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Abstract. Kiwifruit is recognized as a valuable source of antioxidants, flavonoids, and phenolic
compounds, all of which contribute to its health-promoting properties. This study aimed to identify the
optimal harvest stage for maximizing beneficial metabolites by quantifying these compounds and
analyzing their gene expression profiles. Kiwifruit samples were collected at seven distinct harvesting
stages. Total phenolic content (TPC) and total flavonoid content (TFC) were measured, and antioxidant
capacity was assessed using HPLC-UV. Expression analysis of flavanol synthase (FLS) and GDP-
galactose phosphorylase (GGP) genes was performed via RT-PCR. The results showed that TPC ranged
from 0.4 to 1.3 mg of gallic acid equivalents/100 g FW, while TFC ranged from 1.1 to 2.4 mg of
quercetin equivalents/100 g FW. Antioxidant activity followed a pattern similar to TPC, peaking at the
early harvest stages and declining as maturity progressed. Predominant phenolic compounds included
ferulic acid, chlorogenic acid, vanillic acid, vanillin, and p-coumaric acid, while catechin and epicatechin
were the primary flavonoids. Quercetin and rutin were detected in smaller quantities in some samples.
The FLS gene exhibited increased expression during later harvest stages, whereas expression of GGP
gene remained consistently high throughout the different harvesting stages. Immature Kiwifruit displayed
higher TPC and stronger antioxidant activity, while mature fruit showed increased TFC. These findings
provide valuable insights into the metabolic changes and gene expression patterns associated with
kiwifruit quality at different harvest stages, offering a foundation for future research and applications in
agriculture and food sciences.
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Introduction

Fruits and vegetables are rich sources of various biologically active compounds
beneficial to human health. They contain high concentration of minerals, dietary fibers,
vitamins, microelements and other metabolites with antioxidant properties (Slavin and
Lloyd, 2012). Among these, kiwifruit (Actinidia deliciosa), belonging to the family
Actinidiaceae and genus Actinidia, has gained attention due to its high nutrient content
and potential health benefits. It is native to China, where it is known as “Yang-tao.”
Kiwifruit was initially called as “Chinese gooseberry”” when it was first introduced into
New Zealand gardens in 1900s; later, it was renamed as “kiwifruit” by Frieda Caplan
(Ward and Courtney, 2013). Kiwifruit developed into a new fruit crop in New Zealand
and is now commercially produced in many countries, including the United States of
America, Italy, Chile, France, Greece, and Japan (Ward and Courtney, 2013). In the
past 30 years, Kiwifruit has grown from being a small crop in one country to becoming
an important commercial crop cultivated in various regions of the world (Ward and
Courtney, 2013).

There are various cultivars of kiwifruit that are commercially grown such as, A.
chinensis var. chinesis (golden kiwifruit), A. chinesis var. deliciosa or A. deliciosa
(fuzzy kiwifruit or Hayward cultivar), and A. eriantha (velvet vine) which are found
only in China. In addition, A. arguta (baby kiwifruit) and A. kolomikta (Artic kiwifruit)
are found in China, Japan, Korea and Russia (Guroo et al., 2017). Among the different
species, A. deliciosa and A. chinensis hold high commercial value (Zhang et al., 2010)
due to their high vitamin C (ascorbic acid) content, large fruit size, unique aroma,
prolonged shelf life and flavor (Chen et al., 2013; Nishiyama, 2007).

The regular consumption of kiwifruit has been linked to reduced risks of chronic
diseases, including cardiovascular disorders and digestive issues (Richardson et al.,
2018). Additionally, some studies suggest that kiwifruit may be effective in lowering
the cancer development and controlling its progression (Lippi and Mattiuzzi, 2019;
Nishiyama, 2007). Kiwifruit is often referred to as “the king of fruits” due to its high
ascorbic acid content (Huang et al., 2013). It is a nutrient rich fruit, well-balanced with
various minerals, dietary fiber, elements like sodium, potassium, calcium, phosphorous,
magnesium, nitrogen, and other health-promoting/beneficial secondary metabolites
(Park et al., 2013; Pilkington et al., 2012). Kiwifruit contains a high amount of vitamin
C content- 50% more than an orange, five times more than a banana, and ten times as
much as in apple (Huang and Ferguson, 2007). It has higher vitamin C content than
strawberries, lemons and grapefruits (Du et al., 2009; Landi et al., 2014).

Polyphenols are secondary metabolites in plants that, while not directly involved in
basic biological functions like respiration, growth, and cell division, play an important
role in plant protection and other traits (Khalifa et al., 2018). To date, thousands of
polyphenols have been identified, including tannins, phenolic acids, coumarins,
flavonoids, and stilbenes, with flavonoids representing the largest group, comprising of
over 8150 compounds (Bels¢ak-Cvitanovi¢ et al., 2018). Flavonoids, the most
diversified phenolic group contain a Ce-C3-Cs skeleton. In Actinidia species, flavonols,
flavan-3-ols, and anthocyanins have been detected. kiwifruit juice contains flavonols
(quercetin and kaempferol glycosides) and flavan-3-ols (catechin and epicatechin)
(Drummond, 2013).

In the flavonoids biosynthetic pathway, the phenylalanine is converted to naringenin
which acts as a precursor molecule for the dihydroflavonols biosynthesis.
Dihydroflavonols can follow two pathways; in one, Flavonol Synthase (FLS) acts on it
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and synthesize flavonols. FLS is a key gene involved in the synthesis of quercetin and
kaempferol (Crozier et al., 2009).

For the ascorbic acid, (AsA or vitamin C) biosynthesis, four pathways have been
proposed; L-gulcose, D-mannose/L-galactose, D-glucoronic, and D-galacturonate
pathways (Bulley and Liang, 2016). The L-galactose pathway is particularly notable and
well documented in higher plants, including Actinidia species (Bulley and Liang, 2016;
Zhang et al., 2018). Various studies have shown that GGP (GDP-L-galactose
phosphorylase) is a prime modulator in the AsA biosynthesis in different plants (Liu et
al., 2015; Suekawa et al., 2019; Shiri et al., 2018; Ishikawa et al., 2018). Overexpression
of GGP was found to be directly correlated with increased AsA biosynthesis (Zhang et
al., 2018).

The physicochemical properties of kiwifruit are influenced by various factors such as
genotype, harvesting time, and environmental conditions, including climate, soil
composition, and temperature. Post-harvest storage also significantly affects the fruit’s
metabolic profile, impacting nutrient retention and antioxidant capacity (Du et al., 2009;
Landi et al., 2014). Previous studies have shown the benefits of kiwifruit consumption
due to its high vitamin C and polyphenol levels, but research on how different maturity
stages and storage durations alter these metabolites remains limited. Specifically, there
is a need to understand the expression of key genes like FLS and GGP, which are
essential in the biosynthesis of flavonoids and ascorbic acid, respectively, to optimize
both nutritional quality and shelf life (Bulley and Liang, 2016).

Knowledge gap and aim of the study

While kiwifruit is well recognized for its health-promoting compounds, there is
limited knowledge on the metabolic and genetic changes that occur during different
harvesting stages and extended storage periods. Existing literature lacks how these
factors impact key bioactive compounds and gene expression, leaving gaps in our
understanding of how to better manage kiwifruit harvest and storage for enhanced
health benefits and commercial viability. Thus, the present study aims to (i) assess
changes in phenolic, flavonoid, and antioxidant profiles across different maturity stages,
(if) quantify these changes over various storage durations, and (iii) analyze the
expression of FLS and GGP genes at different harvesting times. This research will
provide valuable insights for optimizing kiwifruit harvesting and storage practices to
maintain nutritional and functional qualities.

Materials and methods
Harvesting of kiwifruits

Fruits of A. deliciosa variety, grown at the National Tea and High Value Crops
Research Institute (NTHRI) Shinkiari, Mansehra Khyber Pakhtunkhwa, Pakistan, were
harvested during the months of October-November. The plant went through various
developmental stages, budding occurred in the month of March, flowering in the month
of May and fruit ripening in the months of October and November. For the research
purposes seven harvests (H1, H2, H3, H4, H5, H6 and H7) were done with the gap of
10 days. The fruits were brought to the laboratory using storage boxes, where after each
harvest the fruits were further divided into 5 samples and each was kept at room
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temperature for 10, 20 30 and 40 days (DO, D10, D20, D30, D40) respectively and
further studies were conducted on these samples.

Extraction of phenolics and flavonoids from kiwifruits

Phenolics and flavonoids were measured at each harvest and after respective storage
days 10, 20, 30 and 40. Extracts were prepared by following the procedure of Ma et al.
(2017) with some modifications. For this purpose, 2 g of fresh fruit pulp was ground
using pestle and mortar in 10 ml of absolute methanol. The samples were centrifuged at
5,000 rpm for 15 min and supernatant was transferred to plastic bottle. The residues
were re-extracted in 10 ml of methanol and supernatants were collected and pooled
together. The procedure was repeated until all the residues appeared colorless and the
extracts were stored at -20°C until further use.

Determination of total phenolic content (TPC)

For quantification and measurement of the total phenolic content present in the
Kiwifruit extracts, Du et al. (2009) method with slight modifications was adopted. For
this purpose, different concentrations of gallic acid solution i.e., 5, 10, 20, 40, 60, 80,
and 100 pg/mL were used in order to make standard curve. 1 ml of each extract or
gallic acid standard solution was mixed with 15% Folin -Ciocalteu reagent and the
mixture was incubated for about 5 min at room temperature. After that 2 ml of 6%
Na,COs solution was added and the mixtures were incubated for 90 min in the dark.
The absorbance was measured at 760 nm on double beam UV/VIS spectrophotometer
(PG T80, PG Instruments Limited, United Kingdom). For each extract, three
replicates were employed, and the results were calculated and expressed as mg
GAE/100 g FW i.e., mg gallic acid equivalent per 100 gram of sample fresh weight.

Estimation of total flavonoids content (TFC)

For the total flavonoids content estimation, the procedure of Abbasi et al. (2015) was
followed with slight modifications. Different concentrations of quercetin solution i.e., 5,
10, 20, 40, 60, 80, and 100 pg/mL were used in order to make standard curve. 1 ml of
each extract was mixed with the 0.5 ml of 10% solution of hydrated aluminium
trichloride (AICI3.6H20) and was incubated for 5 min at room temperature. In the
mixture, 0.5 ml of 5% NaNOz and 2 ml of NaOH solution (1 M) were added and mixed
thoroughly. The absorbance of the mixtures was measured at 510 nm on double beam
UV-Visible spectrophotometer (PG T80 UV/VIS spectrophotometer). For each sample,
three replicates were taken, and the results were expressed as mg QE/100 g FW i.e.,
milligram quercetin equivalent per 100 g of sample fresh weight.

Free radical scavenging activity (DPPH)

The ability of kiwifruit to scavenge DPPH free radicals was determined using Abbasi
et al. (2015) protocol with slight modifications. Briefly, 2 ml of previously prepared
extract was added to 5 ml of 0.1 mM solution of DPPH in methanol. A negative control
(blank sample) was also used that had the same volume of methanol (solvent) instead of
extract in order to see the effect of dilution on the absorbance of DPPH solution. The
mixture was incubated after placing it in dark at room temperature and the absorbance
was measured at 510 nm in order to determine the remaining concentration of DPPH.
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Phytochemical profiling using HPLC analysis

The phytochemical profiling of kiwifruit was carried out through HPLC-UV by
adopting method of Saeed et al. (2021). Briefly, fresh kiwifruit pulp was ground and
phenolics were extracted from 1.7 g sample in 500 ul of HPLC graded methanol by an
ultrasonic bath at 25°C for 30-45 min. The extract was centrifuged at 12,000 x g for 15
min and the supernatant was recovered followed by filtration through 0.2 pm polyamide
membrane syringe filter and stored at -20°C till used for HPLC analysis. The internal
standard, gallic acid solution was mixed with the extracted samples prior to HPLC
analysis. HPLC analysis was performed on a Perkin Elmer Series 200 system that
included a vacuum 200 degasser, a 200 series pump, an auto-sampler and a sensitive
series 200 UV/Vis detector. The separation of different secondary metabolites was
achieved by reversed-phase column (Cig, 5 um particle size, 250 mm length x 4.6 mm
ID, Supelco USA). The data were acquired and analyzed using PerkinElmer®’s
Total Chrom® Chromatography Data System (CDS) software.

The mobile phase comprised of 0.1% aqueous formic acid solution used as solvent A
and methanol with 0.1% formic acid used as solvent B. For the concurrent detection of
phenolics and flavonoids in different kiwifruit samples, a gradient system of mobile
phase was used according to the following program: initially solvent B (10%) was run
isocratically for 6 min, then the proportion of B in the mobile phase was increased from
10% to 60% in next 30 min in the form of 10% increment lasted for 6 min. Finally, in
order to clean the column, the 90% B solution was run for 3 min followed by 10% B for
6 min to bring the column to initial conditions. The injection volume was 20 pl and the
flow rate was 1 ml/min and data were acquired at 280 nm throughout the analysis. The
identification of separated compounds was made by comparing relative retention time to
that of standard compounds analyzed on the same parameters used for the separation of
samples. The quantification of each compound was done with respect to the peak area
measurements relative to internal standard gallic acid.

Gene expression analyses

Total RNA extraction was extracted through CTAB method (Suzuki et al., 2008) and
it was quantified through spectrophotometer. 2 pug of total RNA was used to synthesize
cDNA using RevertAid First Strand cDNA Synthesis Kit. Specific primers were
designed for two genes i.e., Flavonol Synthase (FLS) and GDP-L-
galactosephosphorylase (GGP). The sequences were obtained from Kiwifruit Genome
Database (http://bioinfo.bti.cornell.edu/cgi-bin/kiwi/home.cgi). The FASTA format or
accession number of respective genes were used to design primers using Primer3
software http://bioinfo.ut.ee/primer3/. In present study the FLS and GGP genes were
optimized and their expressions were checked in the seven harvesting stages (H1, H2,
H3, H4, H5, H6 and H7) through RT-PCR. Actin was used as a control or housekeeping
gene. The sequences of genes primers are listed in Table 1.

Table 1. Forward and reverse primer sequences of genes GDP-L-galactosephosphorylase
(GGP) and flavonol synthase (FLS)

Gene Product size
Forward sequence Reverse sequence

name (bp)

GGP |5 CTCTTCACATGGCAGCAGAA 3'| 5 TTTCCACCCTCGAAAACAAG 3 226

FLS |5 CTTTGAGCTCCCACAAGAGG 3'| 5 TGCAGCCACTTTGCATACTC 3 225
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Gel electrophoresis was performed for the quantification of PCR products. For this
purpose, the PCR products of each gene were analyzed by making 2% agarose gel. A
total of 6 ul of PCR product was loaded onto gel. Along with the samples a 100 bp
marker was also run-in order to measure the band size of each gene. Gene expression
was only studied on freshly freeze-dried samples and not on samples stored at room
temperatures which were used for other analysis.

Statistical analysis

All the experimental results were means + SD of three parallel measurements. The
SPSS software 20.0 (SPSS Inc., Chicago, IL, USA) was used for the statistical analyses.
One-way ANOVA followed by Tukey test was applied to find significant difference
among various treatments at p < 0.05.

Results
Total phenolics (TPC) in Kiwifruits

TPC was significantly higher (p < 0.05) at the start of fruit development, decreasing
significantly in the later stages as the fruit matured (Fig. 1). During initial stages the
effect of storage was low compared to later stages. The range of TPC across all samples
was 0.34-1.30 mg GAE/100 g FW, with the highest value in early-stage and storage
(H1, DO) samples and the lowest in late-stage, long-stored (H7, D40) samples (Fig. 1).

Early stages (H1-H3)

The initial stages (H1 and H2) demonstrated relatively higher TPC values, with H1,
D0 and H2, DO showing 1.30 and 1.25 mg GAE/100 g FW, respectively. These values
decrease moderately with each subsequent storage day (D10, D20, etc.) within the same
maturity stage. For example, H1 shows a drop from 1.302 mg GAE/100 g FW on DO to
1.167 mg GAE/100 g FW on D40.

Mid stages (H4-H5)

There is a noticeable decline in TPC in the mid-maturity stages. H4, DO starts with a
TPC of 1.174 mg GAE/100 g FW, but by D40, it has decreased significantly to
0.793 mg GAE/100 g FW. Similarly, H5, DO begins at 0.842 mg GAE/100 g FW and
drops to 0.558 mg GAE/100 g FW by D40.

Late stages (H6—H7)

The later stages, H6 and H7, showed even lower initial TPC values. H6, DO starts
with 0.618 mg GAE/100 g FW, decreasing to 0.391 mg GAE/100 g FW by D40. H7
samples, representing the most mature stage, had the lowest TPC across all storage
periods, with H7, DO at 0.467 mg GAE/100 g FW and declining to 0.339 mg
GAE/100 g FW by D40.

When the kiwifruits were stored for 10, 20, 30 and 40 days at room temperature (15-
20°C), a significant impact on their TPC was observed. TPC did not decrease during the
first 20 days of storage, however, the content decreased greatly afterwards.

TPC was significantly higher (p < 0.05) at the start of fruit development, decreasing
significantly in the later stages as the fruit matured (Fig. 1). During initial stages the

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(1):1401-1418.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2301_14011418
© 2025, ALOKI Kft., Budapest, Hungary



Mariyam et al.: Phytochemical profile, antioxidant potential and expression of FLS, GGP genes in kiwifruit at different harvesting
stages and durations of storage
- 1407 -

effect of storage was low compared to later stages. The range of TPC across all samples
was 0.34-1.30 mg GAE/100 g FW, with the highest value in early-stage and storage
(H1, DO) samples and the lowest in late-stage, long-stored (H7, D40) samples (Fig. 1).

The analysis of TPC across all harvesting stages (H1 to H7) and storage days (DO to
D40) revealed significant patterns. At early stages H1, H2, and H3, TPC showed no
significant differences during storage (p > 0.05), with values remaining relatively stable
up to 40 days. For H4 and H5, a noticeable decline in TPC was observed over the storage
period. For example, TPC in H4 decreased from 1.17 mg GAE/100 g FW (DO0) to 0.79 mg
GAE/100 g FW (D40), while H5 values dropped from 0.84 mg GAE/100 g FW (DO0) to
0.56 mg GAE/100 g FW (D40). Similarly, at later stages H6 and H7, TPC was inherently
lower at harvest and exhibited a more pronounced decline with prolonged storage. H6
showed a reduction from 0.62 mg GAE/100 g FW (D0) to 0.39 mg GAE/100 g FW
(D40), while H7 values fell from 0.47 mg GAE/100 g FW (D0) to 0.33 mg GAE/100 g
FW (D40). TPC values significantly decreased with prolonged storage (p < 0.05),
suggesting greater sensitivity to storage duration in later harvests.

This observed stability in TPC during the initial storage period, followed by a
marked decrease, could be due to the phenolic compounds initially resisting degradation
due to the fruit’s natural protective mechanisms. As storage time progresses beyond
20 days, these compounds may be increasingly susceptible to oxidative degradation,
enzymatic reactions, or other biochemical processes that reduce their levels, especially
at room temperature (15-20°C) as observed in other studies on phenolic stability in
fruits (Slavin and Lloyd, 2012; Bulley and Liang, 2016).
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Harvesting stages and storage days

Figure 1. The total phenolic content (TPC) levels in methanol extracts of kiwifruit at different
harvesting stages and storage periods. H = Harvest stages, D = Days of storage. Different
lower-case letters on columns indicate statistically significant difference among different
storage times of same harvesting independently (ANOVA post-hoc Tukey test, p < 0.05).
Different higher case letters on columns indicate significant difference among different
harvestings at same days of storage independently (ANOVA post-hoc Tukey test, p < 0.05).
Error bars indicate standard deviation replicates n = 3
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Total flavonoids (TFC) in kiwifruits

The TFC trend was opposite to that of TPC, increasing as the fruit matured. TFC
values ranged from 1.14-2.52 mg QE/100 g FW, with the highest level found in late-
stage, 40-day-stored samples (H7, D40) (Fig. 2).
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Harvesting Stages and storage days

Figure 2. The total flavonoids content (TFC) levels in methanol extracts of kiwifruit at different
harvesting stages and storage periods. H = Harvest stages, D = Days of storage. Different
lower-case letters on columns indicate statistically significant difference among different
storage times of same harvesting independently (ANOVA post-hoc Tukey test, p < 0.05).
Different higher case letters on columns indicate significant difference among different
harvestings but same storage time independently (ANOVA post-hoc Tukey test, p < 0.05). Error
bars indicate standard deviation of replicates n = 3

Free radical scavenging activity (DPPH)

In order to find the free radical scavenging activity, the DPPH assay was performed
that showed a similar trend to that of the quantification of TPC in all the fruit harvests
and the sample storage periods. The antioxidant capacity was higher during the initial
harvesting stages, however, the tendency decreased as the fruit matured. The highest
scavenging activity was observed at H1 with value 80.011 +2.01% (Fig.3). The
antioxidant activity showed significant differences across harvesting stages and storage
durations (p < 0.05). In the early harvesting stages, H1, DO had the highest scavenging
activity (80.01+2.01%), which gradually declined to 67.30+1.78% at H1, D40
(p <0.05). Similarly, H2, DO started at 78.14 + 1.90% and decreased significantly to
63.15+1.68% by D40 (p<0.05). These results highlight the strong antioxidant
potential of fruits in early stages, likely due to higher phenolic content and stability of
antioxidant compounds. In mid-harvesting stages, reductions in scavenging activity
during storage were also significant (p < 0.05). For example, H4, DO (62.50 + 1.88%)
decreased to 45.25 + 1.55% by H4, D40. Similarly, H5, DO (50.11 + 1.67%) declined to
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37.09+1.44% by D40 (p<0.05), indicating diminished antioxidant capacity with
storage. For the later harvesting stages, variations in scavenging activity between initial
and intermediate storage periods were not statistically significant (p >0.05). For
instance, H6, DO (30.33 + 1.55%) and H6, D10 (28.80 + 1.42%) showed no significant
difference (p > 0.05), but activity significantly reduced to 20.44 + 1.20% by H6, D40
(p <0.05). Similarly, H7, DO (24.09 + 1.30%) and H7, D10 (22.80 + 1.25%) had no
significant difference (p >0.05), but by H7, D40, activity declined significantly to
1510+ 1.12% (p <0.05). These findings indicate a clear reduction in antioxidant
activity with fruit maturation and extended storage, especially for early and mid-
harvesting stages, whereas late-stage fruits exhibited consistently lower antioxidant
levels.
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Harvesting stages and storage days

Figure 3. Free radical scavenging activity of methanolic extracts of kiwifruit at different
harvesting stages and storage periods. Different lower-case letters on columns indicate
statistically significant difference among different storage times of same harvesting
independently (ANOVA post-hoc Tukey test, p < 0.05). Different higher case letters on columns
indicate significant difference among different harvestings after same days of storage
independently (ANOVA post-hoc Tukey test, p < 0.05). Error bars indicate standard deviation
of replicatesn =3

Phytochemical profiling using HPLC analysis

The concentration of 12 different types of phenolic compounds in kiwifruit at
different harvesting stages and storage durations are summarized in Table 2. The
chromatograms of a standards mixture (Fig. 4a) and a sample extract (Fig. 4b) illustrate
the presence and distribution of these compounds. As shown in Figure 4b, not all
phenolic compounds were consistently detected across all samples, with some
compounds only appearing at specific harvesting or storage stages. For example, CA
was detected only in few samples with the highest value of 2.371 pg/g FW in HS on day
20 (D20) (Table 2). Chlorogenic acid (CHA) was similarly limited in occurrence,
reaching its peak concentration of 0.334 pg/g FW in H6 sample at D40. Ferulic acid
(FA) though present at all harvesting stages, was undetectable or found in trace amounts
after 30 or 40 days of storage, with its highest concentration of 0.179 pug/g FW in the
H3 sample at DO. p-Coumaric acid was primarily detected in initial harvesting samples,
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peaking at 0.293 pg/g FW in the H4 sample at D0. Vanillic acid reached its highest
level of 4.720 pg/g FW in the H7 sample at D40, while vanillin, found only in some
extracts, reached a maximum of 1.162 pg/g FW in the H6 sample at DO. These data
underscore the variation in phenolic compound levels across different stages of harvest
and storage.

Table 2. Levels of phenolic compounds present in methanolic extract of kiwifruit at different
harvesting stages and periods

Sample/
compounds

H1, DO 0.432 | 0.026 0.000 | 0.000 | 14.706 | 0.000 | 0.153 | 0.144 | 0.186 | 0.023 | 0.174 | 0.000
H1, D10 1.966 | 0.000 0.000 | 0.000 | 14.706 | 0.000 | 0.302 | 0.080 | 0.046 | 0.042 | 0.580 | 0.000
H1, D20 1.274 | 0.000 0.000 | 0.000 | 14.706 | 0.000 | 0.944 | 0.027 | 0.000 | 0.000 | 0.000 | 0.000
H1, D30 3.735 | 0.000 0.000 | 0.000 | 14.706 | 0.000 | 1.270 | 0.000 | 0.000 | 0.000 | 0.000 | 0.287
H1, D40 4.035 | 0.086 0.000 | 0.000 | 14.706 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
H2, DO 0.110 | 0.000 0.000 | 0.000 | 14.706 | 0.000 | 0.000 | 0.083 | 0.172 | 0.000 | 0.000 | 0.224
H2, D10 0.296 | 0.000 0.000 | 0.000 | 14.706 | 0.000 | 1.818 | 0.058 | 0.110 | 1.341 | 0.119 | 0.000
H2, D20 0.077 | 0.000 0.000 | 0.000 | 14.706 | 0.000 | 1.564 | 0.014 | 0.000 | 0.000 | 1.471 | 0.000
H2, D30 0.865 | 0.000 0.000 | 0.000 | 14.706 | 0.000 | 0.935 | 0.055 | 0.063 | 0.000 | 0.000 | 0.000
H2, D40 0.072 | 0.044 0.000 | 0.000 | 14.706 | 0.000 | 0.000 | 0.061 | 0.038 | 1.230 | 0.988 | 0.000
H3, DO 0.178 | 0.047 0.096 | 0.085 | 14.706 | 0.000 | 0.107 | 0.179 | 0.263 | 0.000 | 0.508 | 0.039
H3, D10 0.191 | 0.000 0.000 | 0.043 | 14.706 | 1.172 | 0.000 | 0.081 | 0.000 | 0.000 | 0.000 | 0.170
H3, D20 2.514 | 0.000 0.082 | 0.000 | 14.706 | 0.937 | 0.000 | 0.019 | 0.000 | 0.000 | 0.000 | 0.000
H3, D30 2.075 | 0.015 0.000 | 0.061 | 14.706 | 0.000 | 0.000 | 0.015 | 0.000 | 0.000 | 0.000 | 0.000
H3, D40 2.428 | 0.068 0.208 | 0.032 | 14.706 | 0.000 | 0.000 | 0.017 | 0.090 | 0.000 | 0.000 | 0.102
H4, DO 0.196 | 0.000 0.000 | 0.172 | 14.706 | 0.125 | 0.381 | 0.041 | 0.293 | 0.000 | 0.321 | 0.000
H4, D10 0.181 | 0.000 0.000 | 0.000 | 14.706 | 0.000 | 0.000 | 0.025 | 0.069 | 0.000 | 0.142 | 0.000
H4, D20 0.184 | 0.000 0.000 | 0.000 | 14.706 | 0.000 | 0.000 | 0.000 | 0.057 | 0.000 | 0.000 | 0.000
H4, D30 1.953 | 0.017 0.000 | 0.000 | 14.706 | 0.000 | 0.000 | 0.028 | 0.038 | 0.000 | 0.000 | 0.000
H4, D40 3.666 | 0.088 0.000 | 0.000 | 14.706 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
H5, DO 3.361 | 0.366 0.000 | 0.000 | 14.706 | 0.000 | 0.000 | 0.037 | 0.000 | 0.126 | 0.000 | 0.000
H5, D10 0.178 | 0.111 0.000 | 0.000 | 14.706 | 0.465 | 0.000 | 0.000 | 0.133 | 0.000 | 0.000 | 0.103
H5, D20 2.025 | 0.134 0.000 | 0.000 | 14.706 | 2.371 | 0.000 | 0.071 | 0.000 | 0.000 | 0.000 | 0.000
H5, D30 0.000 | 0.000 0.052 | 0.000 | 14.706 | 0.000 | 0.000 | 0.049 | 0.000 | 0.000 | 0.000 | 0.000
H5, D40 0.307 | 0.027 0.086 | 0.000 | 14.706 | 0.000 | 0.000 | 0.065 | 0.071 | 0.000 | 0.000 | 0.030
H6, DO 0.343 | 0.028 0.000 | 0.022 | 14.706 | 0.000 | 1.337 | 0.000 | 0.000 | 0.000 | 0.173 | 1.162
H6, D10 1.673 | 0.028 0.000 | 0.000 | 14.706 | 0.075 | 0.000 | 0.090 | 0.067 | 0.042 | 1.154 | 0.000
H6, D20 0.000 | 0.046 0.000 | 0.000 | 14.706 | 0.000 | 0.000 | 0.020 | 0.010 | 0.000 | 2.886 | 0.000
H6, D30 0.000 | 0.409 0.092 | 0.000 | 14.706 | 0.000 | 0.000 | 0.027 | 0.000 | 0.000 | 2.472 | 0.000
H6, D40 0.000 | 0.045 0.000 | 0.050 | 14.706 | 0.000 | 3.071 | 0.000 | 0.047 | 0.000 | 3.718 | 0.230
H7, DO 0.057 | 0.000 0.000 | 0.000 | 14.706 | 0.000 | 0.066 | 0.086 | 0.000 | 0.000 | 0.000 | 0.206
H7, D10 0.000 | 0.020 0.000 | 0.000 | 14.706 | 0.183 | 1.418 | 0.060 | 0.000 | 0.000 | 4.311 | 0.000
H7, D20 0.000 | 0.000 0.019 | 0.000 | 14.706 | 0.000 | 0.000 | 0.025 | 0.000 | 0.424 | 1.612 | 0.000
H7, D30 0.068 | 0.028 0.000 | 0.000 | 14.706 | 0.000 | 0.739 | 0.000 | 0.000 | 0.000 | 3.027 | 0.000
H7, D40 0.291 | 1.354 0.399 | 0.028 | 14.706 | 1.148 | 0.000 | 0.000 | 0.048 | 0.000 | 4.720 | 0.000

CAT: Catechin, EPI-CAT: Epi-catechin, QE: Quercetin, RU: Rutin. GA: Gallic acid, CA: Caffeic acid, CHA: Chlorogenic acid,
FA: Ferullic acid, pCA: p- Coumaric acid, SA: Syringic acid, VA: Vanillic acid, VN: Vanillin

CA |EPI-CAT| QE RU GA CA CHA FA p-CA SA VA VN
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Figure 4. (a) The HPLC chromatogram obtained of the mixture of standards used for the
identification and quantification purposes. (b) Compounds present in an extract of harvest 1,
day 40, the gallic acid was used as an internal standard

Gene expression analysis
GDP-L-galactose phosphorylase (GGP) gene

The expression pattern of the GGP gene, which plays a crucial role in ascorbic acid
synthesis, was analyzed across seven harvesting stages. Actin served as the
housekeeping gene in RT-PCR (Fig. 5A). The intensity of GGP gene bands was highest
during the initial harvesting stages but declined in the later stages, suggesting a decrease
in GGP expression as the fruit matured (Fig. 5B). This decrease may correspond to a
reduction in vitamin C biosynthesis, as GGP is a pivotal gene in ascorbic acid
production.

Flavonol synthase (FLS) gene

The FLS gene, involved in flavonoid biosynthesis, showed a different pattern: its
expression increased notably from the fourth harvest stage onwards (Fig. 5C). This
trend indicates a rise in flavonoid production during later stages of fruit maturation,
which aligns with the observed increase in total flavonoid content.

Hierarchical clustering analysis (HCA)

The relationships among seven harvesting stages (H1, H2, H3, H4, H5, H6, and H7)
and storage periods (DO, D10, D20, D30, and D40) of kiwifruit are illustrated in
Figure 6 based on the measured parameters.
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Figure 5. The RT-PCR expression of (A) Actin (B), GDP-L-galactosephosphorylase (GGP) (C),
and Flavonol Synthase (FLS) genes in the seven harvesting stages H1, H2, H3, H4, H5, H6 and
H7. M: DNA size Marker (1 Kb), PCR amplification of these gene is shown in lane 1 to lane 7
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Figure 6. The heatmap diagram presents the variations in the assessed parameters of kiwifruit
(columns) across seven distinct harvesting stages (H1, H2, H3, H4, H5, H6, and H7) and
storage periods (DO, D10, D20, D30, and D40) (rows). The heatmap employs a gradation of
red for higher numerical values and blue for lower numerical values (refer to the scale located
in the upper right quadrant of the image)
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The heatmap analysis effectively delineated the collective fluctuations across all
parameters. It is clear that TPC exhibited a substantial decline during the later phases of
fruit maturation, which corresponded to harvest time. On the contrary, the TFC
exhibited a minimal value during the early phases of harvesting; nevertheless, it
increased substantially with the fruit’s maturation. The DPPH assay demonstrated that
the antioxidant capacity was greatest at the time of fruit harvest; nevertheless, this trend
declined as the fruit matured. The heatmap clustering demonstrated that the phenolic
compounds differed among samples according to the stage of harvesting and the
duration of storage (Fig. 6).

Discussion

When Kkiwifruits were stored for 10, 20, 30 and 40 days at room temperature (15-
20°C), storage time had a significant impact on the TPC (Total Phenolic Content) of
fruits. TPC remained relatively stable during the first 20 days of storage but showed a
substantial decrease afterwards. Overall, this trend is consistent with the findings of
Hui-Na et al. (2008), who reported higher TPC at the initial stages of fruit
development in the kiwifruit (A. setosa). Similar results were observed in other fruits
like oranges, where TPC was affected by extended storage duration (Klimczak et al.,
2007). While previous literature often addresses the influence of different storage
conditions on phenolic content (Kalt, 2005), in this study, the storage temperature was
kept constant, and only the storage time varied. Thus, it was the storage time, not the
conditions, that influenced the TPC observed here. Additionally, studies indicate that
the temperature significantly affects TPC in kiwifruits with faster decrease observed at
lower temperatures like 5-10°C compared to temperatures 0, 15 and 20°C (Asiche et
al., 2017). However, in commercial practice, Kiwifruits after harvest are stored at
lower temperatures (0-4°C). At this temperature range all the metabolic processes are
suppressed, thus leading to the prolonged fruit storage (Marsh et al., 2004). The
decrease in TPC over time may be due to the natural metabolic breakdown of phenolic
compounds as fruits continue to ripen at post-harvest. Research also suggests that
phenolic compounds are sensitive to oxidative stress, which could contribute to their
decline over prolonged storage periods at room temperature (Kalt, 2005; Pal et al.,
2013).

In contrast, TFC showed stability and even slight increases over the storage period,
the results are similar to observations in other fruits such as mangoes and apples, where
flavonoid content rises due to stress-induced metabolic changes during storage (Huang
et al., 2019; Zhong et al., 2018). Similarly, it is indicated that TFC remained stable in
various fruits like plum, apricot, yellow pepper, grape etc. (Benlloch-Tinoco et al.,
2015; Kevers et al., 2007: Kao, 2006). These results reinforce the observation that
flavonoid content is less sensitive to storage time, potentially due to different
biosynthetic pathways or stability compared to phenolics.

The results of free radical scavenging activity were similar to previous study (Kao,
2006). The decrease in the activity was due to decrease of vitamin C and polyphenolic
content. Both are responsible for providing free radicals scavenging in different fruits
and vegetables (Pal et al., 2013). As kiwifruits and other citrus fruits are rich source of
ascorbic acid (vitamin C) and are thus a great source of antioxidants (Nishiyama et al.,
2004), so, as the fruit matures, the vitamin C and phenolic content decrease that leads to
a decline in the antioxidant activity (Tavarini et al., 2008; Kalt, 2005).
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Studies showed that the antioxidant activity is more affected by the storage time than
the storage temperature (Tavarini et al., 2008). As the storage periods increased, the
phenolic content decreased that in turn lead to a decrease in antioxidant activity. There
was a reduction of antioxidant activity after 20 days period mainly due to decrease in
phenolic content. The results are supported by the previous findings (Tavarini et al.,
2008; Shivashankara et al., 2004).

The values of different phenolic compounds varied in different samples. In previous
studies these compounds have been quantified in the A. deliciosa. However, no syringic
acid and gallic acid were detected. Gallic acid presence has been reported in the A.
deliciosa variety from China. The extracts contained chlorogenic acid, similar to those
present in pear, apple and quince (Kim et al., 2009; Fattouch et al., 2008). From the
flavonoids group catechin and epi-catechin were predominantly found in different
kiwifruit extracts. Quercetin and rutin were present in few samples only.

Previous literature showed that GGP, act as a key gene in vitamin C biosynthesis
(Zhang et al., 2017; Liu et al., 2015; Suekawa et al., 2019; Shiri et al., 2018; Ishikawa
et al., 2018). It was found in the present study that expression of is decreased in the
late harvesting stages which could suggest that there is a decrease in vitamin C level,
as GDP-L-galactose phosphorylase (GGP) is the key ascorbic acid biosynthesis gene
(Mellidou and Kanellis, 2017) and serves as the control point in various plant species
including Arabidopsis (Bulley et al., 2009; Yoshimura et al., 2014), tobacco (Bulley et
al., 2009; Wang et al., 2014), tomato (Mellidou et al., 2012; Bulley et al., 2012; Wang
et al., 2013), citrus (Alos et al., 2013), blueberry (Liu et al., 2015), kiwifruit (Li et al.,
2010) and strawberry (Bulley et al., 2012). The gene involved in the flavonoids
biosynthesis is over-expressed in the later harvesting stages and that may have
increased total flavonoids content as observed in this study. It has been observed that
the vitamin C quantity decreased with the fruit maturation, especially in case of citrus
fruits (Lee and Kader, 2000) therefore, the expression of the genes involved in its
biosynthesis decreased as well in this study. While this study provides comprehensive
data on TPC, TFC, and gene expression, it is essential to highlight that the impact of
storage time, rather than variable storage conditions, was the primary focus. Future
research could extend these findings by examining different temperature conditions or
controlled light exposure to assess their combined effects on kiwifruit’s metabolic
profile.

Conclusion

This study provides novel insights into the metabolic composition and antioxidant
potential of kiwifruit across various harvest stages and storage durations. Kiwifruit was
shown to contain several bioactive metabolites including chlorogenic acid (CHA),
ferulic acid (FA), p-coumaric acid (p-CA), vanillic acid (VA), and catechin (CAT),
which varied in concentration at different harvest times. Early stages of harvest showed
higher total phenolic content (TPC), contributing to increased antioxidant activity,
which diminished as the fruit matured. TFC exhibited stability, slightly increasing due
to stress-induced metabolic adjustments over prolonged storage, which is consistent
with patterns observed in other fruits like mangoes and apples. Gene expression analysis
revealed a clear correlation between GGP and FLS genes with their corresponding
metabolites, vitamin C, and flavonoids, underscoring genetic regulation as a
determinant of kiwifruit nutritional quality.
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Contrary to initial assumptions, the storage time, rather than the storage conditions,
played a critical role in influencing the metabolic profile at post-harvest. These findings
indicate that kiwifruit’s nutritional value can be optimized through strategic harvesting,
particularly if the goal is to maximize antioxidant activity, phenolic content, and
vitamin C levels by harvesting at earlier stages.

As kiwifruit cultivation has only recently been introduced in Pakistan, these results
are invaluable for guiding local and global researchers and growers in improving yield
quality and maximizing health benefits. Aligning with prior studies yet extending
beyond them, this work highlights practical applications for enhancing kiwifruit’s
commercial and nutritional potential, contributing to a deeper understanding of kiwifruit
as a functional crop.
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