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Dynamic changes and evaluation of fruit quality during on-vine ripening

in Ganlii No. 1 kiwifruit (Actinidia eriantha)

ZHENG Kexin, LIAO Guanglian, YE Bin, JIA Dongfeng, HUANG Chunhui, ZHONG Min, XU Xiao-
biao"

(College of Agronomy/Institute of Kiwifruit, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China)

Abstract: [Objective] The present experiment was undertaken to explore the dynamic changes in the
appearance and intrinsic quality of Ganlii No. 1 (Actinidia eriantha) fruit on different on-vine ripening
times, comprehensively evaluate the fruit quality on different times, and identify the best time for on-
vine ripening. Kiwiftruit is a respiratory climacteric fruit, which is easy to soften and decay after maturi-
ty and has a short edible window period. The on-vine fruit is still a living organism, and it will generally
undergo physiological maturity on the vine and then fully mature with the best taste. The methods of on-
vine ripening can improve the fruit flavor. Ganlii No. 1 fruit has the characteristics of not being easy to
drop after physiological maturity. So, it was used to explore new storage methods for kiwifruit. [Meth-
ods]) The fruits of Ganlii No. 1 were collected from the physiological maturing stage (SSC = 6.5%) (Oc-
tober 26, 2022) until the fruits were too ripen to be edible, with a total of six times: 171, 180, 192, 201,
210 and 222 days after full bloom (DAFB). The changes in hardness, color, ascorbic acid, titratable ac-
id, soluble sugar, soluble solids, chlorophyll and carotenoids were measured, and the best time for on-
vine ripening was evaluated by the principal component analysis. [Results] During the on-vine ripening
period, the Ganlii No. 1 fruit surface gradually smoothed, the color of the fruit surface became deepened-

brown, and the exocarp began to lose water and shrink on 222 DAFB. The whole flesh was tender green
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on 171 DAFB, and the color of the flesh near the core began to change from tender green to dark green
on 180 DAFB and gradually spread to the exocarp until the whole flesh turned dark green on 222 DAFB,
and the flesh gradually became transparent. The core color gradually turned yellow, from light green
to pale yellow. The flesh’s L and 5" values showed an overall decreasing trend. Notably, the 5" value
showed a significant decrease, dropping from its highest value of 27.81 on 171 DAFB to the lowest
value of 9.79 on 210 DAFB, a reduction of 64.8%. The L" value also showed a significant decline
from its highest value of 56.99 on 171 DAFB to the lowest value of 40.32 on 210 DAFB, representing
a reduction of 29.25%. This indicated a decline in brightness, with the color becoming darker and more
yellowish. Conversely, the " value showed an overall increasing trend, from its lowest value of —11.7
on 171 DAFB to its highest value of 3.09 on 210 DAFB, representing a change of =126.41%. This in-
crease signified a deepening of the red hue in the flesh. These changes in chromatic aberration values
were consistent with the observed fruit appearance. The fruit shape index, single fruit quality and hard-
ness showed a decreasing trend. The pulp hardness decreased significantly from the highest value of
155.61 g on 171 DAFB to the lowest value of 14.76 g on 210 DAFB, a decrease of 90.51%. The con-
tents of ascorbic acid, titratable acid, soluble solids, soluble sugars and pigments increased first and
then decreased. The content of AsA increased from 947.89 mg- 100 g on 171 DAFB to its highest value
of 1 282.22 mg-100 g"' on 192 DAFB with an increase of 24.12%, decreased to 905.17 mg- 100 g"' on
201 DAFB with a decrease of 29.41%, increased to 1 028.95 mg- 100 g’ on 210 DAFB, and decreased
to its lowest value of 897.66 mg - 100 g' on 222 DAFB. The titratable acid content increased slowly
without significant difference from 171 DAFB to 180 DAFB, but from 180 DAFB to 192 DAFB, it in-
creased significantly to its highest value of 1.26% on 192 DAFB. From 192 DAFB to 210 DAFB, it
slowly decreased to 1.21% on 210 DAFB. However, from 210 DAFB to 222 DAFB, it declined sharply
to its lowest value of 1.02% on 222 DAFB, a decrease of 15.7%. The contents of soluble solids and sug-
ars showed an increased trend from 171 DAFB to 210 DAFB, reached their highest value on 210 DAFB,
and then decreased rapidly. Notably, the soluble solids content increased significantly from its lowest val-
ue of 7.46% on 171 DAFB to its highest value of 18.41% on 210 DAFB, an increase of 146.78%. The sol-
uble sugar content also increased significantly from its lowest value of 6.42% on 171 DAFB to its high-
est value of 10.87% on 210 DAFB, an increase of 40.94%. The contents of chlorophyll a, b and carot-
enoids all showed the “decreasing-increasing-decreasing” trend, and the overall trend decreased. From
180 DAFB to 201 DAFB, they increased significantly to 2.73, 1.68 and 1.62 mg- 100 g on 201 DAFB,
an increase of 52.51%, 37.93% and 44.64%, respectively. From 210 DAFB to 222 DAFB, they de-
creased sharply to their lowest value of 1.48, 0.77 and 0.92 mg- 100 g'' on 222 DAFB, a decrease of
45.79%, 61.5% and 43.21%, respectively, and the rate of decline showed chlorophyll b>chlorophyll
a>carotenoids. Principal component analysis was carried out on six quality indexes of Ganlii No. 1 on
six on-vine ripening times, and three principal components were extracted, with a cumulative contribu-
tion rate of 98.143%. The variance contribution rate of the first principal component was 50.52%, in
which indexes of positive load were soluble sugar content (0.895), titratable acid content (0.731) and
soluble solid content (0.935), and index of negative load was pulp hardness (-0.741), with all of indexes
having high absolute loads. The variance contribution rate of the second principal component was
27.59%, and the total chlorophyll and carotenoid contents (0.766) had a high positive load. The vari-
ance contribution rate of the third principal component was 20.034%, and the ascorbic acid content
(0.898) had a major positive effect. According to the comprehensive score of principal components,
192 DAFB had the highest comprehensive quality score of 1.112. 210 DAFB and 201 DAFB were list-



2252 3 L)

S 4

413

ed second and third, respectively. 180, 171, 222 DAFB ranked 4-6 in sequence. [Conclusion] During

the on-vine ripening period of Ganlii No. 1 fruits, the appearance indexes showed a decreasing trend,

and the intrinsic quality showed a trend of first ascending and then descending. The content of AsA
reached a peak of 1 282.22 mg- 100 g' on 192 DAFB, and the content of soluble sugar reached a peak

of 10.87% on 210 DAFB. The comprehensive evaluation of principal component analysis showed that

the comprehensive quality of the fruit was the best after 21-39 days during the on-vine ripening period.

Key words: Actinidia eriantha; Ganlii No. 1; On-vine ripening; Fruit quality; Principal component anal-

ysis
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Fig. 2 The appearance and color changes of Ganlii No. 1 (4. eriantha) fruit during on-vine ripening
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Table 1 Shape index, single quality and hardness of Ganlii No. 1 (4. eriantha) fruit during on-vine ripening

KA I [ Iz e ; e PR

AR A Pt e s JOPE R
Picking Longitudinal Transverse . . . Single fruit

. . . Side diameter/mm  Shape index Peel hardness/g Pulp hardness/g
time/d diameter/mm diameter/mm mass/g

171 48.91+2.37 a 24.42+1.36 a 22.89+1.32 a 2.01+0.10 ab 17.33+2.94 a 573.24+108.02 a 155.61+27.99 a
180 43.65+2.75 be 22.52+0.82 ¢ 21.08+0.92 b 1.94+0.10 ab 13.22+1.57b 362.67+128.75b 59.15+39.65 b
192 44.96+2.12 be 23.30+1.00 be 21.89+1.50 ab 1.93+0.03 b 14.17£1.56 b 325.21+63.13 b 35.58+16.38 ¢
201 42.93+£2.01 ¢ 2251137 ¢ 21.21£0.90 b 1.91£0.11 b 14.01£1.74 b 201.434+25.08 ¢ 21.4745.96 cd
210 42.99+2.38 ¢ 24.04+1.20ab  21.26£1.11Db 1.79+0.14 ¢ 14.57+1.42 b 188.49+18.18 ¢ 14.76+3.01 d
222 4521+1.52b 22.22+1.12 ¢ 21.33+1.33 b 2.04+0.14 a 14.31+1.28 b 162.45+21.08 ¢ 15.29+3.06 d

W AFNG ERRRER B (p<0.05).

Note: Different small letters indicate significant difference at p<<0.05.
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Fig.3 Ascorbic acid content changes of Ganlii No. 1

(A. eriantha) fruit during on-vine ripening
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Ganlii No. 1 (A. eriantha) fruit during on-vine ripening
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Table 2 Principal component eigenvectors, eigenvalues, contribution rates and cumulative contribution rates

of quality on different on-vine ripening time

YIUEFFEE Initial eigenvalue

FEHCT-J7 FI# A Extract square sum load

B - 77 R it TR - 7y R 2t iR

components Eigenvalue Varlapce ‘ Accu.mul_atlve Eigenvalues Varlapce . Accumulgtlve
contribution rate/% contribution rate/% contribution rate/% contribution rate/%

1 3.031 50.520 50.520 3.031 50.520 50.520

2 1.655 27.590 78.110 1.655 27.590 78.110

3 1.202 20.034 98.143 1.202 20.034 98.143

4 0.083 1.390 99.533

5 0.028 0.467 100

6 -3.657x10" -6.095x10™" 100

R3S EFI AT
Table 3 Load matrix corresponding to principal

component factor

Nt F 84> Principal components
Quality index 1 2 3

PR IR % & Ascorbic acid content 0.324 0.285 0.898
T4 BE 7 & Soluble sugar content 0.895  -0.406 0.036
T 72 R & = Titratable acidity content  0.731 0.623 0.226
AP PEE R 0.935  -0.011  -0.329
Soluble solids content

FPITEE Pulp hardness -0.741 0.659  -0.024
WESS SESUIE NN s 0.410 0.766  -0.483
Total chlorophyll+Carotenoid content
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210 d>201 d>180 d>171 d>222d, RIEEH 21 d>
39d>30d>9d>0d>50d.

x4 TEBNEHRITEESR 1 SRINERSBH RHE
Table 4 Principal component score and ranking of Ganlii

No. 1 (A. eriantha) fruit on different on-vine ripening time

KA IA] L3y gtk
Picking Y, Y, Y; Comprehensive Comprehensive
time/d score rank

171 -2.365 1.648 -0.461 -0.832 5

180 -1.145 -0.334  0.627 -0.545 4

192 1.182 0.514 1.861 1.112 1

201 1477 0.444 -1.276 0.613 3

210 1.894 -0.040 -0.500 0.846 2

222 -1.042 -2.233 -0.250 -1.193 6
3w

R B AR B Ak 1 S W e e ]
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WAE dn AR bR 5 & VP, KIS 2 TR Rk SR 5L 5
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() ST 5 M 2 At o FR s
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Pl — HIF R RIZERE 1 55 4REF
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T, TR S 192 dIA FIEAE 1 282.22 mg- 100 g
KT IEANEE , A FC RIS A 7= A 5 1 4 (ROS)
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