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Effects of UV-B Irradiation Time on Fruit Quality and Flavonoid
Metabolites of Wine Grapes

SHEN Tian, NIU Ruimin, XU Zehua, HUANG Xiaojing, CHEN Weiping

(Horticultural Research Institute, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750002, China)

Abstract: In order to explore the effect of UV-B irradiation time on the fruit quality and flavonoids of Cabernet Sauvignon
wine grape, the experiment set up four gradients of UV-B irradiation for 2, 4, 6 and 8 h each day, with no UV-B irradiation
as the control (CK). The fruit quality and flavonoids of grapes with different UV-B irradiation time were detected and
analyzed. The results showed that short-term UV-B irradiation increased the content of soluble sugar in fruit, and the
contents of total phenols, tannins, total flavonoids, flavan-3-ols and total anthocyanins increased under different UV-B
irradiation time. Different UV-B irradiation time had a significant effect on flavonoid metabolites in wine grape skin, and
13 differential metabolites were screened out, and 5 substances were significantly up-regulated and 8 substances were
significantly down-regulated. Seven differential metabolites were enriched in the flavonoid and secondary metabolite
synthesis pathways, accounting for 77.78% of the total metabolites. Comprehensive evaluation of the fruit quality and the
measured value of flavonoid products in the peel used principal component analysis. The scores from high to low were UV-
B irradiation for 2 h>UV-B irradiation for 8 h>UV-B irradiation for 4 h>UV-B irradiation for 6 h>CK. UV-B irradiation of
wine grape Cabernet Sauvignon for 2 h, the fruit quality and flavonoid metabolites were the best.
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SEEREREARBE OB I, YN v £ i
AR e oA 2, T TSRO AR R S R A 2 LI AR
XA A B, XA 28 A e il T A AT
RS ABEAR A, FEY AR 3 — FR A A RHE 2 o FTI 3L A
FIRORVEATTAEY AL BT RE, TTEAS T A=) .
WFFE 2B, ik 50 R SR St il S AL RaE , s
A FEERE W FRIA I, RS T A A el S A
T, Wb R h b R O =, Reshef 40P il i i<,
AR 222G WE ST, Fa s T i 2eg e 1) 1 - 75 2
BETT . MRz ZR AN LU ZS M ) R BHER S 22 % m 7, B 4e-
3PSt I A o AR BH i S5 14 S iy 5% A, T 2 T s D)
ERESS, MR AK-REE H B HEnm
FEAR

My 25 B ot F R TN 2 2 348 42 ( phenylpropanoid
pathway ) FII2IE A= 4 & 3845 (flavonoid biosyn-
thetic pathway ) F=A=, AP N FZE R AEARETF=)
Z—, TS SRR . SRR TR AL
TR IR PR A A R . e R4, P RE)ZE
T B S EUh R UV-B(ultraviolet B, HH 58 4Mk)
RATIESR . UV-B Reht &Y, A N UV-B 485015
FHIA ORI Z — R G S B S 2 S
UV-B @44 ReAE B It 24075 19 & AT A i iy
WEPEPTL HESE UV-B R n] A5 28 e Eas A5 v 2
A IR FAIR IR EL AR S B R ) B R BB AE
UV-B 55T, ¥ %5 (Vaccinium spp.) ™| 72 (Vitis
vinifera)®' SGAH Y TP IR DY 2R 2 g GRS &R A
B AR B ) WG PR U, UV-B fa g i S0
¥ MYB. bHLH ., WD40 JEPR FR 5 8 5 a5 A KL A,
BEMTRZ M A AR AR e Sl

FSRA T TE 28 & ik A 32 UV-B 5T
755, (HJE UV-B HEAS [R] s (6] T PRI ) 25 21 BT
AR 0 o AR M ARG R . A e i sr AN R A
[E] B ST UV-B, SRAMCIHZH AT AW UV-B JEGT
st o P VP 7 2 SR 17 S B IR 4 SR 52 . TS
A B TR /R AR FIRT B9 UV-B BEET T BBz
ARSI 22 5, e ISR DT iR Al —
E RIS S
1 MR5E*%

1.1 RS EE

WA AT E X S T AR AL
My 2551 0 R ik PSR TP 48T 2 DU 5 K Sl HH R
TooK xRN . S A AN OB | EARER . =K & 2R
BN OIEAHIREN . BRI . BREERE KRBT R AR
J 7 WRBRIR . HeERTR AR TR AL AR AT PR
B i) AR A R E mARE e
A E IR IR E], vRESER R ILBORE 4i 1k
TP RAIRAA] LA HIBEM YRR IR
ONE N R ARSIV e A AR A TR
NE K =EARER R Bua AT A R A
Al iRy REETTYLE ARG A IR A F], LAt

FWESAE=rPrai. HEE. 20E  Merck 25 H]; R

Sigma-Aldrich 2% 7], 4 & {0 3% 4l ; B i 5 KT
98%, MCE(70% HPsHEHi, 10 mmol/L) .

RRH-100 #IEGE ZINEEAGAPL  _IGZIR T8

H BRATF]; ME204 53HTRF H4)-FEF) 2 E R
5 () PR F]; KQ-500DE S s Eerl Bl
T AB A AT A FR A F; KQS200E AU ETRL B
L& 355 MIX-200 I Z 8 W HER 48 LIS
MM400 BIBEREE{Y  Retsch; AS 60/220.R2 HUH, T

RADWAG:; 5424R #UELL Eppendorf; QTRAP
6500+71 = F FRERWRJTEK I SCIEX; UV2600 %2
ST I RERIAER A TR A F]; 1580R
FERR ARG REOHL EEGEEDHFRAA
1.2 XWFHE
1.2.1 BT ECRRE S XA TR N T PE B X
WG T AP IR MY 257532000 S M PR TP 75 4 5%
VR B PY, 4548 106°8'42"—106°8'45" Jb £ 38°38'48"—
38°38'57", XIS FEIHLPUSEZSW | HijE~F4H, H R KA
Bk, T8 TREDN -, FRIZ VD, HENTIEGS,
pHS8.1~8.3. 4FE ISR 9 °C, F&FiH: 200 mm 24,
AEZE A 1400 mm DAL, HAER# 3000 h L RHH
BT IR, A 71a e e, #4770 0.8 m=3.0 m,
LGP SEARIE Y S 3

RG0S 5 AR, SRECERRIN(7 A 29 H)

FrB AR, SRSz a (9 H 29 H)HZEH, 577 A
g% 4% JL U270 Ak PR K PR R B, T1: UV-B B8 &
2 h/d, FEEFRYE] T 8:00~9:00, 17:00~18:00; T2: UV-
B M85} 4 h/d, BEEFAY [E] T+ 8:00~10:00, 16:00~18:00;
T3: UV-B &4} 6 h/d, BEETRSE]T 8:00~11:00, 15:00~
18:00; T4: UV-B BT 8 h/d, MRS T+ 8:00~12:00,
14:00~18:00; CK: A #£17 UV-B [ 5., UV-B 58
100 pm, BEEFFE 25 321 1 mo HAhAR 5555 PRI i —
B EALBR)S 25 d AP P GG RASIRTHE, SF A% 15 d
BURE— IR, SRAE 3 IR, FE R SE AR R AE 1 AR
T, HoRAE 4 R, ARPE 25 d R seis ), A )E
40 d RSz, AL FH)S 55 d Ab TR sz
i, 4TS 60 d &b FRSIMEAKREA R RA A VK
Sy MSRI =, PR AR S 1 S A e s i S5
FLA—80 °C VKARARAAIN RE I JLAS 7L T4 s, 72 5%
SRR OIRARRA- LS, BEALECT Hhi B2 R A
VR [ S0 2 e S e R A oT, 26T 282 5=
FIFEIR R A !, BT LAISE T SR HR 2 A R
7N, SRS TR AR R LR A e e
1.2.2 FEHrE
1.2.2.1 FIAPHEEBRNE 3L 0.5 g Byt LA FR Y4

A STRE T INA 2.5 mL 80% B IR mh
TS a2, FH 7.5 ml 80% Z. L W 1 e ek —3f

A B.CME T, EE 3 YR, 80 °C /KA 30 min, BUB
1, 3500 r/min B5.0> 10 min, B FIEREZAZ 100 mL.
B 1 mL 2B, 5 mL B R GRERIA W, #:257, 100 °C
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W, A UV-B RSSO R A SRS i B S 2 s B ™ M s 75 -

JK¥# 10 min, BUHJEHE 620 nm P FESGE),

T vHE 1T 2R ) A8 - R B A3 Ai i i 2 Pl (T SE T
80 °C THLT ZEIHEHE)100 mg, 5 T-ZEI/K P, EXE
100 mL, B4 1 mg/mL $n#EJREE, 78 10 /5, RPN
100 pg/mL FRifE& . 435 HL 0. 0.2, 0.4, 0.6, 0.8,
1.0 mL PR ERT APPSR T T, SR 43 A
ZENBIK, (e SAARTHIAE] 2 mL, RIRIIA 5 mL BERG
BRVEWR, 325, Wh7K#S 10 min, BUE S 7E 620 nm 34
T E WG E . BRUEITZR: y=3.0518x+0.162, R*=
0.9994
1.2.2.2 WIEEBRME  FREC 1 g WA R 25 R
SeRESh, B 3 IR, FH 5 mL ZEIBK S 2 50 % 5L
AREH, 0 15 mL ZEIERIE VR T, MR 435
e A, 80 °C /KVE P42 HL 30 min, HUHR ],
dyE. EAREE 50 mL, B 20 mL FE# A 0.05 mol/L
NaOH %W, 10~ THFE NaOH fAF],
1.2.2.3 B2l FEAHERE: BL-80 °C HrF
A 28 SR I R 4R 2 VD RRIR AR T —80 °C VKFd
£ . FREL 0.3 g Mi& KT 15 mL B.048 7, i
A 10 mL £:fE FAEE(60% FIEE, 0.1% £hfR), 7F 40 Hz
TR B ERE 30 min, IEEEESHITE 30 °C, B
HUSTRABS.OHLAE 4 °C, 10000 t/min FES.Lr 10 min,
WA VB, F DA AR AR 2 R, W BE 3 IR
LE BT 50 mL B0 22 LR, IR T
—80 °C HF e SRasH Al . BAemdy. B2k
TR AL -3 -IE A o

a. B E : FREGE 100 pl 5 0.9 mL ZRAR N
A 20 mL Y3 ESEE T, 0 5.0 mL K, #B57, B
A 0.2 mL #&EAR R, FE08E5T, 2 min Z )5, 0
A 20% BRBERENE IR 2.0 mL, B4, B i WG W
60 min J5, T 765 nm IF T Luth, DAZEME K JE 20
REWSCRE, BN ETEE =R, g5 R U E TR
el

FrAEE R HI1E: Bed 0.1 mg/mL £ T-BR bR E
W 53 E 50, 100, 150, 200, 250, 300 pL 75
AR I A B T, AR ZE M 7K A AR ks 5]
1 mL. P53 5.0 mL Z8487K . #8857, 0 0.2 mL
FEMRE RIRF, T8, 2 min ZJSHNA 20% W12
BN 2.0 mL, FRMIRS), IS5 HIIA 0.9 mL 7K,
WESGRE 60 min J&, T 765 nm P o td, LIZETR
IR PR G BRI £ y=0.0128x—0.0078,
R*>=0.9993

b. AT $EEUK 0.1 mL 5 0.9 mL ZKARYN
A 20 mL M3 T, #25), 0 0.2 mL f&E AP
JEHTIRF, FEAHEST, 2 min ZJETNA 20% TRIREHEE
W 5.0 mL, Fo4MIRS] . 6N 30 min J&, F 760 nm
PARTF Hefa, DAZEIR/K 22 e OB, B Ab 3 E
A2 =R, SRR DI PATIHT

PRUE T £REFI/E: BCH 0.1 mg/mL FA T AR AR UETS
W AyEIEEE 50, 100, 150, 200, 250, 300 pL 751

A BE i A SIS v, AR I 28 1R KA A B ik 31
1 mL. 4], #H1 0.2 mL fEARSHE W5, 58048
%], 2 min ZJEHIA 20% BREZEMEEIR 5.0 mL, Fo51R
5] G 30 min J&, F 760 nm P T e, LU
ZENE K PH T 58 e G R . b v Al 2 y=0.006x+
0.0189, R?>=0.9987.,

cAAEAFINAE: /3 HIH 1 mL $RE T 33K
B, 53 pH oA 1.0 (19 KC1 AT pH A 4.5 A B R
NI RCELZE S mL, #GEEE 15~20 min, T4
JGICEETT 520, 700 nm R AE 23~40 min PNIIRE KOG
B a8 R DL T HIRERR Z AR A

A = (A520-A700)pH1.0 - (A520 - A700)pH4.5

PREUAAE B & B W(mg/L) = (AxMy xDF)/e

WEF T Emg/g) = WxV/m

1, My,: I AER R AP 1T 4T i 493.5,
DF: W BA% 5 e B WA T R %L
28000; V: FEIBORARFR, L; m: FRIBUH 25 R0k AR ot
o, g.

d A BRI 2 FREUH 0.3 mL, A 30% H
i 2.7 mL, ¥%4, I 0.5 mol/L 1143V fif§ BR 4N %5
0.2 mL, ¥4], FEHTA 0.3 mol/L &AL IE# 0.2 mL,
PRIHFES), §E 5 min. LA 1 mol/L B EALINGE
W1 mL, $25), #& 10 min 5, 7E 510 nm &b 2 W%
SEfE . GEFLAPT T,

PRUE TR FI/E: BCH] 1.0 mg/mL 25 T R s
IR (R EEEZ), 2R 5 & 50, 100, 150, 200,
250, 300 pL 7SAVBS A ZE PR R, AR Ui
B R AREAE] 1 mL. IIA 30% FISEASE 2.7 mL,
¥E2), A 0.5 mol/L B AMFREME R 0.2 mL, $75],
FIMA 0.3 mol/L Sl {48 0.2 mL, PR #2 5] i
B 5 min. fIIA 1 mol/L BIESEALANAR 1 mL, 55
T 10 min J5, 76 510 nm A0 DL ZE 08 7K I8 22 0 52 1
A, FRUERZR: y=0.0012x+0.0104, R?>=0.9992,

e P S -3-FE I 2 - 2 ALK 0.1 mL 5 0.1% p-
DMACA i 1 mol/L B LR HH B Wk 3.0 mL im A
2 10 mLiXEH, J|RGIBRI )G, SIREM TN
10 min, 7£ 640 nm &b LIZEMR/K A E RO GIE . 45
SRLA(H)- LA,

PRAERTZHRIVE: B4 200 mg/L 14 (+) - JLASZE B
CHP P 58 255 ) AR IR B BE Bl 12.5. 25.0. 50.0. 100.0.
200.0 mg/L FRFNAR PR UER R . BU(+) - LA E bR
HEVEW 0.1 mL 5 0.1% p-DMACA [ 1 mol/L ik
Mg FH s 3.0 mL A3 AN AE] 10 mL 48, -5
IRA))S, IR F A 10 min, £ 640 nm AbLLZE
TR PRZEINE NS G . RrERZR: y=0.0041x+0.0648,
R?>=0.9978.
1.2.2.4 ZEEERACIEIY B E  WAH S, stE:
Waters ACQUITY UPLC HSS T3 C £ (1.8 pm,



76 - £ Tl B4

20244 9 A

100 mmx2.1 mm i.d.); JiLshAH: A FHRRBAE7K Cin A
0.05% MIHR), B A#H 25 I 0.05% MIH R ; it
3 0.35 mL/min; #:7E 40 °C; PEREE: 2 pL; Yelibs .
0 min A/B & 90:10( V/V), 1 min A/B 4 80:20
(V/V), 9 min & 30:70(V/V), 12.5 min A/B & 5:95
(V/V), 13.5 min & 5:95(V/V), 13.6 min "~ 90:10
(V/V), 15 min 2} 90:10(V/V)

JoT 3% 45 4. BB WY 25 B F U5 ( Electrospray
Ionization, ESI) Ji& )& 550 °C, 1F B Tz Hiii%
FE 5500 V, 7B TR BT HL 4500 V, SATR
(Curtain Gas, CUR) 35 psi, 7E Q-Trap 6500+, &f
A B T X AR HE E 46 19 2 7% L IR ( Declustering
Potential, DP) FlI7lf §# fE ( Collision Energy, CE) #£17
FHfAGIm =3
1.3 BRI

FIF Excel 2007 #4434 75 Pa Ab ¥ S5 R &, i
JH SPSS 23.0 FRAA-IHEA T 3 MR 3 A5 HT, R 15
T2 i TR S Ay O L L B RN 25 SR AR
KEGG 4325 .

2 HERESH
2.1 AEAIEXTRSCALE M S PERI R0

ASFEIHFHE RS N C AN BRI ST 5 P Rl & A
AEnE 1 fine HIE 1 ATAL, UV-B BRGFREEH Yy
AL BRI FR BB A S 2 M2 (P>0.05 ), TEAR I
J& 55~60 d, UV-B FRET 2 h b3 g 7] 54 sl & 8
e, AN 60 d BFEE CK 5 T 1.86%., fEIRSC
AR, FE AT E] B9 UV-B B8 5238 i S5z dh ] 4%
PEBESE, X4 UV-B G 4 h s, RSPy nl s
PR S TR R R

255

OCK @2h O4h 86h O8h a
a
a_ga

215

175 +

AR S A (mg/g)

25 40 5560
ALFRREL (d)
B AN[RD AR 0T SRS v (8 TV R SR 5 A SR
Fig.1 Effects of different treatments on the contents of total
soluble sugar in fruits

T AN]R8 AN [R) b 3L ] 22 5K B S 3B PR /KO (P<0.05) 5
K 2~ 3, % 1.

2.2 AEAIEFT REALEEERRIS M

TEFFERAE PRI 25 d FFAE Wil AS [R) AR FE SR SR 7%
EMR ARk, g5 HAnE 2 s, dIE 2 al gL, Bk
BRI, B UV-B FEGFA A3, HoAb B By 2
UV-B [ 4 h F1 6 h 2RECH AT E iR & B W3 &
T H A A4 3 (P<0.05) , TEFFURALIE)S 25, 40, 55,

60 d i}, UV-B FE &} 6 h 43 5l kb CK 2H & 13.52%.
5.74%. 14.11%. 0.31%.

0l OCK @2h O4h B6h m8h

40 55 60
ARFRRAEL (d)
P2 AN [RI AR BT SRS v B R S T 75 ) 5 )
Fig.2 Effects of different treatments on the contents of titrable
acid in fruits

23 AERCIERT RSB 24 R RIS

& 3 ANIE] UV-B B RE ST AR HRIR S Hp 4 i 23S
Yo PR SR B S I e E . Bl R 3 RT A,
% UV-B BRI IR )5 A9 25 d, BEE RS2, UV-
B AN [FIRESTAT A A AR 2T ST . Hke-
3-BEFLSAE AT SN, (HAE UV-B R3S
F 25 d 5, 4 h ZAEBEAYREY . PR BRI TR . P k-
3l R,  CK A9 5.97%. 5.47%. 17.14%.
26.76% . TERERRWCHT, LA 2 h AbFH g 552 v g s
My, PR RSB . B bE-3-BE AL A i i
B, Al CK AN T 17.08%. 10.90%. 25.68%.
39.58%. 7.93%, UV-B M4} 4 h KPR T & &
B S SIS G RERALR, T At A R D) SR S Al
RITFIRF B
2.4 EIACIEXTR B A S AV
2.4.1 AS[FEIALERIRE Hy HEERA Q= 60 22 S S dT
AT EINTE R T AN ] UV-B BEGTAH Hh 2E
AR 2E 5, lid UPLC-MS & 12 1R824
ESERUEIIRE T AN RIS By (A S e A g4, &5
R 1 Fras, BER 1 Aran, G 62 RS E R
G, Fh s 17 FhEEmREE . 14 FrhE, 7 ke
5. 6 FhEr/REN . 6 FhE el . 5 Fp S o ERmE ., 3 Fh
SEEEER 1 FREAE TR L1 AR . 1 BRI IR L 1 A

AN ] Ak L) B Rt B 2 A% B RANHE 2 h 5041k
S AR ARG Y, BB oA 0.002 nmol/g, TiEBH &G 5] fry
UV-B JEG a5 S AR . AR ERIR Jy 5 1% 85 il
R 3R SHESEAAE MG EEER 3 ML &W
TEte i 3 22 5 (P<0.05), Horp )1 [k B2 (X AE CK 0
UV-B f&4) 8 h G %], H T4 AbHHE N7 o s )1 B
Fe 2K b CK 5 16.55%; ¥2IEIEAERAE T1 Ml T2 Hk
ez, AH T3 F1 T4 b3 b iy 4333 L CK = 130%.
244%; FHE B EAE 2 UV-B BRI B 38 hn, 12887
AL, FE T2, T3, T4 A-FE A R A H, T1 AL EEEL
CKAIRT 83.72%. BELEls2IE i 4R B I 5 4 B[]
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A 1l B 60
OCK @2h @4h B86h O8h OCK @2h @4h B86h O8h
b

(mg/g)

i
4
i
gy

S (mg/g)

25 40 55 60 40 55

ALFRREL (d) ALFRREL (d)
C 90r gcK ®2h @4h B6h @O8h D 5r pCK @2h @4h 96h @8h
a
o 8.1F _
> 8 o4t
g £
i 72y i
<« 4 31
= 63f &
2 o
v I i}g 2 L
:Dg 54 r ﬂ'E(
45 . ] . | 1
40 55
ARFEREL (d) AFEREL (d)
E12r HCK @2h m4h m6h osh
a
a
ab.‘f.
b
25 40 55
ALPRREL (d)
B 3 ANIa] A T SRS i 2 I ) 5 M)
Fig.3 Effects of different treatments on the content of phenolic substances in fruits
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Table 1 Contents of flavonoid metabolites in different treatments of pericarp (nmol/g)
43k =) CK 2h 4h 6h 8h
- HKER 21.9842.03° 15.790.76" 17.911.50° 20.37£0.33° 21.71£0.83°
JFAEH & JFAEH B2 13.94+0.87° 14.76+1.59° 17.17+1.09° 15.88+0.45 14.59+0.94°
WA 0.50+0.02° 0.38+0.06° 0.49+0.03° 0.55+0.04% 0.58+0.03"
=R DI 0.38+0.01¢ 0.40+0.01° 0.50£0.02° 0.33+0.00¢ 0.42+0.01°
2 =0t 0.60+:0.04° 0.49+0.03 0.53+0.01° 0.45+0.01¢ 0.66+0.01°
WaNL
- R K A KR 0.05+0.01% 0.05+0.00" 0.04+0.00° 0.040.00% 0.050.00°
MR 26.23+1.09° 23.9540.58° 24.39+0.37° 24.75+0.06¢ 28.5420.46"
il K2 R A KR 0.88+0.03" 0.87+0.03" 0.75+0.04° 0.58+0.01° 0.78+0.05°
BEFILEER 349.84+4.92¢ 364.10£5.91° 359.94+6.32 375.24+4.73" 419.0246.25°
YIRS Sia-wnivil 3.12+0.10¢ 4.61+0.57° 10.67+0.11° 4.0140.17¢ 4.3140.05*
FArE 5 R 0.3140.02° 0.14+0.01° 0.14+0.02¢ 0.23+0.00° 0.15+0.03¢
R FILAE 86.11£2.79¢ 89.7242.32¢ 97.41+5.05® 101.10+2.84° 91.80+1.49™
FIIHEE 96.42+1.58" 101.59+1.75° 119.95+8.03" 126.68+2.37" 100.92+3.45"
JLA#E 54.52+0.99¢ 53.4142.21¢ 62.88+1.91% 61.53+1.81° 65.17£1.65°
BETFILEREE TR 5.17+0.20° 4.68+0.05° 6.16£0.03" 5.59+0.30° 6.26+0.13"
B R / 0.002+0.01 / / /
EVSHUTES T I K 7-O-F AR 1.70+0.06° 1.300.02° 1.68+0.04° 1.73£0.20° 2.27+0.08"

M AT 0.05+0.01* 0.07+0.01* 0.07+0.01° 0.04+0.01° 0.07+0.01*
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k1
e 7 CK 2h 4h 6h 8h
LINEE 0.03+0.04° 0.01+0.01° 0.02+0.01° 0.01+0.01° 0.01+0.01°
HEBEERZE AL 0.04+0.01° 0.19+0.05" 0.07+0.04° 0.05+0.02° 0.05+0.01"
T 0.43+0.01° 0.37+0.05" 0.54+0.10° 0.25+0.03¢ 0.32+0.04
HALH 17.4140.26° 4.19+0.10° 6.72+0.14° 21.64+0.15 17.28+0.24
AT 90.50+2.91° 39.81+0.68¢ 62.42+0.39¢ 99.33+4.60° 92.49+1.71°
AR AUl 0.33+0.01° 0.30+0.01" 0.40+0.02° 0.26+0.01° 0.32+0.02°
TN R 1.69+0.06% 2.10+0.06° 1.81+0.25% 1.50:£0.03¢ 1.95+0.13%
7 9.660.27° 7.5240.34° 6.39+0.12° 6.69+0.10° 9.46+0.73"
R 1.99+0.07° 1.960.12° 1.69+0.07° 2.03£0.14* 1.96+0.11°
TR AT 0.40+0.06" 0.40+0.03" 0.35+0.03¢ 0.47+0.06° 0.55+0.01°
R4 0.06+0.00° 0.05+0.00" 0.05+0.00° 0.06+0.00° 0.06+0.00°
AR 0.80+0.03° 1.48+0.11° 1.46+0.03° 1.16+0.06 1.19+0.06"
LR 0.01£0.01° 0.07+0.04° 0.0440.04% 0.01£0.01° 0.02+0.01°
REBRER 0.016+0.01% 0.017+0.01° 0.023+0.01° 0.013+0.01° 0.017+0.01"
. JEAEH 31.30+0.65° 34.43+0.30° 28.05+0.36° 26.39+0.67° 33.85+1.41°
B
Hb 34w B 77.63+4.62° 86.78+2.37° 72.88+1.00° 76.43+1.78° 87.15+1.63"
R T-ERET 0.88+0.31° 0.74+0.30° 0.70+0.17° 2.1540.91° 0.97+0.35
KAl 62.82+0.83% 63.92+1.37° 54.33+0.47° 57.16+1.87° 60.40+2.86"
HER 0.09+0.01° 0.09+0.02° 0.08+0.01° 0.09+0.01° 0.09+0.01°
3% 0.00027+0.00 / / / 0.000310.00
FRITEALE 0.0120.00° / / 0.02+0.00° 0.03+0.00°
A BT 0.00098+0.00 0.00016+0.00 / / /
Wit Bz #-3-O- i A WS IR T 735.54+20.54° 504.07+7.19° 562.03+14.44° 748.3146.52° 757.73+7.43*
Hi A 13.52+0.64° 0.85+0.03¢ 2.15+0.10° 13.85+0.50° 11.30+0.45°
AR 0.034+0.01° / / 0.027£0.01° 0.0260.01°
L 7LE 97.90+12.49 84.60+1.90" 74.2542.31¢ 91.23+9.64° 131.40+4.33"
SRR 0.14+0.02° 0.12+0.01% 0.11£0.01¢ 0.13£0.01* 0.14+0.01°
1Ly 2% B 0.22+0.05" 0.11+0.01° 0.05+0.01¢ 0.19+0.02° 0.28+0.01°
PEAFTRIIEV HA2 25 0.33+0.05" 0.28+0.01% 0.27+0.01¢ 0.34+0.02° 0.45+0.02°
7 At 0.54+0.01° 0.26+0.04¢ 0.36£0.07° 0.75+0.07° 0.55+0.05"
i PR 5.4240.12° 4.88+0.08" 2.99+0.11° 5.05+0.33" 5.03+0.10
BRAT 59.38+0.24° 6.51+0.62° 8.54+0.60° 53.84+2.05° 53.13+3.65°
T 195.81+2.68° 166.69+0.94° 135.02+4.74° 189.67+2.54° 187.02+2.21°
SRR 3-HRE AT 4.03£0.26® 3.73+£0.31% 3.41+£0.20% 3.010.42¢ 4.4240.21°
itz % 1.660.26° 1.20+0.08° 0.81+0.06° 1.26+0.11° 2.24+0.09°
SRR -3-0- MR 80.44+2.91° 20.11+1.38¢ 21.14+1.12¢ 71.43+1.33° 88.43+2.18°
#if bt R -7-0-p-D- T b 1 6.55+0.20° 3.06+0.24° 2.94+0.27¢ 5.41£0.21° 6.62+0.34"
o2y SE) 146.97£11.18° 31.63+0.67¢ 36.22+1.27¢ 126.43+10.61° 132.40+5.07°
T e 0.29+0.01° 0.01+0.00¢ 0.02+0.01¢ 0.27+0.01° 0.2140.02¢
AR 0.02+0.01° 0.03+0.01° 0.03£0.01° 0.03£0.01° 0.03+0.01°
SR WA 0.38+0.01° 0.39+0.03° 0.74+0.02° 0.33£0.01¢ 0.66+0.03"
JURAH 0.58+0.02% 0.53+0.01° 0.65+0.05" 0.67+0.11® 0.78+0.06°
[]i7ES L UlH 0.07£0.01° 0.04+0.01° 0.04+£0.01° 0.060.01° 0.06+0.01°
LIRS SR 0.020.00° 0.010.00° 0.03+0.00° 0.02:£0.00° 0.03+0.00°

i) UV-B BEGTNHI =G 6, (HEEE UV-B B H] R
BPHAA I AZ BH, SRR, T3 Al T4 ARFS3 51 e CK
FEART 19.91%. 21.66%.

UV-B HESf Il 255200 1 45 26 S Hz vp i 28 8§
W=, AT CK, UV-B FRSTIH R EIERYI A 1%
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Ptz . 2t . SRR wEEEE b i
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AP B, e i 25T RS Sl S 4 ST R AR R
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FZZR 7-O-FAPHETT . i 32 -3-O- 1) 26) BH I 18 1 A 57
2R -3-O- 2 BE T LA T1 43R & B A%, /-9 b
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Fig.4 Principal component analysis of flavonoids metabolites
in different treatments of pericarp
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Fig.5 Heat maps of flavonoids metabolites in peel under different treatments
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Fig.6 KEGG classification of all treated differential metabolites

AT SEFEFT PC WILERFARIE, B2 PC X)W AS[E] R+
FUA R, S A5, 4SS PC TTHR R A58
ARFE UV-B B BE B AR PR 5252 5 B iU 25 & 7550
(F2),

F 2 ARSI E S BHEARY TR TS
MBS
Table 2 Comprehensive score and ranking of principal
component analysis for quality indexes determined by different

treatments

fbm FIERS F2FER FIERS F4FERS GHME HE

Fl F2 F3 F4 F Ho7
CK 223 ~7.00 -3.82 0.33 -3.33 5
Tl 8.27 3.00 -2.67 -2.83 3.42 1
T2 2.38 -3.03 6.35 -.86 1.21 3
T3 —8.74 3.92 0.18 -2.78 -3.12 4
T4 0.32 3.11 -.05 6.13 1.83 2
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