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Analysis of fruit quality differences between Zhongkeliimi No. 1 and

Zhongkeliimi No. 2 at different harvest periods

ZHANG Furong', XIA Min', YANG Yanqun', YIN Hongliang’, LIU Juanjuan', HAN Fei’, WANG Jing',
WANG Shunfu", QUAN Yong"

('Zhaotong Apple Industry Development Center, Zhaotong 657000, Yunnan, China; Zhaotong Soil and Fertilizer Station, Zhaotong
657000, Yunnan, China; *Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan 430000, Hubei, China)

Abstract: [Objective] Kiwifruit (Actinidia chinensis var. chinensis) is a climacteric fruit, and its pre-
harvest physiological maturity is closely related to the post-harvest storage characteristics, sensory qual-
ity, and nutritional quality of the fruit. However, it is difficult to accurately determine its quality based
solely on its size, shape, and color at harvest. Moreover, the appropriate harvest time may vary among
different kiwifruit varieties. In kiwifruit cultivation, both early and late harvests can have adverse ef-
fects. Therefore, timely harvest is crucial for ensuring kiwifruit quality. The Zhongkeliimi No. 1 and
Zhongkeliimi No. 2 varieties for this study are green-fleshed kiwifruits developed by the Wuhan Botani-
cal Garden of the Chinese Academy of Sciences. They have stable and consistent traits, with strong tree
vigor, good productivity, and uniform fruit shape. This experiment aimed to determine the optimal har-

vest time for Zhongkeliimi No. 1 and Zhongkeliimi No. 2 kiwifruits and the quality differences between
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the two varieties, providing technical references for timely harvest in production. [Methods] The exper-
iment utilized fruits from five harvest periods (Harvest Periods I, II, III, IV, and V, corresponding to
150, 158, 166, 174, and 182 days after full bloom, respectively) of Zhongkeliimi 1 and Zhongkeliimi 2.
Measurements included fruit weight, longitudinal, transverse, and lateral diameters, fruit shape index,
firmness, soluble solids content (SSC), soluble sugars, titratable acidity, ascorbic acid content, dry mat-
ter content, and incidence of soft rot. Sensory evaluations were conducted, and principal component
analysis (PCA) was employed to select the harvest period with the highest score for volatile metabolite
analysis, further exploring differences in aroma compounds between the two cultivars. [Results] The
longitudinal and transverse diameters of Zhongkeliimi No. 1 and Zhongkeliimi No. 2 kiwifruits changed
to varying degrees with the harvest period, but the fruit shape index remained consistently without sig-
nificant differences, indicating that the fruit shape is relatively stable. The firmness of the fruits at har-
vest and softening showed an increasing trend initially and then gradually decreased. The firmness of
Zhongkeliimi No. 1 fruits at harvest showed no significant differences among the five harvest periods,
and a significant decrease was only observed at Harvest Period V after softening. The firmness of
Zhongkeliimi No. 2 fruits at harvest was significantly affected by the harvest period, with a range from
6.7 kg-cm™ to 2.27 kg - cm™. The contents of the soluble solids, soluble sugar, ascorbic acid, and titrat-
able acid in both varieties generally increased initially and then decreased with the harvest period. The
content of the soluble sugar and ascorbic acid in Zhongkeliimi No. 1 reached their peaks at Harvest Peri-
od III, at 14.40% and 135.17 mg- 100 g'', respectively. The contents of the soluble solids and soluble
sugar in Zhongkeliimi No. 2 reached their peaks at Harvest Period IV, at 16.10% and 13.79%, respec-
tively. The ascorbic acid content of Zhongkeliimi No. 1 was higher than that of Zhongkeliimi No. 2 at
Harvest Periods [ and II, but was lower from Harvest Period III onwards, with the difference gradual-
ly increasing. The sensory evaluation scores of Zhongkeliimi No. 2 were generally higher than those of
Zhongkeliimi No. 1, and the scores of both varieties generally increased initially and then decreased.
The highest score for Zhongkeliimi No. 1 was 3.000 at Harvest Period III, which was 36.36% higher
than the lowest score at Harvest Period IV. The highest score for Zhongkeliimi No. 2 was 4.130 at Har-
vest Period IV. The incidence of soft rot gradually increased with the delay of the harvest period. The in-
cidence of Zhongkeliimi No. 2 was generally higher, which might be related to the rapid decrease in
firmness, making it more susceptible to mechanical damage and infection by pathogens, leading to rot,
water loss, shrinkage, and softening. Eleven indicators including soluble sugar content, titratable acid
content, and ascorbic acid content were selected for principal component analysis. Four principal com-
ponents were extracted for Zhongke Liimi 1 and three for Zhongke Liimi 2. The comprehensive princi-
pal component value of Zhongke Liimi 1 was the highest at harvest period III, reaching 1.69, followed
by harvest period V with a score of —0.05. The score was the lowest at harvest period I, being —1.42,
and the overall performance was the worst. For Zhongke Liimi 2, the comprehensive principal compo-
nent value was the highest at harvest period IV, reaching 2.41, followed by harvest period III with a
score of —0.23. The score was the lowest at harvest period I, being -1, and the overall performance
was the worst. Based on the principal component analysis results, the fruits of Zhongke Liimi 1 at har-
vest period III and Zhongke Liimi 2 at harvest period IV were selected for metabolite determination. A
total of 1314 metabolites were detected, including 15 types of metabolites. The types of metabolites
with a content over 5% were acids, alcohols, aldehydes, esters, heterocyclic compounds, hydrocarbons,
ketones, and terpenoids. Among them, terpenoids, esters, and ketones had the highest proportion. There
were 152 effective aroma substances (rOAV=1) in Zhongke Liimi 1 and 136 in Zhongke Liimi 2. Both
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cultivars shared abundant volatile compounds such as 2-methoxy-3,5-dimethylpyrazine, 2-nonenal, do-

decanenitrile, 4-hydroxy-2,5-dimethyl-3(2H)-furanone, 3-octen-2-one, and 3-mercaptoacetate, contribut-

ing to nutty, grassy, fruity, and sweet aromas. The total relative odor activity value (rOAV) and metabo-

lite content were higher in Zhongkeliimi 1. [Conclusion] The optimal harvest period for Zhongke Liimi

1 is harvest period III (166 days after flowering), and for Zhongke Liimi 2 is harvest period IV (174

days after flowering). Zhongke Liimi 2 has fewer effective aroma substances than Zhongke Liimi 1, but

its soluble solids and soluble sugar content are generally higher than those of Zhongke Liimi 1, making

it more favored by consumers. However, Zhongke Liimi 2 has a relatively high incidence of soft rot dis-

ease, so violent picking, transportation, and storage should be avoided.

Key words: Kiwifruit; Harvest time; Fruit quality; Sensory evaluation; Aroma
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Table 1 Effects of different harvesting periods on the external quality of kiwifruitt

ol %4&% LX) QM%' . Bt {IUEES %ﬁﬁ‘éiﬁ RSO it TR B '
Varieties Picking Mass per Longitudinal =~ Transverse Lateral Fruit shape Hardness at Hardness at softening

period  fruit/g diameter/mm  diameter/mm diameter/mm  index harvest/(kg-cm™) period/(kg-cm™)
HRSBRLS T 90.73£9.05a 74.61£0.95b 54.00£0.50a  51.2940.30a 1.38+0.03a  5.03+0.32a 0.27+0.02 ab
Ii‘:’figkelﬁmi 1 100834382 80.00+143a 50.77:038ab  47.04:028b 1580042 3.93£037a 0.36+0.06 a

il 84.50+£3.33b  70.42+1.49b 47.47£3.85bc  47.03£0.86b 1.50+0.10a  5.07+0.43 a 0.31+0.04 a

v 95.63+5.46a 71.23+1.29b  48.82+1.64 abc 44.60+1.47b 1.46+0.07a 4.70+0.46 a 0.26+0.01 ab

\4 105.83+7.06a 66.06+1.44 ¢ 43.53+0.42 a 39.93+0.59 ¢  1.52+0.05a 4.08+0.51 a 0.17+£0.02 b
FREGERR2 S T 84.77£2.90 ab 66.99+1.59b 42.70+1.45a 42.09+1.34a 1.5740.03a  5.50+1.40 ab 0.36+0.06 ab
i*:‘;gkewmi il 87.1042.56 ab 73.65+2.56a 47.1941.52a  45.13£1.53a 15640012  6.70+0.50 a 0.4140.08 a

il 81.00£1.83b 61.73£2.54b 41.76+1.24 a 39.61£0.96a 1.48+0.03a  3.43+0.70 bc 0.24+0.04 bc

v 90.10£1.37a 65.48+0.90b  46.90+2.96 a 45.1842.42a 1.41+0.10a  3.43+0.70 bc 0.21+0.02 be

Vv 85.17£2.14 ab 67.19£1.27b 45.26+1.70 a 40.97+1.86a 1.49+0.03a 2.27+0.27 ¢ 0.18+0.01 ¢

AN FNG FREFRORARBIZE 0.05 KPR

Note: Different small letters indicate significant difference among different treatments at 0.05 level.
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Fig. 1 Effects of different harvesting periods on the internal quality of kiwifruit
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Table 2 Effects of different harvesting periods on sensory

evaluation and soft rot incidence in kiwifruit

e %ﬂiﬁﬁ RE PN IR R
Variety Plcl'qng Sensor}./ §0ft rot

period evaluation score incidence/%
HRERR 1S I 2.62 0.00
Zhongkeliimi No. 1 I 274 5.00

il 3.00 5.00

v 2.20 2.63

\ 2.80 6.45
Rl a2 5 I 2.88 6.06
Zhongkeliimi No. 2 I 275 5.00

il 2.63 5.00

v 4.13 5.00

\% 3.01 8.70
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B5 25 O 6.06%I1 KR 2, 75 RS 1T~V 2 7] &
PR IEABE S, PRI 1 SR RIS 2 5 1E SRR
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Table 3 Principal component eigenvalue and

contribution rate

b4 TRk A Al
S RO g DR BIEIUECE
Variet Principal Eicenvalue Contribu-  Cumulative con-

¥ component 8 tion rate/% tribution rate/%

HRSER S 1 4.59 41.77 41.77
Zhongkeliimi 2.95 26.80 68.56
No. 1

3 2.31 21.01 89.58

4 1.15 10.43 100.00
R 2 S 1 5.65 51.38 51.38
Zhongkelimi 5 3.49 31.68 83.06
No. 2

3 1.35 12.27 95.33
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Table 4 Principal component value and comprehensive ranking of related indicators

SR Variety KUY Picking period F1 F2 F3 F4 F HEFF Sort
R ER 1S I -3.48 0.52 -0.13 -0.75 -1.42 5
Zhongkeliimi No. 1 il -0.34 -1.67 1.79 1.15 -0.09 3
111 1.67 3.04 0.96 -0.24 1.69 1
Y 0.34 0.32 223 1.07 -0.13 4
\Y 1.80 221 -0.38 -1.23 -0.05 2
R R 2 5 I -2.14 -0.22 1.28 ~1.00 5
Zhongkeliimi No. 2 11 -2.42 1.46 -0.83 -0.85 4
111 0.05 -0.50 -0.57 -0.23 2
v 3.25 2.02 0.31 241 1
\Y 127 -2.75 -0.20 -0.34 3
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Fig. 2 Circular distribution of metabolomic classifications in Zhongkeliimi No. 1 and Zhongkeliimi No. 2
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