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Effect on the cold sterilization of areca catechu

packaging products by high voltage electric field and cold plasma
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Abstract ;: Response surface methodology was used to explore the
sterilization efficiency of areca catechu by working frequency,

voltage, time and oxygen ratio of high voltage electric field. The
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results showed that within a certain range, the sterilization rate
increased significantly with the increase of working frequency,
voltage and time (P<C0.05). When the frequency was higher than
100 Hz and the time exceeded 150 s, the sterilization rate did not
change significantly (P>>0.05). Regression analysis results
showed that the increase of frequency was positively correlated
with the changes of voltage and time critical values (R?=1), in-
dicating that frequency, voltage and time had obvious interaction
on areca catechu sterilization. The best sterilization conditions
were treatment frequency 110 Hz, treatment voltage 70.5 kV,
oxygen ratio 40%, treatment time 180 s, sterilization rate
97.20% , which is close to the predicted sterilization rate 97.32%.
There was no obvious change in arecoline content, indicating that
high voltage electric field and cold plasma have significant sterili-
zation effect on areca catechu packaged products and have no sig-
nificant influence on product quality.

Keywords: cold temperature plasma; areca catechu packaging
number of

products; working voltage and frequency; total

colonies;sterilization rate;arecoline
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(4) CPCS b P [ia] Xof 52 406 2% TR 28 109 52 I -« [3] 52 4k 34
HLE 70.5 kV, 4b B4 2% 100 Hz, SR MR 40% O,
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Figure 1  Effect of processing frequency on the

sterilization rate
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Figure 2 Effects of processing voltage on the sterilization

rate
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AWM. Ho 50 BF 50 0K0R S5 5 T K 1
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— 2 R I XA O 2R AR W BOEAE A R, R
58 T4 BN E] S 120~180 s,
2.2 WE Rz ER IR
2.2.1 TR R KOF R AR SRR R A5 R L
Qb 3R P Ak LA S | A L ] AN AR AL S R e LR
VIR T 28 R 48 A5, B DY B 38 = K - i i T G Ak 58 L 4%
HRAFRILE LRI RILE 2,
2.2.2  PIABERIEE ST Je B2 53T FIH] Design-Expert
BAXT RIS T R 2K WA BG i R R TE
Nt HAE B R

Y= —1 160.82 + 11. 21A + 16. 74B + 1. 407C +
0.378D+0.073AB—6.75X 10 * AC+0.013AD —4.64 X
10 *BC—3.8X 10 *BD+1.83 X 10 °CD —0.084A% —
0.172B*—7.68 X 10 °C*—4.41X10 *D?, ©)

BT 3 AT AL U B R A R 2 (P<C0.000 1), 2% 130
ANEZEP=0.156 9>>0.05), 4d B i A% B 5 4 56 300 & 428
U3 R?=0.972 3,R%y =0.944 7>>0.8, A 5 45 Hh 74 B 16
L THRRABEB R GRAAB R EWEZR., ABH D IR
TR M 3, CLABLAD L A” B XS N T 3R 5

% 1 BoxBehnken b EHEREE R SKFE
Table 1 Box-Behnken center composite test factors
and level

Lo AREDEL BAME CHESL DA
e may ww s
—1 90 56.5 20 120

0 100 63.5 40 150

1 110 70.5 60 180
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2 MWMEEZITRER
Table 2 Experiment design and results for response sur-

face analysis

5 A B c D FN B
1 —1 —1 0 0 57.6
2 1 —1 0 0 60.7
3 —1 1 0 0 67.2
4 1 1 0 0 90.8
5 0 0 —1 —1 73.1
6 0 0 1 —1 73.5
7 0 0 —1 1 82.1
8 0 0 1 1 86.9
9 —1 0 0 —1 63.1

10 1 0 0 —1 68.1

11 —1 0 0 1 68.5

12 1 0 0 1 89.3

13 0 —1 —1 0 58.8

14 0 1 —1 0 83.2

15 0 —1 1 0 64.4

16 0 1 1 0 86.2

17 —1 0 —1 0 65.3

18 1 0 —1 0 83.7

19 —1 0 1 0 72.8

20 1 0 1 0 85.8

21 0 —1 0 0 60.4

22 0 1 0 —1 79.8

23 0 —1 0 1 73.8

24 0 1 0 1 90.0

25 0 0 0 0 88.2

26 0 0 0 0 85.1

27 0 0 0 0 87.6

28 0 0 0 0 86.6

29 0 0 0 0 84.2

I 25 25 DR 22 A5 A0 A BT 6 R MR R /MR UK A A e R >
Aab PR R > Aok B ) > SR A
2.2.3  ACPRARRAACBE A 3SR & 5 Al b
PR3 A FE E P A ol TR0 A AR AR R S i R R M R
TE 3 WH A B AT 2R A0 Ak B R NS RS TR SR 4R 2, BB IR
F A2 AR 5.3 (P<C0.05) , [ i, 4b B4 A, s bl 4 3445 R
) T A 3 B A, 8 B ALk R, S K 2% T 238 14 i) B B 2
Hi 2% 4 AT, — o A S R BE R A BB S 5 11
B A PR BAIR . o b 0T 38 I B X B P 3R AT 2R P [
VA S35 1 AT Ak 3T 23 06 AR R S B MR R TR I Y I
FHEBEALF B 0 FE e B B A (v =0.434x +
76.445.R*=1), HZ ML B 3 . L K N 49.5 kV EF+ &
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Table 3 Analysis of variance
KU FAM HERE Hr F {8 P WEFM
LR 3273.78 14 233.84  35.15 <C0.0001 x =
A 586.60 1 586.60 88.18 <C0.000 1 x x
B 1 230.19 1 1230.19 184.93 <C0.0001 = =
C 45.63 1 45.63 6.86 0.020 2
D 439.23 1 439.23  66.03 <C0.000 1 * =
AB 105.06 1 105.06 15.79 0.001 4
AC 7.29 1 7.29 1.10 0.312 9
AD 62.41 1 62.41 9.38 0.008 4
BC 1.69 1 1.69 0.25 0.622 1
BD 2.56 1 2.52 0.38 0.545 0
CD 4.84 1 4.84 0.73 0.408 0
A? 461.69 1 461.69 69.41 <C0.000 1 x x
B? 461.69 1 461.69  69.41 <C0.000 1 x =
C? 61.30 1 61.30 9.22 0.008 9
D? 102.45 1 102.45 15.40 0.001 5
Bz 9313 14 665
Eoe 81.90 10 8.19 2.92 0.156 9
AR s 11.23 4 2.81
Ja¥ill 3 366.91 28

T 2R E(P<C0.05) ;5 * » 2 Flk i 2 (P<C0.000 1)

R 2=0.972 3,R%4;=0.944 7,

Sterilization rate/%

Ca ) 7 T P&
B 5

Figure 5 Response surface of interaction between processing frequency and processing voltage on sterilization rate
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Table 4
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—#.

2% 5 T, AL B A PR X AF B R R B R e 1 I
S Wit Ak B 2R 1 T R R R B K A (y =0.212 82+
46,459, R* = 1), 7% 1 3 I Ak B A% 36 (9 7+ 5 06 L S 1%
A%, 2 4b BEAT AR Ak 2L | TFE 120 Hz B, 2% B 260 A FRAK .
VT 5 B A T A T A A 2 s TR B A T
S SE Y S B AE T BE R 18] 0 B A% R AR AR B A
S AR TN I A A TR A A B A R A B R I R R
A TE LR AR T AL B op A AR AR5 i
2,24 B FMAAE AL EEH hE 6w
R o Ak B AT A F0 A TR () 7 A6 AR R AROK, SF R
S 15 TE 2 P A A R ORI Ab PR RR R X SR R B T
#, HA2 AR B (P<C0.05) . b 345 2 1 Ak 31 i i)
A R T AR 2R K, 5 T A R SR R T Y B
il

H1 e 6 R, Ak 3BT SR X A TR R 5 1 A I R {1 B b
PHE B) 9 RE 4 S R P B (y = 0.077 52 +95.466,

D=1 M AL I AL 150 s B R TE R P TR,

70.50¢

B

68.50
. 66.501 ‘
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£ 62.50f

B Ab 3L
Processing voltage/kV
oy
=)
n
S

58.50+ -
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W SIIETES
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(b) Rk
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90.00

W FEFo G R F ARG LLAR

7 [B) 4b 12 FE TR T Ab T 457 2R 3 R B 2R R 0 Y I SR ME

The critical value of the influence of processing frequency on the sterilization rate under different

A B/ RV [a] Y5177 7 Ak B A1 S A/ He B E VAL
0.0 Y=—0.084 3A2+12.89A —1 148.373 76.45 -
49.5 Y=-—0.084 3A2+16.51A—778.588 97.92 30.06
56.5 Y=—0.084 3A%+17.02A —794.321 100.94 64.75
63.5 Y=-—0.084 3A2+17.53A —826.910 104.02 85.25
70.5 Y=-—0.084 3A%+18.05A —870.280 107.05 95.91
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x5 ARVEMETAEBENREEZNAIERE
Table 5 The critical value of the influence of processing voltage on the sterilization rate under different processing fre-
quency
Qb BRI / Ha [l ) Jy b 3R R I FUE RV AWHE/ Y%
0 Y=-—0.172B?+15.984B—1 148.373 46.46 -
90 Y=—0.172B>+22.572B—671.103 65.61 69.44
100 Y=—0.172B>+23.304B—702.373 67.74 86.98
110 Y=—0.172B>+24.036 B—749.462 69.87 90.26
120 Y=-—0.172B%+24.768B—804.371 72.00 87.27
180.00:
X |
*\é {168 00}
ﬁé £ E _1%156 00} ' .
*% g = 2 50
< =
192 = ¢
1 "“:1%2.00— @-
.00 . e
Cogy Uity w@ﬁl\“e& 1200800 9500 100.00  105.00 110.00
ng U"Ie/s ‘ C‘e’__,\“% ‘ 4 A ﬁf@”ﬂﬁz
A NS Processing frequency/Hz
Ca) Wiy B 1A ] (b) &FFoglal
B 6 AR F Ao A 2T FE F X EAER
Figure 6 Response surface of interaction between processing frequency and processing time on sterilization rate
Fz6 FELERETAERENIERLWHNIGERE
Table 6 The critical value of the influence of processing frequency on the sterilization rate under different
processing time
Wb [F] /s [EYEp¥: Jib 3 AT R M FAE / Hz AWHE/ %
0 Y=—0.084 3A2+16.10A —804.625 95.49 -
120 Y=—0.084 3A2+17.66A —842.245 104.74 79.94
150 Y=—0.084 3A2+18.05A —870.280 107.05 95.91
180 Y=—0.084 3A2+18.44A —910.672 109.37 97.73
210 Y=—0.084 3A2+18.85A —955.484 111.80 98.26
55 00 R 2R 0 2 R B AR B REAR . PRI, SR 2% B8 0 P Ao 2 o s Oy 32K 300 8% o PRk

H1 7 AT Ak B ) X A U AR R T MR T SR 5&5‘] H E’JsREL?ﬂLiﬁEﬂ‘IFﬂ%FEALIE%'%KEL%EI‘J

G R EM BB RN LT 2 &t mBE (y= K. L, 4HEHFE N 107.05~110.00 Hz, & BT [A]
1.473 92 +20.742,R* =1), MU Z K 0~110 Hz K 150.00~182.87 s At , AR 1 R ik i .
B R REE LIF ARy 110 Hz B, R RA 2.2.5 CPCST.ZMM & Design- Expert £ 4 43 #7 ]

F7T AELNEMETAHERBENREEZLANIERE
Table 7 The critical value of the influence of treatment time on the sterilization rate under different frequency
b HEAR A/ He 8] 59 5 Aab S B ] i S/ AW/ %
0 Y=—4.41X10"°D?+40.183D —804.625 20.74 —
90 Y=—4.41X10 *D?-+1.353D —38.401 153.40 65.37
100 Y=—4.41X10"°*D?+1.483D —37.565 168.14 87.11
110 Y=—4.41X10"°*D?+1.613D —55.140 182.87 92.35
120 Y=—4.41X10 °D?2+11.743D—86.126 197.61 87.09
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Table 8 Effects of cold plasma on the quality index of

Areca catechu %
28 51 Ko = HLET 4 5 MR A
YTREZH 28.1940.95 10.85 4 0.60 0.44 4+ 0.02
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3 &g
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