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The fruit ripening period is an important factor affecting fruit quality and commercial value.To investigate why
WSQCL ripens about 15 days later than QCL and why WSQCL has a more astringent flavor. This study analyzed
the dynamics of fruit development and quality of three plum varieties, including “Late-maturing Qiangcuili”
(WSQCL), ‘Qiangcuili’ (QCL), and ‘Cuihongli’ (CHL), to explore the differences in plums quality formation and
the ripening period between the late-maturing variant WSQCL and its parental cultivars. The results indicated
that the order of the fruit growth rate was QCL > WSQCL > CHL. During fruit development of the three plum
varieties, the changes in soluble sugar (SS), titratable acid (TA), starch, chlorophyll, carotenoids, and phenolic
contents were consistent, while the accumulation of total phenols, SS, and TA differed significantly between
WSQCL and QCL. WSQCL had higher expression of genes related to phenolic compound synthesis than QCL, and
phenolic compound synthesis was closely associated with the expression of PAL3, 4CL, HCT1, and CHS. Principal
component analysis revealed differences between WSQCL and the other two varieties during the middle and late
stages of fruit development. This study provides a reference for quality formation and development of the po-

tential value of WSQCL.

1. Introduction

Prunus salicina Lindl belong to the Rosaceae family and are popular
for their flavor. This tree is originates from China and is commonly
grown for its edible fruit and ornamental value. China has the greatest
plum cultivation area and the highest plum production worldwide (Al-
Khayri et al., 2018). Southwest China is one of China’s leading plum-
producing regions, and many local varieties have been bred due to the
excellent climatic conditions. The main cultivars in Sichuan are the crisp
plum series, such as ‘Qiangculi’, ‘Cuihongli’, and ‘BashanCuili’, which
are popular because of their crispy texture, juicy, sweet and sour flavor,
and thin-skinned characteristics (Lin et al., 2023).

Plum fruits contain bioactive substances, such as vitamin C, carot-
enoids, polyphenols, and dietary fiber, that can be used in functional
foods (Chen et al., 2021). Previous studies have shown that consuming
plums prevents diabetes, hypertension, cancer, thrombosis, and
inflammation (Wang et al., 2020). The quality of plum fruit develops
gradually during maturation, hence there is increasing interest in
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studying the changes in the bioactive substances during fruit
maturation.

The content and ratio of sugars and organic acids are important
components that affect the flavor of mature fruits, and their changes in
content are essential signs of fruit maturity (Liu et al., 2016). Phenolics
are a class of metabolites that increase the antioxidant capacity of fruits.
Plums have a greater antioxidant capacity than bananas and grapes
because of their great total phenolic content (TPC) (Kayano et al., 2002).
In addition, the phenolic compound composition and content of plums
significantly impact the flavor and color of the fruit (Yu et al., 2020). As
the fruit ripens, the content of phenolic compounds decreases and the
antioxidant properties decline (Aladag et al., 2020). In the past few
years, researchers have focused on gene expression in synthesizing
phenolic compounds. Phenolic substances are biosynthesized by a va-
riety of enzymes in the phenylpropanoid pathway, of which phenylal-
anine ammonia-lyase (PAL), chalcone synthase (CHS), hydroxycinnamic
acid transferase (HCT), and 4-count rate CoA ligase (4CL) are the key
enzymes (Shen et al., 2022). An investigation of the connection between
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phenolic substances and antioxidant capacity in four Asian plums and
fruit ripening reported that the HCT gene is strongly associated with the
synthesis of phenolic acids and is less abundant at the ripening stage
than at the half-ripening stage (Hwang et al., 2020).

Sichuan crisp plums have naturally mutated into many excellent new
varieties during long-term cultivation. The selection and breeding of
mature and good-quality plum varieties are essential for reducing ho-
mogenization and enriching the structure of the variety. Late-maturing
Qiangcuili (WSQCL) is a late-ripening bud sport of Qiangcuili (QCL),
while Cuihongli (CHL) and WSQCL are late-maturing varieties with the
same ripening period. In this study, WSQCL, QCL, and CHL were used to
compare and analyze the fruit quality formation patterns of the different
varieties. A comprehensive fruit quality evaluation was conducted to
provide a basis for developing and utilizing WSQCL.

2. Materials and methods
2.1. Plants materials

The QCL, WSQCL, and CHL fruits were harvested in 2020 from the
same orchard in Maoling Village, Wenchuan County, Abaqiang-Tibetan
Autonomous Prefecture, Sichuan Province (31°28 N, 103°33’ E), at an
altitude of 1966 m, under the same cultivation and management con-
ditions. We sampled the three varieties of plums at 14-day intervals
beginning 45 days after flowering, recorded as S1, S2, S3, S4, S5, S6, and
S7, respectively, with QCL sampled six times since 16 June, WSQCL
sampled seven times since 1 July, and CHL was sampled 6 times since 15
July. Plum fruits of uniform shape and free of mechanical damage, pests
or pathogens were selected and transported to the laboratory in an ice
box. Each biological replicate consisted of over thirty plums collected
from more than three plum tree. Peels and pulp were separated on ice,
frozen in liquid nitrogen (Ritez Corp., Chengdu, China), and stored at
—80 °C for later analysis.

2.2. Determination of single fruit weight and longitudinal and transverse
diameters

Thirty plums without separating the peel from the pulp were used to
measure per-fruit weight (g). Digital Vernier calipers (Huatongtianxia
Corp., Chengdu, China) were used to measure the fruits’ longitudinal
and transverse diameters (mm) and calculate the fruit form index.

2.3. Determination of SS, TA, and starch content

The SS content was measured using anthrone colorimetry. TA con-
tent was measured using sodium hydroxide titration, and starch content
was determined by perchloric acid hydrolysis.

2.4. Determination of color differences and pigmentation

The color indicators L *, a *, and b * of the equatorial part and both
sides of the peel and flesh of the fruits were determined using a CR-400
colorimeter (Konica minolta Corp., Shanghai, China). We determined
chlorophyll and carotenoid contents using the acetone (Hoboyo Corp.,
Chengdu, China) extraction method (acetone: ethanol = 2:1/100 mL of
extract). Light was avoided throughout the process. The samples were
ground at 0 °C. After grinding, 0.5 g of material was collected and added
to 20 mL of extraction solution, and incubated for 24 h. Absorbance
levels were calculated at 663, 646 and 470 nm. Determination of total
anthocyanin content with reference to hydrochloric acid-methanol
(Hoboyo Corp., Chengdu, China) solution extraction method, in which
0.5 g of material was combined with 5 mL of 1 % hydrochloric acid-
methanol solution, and absorbance was determined at 530, 620, and
650 nm.
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2.5. Extraction and determination of total phenolic content (TPC), total
flavonoid content (TFC) and total flavanol content (TFAC)

2.5.1. Extraction of TPC, TFC and TFAC

The TPC, TFC and TFAC was extracted as previously described with
slight modifications (Zhang et al., 2024). The peel and pulp were ground
in liquid nitrogen, and 0.5 g of the powder was then homogenized in 6
mL of extraction solvent (methanol:formic acid:anhydrous ethanol =
70:2:28, v/v/v). This mixture was ultrasonicated for 30 min at 4 °C and
shaken at 30 °C for 2 h at 250 r/min. Subsequently, the mixture was
centrifuged at 8000 rpm (radius = 10 cm) for 10 min. The supernatant
was filtered through a 0.45 pm syringe filter membrane and used for the
measurement of TPC, TFC, and TFAC. All operations were conducted in
the dark to avoid exposure to light.

2.5.2. Determination of TPC

A 200 pL material extract was added to 3 mL of ultrapure water and
0.2 mL of Folin-Ciocalteu reagent (Hoboyo Corp., Chengdu, China) in a
tube sequentially. The mixture was mixed and reacted for one minute,
and 3 mL of 20 % NayCOs solution (Hoboyo Corp., Chengdu, China) was
added and mixed and reacted for 2 h away from light. A spectropho-
tometer was used to measure absorbance at 765 nm, with the extraction
solvent serving as a control. Gallic acid was used as the standard
(50-1000 mg/L), and results were shown in GAE.

2.5.3. Determination of TFC

In a centrifuge tube, 400 pL of fruit extract, 2.6 mL of methanol, 200
pL of NaNO; (0.5 M) (Hoboyo Corp., Chengdu, China), and 200 pL of
AlCl3 (0.3 M) (Hoboyo Corp., Chengdu, China) were mixed sequentially.
Mix well and add 1 mL of NaOH (1 M) (Hoboyo Corp., Chengdu, China)
after 5 min. Absorbance was determined at 510 nm. The standard was
rutin (20-100 mg/L), and the values were given in terms of rutin
equivalents.

2.5.4. Determination of TFAC

Add 200 pL of material extract to 3 mL of purified water and 2 mL of
1 % p-DMACA solution (Hoboyo Corp., Chengdu, China), then mix in a
centrifuge tube. After ten minutes, absorbance was determined at 640
nm. The standard utilized was catechin (6.25-200 mg/L). The outcomes
were presented in terms of catechin equivalents.

2.6. Determination of antioxidant capacity

2.6.1. Determination of DPPH

The DPPH determination referenced to previous methods (Brand-
Williams et al., 1995). A 200 pL of materials extract was combined with
4 mL of DPPH methanol solution (6.25 x 107> M) (Hoboyo Corp.,
Chengdu, China) and reacted for 20 min away from light. Absorbance
was determined at 517 nm. The results were represented as pmol/L
Trolox equal antioxidant capacity, with Trolox as the benchmark.

2.6.2. Determination of FRAP

The FRAP determination referenced to previous methods (Benzie &
Strain, 1999). Add 200 pL of materials extract to 2 mL of purified water
and 3.6 mL of triphenyl tetrazolium chloride solution (Hoboyo Corp.,
Chengdu, China). Mix well and react at 37 °C for ten minutes. Absor-
bance values were determined at 593 nm. The results were represented
as pmol/L Trolox equal antioxidant capacity.

2.7. Expression analysis of phenolic compound genes in WSQCL and QCL

RNA was extracted using CTAB method (Vi et al., 2018). The Gold-
enstar™ RT 6 cDNA Synthesis Ver. 2 (Tsingke Corp., Beijing, China)
reverse transcription kit was used. We searched the sequence informa-
tion of genes related to phenolic compounds in plums on the NCBI
(National Center of Biotechnology Information), extracted the
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associated sequences, compared them to the Prunus domestica genomic
database through blast, and screened and obtained the related genes,
PAL1, PAL3, C4H, 4CL1, 4CL2, CHS, HCT1, and HCT2. The sequences of
the associated plum genes were detected using TBtools (South China
Agricultural University, Guangzhou, China). We used Beacon Designer
7.0 (PREMIER Biosoft Corp., San Francisco, USA) software to design the
primers for gene sequencing (Table S1). Using the SYBR Premix Ex
TaqTM II kit (Tsingke Corp., Beijing, China), reactions were run on a
CFX 96 PCR machine(Bio-Rad Laboratories, California, USA) with 40
cycles of pre-denaturation at 95 °C for 30 s, denaturation at 95 °C for 5 s,
and annealing at 58 °C for 30 s. We use the 222t approach was used to
calculate the relative expression.

2.8. Data analysis

The data are presented as mean + standard deviation, with each
value determined in three replicates. IBM SPSS 26.0 (IBM Corp.,
Armonk, N.Y., USA) analyzed the data using one-way ANOVA. PCA was
carried out using SIMCA 14.1 (Umetrics Corp., Umed, Sweden)

3. Results and discussion
3.1. The dynamics of plum fruit growth

Bud sport selection is an essential way to select new varieties of fruit
trees (Xiux et al., 2019), and a phenological period investigation dis-
tinguishes the differences in biological traits between bud mutations and
their parents (Wadhwa & Sihag, 2019). In this study, the phenological
period of WSQCL and its parent QCL were similar, with the flowering
period about 5 days later. Nevertheless, the fruit development period
was about 15 days longer, and the differences were most significant in
the sclerotizing, expansion, and ripening phases (Table S2). The matu-
ration of WSQCL was similar to that of CHL.

The fruit developmental stage, color, and fruit shape index are
essential indicators of a comprehensive fruit quality evaluation (Yang
et al., 2019). In this study, the pericarp and pulp of WSQCL and QCL
shifted from green to yellowish-green as the fruit matured (Fig. 1A, C).
The CHL fruit peel changed from green to red, and the pulp changed
from green to yellow (Fig. 1B). The trends in per fruit weight and lon-
gitudinal and transverse diameters of the three plum varieties were
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consistent (Fig. 1D, E, F), and the growth rates of the three varieties were
in the order QCL > WSQCL > CHL. The WSQCL growth cycle was
significantly longer than that of CHL. The fruit shape indices of the three
plum varieties ranged from 0.82 to 1.16 (Fig. 1G), and the shapes of the
mature fruits were nearly spherical. The main difference between
WSQCL and its parents was the longer growing period. The weight of the
WSQCL fruit was lower than that of QCL but larger than that of CHL.

3.2. Changes in fruit color and pigment substances

Fruit color is a crucial indicator of both commercial and nutritional
value (Wang et al., 2024). In this research, the highest peel L* values in
CHL occurred during the S1-S4 periods and QCL had the highest peel L*
values as the fruit ripened. The WSQCL and CHL pulp L* values varied
consistently with the peel, while that of CHL was substantially higher
compared to the other two varieties (Fig. 2A-1, 2). The three varieties of
plum peel and pulp a* values showed an overall increasing trend, and
the CHL peel and pulp a* values were obviously greater than those of the
other two varieties (Fig. 2B-1, 2). The b* values of the WSQCL and QCL
fruits showed the same changes, as both increased in the late phases of
fruit development. WSQCL had the highest fruit ripening b* value, fol-
lowed by QCL and CHL (Fig. 2C-1, 2).

Fruit color is a vital indicator of fruit development and ripening, and
it is primarily regulated by pigment type and content. Chlorophylls,
carotenoids, and anthocyanins impact the color of plum fruits
(Ranganath, 2022). Chlorophyll degradation is an essential sign of fruit
ripening (Infante et al., 2011). Fruit chlorophyll content decreased in all
three plum varieties, which was confirmed with the findings of previous
studies (Alina et al., 2018). Chlorophyll content in the peel was in the
following order: QCL > WSQCL > CHL (Fig. 2D-1). The chlorophyll
content in the pulp was less than that in the peel, and the chlorophyll
content of the three varieties was in the order: WSQCL > QCL > CHL
(Fig. 2D-2). Fruit ripening is usually accompanied by changes in carot-
enoids (Kapoor et al., 2022). The carotenoid content in the WSQCL peel
increased and then decreased and was higher at the young fruit stage,
reaching a maximum value (75.08 pg/g) at S2. In contrast, the carot-
enoids in the QCL and CHL peels decreased and then increased, with the
highest contents of 61.33 pg/g and 55.9 pg/g, respectively, at the fruit
ripening stage. The WSQCL carotenoids were markedly lower than those
of the other two cultivars at the later phases of fruit growth (S4-S6). The
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Fig. 2. Changes in color and pigment content during the development of three plum varieties. L* value of peel (A-1), L* value of flesh (A-2), a* value of peel (B-1), a*
value of flesh (B-2), b* value of peel (C-1), b* value of flesh (C-2), chlorophyll content of peel (D-1), chlorophyll content of flesh (D-2), carotenoid content of peel (E-
1), carotenoid content of flesh (E-2), total anthocyanin content (TMAC), TMAC of peel (F-1), TMAC of pulp (F-2).

carotenoid content in the pulp of the different plum varieties decreased
and then increased, which was consistent with the trend in the pulp b*
value, and the carotenoid content in the pulp accumulated during the
later stages of fruit development. In line with the findings of previous
author (Gil et al., 2002) on plums, the flesh had lesser carotenoid levels
than the peel in all three plum varieties (Fig. 2E-1, 2). The yellowish-
green coloration of WSQCL and CHL resulted from the decomposition
of chlorophyll and accumulation of carotenoids. At the same time, the
red color of the CHL fruits at the late stage was related to the accumu-
lation of anthocyanins. Current studies on plum fruit coloring have
concluded that the color presentation of red and purple-black plum
varieties at fruit ripening is mainly determined by the anthocyanin
content, with the darker the color, the higher the content (Gu et al.,
2015). The yellow-green fruits of WSQCL and QCL had low total
anthocyanin levels detected in the peel and flesh. Consistent with
changes in the a* values, the TFAC in the CHL peel increased signifi-
cantly from the coloring stage (S4). It reached the greatest at the
ripening stage, and TFAC was highly significantly greater in the peel
(383.07 mg/g-FW) than in the flesh (0.47 mg/g-FW) (Fig. 2F-1, 2).

3.3. Changes in SS, TA, and starch content

Fruit sugars and organic acids are essential index of fruit tastes
(Forcada et al., 2019). Similar to research on ‘Fengtang’ plums (Nie
et al., 2023), all three plum cultivars showed modest increases in the SS
content during fruit maturity. At the fruit ripening stage, the SS contents
of WSQCL, QCL, and CHL were 10.20 %, 11.93 %, and 12.06 % in the
peels and 10.64 %, 13.06 %, and 13.89 % in the flesh. The SS content of
WSQCL was lower than that of QCL and CHL (Fig. 3A-1 2). Changes in
TA content are an indicator of fruit maturity. Consistent with studies on
the ‘Crisp red plum’ (CHL), and its mutant (Liao et al., 2023), the TA
content of the peel and flash of the three plum varieties declined pro-
gressively as the fruit grew and developed. The TA content of WSQCL
was higher during the S6 period than that of the other plums, but there
was little difference in TA content during the fruit ripening period. The
TA contents of the peel were 0.71 %, 0.68 %, and 0.75 %, and those of
the flesh were 0.34 %, 0.35 %, and 0.34 %, respectively (Fig. 3B-1, 2).
The lower TA content of plum fruits could be attributed to increased
basal metabolism and sugar or secondary chemical synthesis during
ripening (Jiang et al., 2018). In non-starch-accumulating fruits, starch
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content decreases with fruit development (Ren et al., 2023). The overall
starch content in the fruits of the three plum varieties decreased with
fruit development. During fruit ripening, the starch content was in the
order of QCL > WSQCL > CHL and the starch content of the flesh of the
three varieties of plum was lower than that of the peel (Fig. 3C-1, 2).

3.4. Changes in phenolic content and antioxidant capacity

Plum fruits include natural phenolic compounds, flavonoids, an-
thocyanins, and other bioactive components with significant nutritional
value. (Kim et al., 2003). Similar to a previous study (Redondo et al.,
2016), TPC was greater in immature fruits and gradually decreased
during fruit ripening. TPC of WSQCL was higher than that of the QCL
and CHL peel, whereas QCL flesh had the highest content (Fig. 4A-1, 2).
The total flavanol content (TFC) of the three plum varieties decreased
with fruit development. The CHL peel contained the highest TFC con-
tent, while the TFC in the peel of WSQCL was lower than that of QCL
during the S1-S4 periods and higher than that of QCL during the late
phase of fruit development (S5-S7). The TFC in WSQCL pulp was higher
than that in QCL and CHL, except during the S2 period (Fig. 4B-1, 2). The
total flavanol content (TFAC) in the peels of the three plum varieties
followed the same trend, reaching their highest levels during the S2
period, and were higher in WSQCL than in the other varieties at the
ripening stage (12.45 mg/g-FW). The TFAC of fruit flesh from QCL,
WSQCL, and CHL reached the highest level during the S4, S3, and S2
periods, respectively, while TFAC was low in all three varieties at the
ripening stage (Fig. 4C-1, 2). The changes in TFAC observed in the
earlier research are similar to those of Zhang et al. in CHL and QCL plum
fruits (Zhang et al., 2022).

Fruits are an excellent source of antioxidant substances (Zhu et al.,
2023). The changes in antioxidant capacity in the fruits of the three
plum types corresponded to the TPC trend, which gradually decreased
during fruit growth and development and were significantly lower at the
maturity period than at the young fruit stage (Fig. 4D-1, 2 and Fig. 4E-1,
2). The antioxidant capacity of the fruit pulp of the three plum varieties
was lower than that of the peel during the same growth period, and
WSQCL demonstrated more potent antioxidant activity than QCL and
CHL. Research indicates that TPC has a direct influences on the anti-
oxidant activity of fruits (Vlaic et al., 2017). DPPH and FRAP in the
WSQCL and CHL peels show a remarkable correlation with TPC, TFC,
TFAC, and TMAC, with the strongest correlation with TPC. DPPH and
FRAP in the QCL were significantly associated with TPC, TFAC, and total
anthocyanins (Table S3). In the pulp, DPPH and FRAP were significantly
correlated with TPC, TFAC, and total flavanols in WSQCL and QCL,
whereas CHL fruit antioxidant properties were significantly associated
with total anthocyanins. Consistent with previous studies on the peel
and flesh of European plums, TPC, total flavonoids (TFC), and antho-
cyanins correlated well with their antioxidant capacity (DPPH and
FRAP) (Trendafilova et al., 2022).
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3.5. Expression analysis of genes related to synthesis of phenolic
compounds

Phenolic chemicals are generated via the shikimic acid pathway, and
the gene expression and enzyme activities of PAL, C4H, 4CL, HCT, and
CHS in the pathway are closely related to TPC (Guodong et al., 2019). To
further investigate the reasons why the phenolic and antioxidant ac-
tivities of WSQCL were higher than those of QCL, we analyzed the
expression changes in eight genes from the phenolic synthesis pathway
(Fig. 5). Consistent with the trend in TPC, the expression of 4CL1, HCT1,
and CHS in WSQCL peel was downregulated during fruit development
(Fig. 5A), and the expression of the PAL3, 4CL1, 4CL2, HCT1, and CHS
genes in the pulp decreased (Fig. 5B). The correlation analysis revealed
that the phenolic content in the fruits of WSQCL and QCL was strongly
positively correlated with the expression of PAL3, 4CL1, HCT1, and CHS
(Tables S4 and S5). PAL is the primary enzyme regulating the meta-
bolism of phenolic compounds. 4CL1 is primarily involved in pathways
related to the metabolism of flavonoids, CHS is a critical rate-limiting
enzyme in flavonoid synthesis and HCT is a crucial gene for synthesiz-
ing the phenolic substance chlorogenic acid (Goto-Yamamoto et al.,
2002). The expression levels of PAL3, 4CL1, HCT1, and CHS in the
WSQCL peel were higher during fruit development than that of QCL,
which was consistent with the difference in phenolic content in the peel.
We speculated that the elevated phenolic content in the WSQCL peel was
attributable to increased expression of these genes.

3.6. Principal component analysis

The principal component analysis (PCA) is an efficient method for
evaluating sample differences. (Di et al., 2022). This study used PCA to
analyze 16 quality indicators of plum fruits, aiming to distinguish the
differences in the developmental processes among the three plum vari-
eties (Fig. 6). As results, two principal components explained 84.7 % of
the total variance in the fruit peel of the three plum varieties, with the
first principal component (PC1) and the second principal component
(PC2) accounting for 67.4 % and 17.3 % of the total variance, respec-
tively. The WSQCL and QCL quality indices were close to each other
during the early and late phases of development, and the difference in
peel development occurred during the WSQCL S4-S5 period. In addition,
the CHL S5 and S6 periods were more discrete from the other periods
(Fig. 6A), and in combination with the fruit quality PCA analysis
(Fig. 6B), the more discrete CHL S5 and S6 periods were influenced by
the total anthocyanin and a* values. PCA of the pulp of the three plum
materials revealed that PC1 and PC2 explained 65.8 % and 12.5 % of the
variance, respectively. Similar to the results in the peel, the quality of
WSQCL and QCL was close to each other during the early stage (S1-S2)
and fruit ripening (S6-S7), but the differences were more significant
during the S3-S5 period, with the differences in the flesh showing earlier
than those in the peel (Fig. 6C).

According to the loading plot (Fig. 6B and Fig. 6D), it was seen that
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Fig. 6. Principal component analysis of the appearance and intrinsic indices during fruit growth of three plum cultivar. Score scatter plot of peel(A), Loading scatter
plot of peel(B), Score scatter plot of pulp (C), Loading scatter plot of pulp (D), the first to sixth period of ‘Qiangcuili’ peels (QCP1-6), the first to seventh period of
‘Late-maturing Qiangcuili’ peels (WSP1-7), the first to seventh period of ‘Cuihongli’ peels (CHP1-7), the first to sixth period of ‘Qiangcuili’ flesh (QCR1-6), the first
to seventh period of ‘Late-maturing Qiangcuili’ flesh (WSR1-7), the first to seventh period of ‘Cuihongli’ flesh (CHR1-7), single fruit weight (PW), transverse
diameter (TD), longitudinal diameter (VD), fruit shape index (SI), L* value (L*), a* value (a*), b* value (b*), total anthocyanin content (TMAC), soluble sugar (SS),
titratable acid (TA), starch (SC), total phenolic content (TPC), total flavonoid content (TFC), total flavanol content (TFAC), DPPH radical scavenging capacity (DPPH),

FRAP ferric reducing antioxidant capacity (FRAP).

hardness, TFAC, TPC, FARP, DPPH, and TA in the peel and pulp were
clustered at the young fruit stage and were the main quality contributors
during the pre-developmental stage of the fruit, whereas SS, per fruit
weight, and longitudinal and transversal diameters clustered together in
one group and were correlated with fruit maturity. WSQCL differed
significantly from QCL and CHL mainly during the middle and late
stages of fruit development.

4. Conclusion

The WSQCL growth and development cycle was significantly longer
than that of its QCL parent, but the changes in the WSQCL, QCL, and
CHL fruit quality indices were similar during fruit development. The
carotenoid, anthocyanin, TPC, and antioxidant activity of the peel were
higher than those of the pulp in the plum varieties. The TPC and anti-
oxidant activities in the WSQCL fruit were higher than those of QCL,
which may have been related to the higher expression of PAL3, 4CL1,
HCT1, and CHS. The PCA of 16 fruit quality indicators revealed that the
differences between WSQCL and QCL occurred mainly during the mid-
dle and late stages of fruit development.
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