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(Ol KF R RS IHEE2#Be, B 650201)

BB UV-B 5 S 5 0 K REREL B 28 A5 W 5 ik B AR RE T B R W) e e DR R AR O B F A K A
Fi—— A E 48 (Oryzamlaponicamantiquam cum pedibusalbis) o 1K TG A K WIIEAT AR50 UV-B iR S PR ( HAREM12.5.5.0,
7.5 kJ-m?-d™)  AFFE UV-B 54580 /K REAFRL I 28 1k 5 0 3% ik CRLAR S 19y 5 B I G T R ) )53 i AR 5 288 175 B v P 4R o
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Effects of UV-B radiation on phenolic content and antioxidant capacity of Yuanyang red rice seeds

ZHOU Yingyuan, LI Xiang, LING Chengting, ZU Yanqun, HE Yongmei, YANG Yongkang, LI Yuan”

(College of Resources and Environment, Yunnan Agricultural University , Kunming 650201, China)

Abstract: Oryzamlaponicamantiquam cum pedibusalbis, a traditional rice variety in Yuanyang terraces, was potted in a greenhouse to
clarify the effects of enhanced UV-B radiation on the content of phenolic compounds and antioxidant capacity of rice grains. Different
intensities of UV-B radiation (natural light and 2.5,5.0,7.5 kJ+m™?+d™) were used to study the effects of enhanced UV-B radiation on the
phenol content (including total phenols, total flavonoids, and phenolic acids) of rice grains, as well as the scavenging activity of phenols,
namely: 1, 1-diphenyl-2—picrylhydrazyl (DPPH), 2, 2’ — azino—bis (3—ethylbenzothiazoline—6-sulfonic acid) (ABTS), and hydroxyl
radicals. The results showed that the 1000—grain weight decreased by 34.9% and the grain biomass per plant decreased by 45.8% under
high intensity (7.5 kJ -m™+d™) UV-B radiation, when compared with plants under natural light. The high—intensity radiation also affected
the phenol content and the free radical scavenging activity of rice grains. The phenol content of rice grains did not change significantly
under natural light. When the UV-B radiation reached 2.5 kJ - m™-d™', the phenol content increased significantly, but then decreased
significantly at 7.5 kJ - m™+ d”". Similarly, the free radical scavenging rate of phenols had no significant effect under natural light. The
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scavenging rate increased significantly at 2.5 kJ - m™+d™ and decreased significantly at 7.5 kJ - m™+d™". Enhanced UV-B radiation can
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promote the synthesis of phenols at low intensities and inhibit synthesis at high intensities, and the phenol content directly affects the

scavenging rate of free radicals.

Keywords: UV-B radiation; red rice seeds; phenolic compounds; antioxidant capacity
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PR A SO DY, H AT, 78 UV -B f5 5 14 58
Xof 7K I R B H A AR ) 19 25 A5 0 O i S e T
HIRIFFE 4 221590 (H 5 TF UV —B 48 S 1438 % /K Rk 14
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IKHE (Oryza sativa L.) S5 b7 5 FH 2% 2
KB Z— AR SR R P 5 P
FRUO ARG KRR R R BT LR A bR A S
AL GY), BIEmEAGY EFHmMAgER". 7§
KR 9 2840 A W BB A M S (ROS) 1 77 4
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VAT HLAE S AL BRI BE 8 T ARSI LR ik 5
JOL ] s R O 0 1) & 2B R FR D E R AE K
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FEE L, A 8 963 3 T £1 K Hh B i 2 S5 W Rk &4
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UV -B 5@ 5, BF 58 A [6) UV -B 58 53 50 5 % 21K A KA

FERLH I 2240 & 1 & B AR AR R AR Rl Rt 1, 1-
HRFHE-2- RS (DPPH) A H 3 2,2 R A - XL -
3-6-Tiifix (ABTS) A FHEL AR H ph 2k 3 T8 AR K41
AR 2R AL A YD BT B AR TS PR TPEAS , e 3
BrEALRE T, IR 20K RARPU AL —— 251k
GBS S T R B R A

1 MBR5FE

1.1 KBt

ARG, AR R R e BHIG JE B PR FRE4TK
K R dib B —— B 1 22 BE (Oryzamlaponicamantiquam
cum pedibusalbis) o FFEEAFHKFT 97, BT 2~3 1k, 44~
AhER 3R 124 AR/ 40 emx35 emX
25 em, B+ 35 kgo AT N BB KA L
+(25°14"30"N,102°56' 27" E) , 215 , G HLIE &y
29.59 g-kg ' AR TN 249 g- ke BRI RS
54.73 mg-kg' TN 13.21 g- ke R AR T i
H82.56 mg-kg ! AR &N 16.06 g- kg HBUH
4 519.53 mg-kg '
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JE AR TGRS AR
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HERRFRBUK FEAFRL 0.5 ¢, LA 10 mL 70% H fiEfi
B, A2 HLE 5T, 75 45 min 5 7E 10 000 1+ min™
TRRE, U8 BRI 1 mLH 70% F R R E
50 mL, 15 R AR Sh VR, 75 FH o
1.2.3 B & i i

2 I ASSUMPCAO 25 5 i FER g el . R
FHAR AR 500 R % o MERR RS EURE SR 1 mLF
25 mL A, I 2 mLAEARE R AR A Y 6 min,
FFIMA 3 mL 7.5% ) Na,COs ¥ WV 1 h, SR 5 1E 765
nm P E WG . DAY TR R 6t BEA L
FE 100 g K FEAFRLH B B 7 1 o
1.2.4 B o st 0 I

2 GHASEMZADEH 5"/ J5 4k, JF R g ek
K S F AR OR R . MEMRAS I ] mL AR S T
25 mL &M, S0 1 mL 5% ) NaNO- ¥ i - 6 min
JE FIA T mL 10% [ AL(NOs) s 7% W, P # 6 min,
B 5 A 10 mL 4% B9 NaOH %9 , FH 30% 1) 2 B 5E
K225 mLJFEHE 15 min, 7£ 510 nm K0 E WG
JE o DA T Rk B DU A2 100 g KRR FT L Hh s B il
s
1.2.5 SRR 1 i I

BT mL 5 M0 RE 55T 50 mL 2800/, K 2
B2 2 5 mL, J10.3% + %t FOR B FR 84 2 mL & 0.6%
A -0.9% BEALE (1: 1DIRAVEWR 1 mL,1RAT,
AL T3 S ming fi10.1 mol - L™ AL BRI T 2 50 mL,
FEA] AR RS AL HCE 20 mine AR (5] 25 11, £E 750
nm AR I E R
1.2.6 HFR 1, 1- K5 -2- = S 2K F (1, 1-diphe-
nyl-2-picrylhydrazyl ,DPPH) [ i 5L 35 1 A0 &

Z: BRI v s S 5 s IR RS & ek, 7E 4 mL
2x10™*mol - L™ 1Y) DPPH %V AT 1 mL A L B2 EUR
FE 0.5 hJF7E 517 nm F I & W GAH A R B 7E 4
mL 2X10™ mol - L' f) DPPH % FF T A 1 mL 2 BRI
W, R SEAE AL

DPPH H i BEF BR 3= (A4.-4,) /A x100%

Ao AACFRINEE S A WA 5 A AR AR i

1% WHART]

JEfH -
1.2.7 W5BR 2,2 -BRA - W -3-6-F#FR[2, 2 —azino—bis
(3—ethylbenzothiazoline — 6—sulfonic acid) , ABTS] H H
FEETE T A

Z: 8 CHEN 87 i izl . #H00.1 mL
FE SR BB 0.1 m LTSRN R AR HER VT 10 mL 20
L MA 3.9 mL ABTS hRUEE R IR S) , TEZ IR T I 6
min, 734 nm M EWRGE Ag. F2HL0.1 mL 70% 1) 2,
P, A 3.9 mL ABTSARAETR , M G RE Ao

ABTS H B HEE R F8=(A5-A5 ) /Asx100%
1.2.8 JEBRFEIELBH B F (—OH) i 2

Z MR = CE L IR IME M. RAK
PR HE 2 B H LRI 2 o ARV A 1T mL 9 mmol - L™
KGR - C BRI 1 mL (3R BOR T, FEnA
1 mL 9 mmol - L"Fe* V& A1 7 mL 28418 /K Fil4 , e
JIIA 10 mL 88 mmol - L' H,0,, LA I3 5l Fenton 2 ,
PESY R AE B AN BT 510 nm A RE WG FE A,
FANEC 1 mL B9 ZE0EKACEE 9 mmol - L' Fe VAT, 45
WS R Ass F5c ) B 1 mL Z8 A8 KA R i B RO e
DIAS B RE A Ao

¥ H I R =[1-(A,-4,) /A5]x100%
1.2.9 ¥dlageit ot

F)JH Microsoft Excel #4143 &b P | 3155 39 {H
T2, RIS SPSS 20 HEA T 8 K % 25 543
BT, 2K Duncan #3525 247 40 B 0] 19 22 55404 437
H Origin 9.1 54 .

2 HRESH

2.1 AEUV-BREX A BT R RS0

AN [A) 5 BE 19 UV =B B8 55 X 7K F AR 285 19 52 i)
AR 1) o KR FFRL B TR0 i A9 Bl
UV-B 4 5 0 35 5 2 B 35 76 UV-B 8 5938
F|UV-B-1 1], & 0 BT, FEREA UV-B 8 5 o
Ak L8N, UV-B %8 5 i 300 8007 B b B &2, 24 Uv-
B 4 56F 5 B e B UV-B-3 I, A T A 2RO6 Bk
KPR A i TR T 45.8% , TR FEAE T 34.9%.
IKAE FEARLRL 58 A 58 FL B 2 UV-B 48 5 3% 5 OC 8 3%
Ak B R AE UV-B-3 I i 2 B, B i % 2
8.1%.
2.2 UV-BigSHEE KBt &M & EM T
2.2.1 UV-B 4@ 5 S 3 35 i 1 5%

W R, FLEY 02U A g 24U, UV-B-2
R SR AL BT 1R R K R AL Y A T T i A A AR
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F 1 AR UV-B 48 5158 X AP AL S B 220

Table 1 Effects of different UV—B radiation intensities on grain morphology

b TR R AR (g R ik b A Kit
Treatment 1000 grain weight/g Grain biomass/(g-plant™) Grain length/mm Grain width/mm Aspect ratio
20t 28.26x1.95a 36.58+4.99a 9.000.02a 4.83+0.02a 1.89+0.13a
25kJ-m?-d”’ 24.78+1.23b 27.85+4.14b 8.50+0.02ab 4.37+0.02a 1.97£0.07a
5.0kJ-m?-d”’ 21.86+1.65b 21.39+1.87bc 8.41+0.05ab 4.74+0.02a 1.81+0.18a
75k)-m?-d”! 18.41+1.65¢ 19.84+1.69¢ 8.27+0.01b 4.28+0.05a 1.99+£0.27a
T« [F]—FUAN R B 3R AR BN 22 5 12 3 (P<0.05) , A4l LSD #6:35 (n=10)
Note: Different letters in the same column indicate significant difference among treatments (P<0.05) , according to LSD test(n=10).
b a ~ 051 a
7N ® -
—F— = b ab b
i 5 ) Z
@z O 7
E S N 7
ﬁE’( 2 02+ a & 7z %
g b b Z
3
z
= 0lr
< 7,
& %
0 — — — 0 EEN s prw—
FLD] [ e FLAM L e

Milk ripening stage Wax ripening stage
O A% Natural light O UV-B-1 E UV-B-2 UV-B-3
AR NG FBE R R AL B R] 25 5 2 (P<0.05) . R 1A

Different lowercase letters indicate significant differences among
treatments (P<0.05). The same below

1 UV-BEESH1E58 3 /KRS AF I E B & SRR 0
Figure 1 Effects of enhanced UV-B radiation on total phenol

Maturity stage

content in rice grains

JeAb N, e LA M T A RO ab
UV-B-1.UV-B-2 1 UV-B-3 &5 b B 1) ja iy 2 1k
FHEN, B804y 591 R 39.3% . 52.5% F 56.2% ; i 24 /K
FE R E I B0, UV-B- 1 5R S A BT AR bR Rl 25
w5 O TC R 2 7, UV-B-2 4R 4T Ab 15
T AN AR S AR T A AROEI UV-B-1 Ab 3 iR
391K 31.4% F1 14.4% , UV -B-3 & 5 b 38R K R ¥F
R S B UV-B-2 4 3 25 AIG BT T E 2R
AR B YK R 2 52 BT, UV-B-2 4 5 b 3
P S AR T ARG UV-B—1 4% 5 kb 34 8 25 4 i
1 43 50 A 35.8% F 20.6% , UV—-B-3 5 5 b AR %5
F UV-B-2 $a S b BK AT R 1 i 2 5 A

25 B AL, —E B UV-BARGHEE T 3K RS
FERL S i 3 I, eI B RS2 28, 5.0 k] -m -
d' () UV-BERE ST S & iR R R, 2 UV-B R
SHEIE 5.0 kJ-m-d 7 IR B 2 B TR
2.2.2 UV-B 4@ 5% L #2552 )

W 2 fr s, UV-B-1 fl UV-B-2 % §F kb B R

Milk ripening stage Wax ripening stage
O A6 Natural light

B2 UV-BiESHiEsaxf Kig il S Bl S BRIRMm

Figure 2 Effects of enhanced UV-B radiation on total flavonoids

Maturity stage

O uv-B-1 UV-B-2 UV-B-3

content in rice grains

D S A KRR P B8 ) 55 L 2 R i 2
8B N, LSS 5 I SR 21.5%
25.6% , It BSR4 551 K 16.7% F1 17.6% ; T 1E 5 24
9, UV-B-1F1 UV-B-2 f 5 4b FH G v 1 7 1 AH 4L B
SRICTC B 22T UV-B-3 555 kb B (4 30 5 1 &
AR T Ll A R S R ) R R

Ph 250 RW TE— & W UV-B AR5 F S s i &
AR ERN, H 5.0 kJ-m2-d A9 UV-B 48 5 kb R
SR A A TR A T 3 L P S R R S I
S TR
2.2.3 UV-BH@ESXT BB R 7 5 1 52 1

W 3 frR , 7EFL A A U UV-B-1 f1UV-
B-2 4 S Ab F I R O B T FLAILE B R
A B0 T 20.3% F122.4% , s B 4 08 T
20.4% 1 24.3% ; 5¢ B UV-B-1 48 5F 4b BB 92 &
HERA BT A BRI R EE R, UV-
B2 5 i b PR 7 it W TR B R 28.7%, UV-B-3
H50 Gt Ak R 3 1 IS ST A R T R e A At A
UV-B Zh Ff5 & A

L EgS SRR, UV-B 4R S ab ¥ ] DL g 5 S
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Figure 3 Effects of enhanced UV-B radiation on total phenolic

Maturity stage

acid content in rice grains
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Figure 4 Effects of enhanced UV-B radiation on free radical
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Figure 5 Effects of enhanced UV-B radiation on free radical
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Table 2 Correlation between phenolic content and free radicals

B Period 4 )5 Material DPPH ABTS —OH
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SR 0.419 0.8427% 0.587%
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Sy 0.452 0.347 0.613%
SR 0.657%* 0.677%* 0.865%

SERH S 0.475 0.670%  —0.820%*
S 0.580% 0.532 ~0.764%
SR 0.431 0.755%%  —(.788%*

1 #FRTE 0.05 7K i E ARG ##3K/RTE 0.0 KPR i 5 AHSG
Note: *the correlation is significant at 0.05 level; **the correlation is
very significant at 0.01 level.
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Figure 8 Effects of enhanced UV-B radiation on phenolic compounds content and antioxidant capacity of red rice seeds
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