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Abstract: To investigate the optimal processing parameters of cold plasma (CP) treatment for 'Shine Muscat' grapes and its
effects on volatile compounds, 'Shine Muscat' grapes were treated with CP using processing time and voltage as experi-
mental factors, while bacteriostatic rate and color difference (AE) were used as evaluation indices. Response surface
methodology was applied to optimize the CP conditions, and comprehensive volatile profiling was conducted using compre-
hensive two-dimensional gas chromatography coupled with time-of-flight mass spectrometry (GCxGC-TOFMS). The
results showed that both processing time and voltage had significant effects on AE and bacteriostatic rate. The optimized
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parameters (252 s and 24 kV) yielded a bacteriostatic rate of 84.8% and a AE value of 1.94. A total of 59 volatile com-

pounds were identified in grape berries, and the contents of alcohols, aldehydes, and terpenes increased significantly after

CP treatment, resulting in a 43.99% increase in total volatile abundance. Orthogonal partial least-squares discriminant anal-

ysis effectively distinguished grape samples before and after CP treatment. Odor activity value analysis further revealed

increases in key aroma compounds, including 1-hexanol, (E)-2-hexen-1-ol, phenethyl alcohol, linalool, and hexanal, which

contributed to a more pronounced aromatic profile. Overall, CP treatment effectively preserved and enhanced the aroma

quality of 'Shine Muscat' grapes. This study provides theoretical support and practical guidance for the application of CP

technology in postharvest flavor modulation of table grapes.

Key words: 'Shine Muscat' grapes; cold plasma (CP); response surface methodology; volatile compounds; orthogonal

partial least-squares discriminant analysis (OPLS-DA); odor activity value (OAV)
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Fig.1 Schematic diagram of the CP experimental setup
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Fig.2 Effects of different CP processing times on grape color
difference and antibacterial efficacy
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Fig.3 Effects of different CP processing voltages on grape
color difference and antibacterial efficacy
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Table 2 Response surface test design and results

45 ARCEERFREI(s)  BAMEERE(KYV)  Y,AE Y IEER(%)
1 240 25 1.57+0.21 90.68+1.66
2 300 30 345£0.17  91.84+0.83
3 180 30 2.15£0.32  70.86+2.35
4 240 25 1.83£0.23  89.51+1.84
5 240 25 1.85£0.05  94.17+1.92
6 240 25 1.91£0.09  87.18+0.74
7 240 30 2.42+0.13  86.01£1.63
8 240 25 1.95£0.19  91.84+0.49
9 180 20 1.66+0.11  49.88+0.88
10 180 25 1.90£0.23  61.54+2.47
11 300 20 2.13£0.33  82.52+3.01
12 300 25 230£0.16  93.010.79
13 240 20 1.72£0.25  79.02+1.45

222 [IARIRIEEN, S22 00T xR 2 IR
PEEAT B 54T, IS BNAECY ) AN 22.(Y,) 19 [ )5
JrFRIT .

Y,=1.82+0.36A+0.42B+0.21 AB+0.28A*+0.25B>

Y,=90.03+14.18A+6.21B—2.91 AB+11.15A2—
5.91B?

AE [UHJT R T 2253 HTA R ILER 3. BIAUK S
7R P<0.001, % 355 i 48000 P>0.05, 156 G i
FEORA; 12T R B IS R 75 (RP=0.9355, R\ 4=
0.8894, R*, ;=0.6185), "] JH TV 458 TIRAEBE B
BB A A A T L0 T S I . R AT R T,
AbFRESTR] (A) FIALBEH FE (B) #IXTAE 77 A0 ik 2552
mi) (P<0.001), HHJE(B) HVEH R T E (A) o

# 3 AEWEIEITRER T 225007

Table 3  Analysis of variance for the regression equation of AE

FEFRWE CFHM ABE By FlE Pl BN
TR 2.62 5 0.5248 2031  0.0005 *x
AR[] 0.7848 1 0.7848 3037  0.0009 o
BHLH 1.05 1 1.05  40.63  0.0004 **
AB 0.1722 1 0.1722  6.66  0.0364 *
A? 0.2131 1 02131 825  0.0239 *
B? 0.1695 1 0.1695 656  0.0375 *
B2 0.1809 7 0.0258
KA 0.0924 3 0.0308 139  0.3669
HiRZE  0.0885 4 0.0221
BB 2.80 12

e * RN 2E T B (P<0.05), ** R 22 Tl i 3 (P<0.01), £4~FK6[H .

VBRI BRI Ty 2253 Brati R WL 4. ATy
Rr g ik 78 P<0.001, A% 4k 355 1 2 42135 P>0.05, B H]
TC Wb 25 R 8L 1 7 R PG U 5 = (RP=0.9678,
R, 47=0.9448, R*  =0.8012), W] J] T-¥4& 45 B3 T4 4k
L BHYCECER A4 AR T T 2T S, 25
T, AL ERAHE] (A AL EEHE HE (B) Y% 1 By 53 7=
A 8 2R (P<0.01), FLEFTA] (A AO4/E A # THLUE
(B,

T4 MER RS2 50T
Table 4 Analysis of variance for the regression equation
of bactericidal rate

FEAKIE CFAHM BHE BUrM P PlEH  WBEM
e 2149.30 5 42986  42.05  <0.0001 Ho
ABJE]  1206.72 1 1206.72  118.04 <0.0001 o
BHLE 231.76 1 231.76  22.67  0.0021 **
AB 33.99 1 3399 332 0.1110
A? 343.42 1 34342 3359 0.0007 o
B’ 96.50 1 96.50  9.44  0.0180 *
B2 71.56 7 10.22
AL 44.42 3 14.81 2.18  0.2328
Hrins 27.14 4 6.79
MEZE 222087 12

2.2.3 WaRHEASEF R EAEHS T B 4a FIE 4b

G353 R B (AE RO 238 ) g P 5 (Ab B TH]
FIAL PR R, s ) A it = e oz 1T [ s T = A BAE
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B T [ 2 AR RS R ANAR, AR R TR T EAE B
G TR A s DR 2R ) il T ARk AT LA
A, FE S Y S e R EE R TA], 1 B L R S5
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ZEVCARLT o BifiAE i T RS TR] A RS, A= 1 5

Yy 22 N5
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Pl 4 2% PRI R AT 0T 0 22 AR BRI 5 S5 M ) W 1 1 1€
Fig.4 Response surface plots of factor interactions affecting
color difference and antibacterial rate
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BRSO AL BRI TE] 252 s, AP IE 24 KV, 7E
BEAE N RT3 AHETEIRES, FITIRAE S 1.94, IR

RN 84.8%, HHUMAEEIT (P>0.05), ZAIZAERIG
AAS B0 T 25T 5, BA WM.
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2.3.1 CP ZbBEXT < BHCHOER H 40 S S5 A& e B Y
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7R 4 SR A 2R S 0 S AR S e iR T 4y
MrissE . B 5 ol SR E] 59 Fh & <lisr, H
TEEIAE G 14 Bl BEIAEG ) 19 B BRZS G
Yy 6 B, MeRALEGY 3 Bl IRILED 1 Bl WEkSE
G aFh . BBRALEW 12F ., 5 CKAML,
CP AbHHZH A 28 SRS h 3 R e By B e T+ T
43.99%, Hor, BE2S | EEISFNEE Y R Y S B A
CP b5 258 in(P<0.05) (El 5).

# 5 RREIET FOGEBE M4 i & Ul

Table 5 Aroma composition of 'Shine Muscat' grapes under different treatments

PR EF A TE] (s) ‘ X (ng/g)
75 CAS V% VIP{H
1D(s) 2D(s) CPAbHH CK

1 42890-76-6 1764 1.65 (8)-(-)-1,24-T =B 0.15+0.02 0.16+0.03 0.85
2 111-27-3 532 0.73 FC A 1.85+0.317 0.87+0.16 123
3 104-76-7 850 1.20 2-CFC W 0.33+0.02 0.21£0.01 1.26
4 143-08-8 1096 0.56 1- T 0.16+0.02 0.15+0.02 1.24
5 111-87-5 750 1.53 TS 0.12+0.01 0.13+0.01 1.14
6 3191-86-4 742 0.45 3B 0.05+0.01 0.03+0 1.18
7 106-25-2 1254 1.42 REAERE 0.40+0.03 0.28+0.01 1.25
8 928-95-0 524 1.84 R-2-C -1 2.44+0.72° 1.45+0.02 1.01
9 1576-95-0 370 0.63 -2 - 1- P 0.13+0.02 0.13+0.02 1.26
10 556-82-1 1270 0.91 3-FRE2-T - 1-F 0.12+0.01 0.11£0.01 1.19
11 162744-59-4 1806 0.66 4-J5-2,6- AR B 0.04+0.01 0.02+0.01 1.08
12 106-22-9 1194 1.65 A 0.05+0.03 ND 1.24
13 60-12-8 148 0.72 IR 7.24+0.61° 2.10+0.22 1.26
14 78-70-6 970 0.59 IR 5.6140.36° 3.23+0.17 1.28
15 142-83-6 612 1.90 (E,E)-2,4-C —Jsfi 1.37+0.27" 0.87+0.15 1.03
16 1194-98-5 990 1.11 2,5- R AR 0.10+0.04 0.06+0.02 0.89
17 557-48-2 1066 0.84 S J-2,6-T- It 0.03+0.01 0.030.01 0.89
18 18829-55-5 700 0.68 S -2- g 0.05+0.01 0.020.01 1.13
19 505-57-7 954 0.96 2-CUIfTRE 0.010 ND 1.08
20 6728-26-3 526 1.80 JR-2-C T 33.14+3.13° 24.55+2.76 1.16
21 1576-87-0 346 0.81 J-2- T 0.22+0.03 0.17+0.03 1.18
22 4440-65-7 422 1.18 3-CUME 0.42+0.01 0.32+0.17 0.55
23 2492-43-5 706 1.25 L -2-Cd-4- AT 0.20:£0.02 0.17+0.01 1.06
24 100-52-7 712 1.18 AR 0.02+0.01 0.0120.01 0.85
25 122-78-1 866 1.03 2RI 0.400.06 0.34+0.04 0.88
26 96-17-3 238 0.28 2-HIL T 0.070.01 0.06+0.03 0.52
27 590-86-3 238 0.92 S 0.14+0.04 0.13£0.01 0.58
28 112-31-2 1172 1.30 BEE 0.24+0.03" 0.17+0.05 0.95
29 111-71-7 594 1.69 E B 0.04+0.01 0.02+0.01 1.26
30 66-25-1 424 1.15 FO# 13.94+2.15" 12.54+1.72 1.22
31 124-19-6 990 1.30 IET 0.30+0.01 0.18+0.02 1.26
32 124-13-0 786 1.56 IEERE 0.12+0.11° 0.030.01 0.81
33 18829-56-6 1078 0.72 -2- 0.03+0.01 0.03+0.01 0.88
34 33467-73-1 510 1.53 MR -3- L s Pt P 7 i 0.07+0.04 0.06+0.03 0.39
35 141-78-6 208 0.83 R T 0.40+0.07° 0.19+0.01 1.17




- 238 - B Tk B 2026 4 9 H
&S
PR EZ A ] (s) X (pg/g)
=2 CAS FES VIP{H
1D(s) 2D(s) CPAbEH CK
36 111-11-5 1026 1.26 PR 0.05+0.01 0.03+0.01 0.79
37 112-12-9 2076 1.28 2- i 0.010.00 ND 0.81
38 18641-70-8 1314 123 2,4-—HHEE-3-CU R 0.02+0.01 0.010.00 0.87
39 20426-12-4 2148 0.61 4- A H 0.03+0.01 0.030.01 0.61
40 110-93-0 756 1.66 FH 5L P i 0.3420.19° 0.22+0.01 0.62
41 98-86-2 914 0.31 K 0.03+0.01 0.04+0.02 0.22
42 3796-70-1 1554 1.79 i N 0.19+0.11 0.26+0.02 0.58
43 53137-27-2 2110 0.06 2,4- T H B 1 3-WEMR-5 R R 0.04+0.01 0.03+0.01 0.53
44 123-35-3 762 1.58 Ak 0.04+0.01 0.05+0.01 0.64
45 25377-72-4 152 1.78 Sk 0.03+0.02 ND 0.98
46 5989-54-8 854 1.13 (S)-(-)-Friss 0.010.00 0.0120.00 0.84
47 18794-84-8 1638 1.58 (E)-B-4: B s 0.11£0.01 0.110.01 0.89
48 4282-42-2 1896 1.51 1T e 0.03+0.00 0.02+0.00 1.26
49 294-62-2 1584 1.58 Wk 0.01:£0.00 0.01:£0.00 0.24
50 62108-21-8 1328 1.02 6-2.5k-2-FH 3T b 0.040.02 0.010.01 1.09
51 629-78-7 1620 1.28 EEke 0.14+0.02° 0.08+0.02 1.16
52 544-76-3 1776 1.05 ET7SbE 0.22+0.01° 0.09+0.01 1.27
53 75-09-2 234 0.96 ZHEM e 0.01+0.00 0.0120.00 0.17
54 111-84-2 794 0.91 ET%E 0.02:£0.00 0.02:£0.00 1.23
55 1072-16-8 1426 0.24 2,7- W e 0.03+0.01 0.030.01 1.28
56 629-50-5 900 1.12 E+ =k 0.02+0.01 0.02+0.01 1.28
57 62108-27-4 1692 1.48 2,4,6- = FI RIS b 0.01+0.00 0.01+0.00 0.79
58 1002-17-1 1566 1.25 2,9- " HIRE-ZSf 0.01+£0.02 0.01£0.01 1.15
59 17453-93-9 1552 0.25 5-F k- 0.01+0.01 0.01+0.00 1.15
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Fig.5 Comparison of volatile compound contents before

and after treatment
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Fig.6 Multivariate statistical analysis of aroma compounds
in CP 'Shine Muscat'
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Table 6 OAV of differential aroma compounds in 'Shine
Muscat' grapes under different treatments

s mRGY (mg/lﬂf)%mfu]lcpﬁfgvm F AR
1 IEC 8 023" 011  HEF.F
2 1- T 600 <0.10 <0.10 T, #AF
3 B 12 <0.10 <0.10 ﬂ%?‘;ﬁ%g i
4 3w 80 <0.10 <0.10 [

5 LR 40 <0.10 <0.10 BORIERE . FIAE
6 R-2-Ck-1-F% 15 0.16" 0.10 TR

7 2P 1 72 <0.10 <0.10 TR

8 3-HIE2-THs-1- - - - WA

9 HKWE 140 0.52" 0.15 BULE. MER
10 J 25 022" 0.13 BOLAET | ER KT
11 HAWE 40 <0.10 - BT

o (DR - - W

13 JR-2-BHgE 13 <0.10 <0.10 R, #EF

14 2-CU R 88 <0.10 0 HA

15 k-2-CmmE 17 1.95° 1.44 HA

16 a2 - - - A R
18 1E PR 10 <0.10 <0.10 HE

19 1EC 70 0.19 0.18 HHA. FRE
20 IETEE 15 020" 0.12 TR

21 LR TR 750 <0.10 <0.10 &, #E

E: =" FRAREE,

e R 5 SRR A AR, FE R SRS S5 AR
e, T _E VR AA B B . TEHORTENR A
Pt A Qi A, SV R ARSI PR TR 4 4R A i P 246 7,
WE L [ a-2- USRS, FRESEIR IR A A
AR RBLBESE, W T AT B A SRR R A,
ifiL CP ARBH AT I GR A N 2 A R AL, 2ETT 5
KON, ZAE Y BAT W R B AR, 2 FROGE
B A S AR B 2Ok — . [RIET, CP aliE S
IS B RR 2R, DA R It R 5 it g A QR Y il
S ORI T H R IR AN HH R R e R Ll i
#U . JfH, CP ARBRRENS A SR B- A AT
TEPERIE R, A2 FELS5 Z IXUR ) BT AR K g R 1), A
JEASHEAR D7 A HAA LAY B IR SR

CP Ab B | 2 1) 24 it A0 225 P 194 it 2 XU 4
ORI SCEEIN 2R o A B AR D, SRR X R SR
B ARMIEERA i R RE ], AR e B E A e )
A LIRS, 5 97 B A A Ak S 07, M fre
XU 3 ) ORIV . 1, 2 B B IR Ui
NEWTPRIFEH) S A il C6 MEEZs, Har AR b i Ay ot
Bt A B T XURY BT AR R . A UFER,
CP AL BEAEZ i B A7 USRS 1 75, i ml BB ek
VAEAR S IE PR B 2 325, AN e 5 BRI | NS 45 T
P 5t SIS, ()2 5 AR AN R PR R A A Qg



- 240 - £ Tl B4

2026 4F 9 A

BR8Pt 2O R IR ST A BT IR RE T, AR i
B XA A=A ol SR s A AR
IRES, (B PR T B B, IR 4 R e ot
SR BCHT IR AL . X — R, 2- UG SE 4
A2 )T e IE 2 R S B IR R TE Y . X
JEF B e AL ] RS RN Ak RN L TEES IR T
18 H sh A Rk AEAIIHE S BB A 5%, F—3n e
A S XURYE R, B8 RS 5 8 6L T, Wi R
Ja AU 42 R0 v o B SR S AR SR A3 TSR i B AR
FHE A BEAR
3 #ip

A TR I 0 TR CP AbER BHYCECER 4525
W T 2 S EEH b, 345 i Bt 2540 Sl b B A 8]
252 s, AbBHHL R 24 kV, BESRAA T #2485 I I B AR
K F] 84.8%, AE A 1.94, BEA RA%: it 28] S L A 41
UG BT, I AL BB U AN B ROR . e -, R
HS-SPME %454 GCxGC-TOFMS X Hi3% & M XUk
ST, G5 TRFBH, CP AP g4 745 vh 3 &)
S RESRFE T 43.99%, FA Oy RREE . ROEE. EC
Pt | 2 a-2- O M- 11 1 O P 2 S Al XU 4 o Y 2
A OAV (H 3 I, (%A E Al . 125%
B A TR A T R oT BETE SR R A P S S
FEEALaE, [FIR S S S, (R A
KUK BRI BT . CP AL T e 7 20 At J5 i 375 1,
f S UK BT AR ) [0t 55 A SCRfg i Bk ) 7, A e 2 HL
HIECE M EFE LY B, ST A R =
I, 25 FIRAR, @& CP AN B BUFIIAR T
RO, T8 AT 5 3 A BH S ECBR R 28 A A P XU i
BT, S TCHRER | AR ERAR G R AR A A A R SR S Ak
B N RS A . SRS sl — A AR
UHEH 2 SRR, I3 )2 1H 8 7~ 45 5 A9
A SRR 5155 4, sz R ESR
B XURLRRR 5 BT A P TR A K e .

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk

[1] kA% HHEZHF VWMADS39 f2 VVMADS28 7 4 %~
M B AT RE R R F W9 AR AR [D]. ok B b RARAH K 3,
2023. [ ZHANG Songlin. Functional analysis of grape transcrip-
tion factors VVMADS39 and VVMADS28 and their regulatory roles
in ovule development[D]. Yangling: Northwest A & F University,
2023. ]
[2] THER, KB, x\p, F. ZRACHAREEF] 4L 22 2 LB )
F e IRAR T A e (1], R R 5 A B T 0k, 2023, 49(8): 75-83.

[ NING Mimi, ZHANG Qun, LIU Wei, et al. Effect of SO, treat-
ment on browning of ‘Sunshine Rose’ grape during storage [J]. Food
and Fermentation Industries, 2023, 49(8): 75-83. |
[3] kAL, 304, WAk, 5. R RS2 5 (AL BORE) 5 $F R
5o a8 % (0], AR kA3, 2022(21): 63-67,71. [ ZHANG
Huage, WEI Qihang, TIAN Linyao, et al. Effects of different treat-

ments on fresh quality of shine Muscat grape[J]. Modern Agricul-
tural Science and Technology, 2022(21): 63—-67,71. ]

(4] #4a4n, F#Ok, IKah, 5. R F aF ) BoA A 5 i PR R B0
WM& ey m AR A ], P B R A, 2025(6):26-32. [HU
Fuchu, LUO Jiguang, ZHANG Jing, et al. Comparative study on the
effects of supplemental lighting at different time periods on ‘Shine
Muscat’ grapes in Hainan[J]. China Fruits, 2025(6): 26-32. |

[s] BEAT -0, ) v L &) & @k (M) e &, % b
e B3R K % B iRk, 2023. [ SALLY Easton. Vines & vinifi-
cation[M]. QIAN Xiaodong, trans. Shanghai: Shanghai Jiao Tong
University Press, 2023. ]

(6] Awr, 7k, ATH, % KT HS-SPME-GC-MS 2 #7 #3335
Kot e B H) 5 48 A Rk o % em (1], BR1A F RS 4R (A KA
F5R ), 2025,22(2): 84-94. [ LONG Pan, YIN Lebin, HE Pan, et
al. Effect of cultivation models on the volatile flavor of Shine
Muscat grapes analyzed by HS-SPME-GC-MS[J]. Journal of
Shaoyang University (Natural Science Edition), 2025,22(2): 84—
94. ]

(7] ZF9. FABCRLH &5 AR RHZHZAI]. Y EH
7 R #F,2021,50(3): 163—-166. [ LI Ming. Introduction perfor-
mance and high-quality cultivation techniques of sunshine rose
grape[J]. South China Fruits, 2021, 50(3): 163—166. ]

[8] Bm. FEH &t e T HXAEHIELILFN[D]. 40
T E K #,2024. [ YANG Li. Performance evaluation of different
grape varieties in protected cultivation in Ningxia[D]. Yinchuan:
Ningxia University, 2024. ]

(9] ##HE, AR, Flvktr, . 808 L 1L B H 8 K6 1
s S %a (1], B R, 2020,40(11): 1-7,58. [ XIE Linjun,
CHENG Guo, ZHOU Yongmei, et al. Effect of storage temperature
on postharvest storage quality of shine Muscat grape[J]. China Fruit
AVegetable, 2020, 40(11): 1-7,58. ]

[10] fg-ab, X8, FW, F. AF 5 FTHRES LA LF T HEE
B ey #em (1], B 885 m 1,2023,23(12): 10-17. [ XIONG
Xiaodi, LIU Qun, LI Li, et al. Effects of cold atmospheric plasma
combined with modified atmosphere packaging on storage quality of
bayberry [J]. Storage and Process, 2023, 23(12): 10-17. ]

[11] DIKMETAS D N, ZARGARCHI S, SCHARF 8, et al. Low
pressure cold plasma treatment for microbial decontamination,
improvement of bioaccessibility and aroma profile of dried red pep-
pers[J]. Food Chemistry, 2025, 495: 146424,

[ 12] ZHOU Dandan, LI Tingting, CONG Kaiping, et al. Influence
of cold plasma on quality attributes and aroma compounds in fresh-
cut cantaloupe during low temperature storage[J]. LWT, 2022, 154:
112893.

[ 13 ] CAO Panpan, LU Yilin, HUANG Qing, et al. Influence of
cold plasma treatment on NaCl diffusion and consequent effects on
the flavor of dry-cured grass carp fillets[J]. Food Chemistry, 2025,
492: 145651.

[ 14] JIA Sitong, ZHENG Pufan, LI Mo, et al. The effect of cold
plasma treatment on the fruit quality and aroma components of
winter jujubes (Ziziphus jujuba Mill. ‘Dongzao’)[J]. Journal of
Food Science, 2024, 89(10): 6350-6361.

[15] & &4, 4, HEAH, %. HS-SPME-GC-MS #= % F 4
MAKEF BT XA AR EL R R R el £
on 55 K B T Ak, 2023,49(7): 282-288. [ HUANG Huimei, DENG
Weili, CHEN Jiebo, et al. Effect of cold plasma sterilization on the
volatile compounds of sugarcane juice analyzed by HS-SPME-GC-
MS and electronic nose [J]. Food and Fermentation Industries, 2023,
49(7):282-288. |


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.13995/j.cnki.11-1802/ts.031230
https://doi.org/10.13995/j.cnki.11-1802/ts.031230
https://doi.org/10.13995/j.cnki.11-1802/ts.031230
https://doi.org/10.3969/j.issn.1007-5739.2022.21.016
https://doi.org/10.3969/j.issn.1007-5739.2022.21.016
https://doi.org/10.3969/j.issn.1007-5739.2022.21.016
https://doi.org/10.3969/j.issn.1007-5739.2022.21.016
https://doi.org/10.16626/j.cnki.issn1000-8047.2025.06.005
https://doi.org/10.16626/j.cnki.issn1000-8047.2025.06.005
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.3969/j.issn.1672-7010.2025.02.011
https://doi.org/10.13938/j.issn.1007-1431.20200800
https://doi.org/10.13938/j.issn.1007-1431.20200800
https://doi.org/10.13938/j.issn.1007-1431.20200800
https://doi.org/10.19590/j.cnki.1008-1038.2020.11.001
https://doi.org/10.19590/j.cnki.1008-1038.2020.11.001
https://doi.org/10.19590/j.cnki.1008-1038.2020.11.001
https://doi.org/10.3969/j.issn.1009-6221.2023.12.002
https://doi.org/10.3969/j.issn.1009-6221.2023.12.002
https://doi.org/10.1016/j.foodchem.2025.146424
https://doi.org/10.1016/j.lwt.2021.112893
https://doi.org/10.1016/j.foodchem.2025.145651
https://doi.org/10.1111/1750-3841.17329
https://doi.org/10.1111/1750-3841.17329
https://doi.org/10.13995/j.cnki.11-1802/ts.032902
https://doi.org/10.13995/j.cnki.11-1802/ts.032902
https://doi.org/10.13995/j.cnki.11-1802/ts.032902

%478 5 18

e | A VAR TR IR RO BB A L A SR AV B - 241 -

[16 ] LI Xiaoan, LI Meilin, JT Nana, et al. Cold plasma treatment
induces phenolic accumulation and enhances antioxidant activity in
fresh-cut pitaya (Hylocereus undatus) fruit[J]. LWT, 2019, 115:
108447.
[17] 2. & T EAamERa & = % A48 &35/ AT i 0 R in)
RRARBEELAREAYHRID]. Fd:F& T kX F, 2019
[ WANG Ying. Determination of volatile aroma compounds in pear
fruits by comprehensive two-dimensional gas chromatography-time-
of-flight mass spectrometry based on solid-phase microextraction
[D]. Jinan: Qilu University of Technology, 2019. ]
[ 18] MUk, F 3, MLk, . KRS B TRt 8 RARSEAR
B H e AR S 6 % oh L], R AT AT A S R T 4 F 4R, 2025,
43(3):83-95. [ YANG Shuai, LI Yi, LIU Jiaging, et al. Effect of
cold atmospheric plasma on the preservation and storage quality of
fresh Goji berries[J]. Journal of Radiation Research and Radiation
Processing, 2025, 43(3): 83-95. ]
[ 19] NORIEGA E, SHAMA G, LACA A, et al. Cold atmospheric
gas plasma disinfection of chicken meat and chicken skin contami-
nated with Listeria innocua[J]. Food Microbiology, 2011, 28(7):
1293-1300.
[20] #A2R, AEAL, R FL, . PHRRY T s H F
W8t R e [I]. PO E 5 A FiE, 2023(2): 16-22. [ CUI
Simin, REN Hang, LIU Qingyi, et al. Effects of Chinese herbal
extracts on keeping fresh of ‘red globe' grape[J]. Sino-Overseas
Grapevine & Wine, 2023(2): 16—22. ]
[21] THE. REAFE SO, B 7 3 MK BOL H 5 K6 S 7
w%wa (D], KV 3 & K5, 2023. [ NING Mimi. Effects of dif-
ferent dosage forms of SO, preservative on postharvest quality of
'Shine Muscat' grape [D]. Changsha: Hunan University, 2023. ]
[22] #HX, &, A, F REFBETREFAFLBEG
- R I A B A R L FE AR ] AT
#+ 3, 2026,47(8): 143-152. [ XU Bowen, SHI Chong, ZHOU
Dandan, et al. Structural characteristics and anthocyanin loading per-
formance of whey protein isolate-chitosan composite particles
induced by cold plasmalJ]. Science and Technology of Food
Industry, 2026, 47(8): 143-152. ]
(23] Bk, RUR. AT Rmilkfe % 8 T4e) B AR SR04
BAHAARTAARE RZ2 ] &R FHAFHR, 2023,
41(4): 1-15. [ MA Haile, CHEN Wenging. Research status and
prospect of emerging physical sterilization technology of solid food
based on electromagnetic wave and plasmal[J]. Journal of Food Sci-
ence and Technology, 2023, 41(4): 1-15. ]
[24] B A, 2hade, {4, FAKRBFBETRIATARL AL
F#y B S AL BT A B (U], g B A B Tk, 2024,
50(6):332-340. [ QIU Yue, WANG Xuhua, XIE Xuehua, et al.
Overview on changes and mechanism of low-temperature plasma
sterilization on edible quality of meat products[J]. Food and Fer-
mentation Industries, 2024, 50(6): 332—340. ]
[25] WANG Xuehua, CHEN Fang, MA Lingjun, et al. Non-
volatile and volatile metabolic profiling of tomato juice processed by
high-hydrostatic-pressure and high-temperature short-time[J]. Food
Chemistry, 2022, 371: 131161.
[26] HAJIANI S, GHASSEMPOUR A, SHOKRI B. Improving
detection of BSA protein by applying atmospheric pressure plasma
jets in MALDI-TOF mass spectrometry [J]. International Journal of
Mass Spectrometry, 2021, 466: 116615.
[27 ] CARBONELL-CAPELLA J M, BUNIOWSKA M, CORTES
C, et al. Influence of pulsed electric field processing on the quality
of fruit juice beverages sweetened with Stevia rebaudianalJ]. Food

and Bioproducts Processing, 2017, 101: 214-222.
(28] Frtfesfe, A, T8, & IKREFHTHRTAESFFAF
BMAREEFH YA £ %4 5,2017,38(23):237-242.
[ QIAO Weiwei, HUANG Mingming, WANG Jiamei, et al. Effect
of cold plasma on sterilization and color of fresh beef[J]. Food Sci-
ence, 2017, 38(23): 237-242. ]
[29] RISTICEVIC S, SOUZA-SILVA E A, GIONFRIDDO E, et
al. Application of in vivo solid phase microextraction (SPME) in
capturing metabolome of apple (Malusxdomestica Borkh.) fruit[J].
Scientific Reports, 2020, 10: 6724.
[30] ZFRF, et K, F. FRSARELT HALLEY
oG E LN R AT [J]. & de T kAR, 2025, 46(21): 35-47. [ LI
Rongfang, LIU Jinjin, ZHU Hai, et al. Analysis of the volatile com-
ponents in different varieties of dazeshan grapes and their extracts
[J]. Science and Technology of Food Industry, 2025, 46(21): 35—
47.]
[31] FU Hongbo, YANG Yongchao, LI Jie. Optimization of fer-
mentation conditions and volatile substance analysis of wine[J].
Journal of Food Processing and Preservation, 2022, 46(11): e17044.
[32] Fshsh, b3, L, 5. o REL LA RS THABOR
F A A S e e (U] d W OR kK S S AR, 2024, 47(6):
1058-1069. [ LI Jingjing, HONG Pingjing, WANG Jing, et al. The
effect of chitosan and ozone on the aroma and quality of postharvest
'Shine Muscat' [J]. Journal of Nanjing Agricultural University, 2024,
47(6): 1058-1069. ]
[33] #Ameds, MRk, R, & 8 Tra o @ kAo A LAY 2 W &AL
BARLERM AL &5 K8 T 1k, 2026, 52(6):
211-221. [ HU Xiaoting, CHEN Hao, ZHAO Dan, et al. Optimiza-
tion of fermentation process of passion fruit soy whey beverage
based on response surface methodology and artificial neural net-
work[J]. Food and Fermentation Industries, 2026, 52(6):211—
221.]
[34] MR3ak, Mk de, diik, . TRAEAABAR IR L
AL B IR ok S 47 (1], & da T b A3, 2026,47(7): 251-261.
[ CHEN Ailin, YANG Qinghua, LAI Qian, et al. Process optimiza-
tion and flavor quality analysis of Eurotium cristatum fermented
Penthorum chinense pursh leaf tea[J]. Science and Technology of
Food Industry, 2026, 47(7): 251-261. ]
[35] WANG Mengqi, MA Wanjun, SHI Jiang, et al. Characteriza-
tion of the key aroma compounds in Longjing tea using stir bar sorp-
tive extraction (SBSE) combined with gas chromatography-mass
spectrometry (GC-MS ), gas chromatography-olfactometry (GC-O),
odor activity value (OAV), and aroma recombination[J]. Food
Research International, 2020, 130: 108908.
[36] HKIEA). & AFeAF 3k 6 X 4k B LIDXS K B 69 L5 2
#r[D]. b b Ak X %, 2017. [ ZHANG Tengxun. Cloning
and analysis of LiDXS gene encoding key enzyme for lily floral
monoterpene synthesis[D]. Beijing: Beijing Forestry University,
2017. ]
[37] %A% ATRHAZOXEARFREAREEE FX
B MR e £ SR A (D). 48N - A8 R R K, 2020, [ XU
Xingyan. Metabonomics-based study on the difference of different
baking degree, grade and regional quality of Wuyi cinnamon tea
[D]. Fuzhou: Fujian Agriculture and Forestry University, 2020. |
[ 38 ] HUA Jinjie, ZHU Xizhe, OUYANG Wen, et al. Non-target
and target quantitative metabolomics with quantitative aroma evalu-
ation reveal the influence mechanism of withering light quality on
tea aroma and volatile metabolites evolution[J]. Food Research
International, 2024, 192: 114773.


https://doi.org/10.1016/j.lwt.2019.108447
https://doi.org/10.11889/j.1000-3436.2024-0110
https://doi.org/10.11889/j.1000-3436.2024-0110
https://doi.org/10.11889/j.1000-3436.2024-0110
https://doi.org/10.1016/j.fm.2011.05.007
https://doi.org/10.13414/j.cnki.zwpp.2023.02.003
https://doi.org/10.13414/j.cnki.zwpp.2023.02.003
https://doi.org/10.13414/j.cnki.zwpp.2023.02.003
https://doi.org/10.13414/j.cnki.zwpp.2023.02.003
https://doi.org/10.13414/j.cnki.zwpp.2023.02.003
https://doi.org/10.13386/j.issn1002-0306.2025040317
https://doi.org/10.13386/j.issn1002-0306.2025040317
https://doi.org/10.13386/j.issn1002-0306.2025040317
https://doi.org/10.13386/j.issn1002-0306.2025040317
https://doi.org/10.12301/spxb202300403
https://doi.org/10.12301/spxb202300403
https://doi.org/10.12301/spxb202300403
https://doi.org/10.12301/spxb202300403
https://doi.org/10.13995/j.cnki.11-1802/ts.035256
https://doi.org/10.13995/j.cnki.11-1802/ts.035256
https://doi.org/10.13995/j.cnki.11-1802/ts.035256
https://doi.org/10.13995/j.cnki.11-1802/ts.035256
https://doi.org/10.1016/j.foodchem.2021.131161
https://doi.org/10.1016/j.foodchem.2021.131161
https://doi.org/10.1016/j.ijms.2021.116615
https://doi.org/10.1016/j.ijms.2021.116615
https://doi.org/10.1016/j.fbp.2016.11.012
https://doi.org/10.1016/j.fbp.2016.11.012
https://doi.org/10.7506/spkx1002-6630-201723038
https://doi.org/10.7506/spkx1002-6630-201723038
https://doi.org/10.7506/spkx1002-6630-201723038
https://doi.org/10.7506/spkx1002-6630-201723038
https://doi.org/10.1038/s41598-020-63817-8
https://doi.org/10.13386/j.issn1002-0306.2025020013
https://doi.org/10.13386/j.issn1002-0306.2025020013
https://doi.org/10.1111/jfpp.17044
https://doi.org/10.7685/jnau.202311009
https://doi.org/10.7685/jnau.202311009
https://doi.org/10.13995/j.cnki.11-1802/ts.043414
https://doi.org/10.13995/j.cnki.11-1802/ts.043414
https://doi.org/10.13386/j.issn1002-0306.2025040085
https://doi.org/10.13386/j.issn1002-0306.2025040085
https://doi.org/10.13386/j.issn1002-0306.2025040085
https://doi.org/10.1016/j.foodres.2019.108908
https://doi.org/10.1016/j.foodres.2019.108908
https://doi.org/10.1016/j.foodres.2024.114773
https://doi.org/10.1016/j.foodres.2024.114773

- 242 - £ Tl B4

2026 4F 9 A

[39] 3L4iR, i &, #bk, %, HS-SPME-GC-MS % & GC-O
MR B wh A Zk vt 2 OB R ek 4 R ], 2 e T Ak A3, 2024,
45(16):282—291. [ KONG Weijuan, PANG Daorui, DU Bing, et
al. Analysis of volatile flavor substances in different leaf positions of
mulberry leaves using HS-SPME-GC-MS combined with GC-O[J].
Science and Technology of Food Industry,2024,45(16):282—
291. ]

[40] ZHANG Mengzhen, ZHANG Ying, LIN Yeyun, et al.
Aroma-driven differentiation of Wuyi Shuixian tea grades: The piv-
otal role of linalool revealed by OAV and multivariate analysis[J].
Foods, 2025, 14(13): 2169.

[41] HRiksE, B3, A& AT HS-SPME-GC-MS #v 8 B3 F 4
SR F B IR R 6 L R 0], & e B R B Lk, 2025,
51(1):330-336. [ CHEN Jianying, LU Dihu, YANG Chun. Anal-
ysis of volatile substances in different periods of Muzao by HS-
SPME-GC-MS and sensory evaluation[J]. Food and Fermentation
Industries, 2025, 51(1): 330-336. |

[42] YANCLOL A, VORSTER A, van HEERDEN C, et al. Map-
ping the microbial diversity associated with mango fruit during
postharvest handling, cold plasma treatment, storage and after
drying[J]. Applied Food Research, 2025, 5(2): 101101.

[43] ZHAO Yu, ZHAN Ping, TIAN Honglei, et al. Insights into
the aroma profile in three kiwifruit varieties by HS-SPME-GC-MS
and GC-IMS coupled with DSA[J]. Food Analytical Methods, 2021,

14(5): 1033-1042.
[44] BAE LW HHRERALFT N BTH LA L% R
a5 % vl A7 [D]. 2 M i Rk X %, 2023, [ CHEN Chunxia.
Effects of BTH treatment at different developmental stages on the
quality of ‘Chardonnay’ grape fruits[D]. Lanzhou: Gansu Agricul-
tural University, 2023. ]
[45] R, THs, imaF, 5. Fobof ah b £ 5 AR AT A
BT B raNF e R (A RAFRR), 2018, 31(1): 152-159.
[ ZHOU Jie, DING Peng, WANG Guiyu, et al. Advances in glyco-
sidically bound aroma precursors in tea (Camellia sinensis)[J].
Journal of Xinyang Normal University (Natural Science Edition),
2018,31(1): 152-159. ]
[46] LI Jiangfei, ZHOU Yajun, LU Weihong. Enhancement of
haskap vacuum freeze-drying efficiency and quality attributes using
cold plasma pretreatment[J]. Food and Bioprocess Technology,
2024,17(4): 1059-1071.
[47] RIO SEGADE S, VILANOVA M, GIACOSA 8, et al. Ozone
improves the aromatic fingerprint of white grapes[J]. Scientific
Reports, 2017, 7: 16301.
[48 ] NASIRU M M, BOATENG E F, ALNADARI F, et al. Deci-
phering metabolomics modulations in peanut induced by non-
thermal plasma: A quasi-targeted approach[J]. Food Chemistry,
2025, 490: 145156.


https://doi.org/10.13386/j.issn1002-0306.2023090232
https://doi.org/10.13386/j.issn1002-0306.2023090232
https://doi.org/10.3390/foods14132169
https://doi.org/10.13995/j.cnki.11-1802/ts.038327
https://doi.org/10.13995/j.cnki.11-1802/ts.038327
https://doi.org/10.13995/j.cnki.11-1802/ts.038327
https://doi.org/10.1016/j.afres.2025.101101
https://doi.org/10.1007/s12161-020-01952-8
https://doi.org/10.3969/j.issn.1003-0972.2018.01.030
https://doi.org/10.3969/j.issn.1003-0972.2018.01.030
https://doi.org/10.3969/j.issn.1003-0972.2018.01.030
https://doi.org/10.3969/j.issn.1003-0972.2018.01.030
https://doi.org/10.3969/j.issn.1003-0972.2018.01.030
https://doi.org/10.3969/j.issn.1003-0972.2018.01.030
https://doi.org/10.3969/j.issn.1003-0972.2018.01.030
https://doi.org/10.3969/j.issn.1003-0972.2018.01.030
https://doi.org/10.3969/j.issn.1003-0972.2018.01.030
https://doi.org/10.1007/s11947-023-03186-y
https://doi.org/10.1038/s41598-017-16529-5
https://doi.org/10.1038/s41598-017-16529-5
https://doi.org/10.1016/j.foodchem.2025.145156

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 冷等离子体处理葡萄及单因素实验
	1.2.2 响应面优化试验
	1.2.3 微生物指标的测定
	1.2.4 色泽的测定
	1.2.5 挥发性物质的测定
	1.2.5.1 前处理方法
	1.2.5.2 色谱条件
	1.2.5.3 质谱条件
	1.2.5.4 定性分析
	1.2.5.5 定量分析

	1.2.6 气味活性值（OAV）测定

	1.3 数据处理

	2 结果与分析
	2.1 单因素实验结果与分析
	2.1.1 不同CP处理时间对‘阳光玫瑰’葡萄色差和抑菌率的影响
	2.1.2 不同CP处理电压对‘阳光玫瑰’葡萄色差和抑菌率的影响

	2.2 响应面试验结果与分析
	2.2.1 响应面试验结果
	2.2.2 回归模型的建立与方差分析
	2.2.3 响应面各因子间交互作用分析
	2.2.4 响应面优化及验证试验

	2.3 ‘阳光玫瑰’葡萄挥发性物质的测定
	2.3.1 CP处理对‘阳光玫瑰’葡萄果实挥发性物质的影响
	2.3.2 CP处理对‘阳光玫瑰’葡萄果实特征香气物质的影响


	3 结论
	参考文献

