TLPaAM R 24 2026,48(1) http://xuebao.jxau.edu.cn .' 3
Acta Agriculturae Universitatis Jiangxiensis https://doi.org/10.3724/aauj.2026006 &

S E TG A, A AN]SR e B o ok R b 6,2 S A AT AL A [ ] VG Rl R 2= 4, 2026 ,48 (1) : 56-67.
ZHOU M H,XING L,YIN S,et al.Metabolomic analysis of color variation during air—curing in different cigar tobacco varieties[J].Ac-

ta agriculturae universitatis Jiangxiensis,2026,48(1):56-67.

oo Ly i A O Mt o o i € 0 e 1Y
FRB AL B
R ELP GO RRELEERLE B RAMLFRE

(LR A2 JHE2E B, TR AN 450046 ;2. DU A Tl AT BRSTAR 5, PUJIL B#R 6101005 3. Yl Rg Hkd Toll
FIRTHULA A, MR AR 450046)

e

=

FE [ B ] B FERRTE T 00 v Bt 3 2 B3 (0 A A A7 7 S35 22 S 0 B [ A &5 5 S5 S 1 5
AR I S B BB, SR S At o e A AR I TSR 0 R B 6 2O LR A o A2 4 1) A2 A B, ISR T e
BB (385 — 5 20 B T 5 5 F B AR (UHPLC-OE-MS ) %o it il 45 9 2R A AR Pt 2k A7 A 2L 2 3 # o [ 49523 I il B o
MHEAT IS 5 SR AL EASB T 18T 155 . BRIAT, 1S S S EE L Rl b 8RB R T
TS, L7 bTE5E 9 K BUF AT, BUTER ] Hh 5 01 22 5 /5 )1 55 5 5 R4 g 1 IR Rl 28 | s A i A |
JRAR/NERBCR IS Z B BLER ;24> S AR 5 9 R A AN & AP e B 2557, STES 1 S ML, )T 550
W S5 SR 23 AR B SRS BE— 2P Y Y 40 B 22 S R AR R ROR R R | S A AN 2R AR )
Jito KEGG o0 & B, 2 A il oy At Bt i) 55 O IR 114 22 St A A g o o 38 5 4 A S bk 1R 1 D o — W0 JRR P 1 i ik
fo Horb, WA B9 9(S)-HODE {1 SV B2 B AT A= 0, 7E )1 5 5 50 i wh R G 5 8 58 vy o [ 4598 14 vl A
JE M U PR R S T 2 S ) SR X 5 e ) 22 5 S BT B e R B (0 AR AR R 2

SER AT S W s B 25 5 AR s B ;
RESHEEST2  CEERER:A FF HRHE (A TRAR 55 ) 471275 (OSID) : i
N E S :1000-2286(2026)01-0056-12
CSTR:32399.14.aauj.2026006

Metabolomic analysis of color variation during air—curing in
different cigar tobacco varieties

ZHOU Menghui', XING Lei*, YIN Shuang’, GENG Zongze®,
BI Haoyang’, YAN Rui',SONG Chaopeng', LI Aijun™
(1. College of Tobacco, Henan Agricultural University, Zhengzhou 450056, China; 2. Sichuan China

Tobacco Industrial Co., Ltd., Chengdu 610100, China; 3.Henan China Tobacco Industrial Co., Ltd., Zhengzhou
450056, China)

Y78 HH#9:2025-07-20  f&EIHHH:2025-09-03 3% HHF:2025-09-08
E&TH : F5M %325/ E RRHE I H (110202201036X]-07)
Project supported by National Tobacco Administration Major Science and Technology Project (110202201036X]-07)
EZ B JBIAEZ 61/, orcid.org/0009-0001-2904-7510,2195155809@qq.com ; “JBH A5 VEE : 222 %, A 20, 288 DA
FLHH-F R ARBTIE , orcid.org/0009-0000-9702-0718 , 574405922@qq.com.,
OGIA R XFZMYFHIEE, FFMIKEL CC BY-NC-ND 13


https://cstr.cn/32399.14.aauj.2026006

5513

=

A AN () it b AR P B o R v 2 € 22 e e AU AL 2 + 57 -

Abstract: [ Objective | To investigate the material basis underlying the significant differences in color
changes during the air—curing process of cigar tobacco leaves. [ Method ] Using middle leaves of cultivars
Chuanxue No.5 and Dexue No.1 as experimental materials, changes in leaf images, color parameters, and
cellular ultrastructure during curing were recorded. Ulira—high—performance liquid chromatography coupled
with orbitrap mass spectrometry (UHPLC—OE-MS) was employed for metabolomic analysis of leaves on day 9
of curing. [ Result] As curing progressed, yellowing and browning occurred faster in Chuanxue No.5 than in
Dexue No. 1.In the early curing stage, Chuanxue No.5 exhibited higher values for lightness (L") , yellowness/
blueness(6) , and browning index(BI)compared to Dexue No.1.The L" and b" values of Chuanxue No.5 declined
sharply after day 9, while BI differences diminished in mid-to—late curing. Ultrastructural analysis revealed
earlier membrane rupture, chloroplast disintegration, and an increasing number of plastoglobules formation in
Chuanxue No.5.Metabolomic profiling on day 9 identified significant inter—cultivar differences : Chuanxue No.5
showed higher overall relative content of lipids and lipid-like molecules. Further screening identified 40
significantly differential metabolites, primarily fatty acids, flavonoids, and terpenoids. KEGG enrichment
analysis indicated that differentially abundant metabolites were most prominently enriched in linoleic acid
metabolism and a—linolenic acid metabolism pathways. Among these, 9 (S) —HODE—a metabolic derivative of
linoleic acid—exhibited higher relative abundance in Chuanxue No.5 leaves. [ Conclusion | The differential
progression of color changes during curing may be attributed to variations in the relative content of metabolites
such as fatty acids and flavonoids.
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Tab.1 Wrapper tobacco air—curing process

Iyt B B L C TR 1% I [ /d
Air-curing stage Temperature Humidity Time
=W Withering stage 26~28 85~88 3~4
A Yellowing stage 28~30 80~85 5~7
54538 Browning stage 30~32 75~80 5~7
E B Color—fixing stage 32~35 60~70 7~8
T Stem—drying stage 35~40 50~60 5~6
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B S HONT B 50 Arb, Bl BY ARV i 15 Arb, BANEIRE : 320 °C, 2 BTG HEE
60 000, MS/MS 43 #F : 15 000, filf {8 58 5 : 20/30/40 , Wi 5 L% : 3.8 kV (1F) 5(-3.4 kV(fi) .
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Tab.2 The gradient of mobile phase

5[] /min i sld Z/ (mL-min™) B A% TSI B/%
Time Flow rate Mobile phase A Mobile phase B
0 0.300 99.0 1.0
0.500 0.300 99.0 1.0
4.000 0.300 1.0 99.0
4.500 0.300 1.0 99.0
4.550 0.300 99.0 1.0
6.000 0.300 99.0 1.0
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Fig.1 Color changes during drying of two varieties of tobacco leaves
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Fig.2 Changes in color parameters during drying process of two varieties of tobacco leaves
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Fig.3 Changes in cellular ultrastructure during drying process of two varieties of tobacco leaves
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Tab.3 Identification of significantly differential metabolites in two tobacco varieties on day 9 of air—curing

' R PREARS ) /min - AREEHEEE  LogFold
Number Metabolites Retention time VIP change
1 LA AT B 232.8 1.849 -10.533
2 Isoastragaloside II 144.4 1.845 -8.880
3 Eupatorin 234.8 1.796 ~7.744
4 FIFEZER 234.7 1.768 -7.430
5 2,3—dinor-6-oxoprostaglandin F1lalpha 269.8 1.708 -5.527
6 Doramectin 267.4 1.686 -4.732
7 2.4,14-Ficosatrienoic acid isobutylamide 338.3 1.779 -3.633
8 Atractylenolide I11 230.9 1.564 -3.288
9 TMEEH % 263.8 1.611 -3.086
10 PC[20:5(5Z,82,112,142,172)/15:0] 273.8 1.469 -2.954
11 X 4 TR 211.1 1.349 -2.862
12 s PN 306.8 1.654 -2.546
13 2-Deoxybrassinolide 224.9 1.769 -2.477
14 B2 178.5 1.692 -2.386
15 8,15-DiHETE 264.8 1.748 -2.334
16 Deoxyandrographolide 318.2 1.707 -2.322
17 FAHFA(2:0/17:2) 280.4 1.694 -2.304
18 Sclareolide 259.9 1.829 -1.729

GW7647 230.8 1.755 -1.625
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Pz [ iE7] PREANE/min - BREEEKEY  LogFold
Number Metabolites Retention time VIP change
20 T R 25.5 1.845 -1.581
21 12S-HHT 259.4 1.829 -1.411
22 TR 34.5 1.790 -1.369
23 Cryptochrome 226.1 1.698 -1.356
24 (R)-3-Hydroxy—tetradecanoic acid 254.7 1.865 -1.281
25 T 195.5 1.841 -1.151
26 + kTR 2322 1.876 ~1.146
37 Alpha-dimorphecolic acid 283.6 1.849 -1.117
28 Olivetol 2282 1.845 -1.061
29 Fumagillol 203.4 1.796 -1.019
30 4-Hydroxy~1H~indole-3-acetonitrile 153.1 1.768 1.143
31 alpha—Bergamotene 275.0 1.708 1.278
32 alpha—Corocalene 275.0 1.686 1.284
33 Ansamitocin P-3 228.8 1.559 1.604
34 3'~Hydroxy—HT2 toxin 238.1 1.659 1.690
35 - R 275.0 1.779 1.693
36 17-$83£-4,7,10,13,15,19- - TR NIER 17-HDoHE 266.4 1.564 1.705
37 cis—Quinceoxepane 275.0 1.611 1.772
38 jaceosidin 216.7 1.469 1.983
39 3-0-Methylquercetin 207.9 1.349 2.039
40 Tristectorigenin A 216.3 1.654 2.442

VIPHFRCHIXT -4 BTk 5 Fold change 378 DX 1 5 CX5 AR WA & itz .
VIP values indicate the contribution of metabolites to group discrimination ; Fold change represents the ratio of relative metab-

olite abundance in DX1 versus CX5.
233 EFRMEEIH

0T WA 24 SRS O M A i 22 A ) T2 AR W D RE R AG I B A 2 S A T R
KEGG $iH 22 v -0 47 AC I8 B 5 H2 7047, LA P<0.05 Jy B (E i 15 2] W 35 55 A2 09 5 2% AR % (&l 6)

CX5_9d vs DX1_9d

LA Y A R Biosynthesis of various alkaloids - ®
AR AR AE G AR °
Biosynthesis of unsaturated fatty acids
H R %UF2 815 Arginine and proline metabolism - L]
SRR R R A >
Cysteine and methionine metabolism
HE P % Lysine degradation A .
0.15
Hih# A5 K4 Glycerophospholipid metabolism - ° I 0.19
0.05
Count
® 25
@50
@
@0

JIEWiFEFEA7 Fatty acid degradation - ]
FBHRI Galactose metabolism < ©

BEFE ISR Starch and sucrose metabolism A .

ANER . MER. CERKEY TR -
Phenylalanine, tyrosine and tryptophan biosynthesis

A% Metabolic pathways
ABCH{Z 1 ABC transporters L]

KEGG pathway

GFIEFE A5 1 Biosynthesis of amino acids - )
a- TP FEEIH alpha-Linolenic acid metabolism 4 ]
VLI ERARIH Linoleic acid metabolism A o

0.02 0.04

Rich factor
6 2 AL FIEI S 9 K 22 AR KEGG & 5240 #r

Fig.6 KEGG enrichment bubble plot of differential metabolites in two tobacco varieties on day 9 of air—curing

0.06



- 64 - IO R K I 448 4%

3 D At R A L o= PR IR A AR R ) LR W5 i ABC e dz 5 AN A e e, HE v S 1A
o= M PR A i A0 22 S i Sl 8 I 22 ol oy G A s (121 7)), 2 2 AR i 4 30 114 22 S A o i i
BEALTK . o~ EJFRAR \9(S)~HODE, HER T o= JFRAR 2 S Al 5781 55 55 i A AR 35 B2 g T 18

1%

Linoleate | 9(S)-HPODE , 98)-HODE ~ 9.0x00DE

oo /' TWHME o(s) AUt I O- AR

OL'LianF“iC ?Cid . 13(S)-HpOTrE . Traumatin . Traumatic acid
o-JEFRIER 13(8)- 3L AL T IR wE A
K7 w2 A AR

Fig.7 Enrichment of differential metabolite metabolic pathways

34 i

5500 R S B R P P A B A AR A S AR RS AR AR B 0 AR L B IR A EAT L TN
AR €0 28— R R A 2 i P A, ph A B R (B B A R AR AT G, o T e R TR A i
il v S S AR A € Ak S 0 5 AR B A A S L A e A ARBIFSE e L NS 5 5 S 7SS 1S gt ok
P B O R AR W] 25 57, )1 55 78 SR e PR, 70256 O KRBTSR B WA .
X 240 L R AR 2 K A R B, DT 5 5 R - A i 4 50 ) B 45 R R I S At A LA B8 4 S PR 2
TR, 355008 A5 AN S5 = A T ST 45 R A —E

XF 2 A it R 55 9 R A i AT AR 22 0 B R, NI 5 5 M v i 077 TR 28 il 288 70 1 2%
Yy BRR & i TS 1S, X 5 PN AR R B 5 4 AR i vh 1T 208 2% S5 A i b SUNE D IR
B AT TE S RARAL o Zuo S5FP7E X 21 A 3P SR S AR A8 AH O A0 22 S wg AR W 20 B vt ok A
b AR B R R AR Y R AR TR S RN R . MR U R K TR T AN RS R ) B A L B
Mt ] P9 SR A 20 S S 52 40, 13 -5 Al 614 DX A1 45 R i R, S 0RO 2 i R R S ) AR AR A
RS 40 0 J5E 235 A S 8 A RSB SR B 7t 4 72 AR O T AT SCBVE H  R TR o BB L A0 i
I fipp AR g, I B B R A A U B TS 5 5 74 48 T PRAR T RE 2 5 I ik A 017 1 ) AR 3R 3
B b, S R A | o=V RR TR A Bl DA S 55 R W 977 ) e 87 T 05 45 36 W AH O ) A BRI 3 A
%, 9(S)~HODE 1E 2 Wi W2 i AR AT A= 4, 2 5 6 B Ak ik A2, J2 IR Bt i 4601k 1 S B A ie 9
ABEFE R LI PR AR oW R 22 R B %, 5SET 1 SMIL,)INEF 5 51 9(S)-HODE
B oM RRIR S A, WIS 55 A S Tl R A oo M RR PR AR A0, i BT S AL B ™ o, S i
IR Th R 5] 4 A8 LT 5 rb i BRI I A O 2 Al A 78 1 AR 2 R AH — B

BT 2 2 L ) SR AR A 72 11 LIS TE AN I 3R S A TR S B, S R B, X K
YBOE it 2 S EUR M B . AW R BN 55 B 25 O R GRS 150 455 B2 i
F18) 22 7 %o S MU €5, 14 5 0 LA

4 4 it

TE S A B A X LR 15 IS 55 AR S 8 A S W e A T e R A A O K
AR o T R I, S8 1S AH L IS S SRt rp g B KX S 207 AN 5 ek R By, E— 2D 0
T 1 40 B 22 S0 25 AREY) O IR IR R SE M BT . IR S oo R IR A I i A 2 2 1 i
ol R - 22 5 0 5 O AR A o NN T AR A R R I A S5 A AR X ) 2 S R BT U AR
HEE AR 22 5



5513

=

A AN () it b AR P B o R v 2 € 22 e e AU AL 2 - 65 -

£ 2% 3Lk References:

(1] BRikeh , G WIBT, Sk S, 45 AN [R1EE R 98 B2 T 5 750 0 v It o) 28 € 22 S 5 L0 ). WG LR bR B R 4 (SRl
fii),2023,51(9) :47-57.
CHEN Y W,JIN M K, WU Y B, et al. Discoloration differences of air-cured cigar leaves under different shading intensities
[J].Journal of northwest A&F university (natural science edition),2023,51(9) :47-57.
(2] ZE 7, 3407 AR, 4 B Sl m b2 R 2 [T ], B R4, 2012, 18(1) : 112-114.
LI A J,QIN Y Q,DAI H J, et al.On scientific development of China’s cigar leaf[ J]. Acta tabacaria Sinica,2012,18(1) :
112-114.
(3] A5 Bt ARt A 42 2500 K CX-10 31 A A= 30 A T B (B (AR AR 52 [ D ] L s A ol R 2, 2022.
FU J X.Cigar wrapper CX-10 physiological biochemical and chromatic value changes under different drying conditions[D].
Wuhan : Huazhong Agricultural University ,2022.
(4] WA, ik , ERAIE 55 2555000 A 5 i 3k A% rb A 20 € A0 5K 728 A S AR G a0 A LT 1. op E AR R, 2019, 40
(2):57-63.
GAO Y B,ZHONG Q,WANG S F, et al.Changes in color and water content of tobacco leaves and their correlation during ci-
gar wrapper airing[ J |.Chinese tobacco science,2019,40(2) :57-632.
(5] 2, BRI R, 45 T3t A et il ik Rt bk 23 B 28 A K HEAR DG A3 AT [0 . B Al , 2025, 19(7) : 1-8.
YAN R, WANG S L, HAO J H, et al. Analysis of moisture and color changes and their correlation during the drying process
of cigar wrapper leaves|[ J].South China agriculture,2025,19(7):1-8.
(6] B2z . T 8 82 2% X 25 it SN g R v A 2% A 55 B RP PR A 5200 [ D BN < 3T i Al K2, 2006.
GU H Z.Effects of temperature and humidity on physiological changes and physical and chemical characters of cigar-wrap-
per tobacco during curing[ D ].Zhengzhou : Henan Agricultural University ,2006.
(7] BF IR B2 %, VE SO, A5 . )t e R vl L 8 % 25 0 M B R Pt B K A 0 2 25 AR AR s e [ ] 3T e Al R 22
#,2006(2) : 133-136.
SHI X D,GU HZ,WANG W ], et al.Effects of different temperatures on the dynamic change of carbohydrate of cigar wrap-
per tobacco during curing[ J].Journal of Henan agricultural university ,2006(2) : 133-136.
[8] 1Bk, X B ZE 45 B ok, 45 T i 98 3 A vh S W€, 5 PN 5 0 5 0 AR A A B B DG R [0 ] 0T g Al R 22
#%,2022,56(6) :937-946.
TAN Y H,LIU Y J,FU C W, et al.Change rule and interrelationship of appearance color and inclusion substance in the mod-
ulation process of cigar leaves| J ].Journal of Henan agricultural university ,2022,56(6) :937-946.
(9] yais | ke 52, il , 45 AN RIS 55 A i Wtk A vh 2 B | (8 3 R DGRBS PE R AR A6 LT ). b A R R 4%, 2019,
40(3) :84-90.
LU S H,ZHANG J W,ZHAO Z, et al.Changes of polyphenols, pigments and related enzyme activities in cigars leaves of dif-
ferent positions during air-curing[ J ].Chinese tobacco science ,2019,40(3) : 84-90.
(10 ] 77, 2k, TR Im U0 , 45 . 25 77 Pt M i o 7P €, 2 B A R B o 4L P X i 2 AR A i s i [ 1. o L 2840, 2021, 27
(2):102-108.
FAN N B, CAI B, ZHANG R N, et al. The influence of pigment degradation and membrane lipid peroxidation on color
change of cigar tobacco during air curing[ J].Acta Tabacaria Sinica,2021,27(2) : 102-108.
1] eayi, K, Mo B, A5 T 0 1) A 2H 2 1) A0 e A 1 0 0 R AR ) 25 5 43T L) ). AR RE R4, 2023, 56
(4):17-25.
LIANG K X, XI J Q,CHEN R X, et al.Evaluation and differential metabolite analysis of tobacco maturation based on non-
targeted metabolomics[J ].Tobacco science & technology,2023,56(4):17-25.
12 Sy, i, BREF 25 . R 3 i QI 200 27 1 AR 7 Gk 0 TR R T 1 S o 5 bt 8 o S LA =i e [ ). oh
LM B iR 2440, 2023,39(4) : 875-884.

LIU H,SHAN Y H, QIU R, et al.Identification of Streptomyces and its metabolites antagonizing Fusaritum oxysporum and



66 - RN AN I 3 4 48

Phytophthora parasitica in tobacco based on non-target metabolomics[ J].Chinese journal of biological control ,2023,39(4) ;
875-884.

[13] Bl kAR B, 7, 56 34 Sl R i b e s A4 1) 22 57 40 B [0 1. P B AR AR B I 2 2 4 ( 3 AR B2
JiR),2024,52(12):51-62.

LU A Z,ZHANG LY, WANG P P, et al.Differences in leaf metabolites of three cigar varieties before and after leaf fermenta-
tion[ J].Journal of northwest A&F university (natural science edition) ,2024,52(12) : 51-62.

[14] SRELUK, BHEE TN , 5 2 e, 45 . ik ot A5 v 5 5300 0 vt 230 6722 A 4 e R AR BP9 L0 ). b L 24, 2025, 31(2)
132-144.

ZHANG Y B, YANG W L, LEI Y K, et al.Study on the energy metabolism mechanism of color changes in cigar tobacco
leaves during the air-curing process[J].Acta tabacaria Sinica,2025,31(2) : 132-144.

[15] Ztmi 5%, T8 A HmMG , 5 A [a) G 2 i A e B o /5 A2 9 22 5 20 i [0 ). b LA Rl , 2022, 43(2) - 77-85.
LINF,YULY,YANG ] P,et al.Differential analysis of metabolomics of cigar tobacco leaves of different varieties after air-
curing[ ] ].Chinese tobacco science,2022,43(2) : 77-85.

L16] T3&E MG, R, 4 T AU 27 43 S5 8 A v ol A 95 67 20 2 A 22 3 B R IR [T ). A el R 2
#4#2,2022,41(1):152-159.

YU LY,YANG J P,YU J, et al. Metabolomic analysis of metabolic differences and causes of green spot tissue of cigar tobac-
co during air-curing[ J ] Journal of Huazhong agricultural university,2022,41(1) ;152-159.

[17] W5 kA R, G0 5, 55 0 e IR )™ DX It i 5 35 50 08 A 2 09 22 53 43 A LD ). ol 0 27 3, 2024, 30(3)
95-104.

YANG H Y, GENG Z L, YAN T J, et al.Differential analysis of metabolome of cigar tobacco leaves after curing in typical
production areas of Hainan[ J].Acta tabacaria Sinica,2024,30(3) :95-104.

(18] Wity A KA R, 45 T LA L7 DXASTR] 25t it ol o /5 A0 o JRe i o R RO 2L 19 2 S 40 #e L ). e Aol 2
%,2024,55(6) : 1753-1764.

YANG H Y,ZHENG Y,GENG Z L, et al.Differential analysis of sensory quality and metabolomics of tobacco leaves of dif-

ferent cigar varieties after air-curing in Wuzhishan area of Hainan [J].Journal of southern agriculture, 2024, 55(6) : 1753-

1764.
[19] =B AR, SRR, A, 6 R R FOR R E B 5K [ ] W ALRMBHER 2 #4 (A SRR 1) , 2025, 53(6)
145-156.

LICG,WUF Y,LIJ C,et al.Design and experiment on collection device for the quality of tobacco leaves [J].Journal of
northwest A&F university (natural science edition) ,2025,53(6) : 145-156.

[20] Zeige FEAGR, T2, 55 R MRt A8 i % rh i e AR Ak 3l ) 2R 23 A7 [ ). V6 pg Al 242, 2020, 33(2) : 298-306.
LIZ,WANG D B,WANG J A, et al.Analysis of dynamic model of color change during air-curing process of flue-cured tobac-
co[J].Southwest China journal of agricultural sciences ,2020,33(2) : 298-306.

[21] B M8 . L ZR A K SR L B ANt R R B AT FE [ D 1 AL 5t h RO B2 B, 2024,

GAO Y P.Research on the harvest maturity and air-curing temperature and humidity of Shandong cigar wrapper leaves[D ].
Beijing: Chinese Academy of Agricultural Sciences,2024.

[22] XUEHE 17 AW, SR 05, 55 A [r) )00 32 0 2 B A 2o 8 o 240 R e 45 4 1 8 A [T ). b R 27, 2012, 45
(24):4988-4997.

LIU C Y,XU Z C,SHAO H F, et al.Changes of cell ultrastructure of flue-cured tobacco leaves with different maturities dur-
ing bulk flue-curing[ J ] Scientia agricultura Sinica,2012,45(24) : 4988-4997.

(23] XNWEELR AR 1L, i B, 5 B0 K BEE X TO A 1 8 2 R e e 78 P 240 B R e S A s o [ ). 0 k4%, 2016, 37(6)
220-225.

LIU F J,FENG Z S, MENG Y, et al.Effect of dehydration rate on browning and cell ultrastructure of Thompson seedless
grapes| J].Food science,2016,37(6) :220-225.
(24 ] oM 2 3CWI, At , 45 . LR i A 0 48 A2 1 O R 5 [0 ). b R R 2412, 2022, 28(4) 1 31-38.



EOR R iR S A AN T it 25 5 A - o o e 0 22 S ) A AL 3 A - 67 ¢

SUNHY,LIW G,YU S K, et al.Study on the relationship between lipid metabolism and browning of upper tobacco leaves
[J].Acta tabacaria Sinica,2022,28(4):31-38.

[25] ZUO W F,LU L,SU M Y, et al.Analysis of differentially expressed genes and differentially abundant metabolites associated
with the browning of Meihong red-fleshed apple fruit[ J ].Postharvest biology and technology,2021,174: 1-11.

[26] PRETORIUS C J,ZEISS D R,DUBERY 1 A.The presence of oxygenated lipids in plant defense in response to biotic stress :
a metabolomics appraisal[ J ].Plant signaling & behavior,2021,16(12):1-8.

[27] UPCHURCH R G.Fatty acid unsaturation, mobilization , and regulation in the response of plants to stress [ J].Biotechnology
letters,2008,30(6) : 967-977.

(28] W id 5L T 4% 3 5 AN 2 S 4% RN AR AL LT FE [ D ] Kt . KR RS, 2022.
GAO M.Study on interspecific browning of potatoes based on transcriptomic and metabolomic[ D ].Tianjin: Tianjin Universi-
ty of Science and Technology, 2022.

[29] FFw# . MEEe (M ] bt AR Rk, 2003:131-133.
WANG R X.Tobacco chemistry[ M ].Beijing: China Agriculture Press,2003:131-133.

(REHLE - KATHE)

FE—EFE I AR AL LW TR AR5 TR R A M RS B 5, BRAR o A 5 B
i 7 N B AR R 2 R B 40k 5 AT 5 R S e S o A 15 U 1B R AR ol A T A
3o WETUT7 1) 2 AR A ) 5 0 AR, B B SR AR R B O A AR T R WE T, BLSS — 1R B 4
FECHUARAM RS I A 2 27 ARARSC 1A, R [ 5 S BT B 0 1 00 PR Bl A -2 W 5] 5 0B A 5
BT SCIR < 2 5 22 RS £ IR SR AF a2 80, 5 57 T HLSe i RHIT e e 0, Bt 1 ot i
PR

BEEEEN RS, RSN, L ENGEE SR A LR TR 250 EfE L AR E
SRR H 55 2 B ST H (A TSNAs B SO i) S I8 BB AR G 8 5 B ) 3R 45
AT 2024 F RGP =R RORCE P T RHE A R AU R S5 )IE 354
WAL B ALET R L A 2 3




