supelco 23 7 ;7890A-5975C <,
A3 B I A 15 mL 0 25 SRR, 95 [ Agi-
lent 23 7 ;RCT-basic MM S hiFids, H AR H
YNGR
1.3 Ak
1.3.1 MREHAREIRE B MRS B & 5%
e B Is AL b 0 FLIR R 4% AT pH 4.5,pH 4.0,pH
3.5,pH 3.0 B 20 mL. MRS ¥ & K5 #7330 °C 140
v/min NEEREEFE, BB 2 h W 1 K, &K 0.2 mL,
I 96 FLA , FH B AR AN e AR i AR K . DU
ODgoon H R B AE R | 35 57 05T [0] Ay 48 A0 A, 223 1 2L R
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1.3.2 AP FLRE IR RS W R IER T 10
mlL L2 DA 2 0% R 00 FH B R 5 (9 & A R
/NE),30 CFHEFE 3 d, WA H = SIE L .
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Pt e EVE T War FrE in, HEH
BhEESE B Eh 208 500 mL K IE A IS B3R 58
IRV W A KT

AT 1)1 mL R CkAZAM);2)1
ml 1x10° CFU/mL 8 %) L #F % ;3)1 mL 1 x10°
CFU/mL W& B2 LT 5 ;4)2% A BEEE ;5)1 mL 1x10°
CFU/mL ¥ 9) ZUAF TR +2% A W5 1 6) X B = 7R (20
C+2 CHMEH 8 d, 20 C R .

AEFE 2. 1) AEYIFLAT BRI 5 2) AWH B +I%
Tk 3 3 ) FE W0 LT VAT + AW B+ 1K Uk 5 4 ) (IR TR T R, IR
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Table 1 Pickle score standard table

T 5 AT
5~6 & W £ &S E AR Sk, TiRER AERFR, & FL %
6~7 & BRI, KB R SRR R, EZARE BB, T RERER, EFHAF
7~8 & JRHENE B A AR B R kR BRI THIR AN E R, & F R R
8~9 4 JRHNE , B A Aok B R R BB B THIREGE I, & F RN
9~10 %~ SN, B K B A Aok oA B R L JFok, THIRAMTE R, £ F U

TE ARl 10 2 1725 4LV RE AN XL ST 70 B fle ol 10 23 AP | R 7 IR 4T

1.3.5 3% pH fHME MR pH 1 .
1.3.6 VUSRI E SR, At
TFTE ODgoonn I I 72 W HEAH
1.3.7 Wi e =i H PET 8 48 E
2B AR ,20 C£2 CHIR, B 4 CIRIERE
TSRS IR A B[]
1.3.8  #ERMEY BRI PRI 2 o WERHHEE S
15 mL TS AR S, N S mL Z8 18K K [ A
THE L (SPME ) 48 4 A T0 25 B SO, s g i
FEE N 200 r/min, 7£ 45 °CF Z B 40 min, P FE
FARE 5 min, SO 0T 3% €035 156 H 7L (GC-MS) 43 B
YooE R EIE S J&W B A% H DB-5MS
(30 mx0.25 mmx0.25 wm) ; £ F¢ F+ i : 50 CLEEE 3
min, YA 5 °C/min F+ 5 60 CL£%F 2 min, F-PL 5 °C/
min T3] 150 CAAEF 2 min, &J5 L 3 C/min T3]
250 CAEFRF 2 min, EAE TR A 250 °C; 2 (He)
TN 1 mL/min; ARHERE . BTG S R
B T T RER 70 eV B T URIRE 230 °C; R
PR E R 45~400 u, LA PGS FER R XM
X, SRR B 0.5 mg/L, W T AL 130 221, 1
WA [B] Ry 15.52 s,
1.4 #ELE

AR B T bR e 22 (v £ 5 ), R
Microsoft Excel 2010 4b¥EEHE ¢ /56 0 81 ,P <
0.05 A B 2R

2 #HER55MH
2.1 THER L T 2L BR B A FI i

8 LR I (Wi PR G L AN 1&l 1 BT ok, pH 4.5
B LR A A K IE A o 6 h 247, 7F 6~16 h #E A
XPEA K 16~24 h iE AFR @ 1, &P pH
4.5 B AR R J1 o AR FLAT 3 > 00 2L AT 18> 15 A

AH 53 Bk B > W8 R LA T > & LT B > 3K R e 3L
B SR ZLAF > i ZLAF B (& 1a A1 1b), 78
pH 4.0 I, &R A K >, ARG R R
FUFF B > AE P FLAF B >0 FUAF B SR R LA B>
i FLAT B > 115 5E B s BR BA > oK TP LA 7 > 25 i 2L
M (K e A1 1d) 7 pH 3.5 BF 85 B 094 KA
- VG TR FLFT T SAE W) FUFF B > IR & I L AT 1R > i 7L
FE B > M50 B2 B R B T > 5 L AT 1T > 25 2L AT >
KAFLATHE ( 1e F1 1f), 76 pH 3.0 I, A= KM
W TR FLAT B > AE ) FLAT B > K0 FLAT R 3R> 12 4
FUKF B8 > 5 FLAF B > IR & e ZLATF 1> 25 il 2L AT 1 > 1
i W6 ER ER B (I 1g A th) . 16 pH 3.0~4.5 (78
FEL 9, pH (E 58 8 2 Rt A 1 TR ZLAF T L
FUFF TR, 11 J A5 Y B 2 A 1) A K5 % pHL (E R AR Y
HOLT, FERRFLFF B . AH Y ZLAT B A T A LR
T o
22 FRIBRE

PRI B AR A M P RS B R R B LA T A
IR EFLFF R (£ 2), BaFLAFE 2 i 2L
R FLRFBE | ORI ZLAT T S v R FLAT 1R AN 7=
bR, 45X SR fE AN pH (E FAERK B, pH
4.5 B S FUAT DA A8 P RS B R BR A AT fB R ok
PR, pH 4.5 B LR R R BRI R
B L AE pH 3.5 I IR R EEFLAT R e FLAT
XTI, 18 pH 3.0 I A PR EE A
AT, pH 4.5 B AEYFUATROES 1 3, T
DA 3E 3o 38 0 AR 9 LA B R S TSR R, F L
FFTE A8 TR FLATF R 2 TR AT ZE I A FLIR 1
2.3 AbIEXTE D & BN IR I A ST AR B

P & BRI, A3 i s T B R 3L
R FEFLAT B ACKERE , 25 a0k 3 FioR, 1S
FE MR 7 TR I 9 43, A2 U8 In AR B A
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The eight kinds of Lactobacillus strains growth curve under pH 4.5 (a and b), pH 4.0 (¢ and d),

pH 3.5 (e and f) and pH 3.0 (g and h) within 24 h, respectively
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PFUAT TR+ AR | 14 A I 53¢ 1V JRRARERI 5%, 3 3%
%3539 9.0,9.3 71 o BSIAE P FLAT B (9 1 SR
JEEOE L, NG, A — SR XK L 45 8.8 71
S0 g TR LT VR 14 R T 1 G e, ERR B L

B,

25 8.5 43 UN UL ST 1 & 18 340, =58 RS R R A
JA, 4 8.2 43y X MR ZH B A T 90 S 11 R A Jal s PR
e B P AN SR AR i, R4 7.1 4y

x2 FRIREEE

Table 2 Gas producing test of Lactobacillus strain

EEii A AT H B RE B2k LRSS R )

A - + - ¥

ki A AT KBIATH TR B SLAT oE B SLAT B

A - - + -
T+ BRS04 = WP SRR R AR 7

®3 AEEBRRBAXPRMIABREMAEE ™SRRG ZE

Table 3 Effects of adding Lactobacillus strain and xylitol on gas production and quality

of fermented pickles at room temperature

LA 7 ok T 5 Ak E S & FiE B2 & /pH 328 /O Do 7= Ald
B, 7.1 0.1 6.3 +0.1 7.4+0.0 3.3+0.0 2.1+£0.2 6.5+0.5
DA 8.2+0.1%* 8.5+0.1* 8.0+0.1* 3.3+0.1 1.8+0.2 16.0 £ 1.0*
S BR IR 8.5+0.1%* 8.0+0.1* 82 +0.1%* 3.1+0.1* 1.9+0.1 15.0 = 1.0%*
A SLAF 8.8 +0.1% 9.0 +0.1% 8.9+0.1% 32+0.1 1.6 £0.1 24.0 = 1.0%
A A 5% 9.0 +0.1% 9.0 +0.1% 9.0 +0.1% 34+0.1 1.4+0.1% 27.0 + 1.0%
AL SUAT I + A HE B 9.3+0.1% 9.4 +0.1* 9.3 +0.1* 3.5+0.1* 1.2 +0.1* 31.0 £ 1.0*
TE o fURAA B2 (P<0.05),

2.4 SCEEIHIR A B AN IR I 5 i S A R B B+ A AL BRAH B9 450 9.5 g5 M FLA TR+

MRt 8 d kmen, ARIEDG AR g IR O
PR IE , T R8O L, i AT s KR TR DAL 223 9.1
O AEIE T R SRS LT MRl 8 d K
Je AR TR AL BT A UBE AR S0 A0 25 bR R 2
HA LG R B 00 A e SR, o HE Sk, I e
PR 9.1 43, HURPESRJ5 I R it 8 d kA
FLFLAT B+ AR RE+R TR AL B, 1520 0 9.7 705 K

IR AL FRZH B9 A5 50 4 9.3 45 % EAIG 3R A0 3 (1% 75
43R 9.1 4y o BKAS T I A FLAT TR+ A B+ 1K R
AR TR A 52 BRI AT 3K 73 d, HUR SR AR W LT B K
T b A (4 5 B g 44 L, AW T 415, YL Ak 8 4E
PRAI S 52 d, Xof HE IS 7 Ak B 40 FE
FEAKAR T ik 0 52 HC Ak B A AR W LT B AR
P+ I

F4 ERERBEAXHDIMIABREMAEEN=STHEREZE
Table 4 Effects of adding Lactobacillus strain and xylitol on gas production and quality of fermented pickles

at low temperature

TR 36 d i

A = S AR5 & & T 5 i % /pH 2 JZ /O Do Al
xR 9.1+0.1 9.1+0.1 9.1+0.1 35+0.1 1.3+0.1 36.0+1.0
KA BF 9.5+0.1*% 9.2+0.1 9.6 £0.1* 3.6+0.1 1.1+£0 52.0 £ 2.0%
AL LA 9.3+0.1 92+0.1 9.4 +0.1*% 3.6+0.1 1.2+0 63.0 £ 2.0*
A8 SUAT H A A AR 9.7+0.1% 9.6 £0.1* 9.8 £0.1% 3.8+0.1% 0.9 £ 0* 73.0 £ 2.0%

Hox REREAFBEEER(P<0.05),

2.5 AIEXIERAER ESRY BRE
VSR R R A KR R B BB AT LR

HEEm OB RN SER y-E 5 TR,
JEB . 45 R R SRR R AR 3, 4-1E T A 2,
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3=T R R, LR TR W B = mi AR A S-
FOLm A o R A5 il LA R 55 3= W 1 & T 1)
EERMEARR MR T ®ERE, AR .CR. &
AR AT 2,3 R & AR, A5 P SR
FECHT 5 PR S Z A RN, H I 8 d,
X HEFN AL B ) R & W T 4.7 £5H01 3.3 £, 4b B
A IR AR 36 d, X BE AL B ) A
R LT 2.8 5 A1 2.5 fiF, Ab BRI & 3% 10 AE
o 8 EAGIR IS S 2828 KR8 Rk
WERAR 2 LT, FEDR 228, WO W K
.,

HRLIC BT SR P R M B e R T
T AV YA A 2% R R R A I R
3 o DT P TR e R A 0 S v I T S L Ab
PR RE M2 P RSB R R IR PR 8
d, Zb PRATS BE A 3 L T I T ER IR A 710 #0 f
F LTE A IR SR SRR M T R 3 T bR

H R AR TRLIYRE , X HECRD Ak B 1) S U
IR 3-H T R TRE . A5 T L
B, O A R IR AR R R SR A 1-(1,5-
- SV RN B PRV ERLLE S e = a6
o T AR IR 58 1 Ah 3830 S i 1-(1,5-—H
Fe—4-C W) -4 L ORH D 2w TR R
AR IR 90 58 28 3 I ik 5 1 N (-2 - — H 32— (1-
LW 2328 & —4-FF -1 -7 (1-
FHJEE € 3 ) — 2840 b 35 v T IV, b 34 2 %
R 2528 X I 2 400 4 P B

VSRR e S SO A AT o R, AR
SRR TG 2L . SR B T R WA 21~28
d 3K B v 0 T S TE A e 4G R I 3R B (., £ L
FF TR RIARL ) FLAT 781 55 55 I S ok B 2 TE AR OGP AR
RS v o S AR B R R VR 8 d, S AR R Eh W
TR B ST 1WA 2 W T U SRR
TEST it o

x5 AEXMARKEFEXERDHN(RBARBEELESLRE mg/l)

Table 5 Effect of various treatment on volatile components of pickles (converted to mg/L based on the biphenyl standard)

0d CK %% 8d AP 8 d CK %% 36 d 4 AL R 36 d
S 1.64 +0.22 7.06 + 0.68* 6.09 = 0.56" 3.55£0.32% 3.01 +0.28%
e 0.43 £0.21 1.53 +0.22" 1.44 +0.23" 4.17 +0.68" 272 +0.52%
1-F M -3-8 0.56 +0.18 0.49 £ 0.25 0.21 +0.15 0.51+0.18 0.66 = 0.20
AR ALER W R B 0.64 +0.25 5.46 £0.12% 0.01 +0.01% 0.37 +0.31% 0.89 = 0.28%
5—KH—1-B - T B 0.21+0.19 0.2 +0.08 0.02 +0.02 0.32+0.13 0.58 +0.15
3-W AT AT kY 0 1.74 +0.18" 1.65 +0.14" 0 0
& A W 0.52 +0.09 1.97 +0.18" 1.99 +0.18"* 0.36 £0.08 0.56 £0.12
1-(1,5-=F A-4-TH k)~ 049+0.18 1.7 +0.18" 2.57 £0.18% 1.17 +0.18" 1.57 +0.18%
4-F L ¥
NE2-=FRE2-(1-FT A E 0 0.14 + 0.03" 0.07 £ 0.02" 1.69 +0.10" 1.36 £ 0.10™
zh)-%
tTEaAA-FE-I-2FE-T- 0 0.99 = 0.09" 0* 0.39 = 0.04" 0*
(I-PAEZAE)- &
&t 4.49 +0.58 21.28 + 1.56" 14.65 + 1.02% 12.53 + 1.15" 1135+ 1.27*
O SRR L, TR B s g R X R L IR B
3 HFig PR U FLFT 3 IR R B FLFT 18, 76 pH 3.5 B,

pH 4.5 B Y LA 2R, ik &
FLAFE . 76 pH 3.0~4.0 I, SRR FLFF I 2 10 3 i
HYOEEY I E, FESEEEITE B
BRI BRI IR R BEFLAT IR . pH 4.5 B P2 SR
PRI BB B ER T . pH 4.0 B 7S

PR R MR R IR K e FLFF R FLFT R, 7E pH

3.0 B}, 3 P =S AR AZ BN H], ARG R, K
IS IAE P ZLAT I . AR AR A 3 IR 7= <
B I, oA A T, SR VR T, e
0.2% 10° CFU/mL ¥ FL AT 18 F1 2% A b B 1) b
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Studies on the Inhibition of the Gas Production and Quality Deterioration
of Pickles during Storage

Wang Xiangyang, Sheng Xuerong, Yu Xingwei, Shi Yongqing, Gu Shuang
(School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018)

Abstract Objective: The quality changes caused by microorganisms in the process of pickle storage and circulation were
investigated and a new method to prolong the storage life of pickle was developed. Methods: The growth rate of 8 lacto-
bacillus from pickles was tested under different pH media and their gas production was measured. Before cabbage fer-
mentation, adding pickled liquid, Lactobacillus acidophilus, Lactobacillus plantarum, xylitol, etc., The pickle was fer-
mented and stored at ambient and low temperatures for 31 d and 73 d respectively. The color of pickle was scored, and
acidity and turbidity and volatile substances were determined. Result: Lactobacillus plantarum was the dominant bacteri-
um, followed by Lactobacillus brevis when 8 lactobacillus grow on pH 4.5 culture medium. Lactobacillus acidophilus is
the dominant bacterium, followed by Lactobacillus plantarum of 8 lactobacillus on pH 4.0 to 3.0 culture medium. Lacto-
bacillus brevis, Leuconostoc pseudoentericus, and Lactobacillus fermentans all contributed to gas production during
pH 4.0 to 3.0, and gas production mainly caused by Lactobacillus brevis during pH 4.0 to 4.5, caused by Lactobacillus
malefermentans at pH 3.5, while gas production was greatly inhibited at pH 3.0. The addition of 2 mI/L. 1x10° CFU/mL
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Lactobacillus plantarum combined with 20 mg/g xylitol significantly prolonged the storage and shelf life of the pickles at
ambient and low temperature. Conclusion: The treatment with 1x10° CFU/mL Lactobacillus plantarum combined with 20
mg/g xylitol significantly inhibited the accumulation of total volatiles, allyl isothiocyanate, and naphthalene in pickles,
which contributed to the maintenance of the original odor characteristics.

Keywords pickled cabbage; storage; lactic acid bacteria; inhibition of gas production; preservation



