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Research of Antioxidants and Active Oxygen Metabolism During ‘Toyonaka’
Strawberry Fruit Ripening

LUO Ya and TANG Hao-ru"
(Horticultural College, Sichuan Agricultural University, Ya'an, Sichuan 625014, China)

Abstract: Fruits of strawberry (Fragaria x ananassa ‘Toyonaka’) were used to investigate the
changes of reactive oxygen and antioxidants during strawberry fruit ripening. The results showed that the
production rate of superoxide anion (O3 )increased gradually, the activities of catalase (CAT ) and ascorbate
peroxidase (APX), and the contents of vitamin E, total polyphenol and total flavonoids decreased
significantly during strawberry fruit ripening, which is the main cause of accumulation of reactive oxygen
and MDA content. Meanwhile, the main antioxidant of strawberry fruit were vitamin E, total phenols and
flavonoid, which were correlated with the antioxidant capacity closely and played an important role to
inhibit the production of O; and H,O,, but not the anthocyanins and ascorbate acid.

Key words: strawberry; fruit; development stage; antioxidant; reactive oxygen
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KR 55, 2002; BLie 25, 2006 FEHAIAE =3 PRS0 [R] I B A7 A0 Bt PR AU 2 Fh e S A i
WHEBA AL ALY (SOD), MAEIERE (CAT). PR RE AN (APX), PUAMER (AsA),
Sy, RIEW, feiRMYEZE R E 4 (Rapisardaetal., 1999; Fangetal., 2002). Bj AT
ZAE P EPUA A AE RSzt Fr i 2 R LR (BREGHE 2%, 2002; Z4EH %, 2005;
SEHE S, 20065 BLUE 2, 2006; PV A%, 2008; TKAENI 4%, 2009; FEEEHE 45, 2010, AE 4%,
20100, T T 3X L Hp A0 T i S A T A LEE DU e 0 o ARG LA B S oAk, BT
(A FET TR SR B R AR S B PR A PR Z M OCR, BRI A 2 HLEE, DA
10 A = s i U 4 e TR S AR S SR R AR AR

O ZiE SRS DARE

1.1 ##

WML “EF/ B4 (Fragaria x ananassa ‘Toyonaka’ ), 2009 £ 4 HEH DU IR MK
SEHE R EE SR M N . R BBk (3L 200 DNEARRAAT ) SRAEAS[R) A () TR sz, 442 IR R sz
REREIN A T AN B (Ferreyra et al., 2007): /Ngg (SG, MRJF47 d). K&k (LG, MREFL
20d). N (W, RSEAMECHEE ). 25%40 (25% Red). 50%4L (50% Red). 75%%4L (75% Red)
AL (100% Red)o RJG LRI [HISEE S, AN A G MT B AR S rha B/ N —30, Tow s,
TG H S S R M o BURERS, BEANEY B oy BIBEATLE 25 AR, R GO R IR BS ok, TS
B4y, W - 80 CHMEIE KA & .

1.2 A&

O3 B3 A . HyOp N (MDA MIYE/EZE E 4, SOD Al CAT 35 MELR ] F s )
TR ST R AL AR S AT M E . APX 35 PE 2% Nakano Ml Asada (1981) M5k, WG RH
BRI T

AIEPEER R 52 Wi G-250 v (REPRIR, 2003) #EHATME. fe# . &y, DPPH (1,
1-diphebyl-2-picrylhydrazyl, 1, 1 - ZZRARE IR B BEERR . KEE. PR (AsA)
PR EHA MR (DHAD FIIE 2 520 Wu 45 (2006). E&HTE (2007). MAHEE (2007) FifhhE
(2008) HIJ7VEHAT .

PRI E 8 148 FH SPSS13.0 2 A2 T ANVOA it 43 #r il Pearson AHIC/0 T Bl 45 SR LAV 3550 +
bifEZE (n=3) Fow, HIATEEERE (P <005, REBESZ 3 K.

2 HREIHT

21 EERTABIEHOZERE, SOD EMEF MDA 2/

bt B RS RO IR G, 05 7 AR ROE W K, AR AL BOk B4 KA 0.098 U - mg!
protein, J&/NERFTEBLHT 2.07 £ (K1, AD.

NGB B R RS BTG 1Y) SOD itk . B SR, SOD it A ETH, AR JE X
TR 7 EPWIEAR (3.52 U - mg ! protein), BHJG1E 75%4Lik 8k (9.61 U - mg protein),
MAEAS L2 XAT T R % (9.04 U - mg protein) (& 1, B).

MO E I BT, BB RS, IR ALY MDA SR N, 5l
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L. 3% T MDA 7RI RS 45 MR T B2 A S (RS . PRI 1, C AT, KI5
S MDA #fff. WASEWIG, MDA S8t LIl 8Lk Sm M, RSN 3.86
GBI, €, R T b SR S R A T K

be b = =

O, production rate

O, H:#3/(U - mg protein )

SODJE /(U - mg™! protein )
SOD activity
N

0.030 C a

0.025

0.015 | 4 a
€

0.010 c
0.005 m ﬂ
0

SG LG W 25%R 50%R 75%R 100%R

SEFT B Development stage

MDA &/(umol . g FW)
MDA content

1 EBERETEEFIRPGTERE (A). SOD FiE (B) M1 MDA &8 (C) Mk
SG: /MMl LG: K& W: B3l 25% R: 25%40; 50% R: 50%ZL;
75%R: 75%4T; 100% R: 424, P<0.05,
Fig. 1 Variations of Oy production rate (A), SOD activity (B) and MDA content (C) during strawberry fruit ripening
SG: Small green stage; LG: Large green stage; W: White stage; 25% R: 25% red;
50% R: 50%red; 75% R: 75%red; 100% R: 100% red. P <0.05.

i

22 EERIELBEIEDR H,0, 32, CAT 1 APX ATk

ARSI GERT, H0, a5 FRH EARR L ER . H0, &R/ Nah B i
B (62.62 mmol - L), 7 25%4T /% (14.86 mmol - L ™). HJ5, BEE RS, H0, & E X
TFUEI N, (E4ALr k%) 24.85 mmol - L (K2, A).

CAT 5 APX #&i5 Bk HoO, I H B o 71 B 4G S S e Zd # v, AP IK A2 4k 35 5 HL0,
(& mARAAT — AR, #OE e T, HIERSERL B, CAT 5 APX 1G4l KA /Nag
BB 70.28%K11 46.30% (& 2, By C), Uil CAT 5 APX 3itEse H,0, 1%, BfAEIEZHER N
Jl, MR S2 0 R RE IR, CAT Fl APX i H,0, it ) F .
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80 A
- 70 a
- a
S 60 a
< §
§ 2 50
= <
< ° 40
i <,
4 = 30 b
o 20 © ¢
- 10 ﬁ W

0

30 a B
=}
3 25 &
2
o & 20 b
O
g c
:‘) & 15
< B d d d
#H T 10 d
=
& 5
J

0 . . . .
. 0.08 a C
o =
B 0.07
2 0.06 b
< B
22005
52 004 ¢
#H g 0.03
s
= 0.02
e
& 0.01

0 ‘

SG W 25%R 50%R 75%R 100% R

ﬁE%&F’TF&‘ Development stage

H2 EHERIZEHIRES H0, 58 (A). CAT (B) #APX (C) FiMEL
SG: /NEW; LG: K& W: A3 25%R: 25%ZL; 50% R: 50%Z4L;
75% R: 75%4T; 100% R: 424, P <0.05,
Fig. 2 Variations of H,O; contents (A), CAT (B) and APX (C) activities during strawberry fruit ripening
SG: Small green stage; LG: Large green stage; W: White stage; 25% R: 25% red;
50% R: 50%red; 75% R: 75%red: 100% R: 100% red. P <0.05.

23 EERNLBEIEPREALYRSEMRENENEN

S R FIAE A 3 E I R A AR L S B R R R NG BER 25% 21
B, 3 P i & SR N B, AR 25%Z0RB B S R AR N SR B 43.44% . 11.96%F1
15.99%. 1M 25%ZL BT B, 3 B (R4 B 4b) S 8Xca W22t (R 1),

FE T 25 S 3G 0 A2 B A — AN LR AE . AE R SR BRI (25%4101), fel RS
FEREOICIERT Y, AR A B S (1 Ak, T$$5fﬂmQ4§LﬁWMQ%U M T5%LT FI 441 A
&M¢%ﬂ%%q %Eﬁt%%fﬁé%?ﬂ@% R R B B, 1A BT MR 7 = A

BE A SE BOAGE AR T B AR T U R 7

DPPH &EWz_ﬁH?‘{ﬂJES"EE%TE%L%HaJJEI‘%%EF?‘W%O TER A RS BT, P fae )

(DPPH #l11%8) S B Wi g9 1), Hrp/Nagfir Be RSt b me Jom (87.81%), LM Bt R SEhise
i 159 (55.99%). i borfrnlsn, 7R sk m s, R By, K. 4% E
LUK BUEAGRE BT R, AL R AsA &g i LIt
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* 1 EERTELFLETRELYRIRELENNEL
Table 1 Variation of antioxidant contents and antioxidant capacity during strawberry fruit ripening

JW B b/ el TR/ YL E/ UL IR/ AR LR/ DPPH 1%/
Development  (mg - kg™ (mg - kg™ (mg - kg™ (ng- g (mg - kg™ (mg - kg™ %

stage TP TF Anthocyanin  Vitamin E AsA DHA DPPH inhibition
Nk SG 42363+1905a 97.8+56a 0 46.15+3.15a 118.6+202d 68.6+11.8a 87.81+£0.90 a
K& LG 39749+129.1a 29.6+13b 0 3545+£1.69b 1925+£5.7 ¢ 41.6+2.7b 85.10+£0.52b
W 2972.8+1189b 153+0.6¢ 0 20.31+£0.98 ¢ 216.4+£103 ¢ 358+£5.8b 69.19+0.40 ¢
25%%41 25% R 1840.1+129.1¢ 11.7+0.1¢ 33+£05¢ 7.38+£0.37d 2782+19.1b  246+86b 67.06+£0.44d
50%%4L 50% R 2116.0+337.8¢ 11.3+0.6¢ 8.6+0.9c 591+0.37de 3043+149ab 450+2.8b 64.50 £0.44 ¢
75%4L 75% R 1796.5+101.7 ¢ 9.8+0.7¢ 364+3.1Db 4.06+037de 3084+189ab 367+£19b 59.50+0.28 f
4 100% R 1665.8+38.4c¢ 9.6£03c¢c 101.9+£15.1a  2.58+037¢ 3324+48a 76.6+7.3a 55.99+0.32¢

Note: TP: Total polyphenol; TF: Total flavonoids; AsA: Ascorbate acid; DHA:

24 HEXMSH

TR S PUAI TR A SSHE TR W, Oy P~ AR T R 5 Ay KB, PR R, 4EEFR B
A DPPH [ HE5 B S BB A0S G- 405900 - 0.9127, - 0.944™,0.970™, - 0.957 " H1 - 0.9317);
H,0, & 5 CAT 2K 2 . HidA ML ER M DPPH S 2 156 (r 205900 0.7927.0.805" - 0.817 #10.8677),
5 APX. REYRI4E: 2 E BB EASE G 25100 0.9357 . 0.8947F10.9117); MDA 5 DPPH
HEE R R R (r=-0.787), SHHFREMEEMR (r=0927 ). SRR, B
My RS, PR MIRS 424 2R E S HUEAY) e R s i Oy Fll HaO, 177 AR T A A o 22
WAYER, Hprsa re Jbknm, BN SR BEBIG, 57 5 52 1 Rl s 2 P I

PraRE ) SPUEAL AR O AT R B, iR 38 By Sy R & i 5 DPPH | 2 AH
S A 0.968".0.9627 K1 0.7917), HL¥h MK 5 DPPH 4026 2 MAZEAE 3 SAH e (r = - 0.946 ™),
16752 55 DPPH 0526 (R AH S EAO B (r = - 0.669). ViHIZELEZE B, M AIK I L B85 R &
R W PUAAY T, PO RS 1T 2= TR AR AR /N

Dehydroascorbate acid.

3 e

TP AR R T S R B RS A L R K GG RI M g, 19965 KZEH 5,
2002; Proe 2%, 20060, ZISFEAEBEE MDA [ AR ARG BEfR, MO = 4405 . MDA
TR TR TESE . B BRERNERRAE ) R/ 55, 2008). ARFFUR, AR
SLRE R, R A OB W N, SOD. CAT 5 APX BR B HIMA T T, MIARE
ORI 2 s TS, Ul MDA SRR

SOD ZIEY A NG RO M B ER 2 — . AWFFL, SOD yhtERrE: M, HRI F B2 MA S
TG ETE, B 75%2 A EEEYE XITUR TR G5 SOD BERG I 76 S 5 g s 7 v (1 A8 fh e 4 3= 22
4 L7t (Du & Bramlage, 1994; 4B %, 2006), B¢ (Rabinowich, 1982), JGTHEME (&3
B2, 2009) LSRRG TE CRIAKE 25, 2008) 25 4 RhARfp A%, ARk 2= S i IR R AT g A T
YRl 5 R ) 2= S TR

SOD i kO34 i H,0, 1 Oy, Hy0, FUTE BRI CAT. APX. GR 251 [ WV 58 . FEAMFFEH,
CAT Fl APX iG55 Ho0, 15 S840 W E A OC, HoO, S 30, CAT A1 APX i Pt bt 2 38 i,
MTTEE—UE B CAT 1 APX i&itEZ H,O0, 155 (Brde 4%, 2006).

TRFFRE )R N 5 o PR 6 P T BRI M R AR R U A ) 0 B i, P TE PR AR B, B8
2 (FEgete 5, 20100, B, fEER RS E RS, S, KEEMYgEEREE SR TR, P
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A8 7 8 8 A A 2 g R SR AU 2 R R JRUR 2 — o PUAa Ak BE ) 5 AR AR A A B TR AR G
SRR, dEAEER B BRI S R R R SE BT RE ) RS9 I E R, PR LR
FIAET ZWER AN, X5 Shin 25 (2008) MIWFFLE: FAH—2. HuT, O KEMFIRIEINN
SRS B W S A DU A AL RE ) B AR (Pyo etal., 2004; Ferreyra et al., 2007; Hiiseyin et al.,
2008), AR M HIA MR S5 46T R ALY B e o 77 T AE A AN R R0 55 Proteggente 55:(2002)
Wang FI Lin (2000) 70 IA N Biag RS b fe 7 2= & 5 5 RS hrs e J) % UIAH G o Olsson %% (2004)
da Silva Pinto %5 (2008) FI Eberhardt 55 (20000 A FTIA A HUIAR ML R AT B2 FH 3P S JL 52 vp e (1 4R
HAEHIFEAK, 1M Ferreyra 55 (2007) Ak HiAg bzt 2 th PrAa A B ) AR A 32 B0 i S i AT TR
MR E AT, MAREIETE 7. FEMBGARE R 22 5l e 2 AN Z5 8 U A (Shin et
al., 2008), 1 Wang F Lin (2000) {XHXZRA ], A (RS 3 /N B ) B R S g AT e Ak
AE IR0 M7 1) Ferreyra 45 (2007) FH/B&E. K& . S%Z. 25%Z0. 50%4L. 75%ZL. 100%
g1, SELLRIER LA 10 BB b s RS Pt e )

AF RS GAGEE S AT I R, AR S I PRACRE T R E R . HR
DRI AT B8 5 B R o B SR ) 1) & BT 3207 1) R (IR 45, 20035 Castrejon et al., 2008).
WL R e AR T R AR RN RN 21, A R AR DGR R JEPR 7 T ke i 4 g
RS H R PR T = S R I T BRI g R R S s s, T TR A i — 2
WL
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