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The Pulp Color and Browning Diversity in Apple

YANG Wei'", ZHAO Suo-cheng', HE Yang', ZHANG Su-min', YIKai', LIU Zhi', XU Gui-xuan',
DONG Wen-xuan®, and WEN Yu-bin®

('Liaoning Institute of Pomology, Xiongyue, Liaoning 115009, China; “College of Horticulture, Shenyang Agricultural
University, Shenyang 110866, China; *Fate Town Agricultural Technology Promotion Station, Shulan, Jilin 132619,
China)

Abstract: In order to evaluate the pulp color and browning degrees about apple cultivars after the
fresh-cut fruit treatment and look for the anti-browning resources, 40 apple cultivars were employed to
carry out the research in the pulp color and browning diversity and then the significant and cluster analyses
were carried out. The results showed that the main types of apple pulp color are yellow, white and green.
One hour later after the fresh-cut fruit treatment, the yellow pulp turned into yellow-brown, the green and
white pulp became grey-brown mostly or turned into yellow-brown. The pulp browning phenomenon in
apple cultivars occurred widely with the phenotypic diversity. Among the cultivars there were obviously
differences in the pulp browning degree, especially for the cultivars with different ripened stage, in which
the later the mature stage was, the less the browning was. ‘Huahong’ and ‘Huaguan’ were the much better
anti-browning cultivars.
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Table1 Quantified value of traits of nonnumeric types

AR Trait T {H Quantified value

R FI=1: GHA=2: WER=3: WI=4; H=5; W=6; FEM=T; G=8; WHE=0: ¥&=10; KA=11

Pulp color White=1; Green white=2; Weak green white=3; Weak yellow white=4; Yellow=5; Weak yellow=6; Orange yellow=7; Green=8;
Weak green=9; Yellow green=10; Weak green=11

REBOI  -df=l; [ [~ 803 H— KM= A—~HKI=5: S0~ EH=6; S~ RIRIE=T: S~ KH=8;

i G RM=9; G~ Hl=10s B =11 M HIE=12s R =13; G KH=14; G H=15;

e WA CH16: W1 -8, B R19: I~ S20, AR~ Se=21
White— Yellow white=1; White— Yellow=2; White—Yellow brown=3; White—Grayer brown=4; White—Deep grayer
brown=5; Green white—Yellow white =6; Green white—Weak grayer brown=7; Green white—Grayer brown=8; Green white
—Deep grayer brown=9; Green white— Yellow brown=10; Yellow—Yellow white=11; Weak yellow—Yellow brown=12;
Orange yellow—Deep yellow brown=13; Green— Grayer brown=14; Green— Yellow brown=15; Weak green— Grayer
brown=16; Weak green—Yellow brown=17; Yellow green—Grayer brown=18; Yellow green— Yellow brown=19; Weak yellow
white— Yellow brown=20; Weak green white—Deep grayer brown=21

DIorl h G =1, $kl=2; R=3; Hil=4; WIH=5; fi=6; 111=7

% Pulp

Grayer brown=1; Weak grayer brown=2; Deep grayer brown=3; Yellow brown=4; Deep yellow brown=5; Yellow=6;
Yellow white=7

color 1h later
after cutting

2 HiR50H

21 RABEREZWK

XF 40 AN AR A S D) F AT I AR (R 2, K 3) o RRBIO R AN ERPeR T H R
LA F S, RARBOARR IR A%, L. A, SR EIATA 11 MOARFISEAL, ARl )
WIS R 2 TARK AL, V1o R A AR AR AR 2 HE, 40 ASERUR AT, JE e A7
75 21 P 750, B2 4 ANMEFS 4 Simpson Al Shannon #8 4 il — 100 P14y 1 h 5 RSO
7 FRSRAL, EIYUIASAR R, BT T B RN R, BURTEAS RSP Rl R A H AR ] e
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Table 2 The flesh color change and browning index of fruit fresh-cut in different apple cultivars

. . B RN ) 1 h )5 e M AL TR AR e
G ””ﬂ. Mature stage ?‘U‘Q{:@{i Pulp color 1 h later after Degree of Browning
Number Cultivar Initial pulp color . . .
(M-D) cutting browning index

1 K 4T Summer red 07-10 %% 1 Green white YR IK# Deep grayer brown  FE Serious 0.60

2 F4Y# 5 5 Nanpu 5 07-20 %k Green white JX 46 Grayer brown T Serious 0.50

3 {R4T. Fuhong 07-24 ¥R 15 1 Weak yellow white ~ #{#3 Yellow brown H Medium 0.50

4 21 Red Astrachan 07-27 £E 14 Green white K46 Grayer brown 1 Medium 0.50

5 it 3%t Tianhuangkui 07-30 4 White K #5 Grayer brown h Medium 0.50

6 {R4£ 1 Gravenstein 07-30 W4k 11 Weak green white VR KA Deep grayer brown I Serious 0.65

7 YL )i Early Mcintosh ~ 08-01 £k 1 Green white JX#6 Grayer brown H Medium 0.50

8 L Yellow Transparent 08-03 £E 14 Green white R K Weak grayer brown ' Medium 0.40
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i uﬂuﬂf ]\Efit;:g stage w%ﬁé& Eil? clo?oﬁ?lﬁer after MR . fj &Tﬁ#{
Number Cultivar (M-D) Initial pulp color cutting Degree of browning inr(;)ewxmng
9 4. Shuanghong 08-03 1 White JX#6 Grayer brown H Medium 0.45
10 Fii % Ruixiang 08-05 %4k Weak green %46 Grayer brown 1 Medium 0.50
11 #fj Kizashi 08-05 %3 Weak yellow Wy Yellow brown 1 Medium 0.40
12 R4 Fujin 08-08 H4¢ Yellow green JH) Grayer brown h Medium 0.50
13 WEHK 1 5 OBIR-2T-47  08-10 4 White JK# Grayer brown % Mild 0.30
14 % =41 Pulanhong 08-20 % %k Weak green 15 # Yellow brown F1 Medium 0.40
15 A4 ) Donghongguo 08-20 T4k Yellow green T Yellow brown 5 Serious 0.50
16 £k Lushuai 08-23 %t Green i # Yellow brown T Serious 0.55
17 5K Cuigiu 08-23 1 White JH) Grayer brown E Serious 0.55
18 W Sansa 08-25 £k 1 Green white JK % Grayer brown % Mild 0.35
19 A Xiangguo 08-30 £k Green white 1 # Yellow brown  Serious 0.65
20 % Tsgaru 09-05 £k 4 Green white T H Yellow white % Mild 0.30
21 I Gala 09-09 3% Weak yellow #H#8 Yellow brown *H Medium 0.45
22 JE& L+ Mollie’s Deli 09-09 £E 14 Green white %46 Grayer brown H Medium 0.50
23 HH4T Jinhong 09-09 £E 11 Green white JX#) Grayer brown H Medium 0.40
24 # 4L Jihong 09-15 P& 3% Orange yellow KT Deep yellow brown  #}FE Extremely serious 0.85
25 4L Redchief 10-01 %t Green JX#5 Grayer brown 5 Serious 0.60
26 €& Hanfu 10-01 %k Yellow green JHey Grayer brown T Serious 0.55
27 47tk Golden Delicious 10-01 % 1% Weak yellow Tty Yellow brown 1 Medium 0.45
28 2164 % Benishogun 10-01 %3 Weak yellow Wy Yellow brown T Serious 0.60
29 21 & Jonathan 10-10 £E 14 Green white %46 Grayer brown 1 Medium 0.40
30 #£47 Huahong 10-10 # Yellow 1 Yellow white #6572 Nonoccurrence 0.00
31 =4k Calville Blanche  10-15 1 White JX#6 Grayer brown H Medium 0.40
32 41 Yuehong 10-15 £k 4 Green white Tty Yellow brown 5 Serious 0.55
33 &+ Fuji 10-15 1 White 15 # Yellow brown T Serious 0.60
34 N3 Granny Smith  10-15 4% Green J#) Grayer brown % Mild 0.30
35 45 Huaguan 10-15 1 White 1 Yellow white %% Extremely mild ~ 0.05
36 it 5t Shinsekai 10-15 1 White {4 Yellow brown 1 Medium 0.45
37 7% Toko 10-15 1 White Tty Yellow brown h Medium 0.50
38 ' Ralls 10-15 £k 1 Green white % Yellow brown T Serious 0.55
39 D Yueshuai 10-15 Il White T Yellow i Serious 0.30
40 3956 Jiguan 10-15 1 White YR K Hs Deep grayer brown T Serious 0.60

F 3 IFMEREROBES HIERY
Table 3 Genetic diversity index for traits of nonnumeric types
MR Trait Simpson f§%{ Simpson index Shannon-wiener fi%{ Shannon-wiener index

FAF Pulp color
R AFMAZ1E The change of pulp color

Y1431 h JEEE Pulp color 1 h later after cutting

#5540 Browning index

0.8182
0.9423
0.7026
0.8808

2.6802
4.0027
2.0333
3.0732
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Table 4 Significant difference analysis on the mean of ME i Gala
different mature apple cultivars pulp browning index 478 Golden Delicious
R FiHAL Shinsekai
iy g e yeen 9% EAFIX (] 15 OBIR-2T-47
en Ko ; PR BRI o,
({"JT[FW}.’[J Number 22 Siandard Standard %5 A’f d ﬁ‘%iyffm )
ategories of N deviation error : (tm ! fnce BAYEE Granny Smith
samples 1nterva 4[ M Yueshuai
L 6 0.5417a 0.0665 0.0271  0.4719~0.6114 IiﬂE Sansa
Early-maturing i ii Jihong
s 18 0.4750b 0.1298  0.0306  0.4105~0.5395 — 2;% gﬁgﬁgﬁ
Mid-maturing ' ' )
B 16 0.4313¢ 0.1879  0.0470  0.3311~0.5314 047 037 028 019 009 0
Later-maturing Z B Coefficient
F: RENEFEER0.05 (P<0.05) KPR BEE. , )
Note: The small letters mean significant difference at 0.05 level. B 1 401 MERRMRLETELSTAIRE
Fig. 1 Dendrogram of pulp browning index for 40 apple
cultivars
3 e
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