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ABSTRACT: Objective To study the effects of different packaging materials and sterilization methods on the
storage quality of dried pepper, and to predict the shelf life of optimized fermented pepper. Methods The fermented
pepper made from Huaxi fresh red pepper was studied. The storage qualities of fermented pepper packed with high
temperature cooking bag, aluminium foil bag, polypropylene plastic (PP) plastic bottle, polythylene terephthalate
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(PET) plastic bottle, glass bottles 5 kinds of packaging materials and sterilized with pasteurization, steam
sterilization, microwave sterilization, ultra-high pressure sterilization, irradiation sterilization 5 kinds of sterilization
methods were explored. And the shelf life was predicted by accelerated shelf life testing (ASLT) and Q10 model.
Results The effects of aluminum foil bag and glass bottle packaging were better. After 5 kinds of sterilization
treatment, the hardness and chewiness of fermented pepper were slightly reduced, and the total bacterial count was
significantly reduced. With the extension of storage time, different sterilization treatments could reduce the peak
value of nitrite, maintain color and texture characteristics, and delay the growth of microorganisms. On the whole, the
cold sterilization effect was better than the hot sterilization, but the ultra-high pressure sterilization had an impact on
the sensory quality of fermented pepper (produce odor), therefore, irradiation sterilization was more suitable for the
sterilization of fermented pepper. It was predicted by ASLT and Q10 model that the optimized fermented pepper shelf
life at 25°C was about 219 days. Conclusion The shelf life of fermented pepper treated with glass bottle and

irradiation sterilization is extended 121 d compared with unsterilized bottle packed fermented pepper. This study can

FH15E

provide reference for improving the storage quality of fermented pepper.
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Fx1 EHEARETEE
Table 1 Standard for sensory evaluation of fermented pepper
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Table 2 Changes in sensory scores of fermented pepper packaged with different packaging materials during storage

I g IRl /d el AR AR GENEEN] PP # R PET ¥ RHi I
0 99.0+1.2° 98.9+1.9* 99.3+1.5° 99.4+1.9° 99.5+1.4°
2 96.7£1.7° 96.8+0.7° 94.6+2.8° 96.5+1.0° 96.5+1.4°
4 91.4+1.4° 91.3+2.4° 87.8+2.4° 91.5+1.2° 92.7+1.0°
6 88.3+1.0° 88.0+0.8° 80.0+0.9° 84.7£1.6° 85.1+1.9
8 84.6+1.6° 83.6+2.1¢ 76.9+2.1° 79.3+2.1° 81.7+0.7°
10 79.142.2¢ 79.942.0° 70.8+3.0° 71.8+3.2° 76.0+1.9°
12 78.6+1.6 78.5+1.4¢ 67.4+2.1° 69.1£2.5° 72.4+1.4°
14 76.7+2.6° 77.5%1.5° 65.242.0° 65.6+2.4° 69.9+1.2°
16 74.5+2.7° 74.8+2.0° 50.4+1.8° 51.141.4° 67.3+2.6"
18 73.0+1.9° 73.242.7° 46.942.6" 46.7+2.0° 64.4+2.0°

TE: [RAl—A7 AR REROR 22 5 B35 (P<0.05), 3% 2~5 [l
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U1 1.617 fi5F0 1.608 %, UiHH M & 2 BRI FER A B
FAORFERE AR A G . KEBOABOE SRS R, BT AR AR SR
H: —J7i, BEUKESSEE RS2k, d0hE
FETF R, AL AL, MEREFARRY, 55—, SR T R
ZH 2% PR SR B RN S A A A ) SN R I Tl A
T A RE IR 2450, AR, SIS,
ALIMARDANI-THEUIL ZPVoye8l, Yeakmeh))m &
BT S R b2 b eSS U SN S o S GA Y
BRI R TR BN He AR SR Y S A b, Xt
PR MY BB T I 35 d IR TR LGN, *}
T 2 R SABU G 15, 3 R LNk bk T R, AT RE R
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Table 3 Changes in total bacterial count of fermented pepper packaged with different packaging materials during storage [Ig(CFU/g)]

S ) /d R AL GERIEEN PP ¥RV PET ¥kHH By
0 3.3240.02¢ 3.110.03° 3.3440.05¢ 3.18+0.06" 3.3240.07°
2 3.59+0.06° 3.54+0.07° 3.4840.09° 3.66+0.03¢ 3.71+0.04¢
4 3.68+0.04° 3.66+0.12° 3.80+0.11° 3.90+0.07¢ 3.91+0.08°
6 3.93+0.25" 3.86+0.32° 4.11£0.17¢ 4.3240.21¢ 4.15+0.12¢
8 4.0440.15° 3.99+0.14° 4.66+0.31° 4.75+0.23¢ 4.68+0.16°
10 4.61£0.51° 4.08+0.26 4.84+0.41° 4.91%0.19¢ 4.9440.24°
12 4.8840.22° 4.40+0.63" 5.32+0.67° 5.04+0.33¢ 4.96+0.42¢
14 4.98+0.61° 4.75+0.34* 5.57+0.43¢ 5.69+0.70° 4.9940.81¢
16 5.67+0.42° 4.91+0.50°* 5.75+0.52° 5.85+0.35° 5.76+0.47¢
18 5.86+0.68° 5.41+0.72° 5.94+0.46¢ 6.08+1.02° 5.93+£0.91°
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Fig.1 Changes in nitrite content of fermented pepper treated with
different sterilization methods during storage
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Fig.2 Changes in hardness of fermented pepper treated with different
sterilization methods during storage
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Fig.3 Changes in chewiness of fermented pepper treated with
different sterilization methods during storage
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Fig4 Changes in L of fermented pepper treated with different
sterilization methods during storage
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F 4 TEIFRES XL G RER ) &% 2 B AT L [1g(CFU/g)]
Table 4 Changes in total bacterial count of fermented pepper treated with different sterilization methods during storage [Ig(CFU/g)]

g P 1) /. X} R G R TRl A T R R
0 3.00+0.52" 2.5140.11¢ 2.45+0.62¢ 1.5140.07¢ 1.3840.05° 1.08+0.03"
7 3.54+0.42" 3.0440.09° 2.88+0.21¢ 2.3240.12° 1.72+0.04° 1.5240.02*
14 3.86+0.64" 3.75+0.41°¢ 3.30+0.17¢ 2.86+0.20¢ 2.45+0.11° 2.20+0.08*
21 4.34+0.63" 4.08+0.61° 3.7140.36¢ 3.49+0.27° 2.65+0.34° 2.51+0.20°
28 4.45+0.51" 4.36+0.24° 4.32+0.22¢ 3.76+0.31¢ 2.87+0.12° 2.70+0.13*
35 4.80+0.72" 4.63+0.33¢ 4.53+0.09¢ 3.88+0.24¢ 3.41+0.43° 2.95+0.22°
42 5.15+1.00" 4.95+0.92¢ 4.724+0.66° 4.15+0.41° 3.81+0.61° 3.15+0.30"
49 5.75+1.12° 5.15+0.71¢ 4.91+0.72¢ 4.49+0.42° 3.9640.53" 3.53+0.27"

K, TR RALBRZH T S0 K e, T80 49 d, Bivk
BHOER N 5.15 1g(CFU/g). i3 4 Al Al PUREAEBILAREICR
PRACIICRAERL S, Ve RO THURE, 4551 LU IR
RRCR AT
2.7 ARIFEF XX EREE TSR0
SRR AT AR B R0 ) S 0 1[5 it B A8 A
M EDUARPR . 2 5 AT, RE BB AR iy Ak PR 7
I 40°C, FIXHRIE 75% . JCIEAMF IR, B ST
FEBCH e P 0 d BRCE PR T &, AR BT A
BHURAIIIERS R TS A R BE AR, 455
R RN, MBI i TR AR BR IS RS A S0k, AL B i
BAK, 5 HAMLHAR L 22 57 0. 35 (P<0.05), 3 L5 A B
o SR R el R A PO, e T AT RE SN
AERE IR SE RIS, TR AR P, 80T
WRAY™ AR, A AT REJE R HRR A 1 £ i 223 I B 17
PR 8 IR B RO MIUE RS | (KUK, 2
PR, N 99.6 71 FORBEHHEBRHUKIE 5 BT A R0,
FEBIRE A RS, PRI AR, i3 5 T, RER
PRAL A X RGBT T R, i 28 d, STy
TFEH 489 4y, FHOEHUEMIRERISED™ R RS

MR, WENEAS A KRG, (EASIEAE, B IR R A
WRH B2 B, WA EENG, WA E
35 d, BEEIESN 36.8 41, KT 48 4, EAREEMIME. #4
AR DA PR B E PP R, R 35 d, BRI R R
Jy 48.1 43, KBRS AT BRI AL ZETK AR B
T 42 d IAF R S AT B A . YA R TR R R R T
A SRR AR, Rl G I A (R A A, bR
T, WURT S TR, WiE 28 d, EERESR 50.3 47,
gk 42 d, JREPED R 39.24, BERERMME; HIERH
TR by S (PR B AT 2 | o LR XU, A
FEHIES 7 d PR, 5 HAAL FRL A 25 5 B 2 (P<0.05), T
F49d, BEIEN 48.9 4y, I HARIANME. Ik, MUEE
WokH, RBEORTEBGE A T REUR A
2.8 fEFHH Q10 LREHATUNAE B Ry F

H12¢ 6 AL HARKBERSHAE 25°C AHXNREE 75% .
FEREAME TR 105 d, BEPESA 43.2 43, {&T 48 47,
REFMME, BB RAUNA S, I FEE BB L
FUBRBUE 78 SOBBR EEFRIE), Sy 4.2x10° CFU/g, FHIM, #iE
H AR R BEREBBULE 25°C 5 MR DRERII R 98 d, LA A7
MECh 3.8x10° CFU/g, BEEIE N 48.3 45,

*5 AREFEARLCEHERMICEAERETINEL

Table 5 Changes in sensory scores of fermented pepper treated with different sterilization methods during storage

b e [0l /d it e IR ZRIRKA WA e R T IR
0 99.7+2.2¢ 98.5+1.2° 99.1+1.8>¢ 98.9+1.3" 94.2+1.5° 99.6+2.0%
7 80.2+1.9° 83.6+2.4° 84.3+1.6 85.742.0° 80.4+1.4° 87.4+3.2¢
14 65.3x1.5 72.741.0° 78.3+0.8¢ 80.5+2.0° 64.5+1.0° 82.6+0.7"
21 56.5+1.6° 61.2+2.4° 72.8+1.3¢ 71.8+0.7° 57.2+3.0° 76.7+2.5°
28 48.9+2.4° 54.4+1.6° 65.9+1.0¢ 65.3+2.6¢ 50.3+1.6° 69.3+1.8°
35 36.8<1.7° 48.1£2.2° 58.4+1.1¢ 57.7+0.6" 45.4£2.1° 61.4+1.9°
42 28.2+1.0° 40.3£1.8° 49.3+3.0° 48.4+1.7¢ 39.2+0.8° 56.1+3.5
49 21.4+1.7° 37.6+0.8° 39.2+1.49 39.5+1.8¢ 31.6+0.5 48.9+1.2°
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< 6 BARLZERESE 25°CREE RBMEBEIFITHTHL
Table 6 Changes in total bacterial count and sensory scores of
natural fermented pepper at 25°C

8 MU T ZHIEAIEERMITE 40°CRIENS R BFAR BT HEL
Table 8 Changes in total bacterial count and sensory scores of
optimized fermented pepper at 40°C

I 8 ) 1]/ B4 BHU/(CFU/R) R EAN
0 3.4x10° 98.7+2.3
7 6.2x10° 96.3+1.3
14 7.1x10° 91.4+£2.4
21 9.9x10° 88.8+1.5
28 1.6x10* 83.7+1.0
35 3.4x10* 80.4+1.0
42 4.7x10* 76.8+1.0
49 6.9x10* 74.7£1.6
56 8.4x10* 71.5+2.1
63 1.2x10° 68.2+1.4
70 3.6x10° 65.9£1.5
77 7.2x10° 60.6+2.0
84 8.5x10° 56.5+1.0
91 1.4x10° 52.9£1.6
98 3.8x10° 48.3+1.7

105 4.2x10° 43.2+1.8

H25 7 Ff038 8 AN, oAb 1 E A Bk Sb B 7% Ao B
BEE RN, B RS, B SRR .
1E 30°CHT, W7 140 d T PE R 47.1 45, Bk segei
=7 MU ZHIER SRR 30°CRENS R EIES Tk

Table 7 Changes in total bacterial count and sensory scores of
optimized fermented pepper at 30°C

I SIS 1]/l 7% B5U(CFU/g) B4
0 1.1x10" 99.743.2
7 2.3x10" 94.4+1.9
14 6.9x10' 91.3+1.7
21 9.2x10" 89.5+1.0
28 2.0x10? 87.6+2.0
35 3.6x107 84.7+3.1
42 5.4x10? 81.6£2.2
49 7.3x10? 78.2+1.7
56 8.8x10° 76.3+£2.0
63 9.3x10? 75.8+0.9
70 1.8x10° 72.242.1
77 2.6x10° 70.8+1.3
84 4.2x10° 67.6+2.0
91 6.5x10° 65.4+1.5
98 7.9x10° 62.3£1.0

105 9.4x10° 60.4+1.5
112 2.2x10* 57.142.4
119 5.7x10* 55.4+3.0
126 8.6x10* 52.2+1.3
133 1.4x10° 49.4+2.1
140 3.7x10° 47.1%1.0

g Fsf ] /d 7% BB/(CFU/g) BV
0 1.2x10" 99.6+2.2
7 3.2x10" 88.6+3.0
14 1.7x10? 81.9+1.7
21 3.8x10% 76.2+1.6
28 6.5%x10% 70.3+1.4
35 9.0x10? 62.6%3.0
42 1.2x10° 56.4+£2.6
49 4.1x10° 48.3+1.7
56 7.8x10° 45.4+1.8

25, MR TE Mk 3.7x10° CFU/g, BRI, fifk T2
VERIREBIMTE 30°CA1F R BT 4R I 133 d, BEH VR L
Bk 1.4x10° CFU/g, BT PES N 49.4 43 o £ 40°CHT, AEHk
BUE 5% 56 d BTSN R 45.4 4%, BIRAHRURIAZ S, K
T BBCN 7.8x10° CFU/g, I, Dk T 25 1 ks s £e
40°CEMF FRISTAEI N 49 d, IEHTAETE BECH 4.1x10° CFU/g,
By 48.3 430 i AR AL T2 AR
W) Qo 2.71; #2430 (2) 53 Hh A T 25 il A e R
WER IR 25°CTFRIRZEIIR 219 d, 5 AR K BRI
FE25°C N RTR 4L 98 d ML, ERK T 123%, B LKAl
PRSI

3 & i

FEART AT A IR S50, ASHI 58 DA 26 41 )
AT 7 20 0 564G Bl T3 FHREBORUY 8 5T B AR O ik,
FEAG AT B TR 0 R R BRI DR B A T T
SRR, KBS bR L) 9 A A 2 ORI, I
DABE S AL O B0y, MR, SiEAS B
AIEERUEI R AR, T M. AR
PR S TR MR R [R], RN A T AL B, 8 N g
PERS A W/, VR K SRR B TR ] A K
S [F) % T A B AT R ARRORE RS R R SR W, PRS2 B, 4k
R R, SEERUEYI AR . IR, WRERCR L
F AR, 0 R A B R BOBURR B b A S (R
SuR), HIL, IR RS A TR EAN A .
ASLT JEF Q10 SEERIATIMASE R XL Ak 1 22 A AR BIRR
TRHRHAEA TN, 75 BB 25°CT BSR4 450 219 d,
5ARKBREHME 25°CTF RIS 98 d ML, FEK T
121 d, UaUIBE B AL RE | 0 AR B A B AT I g SR A
TR, BEITEE AT T AR PR TOuN . SR fE R R
L pIbE:
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