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Abstract: Sulfur dioxide (SO,) is the widely used in the storage of grapes, offering advantages such as excellent antimicrobial
effect, low cost, and significant fresh-keeping effects, thus, it is an ideal preservative. However, excessive SO, can lead to serious
damage to fresh grape fruits, with the common symptoms including fruit bleaching, increase of fruit falling, fruit cracking and flavor
deterioration, causing high fruit loss during storage. At present, there is currently a lack of systematic induction and arrangement
for the application outcome and working mechanism of SO, preservation of table grapes. In order to solve this issue, this article
reviews the effects of SO, treatment on the postharvest diseases, sensory quality and physiological metabolism of fresh grapes, the
antimicrobial mechanism and accumulation pathway associated with the application of SO, in preseving table grapes, and the harms
to the fresh grapes caused by excessive SO, including fruit bleaching, fruit falling, and flavor deterioration during storage. Finally, the
research and application trends of SO, in the preservation of table grapes were prospected, with the aim to lay a theoretical foundation

for the precise application of SO, in grape preservation, and provide a corresponding reference for the advancement of storage and

preservation technologies for table grapes in China.
Key words: sulfur dioxide (SO,); table grape; quality; preservation; research progress
E[BE:
kL, R85 S0 AR AR R R AT T A A A LR A P SR A e [T AR A R 4,2024,40(6):311-317.

ZHANG Yifan, WU Peiwen, ZHU Benzhong. Research progress on the application of sulfur dioxide in the preservation

of fresh table grapes [J]. Modern Food Science and Technology, 2024, 40(6): 311-317.

ks B EA: 2023-05-31

EEWE: ERESHLITXITIE (2022YFD2100103) ; ERBEARABMFESTIE (32272373 ; 31871847)

EE®EN: SK—WL (1998-), &, MEMRE, ARAE: REREEESSFEYSFE, E-mail . 2669713637@qq.com
BIVEE: KRER (19752, B, 1, BIR, HARAHE: REXREEESSFEYSF, E-mail : zbz@cau.cdu.cn

AE. R AR,
F,EEROIERTIZG.

REBA, REFEAABRASL K, EEARIRTERRRBRK. BA, *2 FHLFHRE T SO, A KR
F.RERETRAARAL

B AR Hh; SO, SR H ARE LA b a7 A RIEZFAR R iR1R; AT E SO, AT HERF HE KRG . B
Fale BRA S R E . G SO, AELF AREF LA AR ALK AT, B A SO, F EREH b4

311



MR BT

Modern Food Science and Technology

2024, Vol.40, No.6

Hi % (Vitis vinifera L) AE N % FHE % 8 10
—FAEY, BAEARIRERE . REESI RS
PRI A S B R — R 0 DR 1S IR TR
ZHBRE SR, WAERERTHKEZ I,
2020 4 &) A A R IR E] 7 800 fi t, 1 HA
2800 /i t NEEAHE ALY, EIRE NG T 83% 1%
T H T,

i B 7 A AE RS AT I, 2 5 AR AR R
FUE A R SL 8 T AR R R AR R RS2, (H T
bR SRR, N REEREZT. RS
BRI, A5 %) R SEAE R S 2 2 B F
VERL, AT R AR DA R LA A S i X
i) R AR K A% BE R B ARG 1 0 26 11 40 0 o Joid A0 & FH O
TR, TEVETE T R K R TR, EE
FROE, 70 B L 5 SRR T A = st b e S b,
ZJ P AR P IR I A2 28] 712 B (10 2 {2 R ) R 3 e PR
1, AR B SR A AT AR, EE R RN
FH B 10 28800 78 2 R JE DR R

M5 46T 267 TR PR B R R 2 B 4 W B RDAE 2 K
Z, HAW kA RE R AR, S fERAR
RS, WIS — S AL (Sulfur Dioxide,
SO,). %ML 5 (Chlorine Dioxide, Cl0,) Hl Z F#
S — A A A P

H AT, SO, &b B4 A Ay A2 i £ 8 %) K 5 I i
R B Z R R Y. SO, AbHERAL AT LA
00 0 2 Ot R o DR T T AR RS, i8] A
FRA T 267 151 B PR R IO o 8, e T ik 2 8 7R 400 ot 1 45
Y. SHEREEEARMLEL, SO, AH A {2k
R R MR AR EE RIER
AR 2 S . (H R A R SLBR sl fE b, A5
L SO, AbBEIK R FasE . P Bh KRS W R, A
HEARXE, SEEAEAMKERN, BES
fa B AR TN R R R L 2 T
RE s m i, EX 5T SO, M HE S
T IR R e, & L T SO, BT A A A
ST SERR R EE, T E AR HERUE SO, Bk B R &
79 0.05 g/kg, 3 [E FDA FrifE #l & SO, 1%k B IR &
9 0.01 g/kg'™™e TR ] E AR IE SO, 7 5 2R 11
[FI, BRARHAE RS AR, o 74 5 DR 4
W — M R ARSCEER SO, 1 £ % % )
fief o R FUIOIR B R S i A e T 45k, G EAUR T
SO, Ab B fif £ 7 %) R J5 2% T A B AR A 5 BT 4B bR
M5, LR SO, 7ECREEH (140 e /E A JF 3. FHR

312

AR SO, WEN R A I E, B E
U ) I DR B BOR (3t — 0 e R SR B ST HF o

1 SOALIEXTEE R AR AIREEIR

SO, Kb 3 & Ak 5 6 £33 %] K S5 sty Jo R 428 o) R
993 25 1 B FH DA SR 3 iR, SO, AR ERAMY
AT DASRE A SR S B I, Ak ] DGR R FCR S I
SRR i ot DA SR BRAR P, AT IR 3, A
KA £ A 1) SR e
1.1 SO, b # & % % o F W & &

i £ ] 60 SR S5 U ], 7 B 52 3 55 B 45 B0
TR I G JES OB ST, SO, Kb BH U REHi2 v 5 £ 1 4 %
Tod ARG YD P, 4R & R S W B SO,
AT DA 5 A A SRS PR IR AR AR SR, B kAR AR
FEPI AR R, B A BT AE AL RE 0 0 4 i B
(B 480 66 . AT 344 58 SR S i pe e X
SRR B, i SO, 1E N IREET, 2 53
SRECBEAT . e PR e ) SR S R AR AR 8 A% 1) O Bl R
W R % 2 ¥ (Phenylalanine Ammonialyase, PAL)
fEdE, SO, ALFRZ PAL VETEAE 95 d N — EL4ERFIL
=K. PAL FEARAEMRBIEA PR E -0, A
HERENEN, BN AR KLY N,
B R 2 Tl ELAT 7 8 45 F R I R IR ok A AR 1 Y,
NI 5 v AL P 40 T 1) 7 A 6 0, 169 o R S R B
PEo Hr By KW 2 £ B R A, AR
T FIA T 2 %, Xue P FL R B, SO, W] LAf#
T ) AR A BT 2 AN S8 B I A5 AR AR P e
i, 60 d WAORFFI R 7K o — Be B i S8 i se s 7
T 52 B BUR AR G4 J5 T ARV 2=, R B0
TR 3k — B s A S 2 U A A B (g 2
B Gy, AALRE G 9 20 FREE 9 SR A ) 7 0 ) P
PE, BRSO B A EE R Y B0 BUR A E
RIS IK A RIVE FR SRR B IR /E A P 53 4b,
SO, I % F AT DA ik 35 32 T 6 4 2R Sierh 2 By S A0 I
(Polyphenol Oxidase, PPO) [fIiE 4, PPO AEfEITIK
A AR P P RS R R BT, X A R
TP R, A kb PR 7 0 28 o A e 17
IR .

UBAk, % AT LA A 2 BT B A e,
TRAEAH R R AR ) — 3. f-1,3- i e Al
JUT Bilige H Al s W MR G E, B
PURA TR, 0K P A0 0 RE 400 05 S5 1 AR KT i



MR BB

Modern Food Science and Technology

2024, Vol.40, No.6

W) J5 R 8% K A 5 B A B R, A RO PR L
B LT o B S RE B, AT B L R A
PHL, By bR G R R I,
FE K 0 18], FH 200 uL/L [ SO, TE 7K 4= BR 4T
H%) 30 min, AEHR A LT BIBEAN B-1,3- i R HE
(G, FEIR 60 K, SO, AbEEZH LT i
TG B X R R 33.33%,  B-1,3- ] SR EL X IR 4 v
10.50%. iHH SO, AefR Wi fE A R B ERIL, M
A O IOR 6 % BP0 1

1.2 SO, & & & # & X Ja I i dt

SO, Ab B e % $12 vy fF £ #8141 R J5 IO R 5T
ANALRE TG ) A B A R S VERLATR L A
it DR A1 0 SR PR i 2T g T R A SR
KRB AR R S F e, SRR AL
e K %81 457 £ 5 R B L M B 2 R R A

YN &, Zat 10 min B9 E 7%, SO, A E 1) H
P AR B UR AR T R AL ERAL, T HL7E 90 d B A7
WAl SO, AR EAH LWL L IEA T
2.60%, [FI SO, b3 20 [ FEA 2 25 7 & Lo
Y1 40.54%, TLH SO, ReA e 2] F A #E AL A A
2R 2% B AR, S8 A R S A AL S . R Ah,
SO, R B fif £ i 267 (1) WP IR G BE, AT ZE 2% S 5 3
2, FERKIE RS e AR A R U, AT
5] T 49 R BT ¥R S T T LB VAN () B R AR,
SO, REJ /> i 2] ek B 1) SR S e IE VR R . A
MURFIAEA T C B RV IR R, FERF R AT
() pH, 35 Hb (R4 38 6 1 S A AUk B2

FESI0 A AR KRR B ke T e 1 s, ALFE
TEPEE . Bl BERYE. RIS VEAHE S, R
JRHBAMY RS BT T, 2 i R (1 g2
R PR S ALIARY . SO, BENE R I f) 2 8 61 47 V0 A
RS PERITE I, 2P @ (#3000 uL/L SO,
10 min [ ATA, WMIhHEsE T ARGy R 8 & 1 iF
FE BRE DL MUK, 25 R4 SO, A BRI R
S AR L AR ADER AR, FLAE R AR A Bl R b
HZL/N, FEWREE 40 d f5, SO, AbH 4 5 iz (1) ff
E A AL HE2H 5 18.60% ; Il E 90 d i, SO, AbHi4
1 2 R PR P PR R M L T SR BRI T 18.10%, T A
AFRA PR T 28.20%.0 1X— K EUAH Bh TR 4 1
BEERE, AERRIRSLMCRE MR, R H AT DLE K E
AT ) TR 4

1.3 SO+ &% & X j5 £ AU T

fif f# & 4d SO, b, HH S KRE— R
A B N R IE B SO, 38R, SO, £ 1 o e £
2] 70 T ek 1) () A A RN B i I AR, (R vE
%, (Reactive Oxygen Species, ROS) ] % 1k v &,
FF H {2t A AL B AL B ( Superoxide Dismutase,
SOD). AN YIEE (Peroxidase, POD) AT 4 fh 4
fiff (Catalase, CAT) %5 £ MEGIY A . fF £ 1 4
fEK J5 ROS THFRAE I T %, 43 ROS 7ERSE A K
BRR, LSBT EL, B TIRAR
45, §liEE— R RN, PP R
()3 2 AR BRI, SO, b HE Ak % 1 4 24 SR 5
1 POD. SOD Fil CAT H¥E A e 77", SOD 2
ek O KA Btk M, FeA L E LA (Hydrogen
Peroxide, H,0,), POD Fil CAT | #& ¥ H,0, 4
ik, NI FE R H,O M O,, M B RSN K
H,0,. [A ik SO, wJ LA 4k #F 6 £1 7 % 21 5 4 ROS
U, ORAP AN S5 4,  4ES 40 i i) F e 1k,
REGR IR

AL, SO, AbBEAMN BEME 12 i 78 4 SR S R BT It »
FH 00 W R 5, I RERE TR e i £ 5 4] 1) S HB AT X
Mo PRI, SO, 1 v £ i 4 K 5 A B R R B 57, A
HEZERNHME. SO, fEOREFIFE A B /E FHLA LA
T 6 SS9 3 O BRI O E A

2 SO,HYHNE{ER R

SO, A& —Fh AT 2 (1781 & PREEFT],  REAE R FE IR
B, BH OB B, AT Ok B R ORI E .
HAE I EE R SO, AT LS S FLEUR FLY HE
BEANME YN, ¥ T OKAE R SO AT HSO, Y. SO,
M H,S0, A Re BN E FIPEM, — T, H,S0; AJ
DABIE ARV 40 M Y, o028 5 AR JR Y pH
{8, &R AR 5K R, R4 SEMEYE
TP, W7, 45 A A SO, £ R Y b i g
BRI N, 7= AR YR, Y H
MR pH B PR, 5808 A7 1 45 /R Zh e IR,
T BELAS Bl A 0 16 IE AR s sl I AE
2,

A, H,SO, HAIEJE M, #A L GEHAELl
IR RS, A RCE D R A A, DA R
G BE S B A W% 20 P 7 SR AL B R e PR i FLZE 4R
b s B R 2545 ROS ZE ™, ROS {E 4 il Ay

313



MR BT

Modern Food Science and Technology

2024, Vol.40, No.6

(K145 5 23 7 IR FE B A8 B R 1) s, (H R =
ROS FA7 i B PR AR 5 (1 AL S BLRE /T, BB
fElt. H A MRSV T, WY 4
G BRI E Y A A& S . T
Js SO, Ab BT 0 i A= W i) A= i A1 T S Skt
TR, A e et R 0 R ORI
HAT BN A

3 SoAHREETHRWSIAER

AN ) S B A IR SO, B B AL AN[R], 451 4
TG L 2SR SO, Y, T A 5 A
T AT i A AR AR B RS
FLAN B FUSE AT A 1] 1o (B i 46 SRR R T A
AL HEATRZ BN 15 B f R LS,
SO, R i I 1 4 47 11 R0 54 4 thy L R 0k N A
Ty EL, i R R AR B O S 14 B2 AL
I B R AL RE R By, 1S AR XE LB K i
o LA SO, ANF 5y BN (R K™Yo A A R
WA 5 REAR, e LA EE REAFTE
SR, T E SO, MREN, R E 5T
PRAZ ) 32 B TE

PR
T
i Sl
by Yy i
RA iy
Rl U]

B 1 80, H#NFEEHHEE
Fig.1 The pathway of SO, into grapes

AN [F) b A B B B 6 &) 0 SO, B AR R B A BT A
o Yuan VR TEAL B KGR, L0 HERAE
e U b AN [ B S A £ 6 ) TP SO, AR R, 45 R
FHHH 1200 pL/L 1) SO, 7% 180 min Ji5, VUFp&E
B E KRS SO, IR ED BN : T H>AKY
B> Z0HER > B, Ul B A (5] i ol 11 £ e 2 X
SO, MW W e 3 AN A b Ak, SO, 7E H % & A~ 6
PR R BB AR 2 . Gao 25 70 4 Wl
SO, &1, M 4 8 /kg KRN CT, Frifl (s
N SO,) AEPRLLMERE &, BERE 1 d HBORE DN E H A
HHAL SO, AR R &, Z R R E tm BRI
FP e R > B4 > SR > R > R A RREP K

314

AL SO, IR R AR, 5 A9 5 TR e 18]
FEK: SO, BB, (HRMH SO, A R &
B0 3 TR R R R R, R R
S A4 257 FPSORIAR 2 SO, H TR,

4 TESOMBERBFENME

TR & s i, SO, EAR AR i Ak R 1
S, AHR R AN [ P 2 DA R 2 AN [ R A
X FBUR AR, AE A5 SO, A 6 57 A 48 i AR
RSk M LUKE B4 ), 5 5 KA SO, i & 1
o IXeXEE A T AEAFEEM, W ERA
RSB VR R KRB DL A AR
B, R 2 )

41 HESOERELHEHNE GG E

e S a R R RO, B R
1E 3 J2 20 i 1A 2 Y R o R A T
SR B B ) RS TR, SR R B R
TR R p A 0 B BB A AL R 2R, R R
1) 3 B o PR 2 R R r A £ 45 ) R A SO T Ak 2
o, X RN R AS T IS T R SO, Ab
S8 € 1A s DA R A 3t AR ) SR R AR T Y
B, SERBEAD, T eaESminE, 4-
7 5. R CoA ¥ H: ¥ (4-Coumarate : CoA Ligase,
4CL) R it LR GH G A BRI A i, XM
Jii BE 8% 1 N AE (T A R ™, AT (i A £
WK . kE20Y 2018 4EHF 5T K TN, 405k
i 252 2 h 1) 100 A1 500 pL/L ) SO, 7% 4b 73
Ji, AHEZLAT 100 pL/L SO, AbF 4 ) 4CL 35 P
5 BT, 1 500 pL/L SO, 4bF4H 4CL ()35t
FEW 5 G 1 60~100 d B 28 F e, HEBEEMK
T-XF B4 AT 100 pL/L SO, AbFEAL . i BH & vk 1
SO, WAL BT 1A A — & MAmsIfER,  AiEcb
e F M E, e REEa, RSP
HE OB REARDY, 525585 EFa kA
5 06 5 o R8T 28] 20 ) 3R AT IE & DA K & SO, BT Ab
B, g5 B R IR X P B R A R B S
HHEE SO, T 7K Ha A B 2K I (R [ 385 0 1 o 9 ek 2L
55 BREAH LU & B A F A BRAR T 13.09%, 1M & A
A FEAE T 36.97%" . X UL & SO, 2ttt
O R, WM RERERAETEANS, X
T R YA R R 4 1 A TR, B T AT
P AN E -



MR BB

Modern Food Science and Technology

2024, Vol.40, No.6

42 HESOERELHEHANEEM

R ] Vi R A BTG £ 8 K e A R AN B
JRE, RIS, SO, A LLEE — & #2 b b i
HLHE, (HIT &1 SO, [ £ 5| i %) KL 1)
RERES, N amE R ECE R RE
KISR0 ith 558 B CT-2 fR 15 77 4k 2 06 7
%, KIAEW UL R T EIR EE ) SO, A B2 3R A 1]
AL, I s R R EE S T ARAHAH, 56 K
I, SO, Kb B4 % 4 (10 & L 51 38.25%, I T
ARALFRALE 11.85%. SO, 51 2 7 &) ¥ Hr 5 HE AL
R REEACHI LR S 918 SR T Y)
FIIEEY . Chen S 58 R B CT-2 7 & TR 771 ik
W EEE %, 1R SO, i & B X 1 2 R LR
T T AP0 SR Je Y Vi ol 5 40 i B 2% A S IR XSG I, R R
BV, BSEWIERERAZ, T EUC R ) A
FERORH T . R IR T A VR R TR I 2
RAED RN, =R R AR (EZRA N
SO,) Ab¥ 5 kg Ttk E %, ={EMER S EML
75 PR SRR S S N, [ S R A R ) T
LA A 38 A%t T R 2 B W 6] SORL I Ve, R
ERRACH A SR AR A R b, (H Y P
FRI, —LWERBIAH R UDPG. UGE 3k
A DS H A B B2 (A 25 R AN D RE, X 40 2 B vk R A
HHEZEEH.
43 TESO W AW 4 H Ak

2 1R A ORI VOGBS —
PR UL = G, R, BER. MR
i A A S 2 L R g OBR P T, e ATT AN Bk
E T A& I R, I REAE Dy & T AR ) S
U0 B TN TR R, R A P R T SR A
JFR Rl SRR AR W AR AR, SRS I CR A 2 X
S A AR R, Zi RS A
W - B FIER1E (Gas Chromatography- Ion Mobility
Spectroscopy, GC-IMS) 73 H7 ik #& % %j & 1 SO, 2%
P BB 2K AL B S A SR AR, R B SO, ALEE)
& R i S R AR, JF AR 14 K
55 42 R4 3- ORBESEATE R R, S8
B AR SRR Tl WA ) S S, SO, A3
FEASBEARL LT 1 £ B 1 267 1 AT XU

K S R, SRR FE ) SO, 4b 3
XA [ fim P 2] 45 R MEAL S s i AN [F] . 3R 7
LU A B - RS B H ( Gas Chromatograph-

Mass Spectrometer, GC-MS) 43 #1i& &= flid & SO,
A B B KM SR A, R

FEREAN TR A2 vh W R o 2 BB T B, e 2-
CIHIR OHE. 3- QIR SRR 6- PURIR L BELEI i
14 d Ja S ARPATINE] ;. NS (28 d), dEAL
P2 cp R 2R 5T S R AT IR A A i A
HA, BRDFEMRE DS TERLHEA, W
& SO, = MPRAE R MEAL SN 5] 2 %
A SRR O LB, AT AR AER £ 0 67 ) £ P o o
A o

5 HESRE

H AT SO, A& i £ 3 &) >R Ja W0 ia i #2 v e H
(I PRAETR], &AL AR i 1 A4 2 i A G
2, MR, AT, B AT DU 4
R B 2 R 5 SRR, S AT R R . (H
& SO, AL BRI 2 A7 AL —LE (o] J, 5] 41 AN [ 1 46 it o
Xt SO, iiif 32 PEAE, SO, 4 A &k LUK i E 4%,
LR SO, AU MR & 5 A I RIR, B2 S
AR RIRAEIE A L BRI R 9548 45 BEAICR A
AR, AnART A RO g R I — R R A F
FER R MR H AT E A AT TR T BUIR, A4S
AT EAM LR JUAN 7 AT FF AR R - (1) it IT
AT LR I 5 A 45 0 1) SO, W B2 SRR T SO, BRI
PR E, REMEE K SO, K, Bk SO, i
X RIGE KM FE. (2D M5 SO, 5 & AR
AR [F) AL FRIRIETE B 5 o (AL BRI ik T Z 24,
FE R FAREENE T B [ b SO, 1. (3) Ay
TIKFARIT SO, Rof 5% bk £ 4 %) 10 DR B84 AL AR o
B2, BB A RIECR SO, fEiF R
R R A PR EE R AR

I K

(17 EBH &M, 5K ST, 55 AR Y 5 IOV 1 46 4 DR 6 o i 2
T Fe it J [J]. 4R 50 12,2022,22(4):116-120.

(2]  E VR SR LR U B 2R I [ U A 4 A £ A LR
T2 ) PR S8R BT FE (D] P AN s R N 52k ARk R
22,2022,

[3] AGUIAR A C, HIGUCHI M T, RIBEIRO L T, et al. Bio-
based and SO,-generating plastic liners to extend the shelf
life of ‘Benitaka’ table grapes [J]. Postharvest Biology and
Technology, 2022, 197(11): 112-217.

[4]  HHWZE, 5%, A 1 201 845 r [B i £ 4 & £ 7= K i 3

315



MR BT

Modern Food Science and Technology

2024, Vol.40, No.6

(7]

[16]

[17]

(18]

316

HIIHTI]. R 4 5 R 4,2019,2: 95-98.

P ORI SRS R 52 i e ] 2 D R i o 9T 732 e [J]. 30
AR 4,2022,28(13):40-43.

EFEM AR T, 22 SO A 1 - PR T O 7 4 R S T
o R L BB R S (0] P A 4 5 91,2023, 1:67 -
71.

WANGL, LUO Z, LI J, et al. Morphological and quality
characterization of grape berry and rachis in response to
postharvest 1-methylcyclopropene and elevated oxygen and
carbon dioxide atmospheres [J]. Postharvest Biology and
Technology, 2019, 153: 107-117.

HAT A5, e W55, 250K B 5 1- FR R T 073 45 5 60 Co- v iR
Ak ST 7K 2 R A 2N R B B I [ 22 4 o B A
247,2021,12(23):9124-9131.

R A BT T A A SO U ) 1 DR K
R U (D] 95 A0 R 4#,2020,48(1): 184-188.
TR R 52 SRS A S5 T A L o i £ B AR
e W it J5 F 52D [ 7] 75 PR K 27 54417, 2019,41(6):
676-680.

CHENY, LI Z, ETTOUMI FE, et al. The detoxification of
cellular sulfite in table grape under SO, exposure: Quantitative
evidence of sulfur absorption and assimilation patterns [J].
Journal of Hazardous Materials, 2023, 408: 135-188.

T, e Sy ok i, A AR AR EE AR TE L A
TSRS T R [T] 58 3R AR 22,2014,51(8):1512-
1518.

CHENR C, WU PW, CAO DY, et al. Edible coatings inhibit
the postharvest berry abscission of table grapes caused by
sulfur dioxide during storage [J]. Postharvest Biology and
Technology, 2019, 152: 1-8.

CHRISTIAN C, PASCALE W, GHISLAINE M. Ethanol
vapours limit Botrytis development over the postharvest life of
table grapes [J]. Postharvest Biology and Technology, 2005,
36(3): 2005.

CONSIDINE M J, FOYER C H. Metabolic responses to sulfur
dioxide in grapevine (Vitis vinifera L.): photosynthetic tissues
and berries [J]. Frontiers in Plant Science, 2015, 6: 1-10.
YUAN Y'Y, WEI J, XING S J, et al. Sulfur dioxide (SO,)
accumulation in postharvest grape: The role of pedicels of four
different varieties [J]. Postharvest Biology and Technology,
2022, 190: 111-119.

YOUSSEF K, JUNIOR O J, MUHLBEIER D T, et al. Sulphur
dioxide pads can reduce gray mold while maintaining the
quality of clamshell-packaged ‘brsnubia’ seeded table grapes
grown under protected cultivation [J]. Horticulturae, 2020,
6(2): 20.

B SR I D 22 R SE DU BT A B2 2 5 SO 2142
B R 5 OREE (D] 8 5 B AR W27 41,2017,23(5):806-
810.

[19]

[20]

[26]

[27]

[30]

[33]

KT T A R 22 SO A0 BRI e MR 1 67 R 5K J 73 i 2
I &b AH=,2015,36 (18):209-212.

KT, T e A7, A0 B 2% 25— AU At oo A B 7 4 SR s
K S5 DR AOHLEE [J]. 8 5 3R 58 A2 1% 41%,2016,22 (2):
338-341.

SANGEETHA S, SARADA D. Phenyl derivative of
pyranocoumarin precludes fusarium oxysporumf.sp.
lycopersici infection in lycopersicon esculentum via induction
ofenzymes of the phenylpropanoid pathway [J]. Appl Biochem
Biotechnol, 2015, 175: 1168-1180.

XUE M, YI H. Induction of disease resistance providing new
insight into sulfur dioxide preservation in Vitis vinifera L [J].
Scientia Horticulturae, 2017, 225: 567-573.
a4 AU WA 5 [M] b 50 R SR HOR HR
#£,2012.

LT A I R AR PR AT P A AR LA B RS2 T TM) B oA 2
Tk H A, 2019.

SATTLER S E, FUNNELL-HARRIS D L. Modifying lignin
to improve bioenergy feedstocks: strengthening the barrier
against pathogens? [J]. Frontiers in Plant Science, 2013, 4: 70.
Wik k. 5t h IR S 2 M AL 0 B 2l . gy
P 5T B M 4 FIE FE (D] AR 75 K 22,2022,

ZHANG Z, WEI J, WANG M, et al. Induced sulfur
metabolism by sulfur dioxide maintains postharvest quality
of ‘Thompson Seedless’ grape through increasing sulfite
content [J]. Sci Food Agric, 2022, 102: 1174-1184.

T JRGER . S T A TR £ 0 I O T A 2R B 5
i [D]. 55 & AR FF 5 Al K 27,2013.

VF R 22, 5 BE 00 BRAT Tt S5 S 5 xR ) SR
S 2 BRI ot 5T R S0 [T TR S TR ,2018,
39(21):192-197.

ALY, 25— EA BN To % A ) SRR
JoR A28 4 (1 52 1 [J]. 88 Lol RH%,2022,43(21):350-
359.

AN BUAE, SRS LR (SO, FEAKGE RIS
B AR it (0] AR L R, 2020,36(2):114-121,151.
ZHANG Z Q, LIU T, XU Y, et al. Sodium pyrosulfite
inhibits the pathogenicity of Botrytis cinerea by interfering
with antioxidant system and sulfur metabolism pathway [J].
Postharvest Biology and Technology, 2022, 189: 28-36.

K52, KBS IR0y g, AL S AN R R SR A
b N2 L 5 48 B A AR BR 23 A [J]. PG AR ) 54,2022,
42(11):1870-1879.

1 L . SO, X HE I microR N A 55 1 5 M K% 1 4 K Jis O
A AT 72 [D] AR 1 76K 27,2018,

GIRAUD E, IVANOVA A, GORDON CS, et al. Sulphur
dioxide evokes a large scale reprogramming of the grape berry
transcriptome associated with oxidative signalling and biotic
defence responses [J]. Plant Cell Environ, 2012, 35: 405-417.



MR BB

Modern Food Science and Technology

2024, Vol.40, No.6

[36]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

ARG, o R A S A5 SR T B e B T SR ¢ LU A
) SR S ity AT PR AR R R (D] R ,2023,
44(01):182-188.

B RR O, I, 5 4 — . SO, SR 5 ] 4 e e A I AR AR
(RS2 [J] R A B 23 1, 1998,34(3): 185-187.
HANSCH R, MENDEL RR. Sulfite oxidation in plant
peroxisomes [J]. Photosynth Res, 2005, 86: 337-343.
KOZLOWSKI T L. Postharvest decay control of grapes
by using sodium metabisulfite in cartons enclosedin plastic
bags [J]. Am J Enol Vitic, 1986, 37: 132-136.

T/ INHE. SRR R (Ribes nigurm L) —JHA 2F ({5 £ 48U
BPRFIE X A5 5 7 S 7T [D] g /R AR B AR L K 5#,2020.
LI L, YI H. Differential expression of Arabidopsis
defense-related genes in response to sulfur dioxide [J].
Chemosphere, 2012, 78: 718-724.

MITTLER R, VANDERAUWERA S, GOLLERY M, et al.
Reactive oxygen genenetwork of plants [J]. Trends Plant
Sci, 2004, 9: 490-498.

KLEIN H, JAGER H-J, DOMES W, et al. Mechanisms
contributing to differential sensitivities of plants to SO, [J].
Oecologia, 1978, 33(2): 203-208.

Gk 7 A R R DR EEHOR SLEE AT 5T [D]. b 5
Ak K A2,2002.

GAO HYY. Sensitivity of grape to SO, injury and absorption
of SO, [J]. Science and Technology of Food Industry, 2006,
6: 156-159.

IR AR G AR (SO R KL e
g2 R XU 90 5T B S [ D] 5 5 R 55 Sl S AR ML K
2#,2022.

LOU T, HUANG W, WU X, et al. Monitoring, exposure and
risk assessment of sulfur dioxide residues in fresh or dried
fruits and vegetables in China [J]. Food Addit, 2017, 34: 918-
927.

XIA S, QIONG Q Z, HUA P Z. Anthocyanins: from
biosynthesis regulation to crop improvement [J]. Botany
Letters, 2021, 44(7): 1-12.

JIN M K, LIAN S C, NGOH K G, et al. Analysis and
biological activities of anthocyanins [J]. Phytochemistry, 2003,
64(5): 923-933.

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[60]

[61]

[62]

[63]

G i R B, A< B R A6 0 S A ) B 2
FAr oA [T AR [ AR 238 4R,2019,35(20):138-142.
TORRES C D, DIAZ-MAROTO M C, HERMOSIN-
GUTIERREZ I, et al. Effect of freeze-drying and oven-drying
on volatiles and phenolics composition of grape skin [J].
Analytica Chimica Acta, 2010, 660(2): 177-182.

K VRER B AR, A AL (S O,) JE 78 X ) A SR sE
SR ATE G T S R A [J] . dh Tk RHE, 2018,
39(10):292-297.

VAT A AR 5 B, 5 R A4 — B SR A AR
PR PV R S 08 R AR D (7] AE S ARL R 2y
#1,2006,28(2):1-8.

T X R AT B A R P i B4 DR A A R A
O TSN dF e A o (] E &
AN IN771,2022,33(3): 181-189.

o e, T AR, K I, . SO, 51 S U A % SR 5 TR
3L 3R A% [ 28 AN S 42 0 M (9] [ ARk A 22,2022,
55(11):2214-2226.

RHEER, R 5 AR R A& o AR rh R 0T AL
BERE[I] ARG H,2021,4:4-6.

PATHARKAR O R, WALKER J C. Advances in abscission
signaling [J]. Journal of Experimental Botany, 2017, 69(4):
733-740.

B B0, IR BN S O, 0] A 1 R S I 5 B2 e AR 3R A 5
m [J]. 8 2022 41),1997,24(2):17-21.

YIJW, WANG Y, MA X S, et al. LcERF2 modulates cell wall
metabolism by directly targeting a UDP-glucose-4-epimerase
gene to regulate pedicel development and fruit abscission of
litchi [J]. The Plant Journal, 2021, 106(3): 801-816.
RFFEAER 5 PALHL B X 9548 BT 5T [D]. 2L FH:
TEFRA L K 22,2014.

KA, 2k, A R ) R i e SR % 2 A (R A 7
B L AREE R HIFZMA[J]. £ i RHZ,2017,42(9): 26-29.
FURDIKOVAK, MACHYNAKOVAA, DRTILOVAT, et al.
Comparison of volatiles in noble-rotten and healthy grape
berries of Tokaj [J]. LWT-Food Science and Technology,
2019, 105: 37-47.

2T 7 TR R AR AN, B A ] R i b B ) 4 5 S iR
J DA 5 B 5200 (] o L RS, 2021,41(11):7-12.

317





