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) 50 AR AR I B2 43501 A 0.8~1.6 1g(CFU/g) Al 1.5~
2.0 1g(CFU/g) ; iX & AR i 45 25 7 M 7E Lk R 1
L HA R R

A AF 5 2 A 55 o 1 1A A B AT BE X6 o A
FY AR Li AFPVR] A 5 R R AR
B FIRAE 45 kV TAEHE T AR % 1 min, 7E
S 390 T ) AR 1,3 M S R, M B R
AR ) 7 B I . Li AFPOHIR IR 55
AR Ak B ) K R e A A U ) 7 28 ) 5
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T A T A Kb B 1) SR ARUEL B 1 R TG 22
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TooK B ER &N A R 4M A BR 41 PSR IR (39 R 4
Prafgh ), b at e T s A hms b B A 1 R
HIRAAE 1, 1-— 2832 I (HPLC=98%),
R AR YR A BR A F
1.2 U#{E5EF

SY-DTO2S Il 55 &5 7 (A b FRAL, 75 JH Tl B8 3%
45 B R RHE A BR A B UV-4802 2£4h—1T L4y
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Wy H KA

800R JCH ¥ i, JC# IRA5 XA A PR 7] s DK-
9811 L FATE IR K 8 B0, REETT 28 T RR A 2% A PR 2
A ;SW-CJ-1FD i TAES , M ZE RS TEA
A BRZA F] s BXM=-30R 57 2 7 28 5 K i i HEP-
9227 KU Ho A EE FRA , L IR S0 AT BRA W =
Jri g ; CR-400 2231, I = REt R A
FRAW

1.3 REHZ*

1.3.1 WEITEBMWITE & GB/T4789.2-2016
(BEMZEEEREE MY ERE Wik S
B UG I 2 2 T B Vi R A ORI R A
R,

Y(%):NO_NI

x100 (D)

0

Aop Y —HRE S R % s Ne—— (IR IR 45
B VR A 3T RE Y TRV B, CFU/g s N——Ab 21
J R i B T VR B, CFU g
132 WEWHH S W25 g ELE TEA
225 mlL B2 5 28 v W I B A h SRR 1
J0 2 min, AL 1210 FE ST, WL 2 mL A A2
T 200 mL ARSI, 7E 36 CIR 45 7% 48
h, il £ ¥ B R 8~9 1g(CFU/mL) B 27 .
1.3.3  FERAHI S A E S E RS A %
TP L RV 1.5~2.0 mm £ F, # 1.3.2
A B R TR R 10 55, FR BRI LL 115,
Ak R A 30 min JEBUH W, &
134 (RESE FARGEN T 20 MBS
TR T2 WA T . 5E S H— R
i AL I g A R (TP EZS RS 100 Pa
LR )—FF R ih f IR
1.3.5 RPRESLI I BRI R T SR b
PR [R) WG S PR 2R HEAT 4 BRI BR IR TR A 22
10 g, & & LR ) 253 3 2 100,200,300,
400,500,600 W, Zb BRI [R] 24 3 min, AIF 5 5 H, L 5
Tyext b U) 22 e HUE YR R R A
IR 55 - A b B E) 43 53 R 1,2,3,4,5,6 min,
TCH LR T 2k 400 W, BF SR A R 25 B 1K kb 3
FF [ X6 5 17 22 7 2 T ff A ) A% TR SR I 52 )
1.3.6  man; mAL ALt Ee it RS 1.3.5 A
OIS AL i R LR T 3R (A ) LAk 3 B ]
(B)2 DR IKF AT H L L2 7 SR AE ) Y
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Table 1 Design factors and level of CCD experiment

]( T
B % o
-1.414 -1 0 1 1.414
X, W R F(A)IW 117.16 200 400 600 682.84
4t 22 8} 18] (B)/min 0.18 1 3 5 5.83
1.3.7 B R S22 3 0 4R R I AR E W OGEE o R AEZS L LA 1 mg/mL VC 2

1.3.7.1 BBy R K 2R AR AR
10.0 g fif U AE 32 AT Hh A 8 SR FH R 7 D 4l
Bl BRI K b 3 AR R A o R TR, AT A
L R L B M E BRI,
1.3.72 ARl SEWEEGNE R’
1370 WA AR 2 mL, JNZEiEK E 10
mL, ZH PN Iy ik T E TR B2 B
D, 43 500 AR £ 7 TR 1) % 42 RO B Sl B A A |
AR, il & F IR L, B TR =
0.0105x+0.0383 (R?>=0.9987) , A Z W &5 LA A2
TR (wg)/ A 22 i (g) R o

232 TR0 S Jy v R AT AR 25 vh R
R0 5
1373 AZTEHRGTEOWE WK 1 mL
BE SRR, N JEK 2B & 10 mL, [ B s
TEPE A 280 nm AW IO FE | 43590 DA 7 B 1 1Y) ot
SV (2~12 wg/mlL) F O BE Ry 8 AR B | SR 90 A
b, 22 bR E M £, B H 5 A y=0.0671x -
0.0079(R?=0.9994) , ZHR & & 111532 X
T

Y (mgfg)= 2.003><C><3N><V 2)

Mx10

K Yy —ZHEN T & ,mg/g;2.003—
B R 5 LR Z R R C——F N
OB we/mL N——4 BT R B A 8
V—4 B 1 AR B mL M——F 22 S
H,e,
1.3.8 AEXRHLEAENNE S5 CEk34)H 0
J7 361547 DPPH ¥ BR 290 % , I 1 mL 1.3.7.1
7 A% B BE SRR DU, SRS A 3 mL 0.1 mmol/L
DPPH V& W& , 7525 it T &% 30 min, 7E 3£ K 517 nm

XTRE . DPPH H i 33 BR R E AT,
DPPH {4 Ha%?%l&%%(%):w

A H,A——1.0 mL Z%1#%7K+3.0 mL. DPPH ¥
WG A——1.0 mL AE 5 A K +3.0 mL
DPPH ¥ W) W G 5 A ———1.0 mL FE L % +3.0
ml To7K L BER OG R
1.3.9 Byl R @20 28 22 Bl
@ N SEE (L) L AE (o) 1 B
(b)) FEFIRAIRE AT 5 E2E T
NS R

AE=\/AL?+Ad*+Ab” (4)

A, L —F | L'=0 FRBA L=100 £
IR 0 ——LLEEE  a™>0 FoRLLFE AR ) oy
JE b —— 8,670 Fon AR Sk A B
1.4 HBELEBS5HH

AR ER 3K, REEIE Dy + 5 IE
Foon, W SPSS 21.0 B4 147 B di 0 Hu R 2
250815 R Design—Expert 10 B4 £ 47 M I [fi
AL BT RS 73 B 5 2 Origin 2021 24 AF
38

x100 (3)

2 #ERE5WH

21 BREZEXWMERSHHN

21,1 R LR T SR 22 e 2 T A A A A TR R
M5 i 1 T, B 0 F IR T SR 3 Ok,
2 AR W UE W BRI D N T SRR T
Ko 1E 100~400 W Z [H] , T8 % S EUN 6.47 1g(CFU/
@) Il /N 5.66 1g (CFU/g) , 7 T M 70.31% 4 5
#) 95.38% , 7 W AR 3 (P<0.05) . 7E 400~600
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W Z[H), XF 22 R 3 m A YR R R T 22
(P>0.05) . % T U 2R 75 18 PRt s il ri, v 58
Ui 400 W ik — b i Z K-

2.1.2 IR S T R b B A [A) X 22 A 3 A
AERR TR K 2 pioR, MEKRSEE T
PRALBEES [R] AEH , 22 r R ARG R R
RS, 7E 1~4 min PN, 22 A 2 100 A9 Sk o 80
WA, R R B TR R, AL T [R] 4 min

—m— A%
—A— [ S ik

a 4
wf~_, B BC b ab ¥
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Sterilization rate/%
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I H H R Dy R
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E B ORTR) RS 5B 388 T MBI 28 5 1 3 (P<0.05)
AJRVING FHRACRA AR B AT B35 1E 25 5 (P<0.05), FIAL,

B1 MEBENENZRFREBEVRAVNRAZMN

Fig.1 Effects of discharge power on microbial

sterilization onginger slices surface

22 MEERKERS SN

AR DL b D SR SR R A5 2R, B S i R PR TR
Ty A& Kb BRI E] Sy [ AR 2R RO WA N AE PR AT
Wi 17 T A A 1503, 1R 45 R DL 3R 2 il 3,

M. Design—Expert 10 3K 4 X} 3% 2 09 %5 4 1F
Fr b AAH R R (V) 5 IRIR 5 B TR A B 2 %

W, VR BBCR M T 172 1g(CFU/g), RHEE N
97.84% .4 min Z J7 , B A5 A0 3B [A] B SE 4 | % TR 3R
AR AL A 35 (P>0.05) , 13X 5 PIMHE 2557 A1 7 25
B R AL R TR F AT 45 R — 80, B R
Wi Ak B ] %) 2 4K e L TR S 2% IR A R
25 B T A AL B ] R 4 min O HE— B4R K

ey
120 A 18

100 |~ B

80

S 60}
G
EREO

LS
Sterilization rate/%
/
o
J/
e
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A AL
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Fig.2 Effects of low temperature plasma treatment

time on microbial sterilization on ginger slices surface

(A ) R4 B[] (B) 22 8] ) — R 2230 [l )5 J5 A2
Y =15.18+0.164 +21.11B-0.0154AB-9.234>~
1.55B? (5)
[l 75 72 (5) 9 P &AL R* 2 0.9858, it 1]
I BALG R, BRI OE R RN
0.9756, 2B LA A ] i B 90% LA 1 Y i 55 £ Hin

®2 CCODRBEIHTRER
Table 2 Design and results of CCD experiment

AR T R P

AR T R Ak 22 B 1)

S , A F1% K5 . 28 A%

(AW (B)/min (A)IW (B)/min
1 400 5.82 99.99 400 0.17 64.91
2 117 3.00 75.00 9 400 3.00 95.79
3 683 3.00 99.90 10 400 3.00 97.09
4 600 1.00 91.52 11 400 3.00 95.47
5 400 3.00 97.76 12 400 3.00 94.89
6 200 1.00 63.13 13 600 5.00 99.99
7 200 5.00 96.12
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Table 3 Analysis of variance of regression model
2R R F 75 Fe B E ¥ 7 F 1 P1a
A 2081.48 5 416.30 96.97 <0.0001 **
Al IR E(A) 569.09 1 569.09 132.55 <0.0001%*%*
4k 22 1 18] (B) 1 036.73 1 1036.73 241.48 <0.0001 %
AB 150.31 1 150.31 35.01 0.0006%**
A? 94.72 1 94.72 22.06 0.00227%
B? 266.55 1 266.55 62.09 0.0001 %
2 %3 30.05 7 4.29
EEDE 24.41 3 8.14 5.77 0.0618
HiR £ 5.64 4 1.41
& e 2111.54 12

R*=0.9858; R,;=0.9756; CV=2.30%

o FoR i B (P<0.01)

AR SRk R 2 R 3 AT AR R & 2 (P<0.01),
AT (P=0.0618>0.05) At 2, 13d BH £ 3% A4~ [a] 15
DX 3ok (4005 18 00 R4, AT DA P 2 A 78 o 3 B 4
TIEAT T, R LR T R (A ) AL BRI ] (B) 1Y)
— R I AW B (P<0.01) , i B 3 5 A4 PR 2K X 4=

B B[]
Time/min
i}
Sterilization rate/%

200 300 400 500 600
ATIE
Power/W

(a)

LRI B B RFHBOR M R . —IRI(A°,
B) FIZZH. I (AB) M .25, R HCR LRI (A)
AL PR [R] (B) X Az 22 R 2 T B 7 b 00109 % B R
SOMAAJE (A PR A e O 28 RS F BT, 320 R
/N U P g Ak B TR > i F R R 3

W
Sterilization rate/%

o

=)

R W
K4 1200 RN
% Qo‘,&

(b)

3 REBEEBFHNEBEENEMALENEZEEANREENZN

Fig.3 Effects of interaction between low—temperature plasma discharge power and treatment timeonsterilization rate

H PR3 AT, AR A B AR Fl P YR T SR R
Aab B[R] () 38 ELAE AR 0 3 — 2 1T B
R F B YR T SR T Ak B ] 0 A K A B R
kA AR e N T 3 A 45 SR AR AR A IR A B AR
AR ALy . B AR ) 400,779 W,
Ab BT 8] 4.582 min, 1% IR 55 B AL S 9 22 R
FE A ) A BRI BUAE A 99.99% , HR AL IR

LB IRERZOR D R HESCR G A H IR, Hi
FEZR B A5 A R Dy il B YR ) 2R 400 W, b FEL
] 4.6 min, A 50 0E [l IR (1 0] FE 0 | AE B A R
PRAL B R AT T 3 WRIE L, SR R4
L R AT F R 99.89% , XS 2%
H1-0.10% , 1t B 5 T1E 32 56 1) 245 SR S5 A AR 05 R4
I FE ) O TR 9 O A TN T B S A A 22 1
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A RUE YA B HAT AT
23 MEEBFHLENEZRFPESEH 23
MEEREZSENRIN

A 2 U1 P AR A B AR B Y B 2 1
AE S R A B T W M 2% R (P>
0.05), 5 Bao Sl ] v e AR il 25 75 1 R Ak 2L 3
A e B B AR A R R Ak B A
o, A2 U] AR 5 B 1 AL B 2 BR 19 %

BT 35.18%(P<0.05), Xnlfigteh TRME
Ty Bl AR T A R R AL RE AR R, i T A
B AR -OH NO- %15 M A iR R A F e, 550
LHEM A, A ZHERE T Z2MmELEY,
NS B AR P i B R R S E T LS T
GEO R, R L B 2 Y 55 PR G R 5T
SRR

x4 REEEFELEN\GEZFNESH SEMREHRZSE (J0Q)
Table 4 Content of total polyphenols, total flavonoids and gingerol in ginger slices

before and after plasma treatment (pg/g)

g 2 £ HR
LS £ . " :
EtmeE BB A E Y X
RGBS & TR AT 1077.52 + 87.25° 127.53 +20.91° 157.95 +9.60°
1B F BT RS 1 156.78 +20.58" 85.48 +7.20° 102.39 £ 12.24"

T« 7] — SR 19 7 AR R 5 6 78 22 5 AN 825 (P>0.05) , 7] — 51 B die i) A7 B AN [ 3380 22 57 1R 35 (P<0.05) .

24 RESEBTFHELENEZRNELELED
S

ZAR IR AR B AR A 3 5 i A4E 2281 i DPPH H

HBETE BR R L R AL 5 T 65.32% , HHL I 75
Bk — 05T,

®5 EREMEEEFEHELERN.5H0 DPPH BEREFRE

Table 5 DPPH free radical scavenging rate of ginger slices before and after plasma treatment at low temperature

(A S NP )

KB EFE T RS VC(1 mg/mL)

DPPH & w1 A& & iR 5/% 51.50 + 0.024*

85.14 + 0.040" 95.67+0.020

T B 0 AT B AH R 7 B8 28 5 A 1835 (P>0.05) B i A7 B AR ) 7 B 340K 22 57 1B 2 (P<0.05) .

25 REFBFHLEXNZRBFHFMN
LR AR B T BAETE Lo b7 fE 0

6 R,

X6 EZEREREBESFHLEN . FHEE

Table 6 Chromatic aberration of ginger slices before and after plasma treatment

me CEY &R % B F R AL 257 (100 Pa 24 F) KBS BT HRALESE
L 67.70 + 0.83 73.37 £3.61° 72.14 + 3.30°
a -5.75 + 0.23¢ ~7.29 +0.25" ~7.17 + 0.40"
32.70 £ 0.98° 39.02 = 0.65" 39.72 = 1.08"
AE 0 8.63 +2.47° 8.43 £2.23

T« A — 7 5 i A B AR ] 5 B 7R 22 57 AR I35 (P>0.05) , ] — A7 Bdis /9 A7 b AN 3] 7 B 30 28 57 1 35 (P<0.05) .

ZAR IR A5 B T R A S 0 25 1 5 oA Ak B Y i
ZRM L, L LA TC W 25 57 (P>0.05) ,a” fH F%
fik (P<0.05),b" {H & 238 1 (P<0.05) , BRI 55 &5
TR PR & T SR B Ak B[R]

B SCHRBIF 9 3% B A5 25 16 I 50 ] 1) 2 B A I A8
M, FLIZ M 1) 21 B (AR 55 oK b B 6 25
L, AP S 2 R 22 AE G i % 22 7 (P>
0.05), WIERE /2 i 4 S8 PR LS ) Bl



198 hoE

[
[215)
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WA BE A, G5 A1 DR R A SN ARG TR 45
TR AL AR RAE 100 Pa VLR #6710, A2 25
YIR RW K240 ENZER .,

3 HFig

A SCHEFE 1AL 5 5 - AR Fi v IR T R R b
B (R 6 ) 22 R SR A R R TR RICR
M) 7 T A A R PR AR B4 14, ST T 22 R T
AW R TR ) AR Z IR A I TR A S
TR A R A A, P TR A T A kb B
N ERE S D s S A T = S SN TR =
PR O DL BUR AT TR AR AL g5 R G
S5 T A H R VR D SRR A BB () 6 A 22 e R
T2 0 B R TR RICR A B R, S /N
YR by Ak BB () >0 L PR T 3R SR A R T R A
R iR FLYR TR 400 W AR BEET ] 4.6 min, 7E
FER TR 25T Ab B0 A 22 00 et R4 1) DPPH
H R R T 65.32%, B2 & B
i & f 5 R AT R EM 2R, BERADE
(AR Ak o PRIk 1) AR I 55 2 - IR BR B f% X A= 22
R AT, MUAT AR DA Z R R
AR e, ELGEH R TE R S, Ol A e SR
A7 it BRI TR R B T B A — b E RO TR 7 1%

2 % X #
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Influences of Low Temperature Plasma Treatment on Sterilization Effect
and Qualities of Ginger Slices
Xu Yanyang, Li Xuefeng
(College of Food Science and Engineering, Jilin University, Changchun 130062)
Abstract Objective:To investigate the bactericidal effects of low—temperature plasma treatment on the microorganism on
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the surface of ginger slices, the contents of total polyphenols andantioxidant activitiesin ginger slices, obtain the opti-
mized process, and provide a new method for the preservation and sterilization of fresh—cut ginger slices. Methods: First-
ly, microbial sterilization rate on the ginger slices surface was used as the index, discharge power and low temperature
plasma treatment timewere used as single factor experiments, then two factors three levels of response surface optimization
design was applied to obtain the best sterilization processing conditions, and total polyphenols, flavonoids, gingerol con-
tent and antioxidant activity were determined. Results: The order of factors affecting the bactericidal rate of low tempera-
ture plasma was treatment time > discharge power. The optimal treatment conditions were: Discharge power of 400 W,
treatment time of 4.6 min, bactericidal rate of 99.89%. There was no significant difference in the contents of total
polyphenols and flavonoids in ginger slices before and after plasma treatment, but gingerol content decreased by 35.18%,
DPPH free radical scavenging rate increased by 65.32%. The color of ginger slices had no obvious change after low tem-
perature plasma treatment. Conclusion: Low temperature plasma treatment has a significant bactericidal effect on the sur-
face microbe of ginger slices. Low temperature plasma technology can be used as a more effective and convenient non-
thermal bactericidal method.

Keywords low temperature plasma; sliced ginger; sterilization effect; total polyphenol content; total flavonoids content;

gingerolcontent; antioxidant activity



