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Application of Combination of e-Ploy-L-lysine with Other Preservatives in Pickles

SONG Meng, FU Qiang, SHI Yifei, CHENG Yawen, ZHENG Zuoxing, TAN Zhilei*, JIA Shiru™

(College of Bioengineering, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: To extend the shelf-life pickled vegetables, in this study, we examined the preservative effect of ¢-ploy-L-lysine
(¢-PL) when combined with other preservatives and antioxidant (nisin, natamycin and tea polyphenols) on pickles. The
results showed that the biopreservatives nisin and natamycin as well as the antioxidant tea polyphenols potently inhibited
the growth of spoilage bacteria, and their effects were synergistic in combination. The optimal combination determined
using response surface methodology was ¢-PL 0.06 pg/mL, nisin 0.06 pg/mL, natamycin 0.035 pg/mL and tea polyphenols
0.40 pg/mL. In addition, this combination was more effective when added during seasoning that during rehydration of dried
radish and increased the shelf-life to 21 days. The pickle maintained good quality during its shelf-life, and the total number
of colonies, the number of coliforms, total acid and amino nitrogen content were in line with the national standard. This
study can provide an experimental basis for the application of ¢-PL in pickled vegetables.
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Fig.1  Inhibitory effects of preservatives on bacteria
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Fig.2  Inhibitory effect of natamycin on spoilage yeasts
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Table2 Determination of OIC

mg/kg
Btk &-PL+Nisin e-PL+ 25 Z Nisin+ 4 £ b
B. subtilis 15.6 15.6 39 62.5 15.6 62.5
B. thuringiensis  15.6 62.5 7.8 62.5 15.6 62.5
WRAETEWANE 156 31.3 15.6 125 313 62.5
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Table3  FICI values of preservative combinations

Hikk &PL+Nisin  &PL+7%Z/  Nisin+ 5% £H
B. subtilis 0.563 0.187 0.125
B. thuringiensis 0.75 0.047 0.093 8
WA T A B 0.625 0.093 7 0.156

R H 7 85 750 6E 7 AT W4 B R FIC T4 £ 2
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Table4 Box-Behnken design with response variable
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1 —1 —1 0 0 5.10
2 1 -1 0 0 3.00
3 —1 1 0 0 6.60
4 1 1 0 0 1.90
5 0 0 —1 —1 7.90
6 0 0 1 1 6.88
7 0 0 —1 1 6.40
8 0 0 1 1 430
9 -1 0 0 -1 5.50
10 1 0 0 —1 2.90
11 -1 0 0 1 5.30
12 1 0 0 1 3.30
13 0 —1 —1 0 3.70
14 0 1 —1 0 4.50
15 0 —1 1 0 470
16 0 1 1 0 2.55
17 —1 0 —1 0 091
18 1 0 —1 0 480
19 —1 0 1 0 6.20
20 1 0 1 0 5.10
21 0 —1 0 -1 5.08
22 0 1 0 -1 402
23 0 -1 0 1 450
24 0 1 0 1 1.80
25 0 0 0 0 3.40
26 0 0 0 0 331
27 0 0 0 0 3.54
28 0 0 0 0 441
29 0 0 0 0 321
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48.775 00C—31.683 33D+0.000 6254B—0.125 004C+
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Table 5  Analysis of variance of regression model
J5 2K U5 PR HEE S U7 FIE PIE
i) 4931.00 14 4931.00 19.97  <0.000 1**
Ae-PLII & 19.51 1 19.51 30.43 0.003 7*
B Nisin ] & 8.84 1 8.84 12.23 0.8182
CHyfibFERE  50.84 1 50.84 0.560 0.5833
DA LT & 27.07 1 27.070 4.180 02159
AB 25.00 1 25.00 2370 0.969 1
AC 25.00 1 25.00 19.20 0.697 7
AD 9.00 1 9.00 0.960 0.024 8%
BC 21.75 1 21.75 81.29 0.264 8
BD 9.61 1 9.61 5.830 0.032 1%
CD 29.16 1 29.16 0.013 0.677 1
A2 13.71 1 13.71 35.17 0.774 8
B 25.00 1 25.00 1.020 0.233 4
c 12.70 1 12.70 89.56 0.014 0%
D’ 67.54 1 67.54 1.470 0.049 9%
Tl 22.57 14 16.12
el 21.68 10 21.68 3.03 0.209 5
R 8.88 4 222
pR¥ il 6219.74 28

VE: o« P<<0.05, S, s P<0.01, SRR,

232 EECHI % 4H 5B L i e

R Box-Behnken i 46 AT £3 1) &5 R 5 [0 )4 77 72, R
FiDesign-Expert 8.0.6 trial# {473 17 24 5 AL By Ji 771 vh %5 41
43HC H Ae-PL 0.06 pg/mL. Nisin 0.06 pg/mL. 4445 %
0.035 pg/mLAIAS £ 150.40 ng/mLIF, B V& 5 50k 3 B ik
B/ME1.43X10°CFU/100 g, & M) b A= b v L
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Fig. 3  Visual appearance of pickles with different treatments after

being stored for 21 days
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Table 6 Changes in total colony count of pickled radish during storage
CFU/g
. I [i/d
T
W = 6 9 12 15 18 2

FEME 2 65x100 26x100 — — — — -
EBER 200 32X100 12X10° 396X10° — — — -
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e — R, AR, TR
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Table7 Changes in coliform count of pickled radish during storage
CFU/g
. I [)/d
WA TTA 3 6 9 12 15 18 21
FEXMW 26 340 601 09— 00—  — -
&=viyal 17 77 157 456 — — — —
TZ1 14 56 98 188 — — — —
T22 5 43 78 107 156 166 175 204
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B AERERIS A I BB BRI SR 5G4 (T 202) Bhvk L
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R 20T e fh2p A
FH 16 L2

X T#1
N
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Fig. 4  Changes in total acid content of pickled radish during storage
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Changes in amino acid nitrogen content of pickled radish

during storage
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