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Relationship of Carbohydrate, Mineral Content, Reactive Oxygen Species
Metabolism and ‘Fuji’ Apple Watercore Occurred

DU Yan-min, WANG Wen-hui’, HANG Bo, TONG Wei, WANG Zhi-hua, and JIA Xiao-hui
(Institute of Pomology, Chinese Academy of Agricultural Sciences, Xingcheng, Liaoning 125100, China)

Abstract: The relationships of carbohydrate, mineral content and reactive oxygen species metabolism
and watercore occurred of Fuji apple from Aksu, Xinjiang were investigated. The results showed that the
watercore incidence positively correlated with soluble solids content (P < 0.05), but it did not show
significant correlation with fruit weight, aspect ratio, L value, b“value, h” value. Furthermore, higher
sorbitol, sucrose and lower fructose, glucose concentrations were found in watercore fruits and tissues,
especially for sorbitol, which is 2.19 times and 2.86 times of watercore-free fruits and tissues respectively.
Moreover, higher accumulation of K and B and lower content of Ca, Zn and Fe were involved with
watercore incidence. Meanwhile, in the watercored fruit and tissue, superoxide radical and H,O, content
were significantly higher than those in watercore-free apples, which were 282.39%, 68.17% and 12.6%,
107.62% higher for fruits and tissues, respectively. POD, SOD and CAT activities were significantly

decreased in watercore fruits and tissues. MDA content and relative electrolytic conductivity were
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significantly increased, indicating the serious membrane peroxidation.

Key words: apple; watercore; carbohydrate; mineral element; reactive oxygen species
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Table 1 Correlation analysis among watercore ratio, watercore incidence, internal quality and color index of Fuji apple

B AL YRS * N . .
£z Hi?i)Ij_ﬂ_ }?I\*,\{IH:' SsC L a b h
Index Fruit weight Aspect ratio
FKL W Watercore ratio -0.6283 -0.8187 0.9556 -0.5145 0.9867 -0.7417 -0.7889
/K ¥E%L Watercore incidence - 0.4445 -0.9238 0.9968" -0.3161 0.9280 -0.5784 -0.6368
* P <0.05.
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F2 KLEEERIMAATERLRYRIRILE

Table 2 Comparison of sugar concentrations in watercore and watercore-free Fuji apple and flesh tissue

e3ic] HEWE/% DW HLHk/% DW 11 A4EE/% DW HI#T5H/% DW
Type Sucrose Fructose Sorbitol Glucose
JK 4 2R Watercore tissue 28.08 a 59.61b 7.20a 11.69 b

1EH 2121 Watercore-free tissue 23.26b 6592 a 2.52b 14.05 a
IR YL A Watercore whole fruit 2342a 59.47b 623 a 1243 b
1E % 45 3L A Watercore-free whole fruit 18.34b 68.34a 2.85b 14.58 b

T AN T RER IR A R AN R 2 i) 22 570 5% Bk 257K

Note: Different small letters in same position indicated significant differences at 5% level.
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Eﬁ%ﬁfm’ KRAKOKIRELMALS S, HBIESEHNEFSTIE %%*%néﬂ,,\, 1M Zn 1 Fe
S R F T IR R SE 4R, 1 EP7K‘UQH//\EP Fe TR M S BN IEH AWML 1/3; FHEf, 5
IEHAZGHILE, KOHL T K S BE S, Ca fEBERIK (3D,

S

#3 KUEEERTNALN REFTRNER

Table 3 Differences of mineral concentrations in watercore and watercore-free Fuji apple fruit and tissue

ESil g kg’ mg - kg’

Type N P K Ca Zn Fe Mn B

KL 2R Watercore tissue 3.097 a 0.621a 8.935a 0.312b 1.376 b 7.899b 2.021a 19.596 a
1EH 24123 Watercore-free tissue 3.015a 0.629a 8.116b 0.537a 1.852a 21.720a 2204 a 11.886 b

JK0v4x YL A Watercore whole fruit 3812a 0.698a 8.700a 0.403 a 1.831b 22312b 3.465a 17.144 a

1EH 4 3L A Watercore-free whole fruit 3.255 a 0.629a 8.863a 0.470 a 3.556 a 35.597a 4.060a 12.877b

T AN T RER R A R AN R 2 i) 22 57 0 5% Bk 257K

Note: Different small letters in same position indicated significant differences at 5% level.

24 KOEEERLEMSIERIGEUKEES

TR, KO RSERPA R AN S PR EAE S B EE e T IEW Ry (P <
0.05), 3l bb IE B S S FNZH 27 1 282.39% 68.17%A11 12.6% 107.62%; 7KLy 551K MDA & B F1AH
X SRR FE S T IEWHR (K 4), UHHAN ARG oR ., bbb 00 SR S v o A R 2 06) 41 P i
RGN AT BEIE B R E 3 H KO KA 2R A,

R4 KOEEERETMAAFEASESERIEMKELE
Table 4 Comparison of reactive oxygen species concentrations and membrane peroxidation level in watercore and
watercore-free Fuji apple and flesh tissue

Fom W :Mé\%/,l *EXULFE'TEr$/ ‘ BB B iy i‘l%%i\lé‘\i/

Type (nmol -mg™) Relatlv§ e'lectrlcal (nmol - ' g FW) (ng - g FW)
MDA content conductivity Superoxide anion content H,0, content

7K L)fﬂ,/\ Watercore tissue 6.202 a 61.89 a 0.3366 a 99.43 a

1EH 20 21 Watercore-free tissue 5.288b 56.32b 0.2988 b 47.89b

7KiCa4= 4L I Watercore whole fruit 7214 a 4597 a 0.6256 a 71.96 a

1E 4= L Watercore-free whole fruit 4264 b 4442 a 0.1636 b 42.79b

T A RN BRI AL AN Y 7] 225315 5% 23 7K T

Note: Different small letters in same position indicated significant differences at 5% level.
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25 KUOMEFRLFEMSHEEEHES

TRy R SR ST A AL RS0 SOD Al CAT B i KT IR 3 SL S0 M 241, 7 B IE o
SERIZH LU 15.53%- 45.64%F1 25.02%- 33.60 %, AR 7KCZHZR R POD BfHS P45 1F 3 42U 41.67%
(P<0.05), FEELRYPEENEEMBACE— e R LAEE T RSzl S AL S AR 2 TR 8 K
VR SZRIAL i i R oL S AL Il (APX) W3 T 1R BsE Rl 2L, 2ol 75.15%H1 81.41%
(£ 5,

#5 KLHEFRTMAATEREUEFEILER

Table 5 Comparison of key antioxidant enzyme activities in watercore and watercore-free Fuji apple and flesh tissue

et SOD/ POD/ CAT/ APX/

Type (U -mg" (umol - min” - mg™) (nmol - min™ - mg") (nmol - min™ - mg™")
IR E Watercore tissue 61.06 b 0.0056 b 1.751b 1542 a

1E 7 4127 Watercore-free tissue 81.47 a 0.0096 a 2.637 a 8.50b

K4 HE A Watercore whole fruit 51.68b 0.0195a 1.567b 2897 a

1EH 4 4L Watercore-free whole fruit ~ 61.18 a 0.0168 a 2.883a 16.54b

e AFVNG FEER IR RS AN R Y 7] 7 518 5% 2.3 7K T

Note: Different small letters in same position indicated significant differences at 5% level.
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(PR R 5K AR RE Y] AN BN oI5 45 4 5 28 Gont L1 AR EE P 1 2 e mf
fEEFEUK LKA EN (Yamaki et al., 1976; Marlow & Loescher, 1985). 551 rfAH X8 i FE Bk
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— RGN ROS WERHLE, H WLIPUEILEE A POD. SOD. CAT F1 APX %, Hih SOD 2 ki
ABE T H L rE—EE, CAT. POD A1 APX - ZERR HyO, (Seel etal., 1992). AW H ML /3
AT ECAOK O SR RN AN 23 5 T B S vh E B0 PR AR 1% BN E EHU RS Y22 e, B A KD
R LB HUAAEE SOD. CAT F1 POD B % 1 1 {2 2 B, 18 Rl S HL 0, ARSI 2 71
KEMRE, AR AR, 40 MDA &2 EW e, MM Rgc i Tk, 4nMagt:
WO, W R AR AR R AR L, S RBOK DI R A . APX I BRI PEAE R /E LB (i Ak T
MAAHIIR MR (AsA) HEAMAA] HyOp NV IE AP MR (MDHA) (Welinder, 1991), AT
G, KOS SEFIA AR APX B 1 30 2 v T 1E 0 SR SR 21, v] fg 7K 0 R SEFN A 2R e 1
(] HyO Ko

g EPTIR, HramB v b X R R A — 5 TS RS s ) T R R RO,
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