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Process Optimization of Nonthermal Sterilization of Atmospheric
Plasma Technology Applied on Pre—processed Chicken
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Abstract: The atmospheric plasma discharge technology was adopted in this study to treat the surface of pre — processed
chicken of which sterilization process was studied while keeping the flavor of product. Based on the measurement of the
sterilization rate and sensory evaluation the single—factor test such as discharge power treatment time and gas flow was
investigated then further optimized by response surface method. The results indicated that the optimized parameters for
atmospheric plasma discharge technology treatment of pre—processed chicken were gas flow rate of 40 L/min discharge time of
52 s and discharge power of 450 W reached experimental sterilization rate of 96.34% +0.32% nearing the theoretical values
by 3.04% difference. These data indicated that atmospheric plasma technology could treat food surface in a nonthermal
condition with significant sterilized effect.

Key words: pre—processed chicken; atmospheric plasma; cold sterilization; process optimization

1 TS251.1 ‘B :1002-0306(2019) 16-0145-06
doi: 10. 13386/j. issn1002 - 0306. 2019. 16. 024

: J. 2019 40( 16) :
145-150.
( . PE
. )~ ( N ) N
L, 2~3 d.
:2018-11-12
(1994-) : E-mail: 18810234346@ 163.com.

* : (1982-) : E-mail: aosd2@ 163.com,
: ( KM201910020003) -

(201052168 149



J@étﬂ@}&

Science and Technology of Food Industry

45 kV 50 s
1.75 1.77 lg( CFU/g) .

16

17

°

60 kV.60 s

0.01 x 10°( CFU/¢g) o

170 V. 5 min

92.35% -
1
1.1
/

(4 C); N (17 em x
30 cm) o

; YX-280

; JB—CJ-2FC
; HWHS
—-250L
; SCIENTZ-11
; OTS-800
; BCD—-323WLDPN
1.2
1.2.1
1. (
93 mm 3.6 mm) o
10 kV
1.2.2 R \PE PP
30 min.

146 019z z108

s =

Fig.1 Atmospheric plasma discharge equipment
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Table 1  Factors and levels in response surface design

(W) (s) ( L/min)
-1 350 30 20
0 400 60 40
450 90 60

1.2.3.3 20 g
180 mL 15 /s 30 s
(
:107'.107*.10* CFU/mL) 37 C
24 h R
(%) :%XIOO

0
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Table 2 Sensory evaluation standards of pre—processed chicken
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Fig2 Effect of discharge power on sterilization
rate of pre—processed chicken
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Table 3 Effect of discharge power on sensory

performance of pre—processed chicken( scores)

(W) 0 300 350 400 450 500

10 9 9 9 8 7
10 8 8 8 8 6
10 9 8 8 8 8
10 8 8 8 8 7
10 8.5 8.3 8.3 8 7
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Fig.3 Effect of treatment time on the
sterilization rate of pre—processed chicken
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Table 4 Effect of treatment time on sensory

performance of pre—processed chicken( score)

(s) 0 3 60 90 120 150
0 9 8 6 5 5
0 10 8 6 4 5
10 7 5 5 4
10 9 7 6 6
10 8 6 5 5
2.1.3 4
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Table 5  Effect of gas flow rate on sensory

40 L/min ; performance of pre—processed chicken( scores)
40 L/min
(L/min) 0O 20 40 60 80 100
10 9 8 7 8 9
-~ ’ 10 9 8 8 8 8
70l 10 8 9 8 8 8
10 9 8 8 8 8

60| /\i
o \\ 10 88 83 78 80 83
+

6

Table 6 Experiment design and results

20
10l for response surface analysis
0 . . . . s A B C Y (%)
0 20 40 60 80 100
S ARV & (Lemin) 1 -1 -1 0 75.55
4 2 1 -1 0 89.45
. o 3 -1 1 0 83.86
Fig4 Effect of gas flow rate on sterilization
. 4 1 1 0 80.45
rate of pre—processed chicken
p 5 -1 0 -1 75.43
6 1 0 -1 85.54
’ 7 -1 0 1 69.45
’ ’ 8 1 0 I 79.45
. 9 0 -1 -1 53.53
o 20~60 L/min
10 0 1 -1 50.34
’ 11 0 -1 1 64.45
2.2
12 0 1 1 52.25
.21 13 0 0 0 88.03
(A) . (B) . '
14 0 0 0 81.35
(C) Box—Behnken
() 15 0 0 0 83.35
6. Design— Expert. V8.0.6.1 16 0 0 0 84.46
17 0 0 0 86.96
(Y)
7 p=
7
Table 7 Variance analysis of bactericidal rate regression model
F P
Model 2539.16 9 282.13 13.60 0.0012 *k
A 117.05 1 117.05 5.64 0.0492 *
B 32.32 1 32.32 1.56 0.2521 -
C 0.07 1 0.07 0.82 0.9546 -
AB 74.91 1 74.91 3.61 0.0992 -
AC 0.06 1 0.06 0.76 0.9907 -
BC 20.30 1 20.30 0.98 0.3556 -
A’ 413.78 1 413.78 19.95 0.0029 *%
B’ 648.64 1 648.64 31.27 0.0008 *%
c? 1256.06 1 1256.06 60.55 0.0001 *%
145.21 7 20.74
116.08 3 38.69 5.31 0.0702 *
29.13 4 7.28
2684.37 16
DRk (p<0.01);* (p<0.05);- (p>0.05) .
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Fig.5 Response surface diagram of the interaction between

discharge power and treatment time on sterilization rate
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Fig.6 Response surface diagram of the interaction between

treatment time and gas flow on sterilization rate
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Fig.7 Response surface diagram of the interaction

between discharge power and gas flow on sterilization rate
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