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Abstract

[ Objectives | To comparatively evaluate the quality differences between green (before color turning) and ripe (fully mature) fruits

of three Citrus reticulata cultivars; Gonggan, " Shatang" mandarin, and Orah. [ Methods] Fruit quality was systematically assessed across

three dimensions; External morphology, internal flavor attributes, and nutritional-functional components. Two external appearance indices and

three internal quality indicators were determined. [ Results] Gonggan and Orah fruits exhibited significantly larger size than those of the " Sha-

tang" mandarin. During the transition from green to ripe stages, the total soluble solids content of Gonggan and Orah was slightly higher than

that of " Shatang" mandarin fruit. In green fruits, Orah exhibited the highest titratable acidity (TA) , while " Shatang" mandarin had the high-

est TA content in ripe fruits. Regarding nutritional composition, Gonggan had the highest ascorbic acid content in green fruits, while Orah

demonstrated the highest ascorbic acid content at full maturity. [ Conclusions] the quality changes of the three varieties not only conform to the

general rules of citrus fruit ripening but also exhibit significant variety specificity. Differentiated industrial strategies can be formulated based on

the quality characteristics of different varieties.
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0 Introduction

Citrus ( Citrus reticulata Blanco) belongs to the genus Citrus
within the family Rutaceae and represents one of the most widely
cultivated fruit crops globally, particularly in China. Its fruits are
rich in nutrients, with low protein and fat contents, but high levels
of dietary fiber, vitamins, carotenoids, flavonoids, limonin, and
other active components, thus possessing good economic value and
health benefits'"’.

Gonggan ( Citrus reticulata Blanco var. Gonggan, GG) , pri-
marily cultivated in the Lingnan region, is historically renowned as
"Emperor Citrus" due to its status as a tribute fruit during the
Northern Song Dynasty. This variety is rich in dietary fiber, poly-
phenols, pectin, and other nutrients, with various physiological
activities such as antioxidant, anti-inflammatory, lipid-lowering,
and hypoglycemic effects. Both the peel and pulp possess signifi-
cant edible and medicinal values'”.

" Shatang" mandarin fruit ( Citrus reticulata Blanco cv. ,
STJ) is a major citrus cultivar in Guangdong Province, with a ma-
turity period from November to early January of the following year.
It is characterized by thin and crisp peel, juicy and sweet pulp,
and is rich in citric acid, glucose, and vitamin C. It has the func-
tions of invigorating the spleen, enriching blood, clearing the in-

testines, and moistening the lungs, and is widely consumed as a
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fresh fruit in China"’.

Orah mandarin ( Citrus reticulata Blanco, WG) is a late-ma-
turing hybrid cultivar distinguished by its bright coloration, deli-
cate texture, juicy pulp, and pronounced aroma. It also demon-
strates strong commercial potential due to its high yield and good
storage potential. It is rich in vitamins, carotenoids, amino acids,
flavonoids, coumarins, limonin, and other active components,
and possesses multiple physiological functions such as cosmetic,
antioxidant, and cardiovascular potency'*’.

Recently, the growth rate in the economic benefit of the cit-
rus industry has slowed down, and improving fruit quality has be-
come a key approach to promoting industrial development. Fruit
quality is a direct indicator of commercial value and is strongly in-
fluenced by genetic and varietal characteristics. Therefore, sys-
tematic comparative evaluation of fruit quality across cultivars is
essential for guiding breeding programs, optimizing cultivation
practices, and improving planting structures.

In quality evaluation, indicators such as total soluble solids
(TSS) and titratable acid (TA) content are often used to charac-
terize the internal quality of fruits. In addition, the types, con-
tents, and ratios of sugars and acids also exert important effects on
fruit flavor. Among them, sugars and acids are the core evaluation

factors determining the flavor characteristics of citrus fruits.

1 Materials and methods
1.1 Experimental materials Gonggan fruits were collected
from Deqing County, Zhaoqing City, Guangdong Province. " Sha-
tang" mandarin fruits were also obtained from Deqing County,

while Orah fruits were sampled from the core production area of
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Wuming, Guangxi. Green fruit samples were defined as healthy
fruits at the pre-color turning stage, while ripe fruit samples were
defined as fruits at commercial maturity. For each cultivar, 11
uniformly sized fruits free of diseases and insect pests were ran-
domly selected at both developmental stages for subsequent analy-
sis.
1.2 Determination of quality indicators
1.2.1 Single fruit weight. Single fruit weight was measured
using an electronic balance (0.01 g).
1.2.2  Fruit shape index. The longitudinal and transverse diame-
ters of fruits were measured with a vernier caliper.
Fruit shape index (ratio of length to width) = Longitudinal
diameter/Transverse diameter.
1.2.3 Total soluble solids and titratable acid. Juice was extrac-
ted from each fruit, and the TSS content was measured using a
handheld refractometer. After opening the instrument, the prism
surface was wiped with clean paper. Several drops of distilled wa-
ter were placed on the measuring prism of the refractometer to at-
tain zero calibration. Subsequently, several drops of the squeezed
juice were placed on the measuring prism of the digital refractome-
ter to determine the TSS content. The average value of three repli-
cate measurements was recorded as the TSS content of the fruit.
The tested juice was diluted 10-fold with purified water, and
one drop was taken for measurement of TA content using an ATA-
GO PAL-BX/ACID 1 refractometer.
1.2.4 Ascorbic acid content. Ascorbic acid content was deter-
mined using a standard curve method. Standard solutions of ascor-
bic acid were prepared to generate a calibration. For each sample,
1.0 mL of extract was analyzed following the same procedure as
the standards, and the ascorbic acid concentration was calculated
based on the calibration curve.
1.3 Data analysis

Package for the Social Sciences software.

All data were analyzed using the Statistical
Differences among
groups were assessed using Duncan’s multiple range test at a sig-
nificance level of P<<0.05. GraphPad Prism software (version 9)
was used for graphical visualization. Principal component analysis

was employed for comprehensive quality evaluation.

2 Results and analysis

2.1 Morphological characteristics of green and ripe fruits
From the green to ripe stages, all three cultivars exhibited a signif-
icant increase in single fruit weight, longitudinal diameter, and
transverse diameter (Figs.1 —2). Among them, Gonggan exhibi-
ted the greatest increase in single fruit weight, with an increase of
19.6% , while " Shatang" mandarin and Orah recorded an in-
crease of 15. 8% and 3% , respectively. The fruit shape index,
defined as the ratio of longitudinal to transverse diameter, was less
than 1 for both green and ripe fruits across all cultivars. As illus-
trated in Fig. 2, significant differences in fruit shape index were
observed among the three cultivars during the transition from
growth to ripening stages, reflecting cultivar-specific morphologi-

cal development patterns.
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Fig.1 Determination of single fruit weight of green and ripe fruits
of ‘Gonggan’ , ‘Shatang’ mandarin, and ‘Orah’
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Fig.2 Determination of fruit shape index of green and ripe fruits of
‘Gonggan’ , ‘Shatang’ mandarin, and ‘ Orah’

2.2 Changes in TSS of green and ripe fruits TSS, which is
a key indicator of sweetness and maturity, increased consistently
from green to ripe stage in all three varieties (Fig. 3). At the
green stage, Gonggan exhibited the highest TSS content (up to
11% ), significantly exceeding that of the other varieties. At the
ripe stage, TSS values converged, with no significant difference
observed between " Shatang" mandarin fruit and Orah, although

Orah exhibited the highest TSS content, reaching up to 12%.
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Fig.3 Determination of soluble solids content of green and ripe
fruits of ‘ Gonggan’ , ‘Shatang’ mandarin, and ‘Orah’

TA, which reflects

fruit sourness, exhibited distinct varietal trends during ripening.

2.3 TA content of green and ripe fruits
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TA content decreased in Gonggan and Orah, but demonstrated a
slight increase in " Shatang" mandarin fruit (Fig. 4). While no
significant difference was observed between Gonggan and " Sha-
tang" mandarin fruit at the green stage and between Gonggan and
Orah at the ripe stage, these contrasting patterns suggest differen-

tial acid metabolism among varieties.
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Fig.4 Determination of titratable acid content of green and ripe

fruits of ‘ Gonggan’ , ‘Shatang’ mandarin, and ‘Orah’

2.4 Determination of ascorbic acid in green and ripe fruits
Ascorbic acid (vitamin C), an important antioxidant and nutritional
indicator, demonstrated decreasing trends in Gonggan and Orah dur-
ing fruit maturation, whereas " Shatang" mandarin fruit exhibited a
slight increase. At the green stage, no significant difference was ob-
served between Gonggan and Orah. Similarly, no significant inter-

varietal differences were found at the ripe stage (Fig.5).
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Fig.5 Determination of ascorbic acid content of green and ripe
fruits of ‘ Gonggan’ , ‘Shatang’ mandarin, and ‘Orah’

3 Discussion and conclusions

Citrus is one of the most important fruits in China, and the
diversity of its germplasm resources, as well as the characteristics
of fruit quality, have long attracted much attention. This study
systematically evaluated the morphological , flavor, and nutritional
characteristics of three citrus varieties across two developmental
stages. Morphologically, the larger fruit size observed in Gonggan
and Orah compared to " Shatang" mandarin fruit is consistent with
their genetic background and commercial classification. In terms
of internal quality, sugar and acid components are the main sub-
stances that constitute citrus flavor. Additionally, TSS and TA
content can reflect fruit sweetness and sourness to some extent.
The study observed that the TSS content of Gonggan and Orah was
slightly higher than that of " Shatang" mandarin as maturity pro-
gressed. Among green fruits, Orah had the highest TA content,
while " Shatang" mandarin fruit had the highest TA content among
the ripe fruits. The content of ascorbic acid is closely related to
the nutritional value of fruits and is one of the most important an-
tioxidants in citrus fruits. The experimental results demonstrated
that among green fruits, Gonggan had the highest ascorbic acid
content, while Orah had the highest ascorbic acid content among
the ripe fruits. In summary, the quality changes of the three varie-
ties not only conform to the general rules of citrus fruit ripening
but also exhibit significant variety specificity. Differentiated in-
dustrial strategies can be formulated based on the quality charac-

teristics of different varieties.

References

[1] WANG T, ZHENG Z, DENG L, et al. Effect of natural variation and ro-
otstock on fruit quality and volatile organic compounds of ¢ Kiyomi tangor’
( Citrus reticulata Blanco) citrus[J]. International Journal of Molecular
Sciences, 2023, 24(23) ; 16810.

[2] WU SP, LIAO JY, YE CX, et al. Physiological response of Citrus reticu-
lata Blanco var. Gonggan seedlings to high-temperature stress[ J]. Life,
2025, 15 806.

[3] ZHAO J, LI YY. Determination of aroma volatiles in fresh " Shatang"
mandarin fruit ( Citrus reticulata Blanco) [ J]. Journal of Fuyang Teachers
College ( Natural Science), 2012, 29 (4); 25 -27, 39. (in Chinese).

[4] LIS, YANG L, WANG M, et al. Effects of rootstocks and developmental
time on the dynamic changes of main functional substances in ‘ Orah’
(Citrus reticulate Blanco) by HPLC coupled with UV detection [ J].
Frontiers in Plant Science, 2024, 15, 1382768.

400400900400 40040040040000400400S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00400400400S00400S00S00S00S00S00S00S00S00S00S00S
o o

. $
About KIT
: .
© . . . . . . . . . o
. The Royal Tropical Institute (KIT) in Amsterdam is an independent centre of knowledge and expertise in the areas of international ¢
8 g
* . . . . . . . . . *
¢ and intercultural cooperation, operating at the interface between theory and practice and between policy and implementation. The Institute ¢
3 . . - . :
+ contributes to sustainable development, poverty alleviation and cultural preservation and exchange. .
* 2
. .
: 2
:OT’()Q’C().CQ‘()'4’&().TC'QT’OO’:O"_}'J’()'_}’C().CU‘O\'4’C().'JC'QT’()O’:O"_}'J‘()'_}’Q().CU‘OQ’UO"JC'L}'J’()O"JO"_J':‘()L}’C().TU‘OC’UO"JC'QT’()Q’QO"4f‘()Q’C().TU‘OC’OO’TQ.



