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Abstract: [Objective] The early-maturing apple cultivars Luli and David Gala are extensively cultivat-
ed at the south region of Shanxi due to earlier harvest and higher market value, compared with other
cooler areas. The fruit qualities are determined by the harvest time. Traditionally, apple fruits are har-
vested according to skin coloring, seed color or days after full bloom (DAFB), which are influenced by
climates in different years. Rapid fruit ripening of early-maturing apple cultivars under higher tempera-
tures in the south region of Shanxi presents challenges in determining the optimal harvest timing, which
directly affects postharvest fruit quality and storage potential. This study aimed to establish a starch-io-
dine staining criteria as a reliable indicator for harvest maturity, ensuring fruit quality and prolonging its
shelf life. [Methods] The apple flesh of Luli (95 to 130 DAFB, 7 d harvest interval) and David Gala
(91 to 126 DAFB, 7 d harvest interval) at different maturities was stained by iodine-potassium iodide so-
lution to show starch degradation patterns, and correspondingly the fruit quality attributes of fruit size,
single-fruit weight, firmness, skin color, soluble solids content (SSC), titratable acidity (TA), and sugar-

acid ratio were measured. Correlation analysis was conducted to evaluate relationships between the
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starch index and quality attributes. The fruits of Luli and David Gala at different maturities were stored
at 1 °C for 60 days, and their indicators of firmness, SSC, and TA were monitored to assess storage qual-
ity. [Results] Starch-iodine staining results indicated that starch hydrolysis occurred in both Luli apples
(95 to 130 DAFB) and David Gala apples (91 to 126 DAFB) during ripening. The starch index of Luli
apples gradually increased from 1.16 (at 95 d DAFB) to 7.90 (at 130 DAFB), and David Gala apples
gradually increased from 1.03 (at 91 DAFB) to 7.00 (at 126 DAFB). The hydrolysis of starch and the
starch index could serve as core indicators of maturity. With fruit maturing, the starch hydrolysis in both
Luli and David Gala started from the core and gradually spreaded to the pulp. Notably, vascular bundles
and pericarp tissues were the last to undergo hydrolysis. At the later stage of maturity (staining grade 6),
the starch in the cross-section of Luli apples was almost completely hydrolyzed, while some starch in
the vascular bundles and pericarp tissues of David Gala apples had not been hydrolyzed. This indicated
that the starch hydrolysis in Luli apples was faster and more complete during the maturity period (95 to
130 DAFB). Starch index of Luli and David Gala was significantly and positively correlated with single
fruit weight and soluble solids content, and significantly and negatively correlated with fruit firmness
and titratable acidity (P << 0.01). With the prolongation of the harvest period, fruit firmness and titrat-
able acidity decreased, and soluble solids content increased. Firmness can serve as an indicator of stor-
age potential. The firmness of Luli decreased less than that of David Gala during storage, and its stor-
ability was better. Soluble solids content is a quality index reflecting the flavor and maturity of the fruit.
The content of soluble solids in Luli apples gradually increased from 95 to 109 DAFB and remained sta-
ble from 116 to 130 DAFB, while the soluble solids content of David Gala apples gradually increased
during the storage process at different harvest periods. Comprehensive analysis of fruit quality indica-
tors at different maturity stages showed that Luli apple fruit and storage quality during 116 to 123
DAFB was the best, in which the starch index was 5.40-6.53, fruit size tended to be stable, skin changed
from partial coloring to complete coloring, soluble solids content was 13.20%—14.33%, and fruit firm-
ness was 9.42-10.49 kg - cm™ and decreased to 7.60 kg - cm™ after storage for 60 d. David Gala apple
fruit and storage quality at 119 DAFB was the best, in which starch index was 5.93, fruit size tended to
be stable, fruit skin was fully colored, soluble solids content was 13.33%, and fruit firmness was 11.02
kg-cm™ and decrease to 7.13 kg - cm™ after 60 d of storage. When harvested too early, for instance, Luli
fruit was harvested at 95 to 102 d DAFB (starch index was 1.16—1.85) and David Gala was harvested
91 to 98 DAFB (starch index was 1.03—1.80), the fruit firmness was excessively high, SSC was insuffi-
cient, and the flavor cannot meet the standard. When harvested too late, for instance, Luli fruit was har-
vested at 130 DAFB (starch index was 7.90), and David Gala was harvested at 126 DAFB (starch index
was 7.00), the fruit firmness decreased significantly after storage (<< 7.00 kg - cm™) and was not resis-
tant to storage, although the fresh flavor was the optimal (SSC > 14%). [Conclusion] Starch staining
can be used as a core evaluation index for the harvest maturity of Luli and David Gala apples. The
starch staining pattern for appropriate harvest time of Luli and David Gala apples showed that vascular
bundles of sepals and petals were still stained, and presented 10 discrete dark clusters in the core. The
optimal starch index for Luli was 5.40-6.53, but for David Gala it was 5.93.
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Fig. 1 Starch-iodine pattern for Luli apples
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Fig. 2 Starch-iodine pattern for David Gala apples
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Table 2 Effects of different harvest stages on the quality of Luli apples
sk 16)595d fejE102d 1eJ5 109 d tejE116d 16hi123d 1eJ5130d
ne 95 d after 102 d after 109 d after 116 d after 123 d after 130 d after
Index R K . . . K
flowering flowering flowering flowering flowering flowering
MR 63.60+0.26 ¢ 65.87+0.40 d 70.47+0.15 ¢ 72.47£0.61 b 73.50+0.40 ab 73.90+1.42 a
Transverse diameter/mm
Wiz 59.67+0.25 ¢ 60.33+0.74 be 62.30+0.20 b 66.20+£1.66 a 65.43£2.05 a 66.33+1.92 a
Vertical diameter/mm
RIGIREL 0.94+0.01 a 0.87+0.02 b 0.88+0.01 b 0.91+0.02 ab 0.89+0.04 b 0.89+0.03 b
Shape index of fruit
PR 150.67+6.03 d 154.00+2.65 d 184.33+8.39 ¢ 201.004+2.00 b 203.00+4.58 b 218.67+8.02 a
Volume/cm®
LiERZS5TE -y 124.59+3.05 d 126.51+0.71 d 155.01+4.37 ¢ 174.08+4.84 b 177.884+2.84 b 185.05+4.21 a
Single fruit mass/g
KR - 82.93+£3.27 b - 84.57+1.45 ab - 87.48+0.75 a
Moisture content/%
i Ji¢ 13.93+£0.20 a 13.47+0.12 b 12.11+0.16 ¢ 10.49+0.12 d 9.42+0.23 ¢ 8.36+0.39 f
Firmness/(kg-cm™)
wCRT VA [ YD 8.37+0.15d 10.53£0.15 ¢ 10.67£0.32 ¢ 13.20+£0.30 b 14.33+0.15 a 14.37£0.25 a
Soluble solids content/%
wCH R E R 0.85+0.04 a 0.73+£0.03 b 0.64+0.03 ¢ 0.53+0.02 d 0.43+0.02 ¢ 0.42+0.03 ¢
Titratable acidity content/%
PERR L 9.86+0.64 ¢ 14.37+0.37 d 16.60+0.71 d 24.78+1.23 ¢ 31.65+1.19b 34.03+2.42 a

Sugar/acid ratio

VE: AT A FENG PR R Z 7 T3 (P<0.05) . BT RS AGTRE A S /K R AR P22, e e (] Fg 14 d. R

Note: Different small letters in same row indicate significant difference by LSD test (P<<0.05). As the moisture content changes relatively steadily

during fruit ripening, the determinations were conducted at 14 day intervals. The same below.
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Table 3 Effects of different harvest stages on the quality of David Gala apples

fabi 16f591d 16f598d 16f51054d s 112d 1fE119d 1EE1264d

" 91 d after 98 d after 105 d after 112 d after 119 d after 126 d after
Index . . . . . K

flowering flowering flowering flowering flowering flowering

iz 61.30+£0.36 d 63.23+0.35¢ 68.70+£0.35 b 69.50+0.66 b 72.93+0.87 a 73.93+0.91 a
Transverse diameter/mm
RES 54.30+0.36 ¢ 56.50+1.06 d 59.93+0.15 ¢ 62.37+0.97 b 61.97+1.17b 64.03+1.23 a
Vertical diameter/mm
U2k 0.88+0.01 ab 0.89+0.02 a 0.87+0.01 ab 0.89+0.02 a 0.85+0.03 b 0.87+0.02 ab
Shape index of fruit
R 101.90+2.59 111.15+£5.36 ¢ 140.08+2.38 d 152.194+4.01 ¢ 171.57+2.86 b 178.56+3.54 a
Volume/cm’
AR E 126.33+6.11d 136.00+7.00 d 169.67+3.05 ¢ 174.334£6.51 ¢ 195.67+7.02 b 208.33+6.03 a
Single fruit mass/g
TKE 83.04+1.02 b 83.80+0.43 ab 85.04+0.67 a
Moisture content/%
i 52 13.53+£0.40 a 13.39+£0.12 a 13.52+0.33 a 12.12+0.58 b 11.02+£0.42 ¢ 8.92+0.73 d
Firmness/(kg-cm™)
wCAlEE DD 8.13x0.15 ¢ 8.63+0.35 ¢ 10.10£0.46 d 11.20+£0.46 ¢ 13.33+0.40 b 14.03+0.15 a
Soluble solids content/%
wCAT T E LD 0.87+0.04 a 0.82+0.05 ab 0.76+0.06 be 0.69+0.04 ¢ 0.54+0.15 d 0.43+0.06 ¢
Titratable acidity content/%
PR L 9.33+0.59d 10.57+1.04 d 13.31£1.51 cd 17.81£2.12 ¢ 24.56£1.35b 33.22+539a

Sugar/acid ratio
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Fig. 3 Effects of different harvest stages on the color of Luli apple peel and seed coat
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Fig. 4 Effects of different harvest stages on the color of David Gala apple peel and seed coat
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Fig. 5 Effects of different harvest stages on the firmness of Luli and David Gala apples during storage

WREEEEY S B LR EE R

K P 7 SE SR AE I 91,98 d SR ST SR S, I gk
60 d I ATV PEE T4 B 50 sl EE R T 50.06%
H142.18% , AT BT & 2K T 13.00%; 165 105,
112119126 d KW SR 5, 258K 60 d IR AT i V[ T
W 8y A SRS T 35.35%431.25%+19.05%
F19.76% , nT I [ T & B 4ERFAE 13.37%~15.87%
243 TTARBRESZAELCBRIEFHTA BT
FFL A P T R AL B AT 5 R IO o TR [R] R RE K
AL E R SR SR RERES(E D,

BN 7-A)FE R JE 95,102,109, 1164123
130 d SRS 52, I3 60 d B R i o T 2 40 i) Bl
KW R F% 40.00% + 45.21% « 39.06% + 24.53% -

26.67%~21.43%, £ J5 95 d P E R & E i =M N
0.51% , 1€ J5 102,109, 116 d W] i & B & & & T
0.40%, 1 J5 123130 d AI i € FR & 35T 0.33%.

KR (B 7-B) 3R AEJE 91.98.105. 112,
119126 d KU S5, 758K 60 d i AT 3 58 R 2 &
) EE SR TR [ 34.48%32.93%39.47% . 42.03%
31.48%+27.91% , 4¢ Jii 91.98 d "] i & R & = T
0.56%, 1&J5 126 d 1] i € 1R 7 & 5 (K 0.31%.
25 AT RERWHEAREMEIERSIEMIERAE XM
ST

T E R G R S e R RS
AL YEE TR B & T E R e AT A O A b
(RORI, EWES K DEF R H E TR ES



154 3 L) = e 433

d 15d EEER30d =454 ]e0d

wCal PR YD
Soluble solid content/(g-100 g")

116

109
A5 i 8]
Time after full bloom/d

1777 15 o 30 d——45d[___]e60d
n

wCAT I YD
Soluble solid content/(g- 100 g™")

e ——

105 112 119 126
A6 S5 I8 8]
Time after full bloom/d

El6 ARIRUHIXEMMADIZRFERIEAAME RIS EFNT

Fig. 6 Effects of different harvest stages on soluble solids content of Luli and David Gala apples during storage
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Fig. 7 Effects of different harvest stages on titratable acidity of Luli and David Gala apples during storage



1M TR S T A A R ER Y A 155

wCHAl T E LD

Titratable acid content/(g-100 g

AV s o 30 d=—-45d[___]e04d

TE 5 I 1)

Time after full bloom/d

7 (8D

Fig. 7 (Continued)
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Table 4 Changes in physiological indices of Luli and David Gala and their correlation with starch index

st A R R fEE wCAVEPEE ) wCAT E 1)

Variety Single fruit mass/g Firmness/(kg-cm™) Soluble solids content/% Titratable acidity content/%
& Luli 0.964** —0.994** 0.959%* -0.966**

KT H; David Gala 0.979%* —0.909** 0.987** -0.959**

VE:*RIRTE P<0.01 fETEN T35 M6,

Note: ** indicates extremely significant correlation at P<<0.01.

PR TUR AT PR R B AR AR R (P<
0.01), 5 RS RE i A R 35 B 52 AR 3 DA R
(P<<0.01),
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K [ 52 0 X AR A 2R A AN R R4 (K12, AN
RS SRA'E Dy T A E R A

TE K Gt TR 1S RE A0 2 Lt s R SR SIZ I R EE
A FE] P A/t S P 2 75 S R R - e
T PR BRI Wb e o S R SEAR A ey &
(K — PR SERAE A KR B BT BV % X
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JEEANRT 3 52 IR B BB RS A B
TEH AE B A A T T IZ K AR 9 5 () B 4 i e
2 figp 3 SR SRR JRE PR A1 A LR G e e A i A e

-

AR RORE TR A L AE ) B AR ER 2 A, W E TR B P
RN AT 5 I UE Ky 45 B 5 o R 5T & AT 1 [
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SR SRS A  BARA SZ AN [ o PR 1
Thammawong!" 8 ix W %% 35 5L 38k i Bl e A 4 € ]
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I, T 5P AL SR S E ) 4B 2 5.40~6.53 (FE )5
116~123 d) , 18 HAE 53 52 A AR AR K /) 388 3 s 1
5%, F I JR iR A Ny se A 6, Bl S Ak
T & O 9.42~10.49 kg - ecm™®, Al IEEE M & & N
13.20%~14.33%, 8% 60 d Ji5 415 BE 4 4357 5 - 1) i 5
(£7.60 kg - cm™) , K W5 K S5 Wik it J57 35 75 & Hh
JibRAE(DB4112/T 306) K TLAE 17 3% 5L Sy ¥y 48
BN 5.93(FE )5 119 D, BAS KNG T1142 , R
SEA MR SE AL, B E 11.02 kg cm?, A AT
)25 BN 13.33%, 298K 60 d i 5 65 5 00805 i
R S I CRERE N 7.13 kg - em?, Al VA TEE ) & &
N15.87%)

AT FEIE R IE T SE SR AC S 109 d AR P $7
SERAESE 105~112 d R i Faz g v B Y & &
i, {EIE758 60 d S5 5t i B B IA b , (H IR AN/,
A, W R B8 0] DL R AR Y. BT
J& 130 d CIE 3 48 %0 7.90) 5k TR 7 (3 By 8 3
7.00)3F RAE )5 126 d SFE L £ 5 e, & FH T8
5 AN o

4 ZE B
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I BCRWOHE B G (3 RN E R A4 R
et A TR, 10 N B R 1 B E AR . B R
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