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Abstract

The Biochemistry Section at the Ayub Agricultural Research Institute (AARI) in Faisalabad served as the research hub for our
study throughout 2020-21. We delved into the antioxidants and biochemical parameters found in an array of fruits including
peach (Prunus persica), grapes (Vitis vinifera), grapefruit (Citrus paradisi), lychee (Litchi chinensis), fig (Ficus carica), plum
(Prunus domestica), sweet lime (Citrus limetta), Kuranda (Carissa carandas), kiwi (Actinidia deliciosa), and pear (Pyrus
communis). These fruits offer vital nutrition like Vitamin C, ranging from 2.49 in fig to 48.7 in sweet lime, mineral matter is
minimum (0.34%) in pear and maximum 6.19% in Lychee, crude fiber was highest (7.26%) in kuranda and lowest (0.82%) in
Grapefruit, crude fat was less than 1 in all the fruits except kuranda having crude fat 1.66%. crude protein was also less than
one in most of the fruits under study except Fig (2.05%), Plum (3.33%) and Kuranda (1.16%). Total antioxidants were higher
in Peach (94.1%) followed by Plum (88.5%), Sweet lime (84.6%) and Fig (83.9%) while lowest value was observed in
Kuranda (10.4%). Their adequate consumption not only fortifies the immune system but also serves as a shield against
afflictions. Phenols packed abundantly within fruits, stand out as some of the most nutrient-rich components. Total phenols
were ranging from 13.8 ug GAE/mL (Grapefruit) to 1182.5 ug GAE/mL (Kuranda). Total sugar lies between 6% (Plum) to
14.3% (Luchee). This paper delves deep into an exhaustive analysis of bioactive compounds, exploring their antioxidant
capacities within the most widely cultivated fruits. Our exploration identifies that all the fruits are useful due to one or more
nutritious elements. Our findings conclusively advocate the regular consumption of fruits, emphasizing their pivotal role in
fostering nutrition and safeguarding against diseases.
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Introduction

Antioxidants present in food significantly contribute to
safeguarding our health. Scientific findings consistently
highlight their role in diminishing the risk of chronic
ailments like cancer and heart disease. Fruits and
vegetables are notably rich in antioxidants, specifically
phenolic and ascorbic acids. Emphasis has been placed on
advocating the consumption of raw or fresh fruit due to the
substantial health benefits they offer to humanity's well-
being (Liu et al., 2000; Martin et al., 2002). Most fruits are
abundant sources of multivitamins, dietary fiber, and
minerals. Compounds such as various phenolics found in
these fruits act as potent antioxidants potentially reducing
the risk of diseases (Grassmann et al., 2002). Free radicals,
generated during cellular metabolic activities in biological
systems, possess high reactivity. While a definite quantity
of these mixtures aids the body's immune functions
positively, unsuitable dietetic ways and régimes can

prompt oxidative stress. This inequity among free radical
construction and the body's antioxidant protection mechanisms
manifests via various molecular damage biomarkers (Soares et
al.,, 2019; Dhalaria et al., 2020). The resulting health
implications have sparked a growing societal emphasis on
adopting healthier consumption habits, including the ingestion
of antioxidant complexes (Forni et al., 2021; Khan et al.,
2021).

Global dietary guidelines underscore the significance of
eating vegetables and fruits as a preventive measure against
diseases. Apart from their macro and micronutrient content,
these foods harbor phytochemical compounds celebrated for
their properties of antioxidant (Ali et al., 2020). Many
marketable brands have even industrialized goods augmented
with antioxidants sourced from vegetables and fruits apples,
mushrooms and oranges. Recognizing the pivotal role of
antioxidants demands not just the attention of nutritionist and
doctors in identifying suggested consumption levels and their
health effects, but also an calculation of technical viability in
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harnessing these compounds in the context of the globular
frugality in nutraceuticals (Belwal et al., 2020).

Flavonoids operate through three distinct pathways in
their antioxidant action: they eliminate reactive oxidative
species, stimulate endogenous mechanisms via gene
expression, and inhibit the formation of nitrogen species
and reactive oxygen (Dhalaria et al., 2020; Dias et al.,
2021; Khan et al., 2021). However, the full health
assistances of flavonoids to the human body are inadequate
because of their low captivation and early conversion into
byproducts that may not possess the same activity of
metabolic and biological as the primary compounds
(Farooqui & Farooqui, 2018). Selenium, a component in
antioxidant enzymes like glutathione peroxidase, plays a
significant role in catalyzing reduction reactions and
protecting cells. Magnesium participates in numerous
enzymatic reactions, while zinc, a vital trace element, acts
as a cofactor for numerous enzymes, contributing to
antioxidant processes and shielding molecules from
oxidation (Marreiro et al., 2017; Olechnowicz et al., 2018).
Our study aimed to ascertain the nutrition and antioxidant
potential of commercially accessible fruits. This involved
evaluating the crude protein, crude fat, crude fiber, mineral
matter antioxidant capacity, total phenolic compounds and
ascorbic acid of selected fresh fruits.

Materials and Methods

Conduction of the present study was carried out at the
laboratory of Biochemistry Section, existed in AARI,
Faisalabad through the year 2022-23 to find out the
nutritional status and antioxidants of plum (Prunus
domestica), sweet lime (Citrus limetta), Kuranda (Carissa
carandas), kiwi (Actinidia deliciosa) and pear (Pyrus
communis) peach (Prunus persica), grapes (Vitis vinifera)
grapefruit (Citrus paradisi), lychee (Litchi chinensis) fig
(Ficus carica). Fruits were purchased from a nearby
market. Samples of fruits were washed, wiped and made
dry at room temperature, pressed to get their juice/pulp and
analyzed for pH, TSS, acidity, total phenol, total
antioxidant activity, total sugar, Vitamin C, dry matter and
other proximate analysis.

Fruit materials

The fruits material was got from the nearby market situated
at Model bazar Jhang road Faisalabad. The samples were
sent immediately after their arrival and consumed for
analysis. Half of the fruits were processed for juice/pulp
extraction and others cut into small pieces and placed at 65
°C for drying and later used for proximate analysis. The
edible parts were analyzed according to habits of usual
consumer. Fruits were peeled out and seeds were removed
of all fruits undergo examination.
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pH
To determine pH, digital pH meter was used after
standardizing the pH meter with the help of pH 4 and pH 9
buffer solutions(Kalra, 1995).
Total soluble solids (TSS)

Total soluble solids were calculated using refractometer and
standardizing it with distilled (Ercisli, 2007).

Acidity

Took 10 g of sample, 50 mL of distilled water and few drops
Phenolphthalein indicator in a beaker (Berezin et al., 1995).
We calculated the acidity by the following formula:

Reading x0.0064

Acidity (%) = P —— x 100 (Equation 2.1)
Total phenolics
The protocol followed by Folin—Ciocalteu method

(Waterhouse, 2002) was observed to find out total phenolic
contents. Suitably extracted samples were added in of Folin—
Ciocalteu reagent (0.2 mL), and few minutes later, added of
sodium carbonate (20% w/v) (0.8 mL) was mixed. Heat of 100
°C for 1 min was given to the mixture. Cooled the mixture and
took the reading in  absorbance mode at 750 nm. Standards
were prepared with Gallic acid, and results were expressed as
micrograms of Gallic acid equivalents (GAE) per mL of juice.
Each sample was analyzed thrice.

Total antioxidant activity

For determination of antioxidant capacity the protocol
described by (Magalhdes et al., 2006) was followed. Briefly
stock solution was made by mixing 0.004 g of DPPH in 100
mL of methanol. DPPH (0.004%) was used as a blank and to
prepare sample extraction mixture (Methanol: acetone: HCI in
90: 0: 8: 2) was prepared. The pulp of each fruit weighed 1 g
and vortexed with 5 mL extraction mixture. Centrifuged the
vortexed sample and took supernatant for further use.
Extracted plant sample 0.5mL was mixed with 5 ml of a
0.004% methanol mixture of DPPH. The mixed material was
stored at room temperature for 35 min in the dark. The colour
will change from violet to yellow. The reading was determined
as absorbance of 517 mm via a spectrophotometer (UV-VIS).
Calculation was carried out via following equation:

[% DPPH Activity] = [(Ac-A) / Ag] X 100 (Equation No 2.2)
Where Ao — absorbance of DPPH solution with methanol, A-
absorbance of a DPPH solution with a tested extract solution

(test). Experiments were run in triplicate and the results were
given to as average values with S.D. (standard deviation).
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Total sugar

Took 20 g sample (20 ml pulp or juice) in volumetric flask
(250 ml). Added distilled water, 25 ml 15 ml lead acetate
and potassium oxalate solution respectively. Made the
volume to 250 ml using distilled water and sieved. Took 25
ml filtrate, 5 ml HCI and some water. Left for 24 hours for
complete hydrolysis. Then exactly neutralized it with about
5N NaOH using phenolphthalein indicators and made the
volume. Took Fehling’s solutions (10 ml) in a beaker and
added some water and heated it to boiling. Took sample in
titrating burette and allow the solution to flow drop wise
into the Fehling’s solution containing conical flask
continuing slow boiling till end point (brick red color).
Add some drops of methylene blue for clear end
point(Casterline Jr et al., 1999).

Vitamin C (Ascorbic acid)

Using the reagents Oxalic acid solution (0.4%), Dye
(dichlorophenol indophenol) (42 mg of NaHCO3 + 52mg
dye in 200mL distilled water stirr, filter and store in cool
dark place use within three days) and Ascorbic acid
solution (0.1%). Ascorbic acid (vitamin C) was determined
by the protocol given by (Pegg et al., 2010). Briefly dye
was standardized with ascorbic acid (0.1%) of known
concentration to know the mL of dye needed for 1 mL dye
for ascorbic acid. Titrated 1 mL of ascorbic acid solution
and 1.5 mL of oxalic acid against dye to pink end point.
Samples were analyzed by taking 30, 50 g pulp and
making volume 100 mL with oxalic acid and filtering
through cheese cloth. Then 5 mL of filtered samples were
titrated against dye and calculated by the following
formula:

Ascorbic acid (Vitamin C mg/100 g) = %

(Equation 2.3)
Dry matter

Dry the sample in steel dish at 105 °C for two hours.
Removed the sample along with dishes and placed into
desiccator. Instantly covered it and allowed the samples in
dishes to cool up to room temperature. Weighed the
samples along with dishes. Recorded weight of both dish
and sample. We calculated the dry matter by the following
formula:

Total DM (%) =
Dry Weight of Sample and Dish - Tare Weight of Dish ¥100

Initial Weight of Sample and Dish - Tare Weight of Dizh

(Equation 2.4)

Crude fat

Crude fat was determined by extracting fat with ether.
Boiling and subsequently condensing of Ether after passing
through sample. A sample of weight 2.5 g was taken into
oven dried previously extracted filter paper sheet (3 x 4
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inches). Placed the sample, enclosed in filter paper sheet into
the thimble and fixed in the Soxtec extraction apparatus under
the condenser. Then poured 40 mL in the solvent beaker and
placed on the hot plate of the apparatus. The tap water was
turned on and started the extraction for 1 hour. After one hour
the extraction will be completed, removed the thimbles along
with samples. Allowed the samples to become dry at room
temperature. Weighed the samples and calculated via formula
as described by Thiex (Thiex et al., 2012):

Wit of ether extract

= 100
Wt of zamples

Crude Fat = (Equation 2.5)

Crude fiber

A moisture free and ether extracted sample (2 g) was oven
dried. The samples were then digested with 1.25% H,SO4 (200
mL) solution in a glass container and heated for 30 minutes on
a hot plate. The heated material was then filtered by cheese
cloth and washed thrice with distilled water. The residues were
collected from the cheese cloth and mixed in 200 mL NaOH
(1.25%) solution and boiled for half an hour at hot plate again.
The mixture after boiling was filtered, gave washing with
distilled water thrice and 1 with acetone. Collected the residues
from the cheese cloth and transferred them to a pre-weighed
crucible. Crucible was placed in hot air oven at temperature of
105 °C for 24 hours till there was no change in weight. Noted
the dry weight of sample along with crucible, ignited the
sample along with crucible by placing at 595 °C in a muffle
furnace for 4 hours. White ash was obtained (Thiex et al.,
2012). Weight was recorded again and calculated the crude

fiber by following formula
Crude ﬁher‘{%] — wi.of oven dried sample —wt.of ash

(Equation 2.6)

x 100

wit.of fat free sample

Crude protein

The Kjeldahl procedure, described by Thiex (Thiex et al.,
2012) was followed to measure the protein content of sample.
Protein contents are the measure of a ratio of protein to
nitrogen for a specific food. For determination of crude
protein, the samples were boiled with sulfuric acid to transform
nitrogen of protein and other compounds into NH4SO..
Selenium was used as catalyst along with K>SO, and CuSO;, at
370°C on hot plates. The digested samples were cooled. The
distillation apparatus was used to distillate the samples, using
NaOH and distilled water where boric acid was used as carrier.
The nitrogen as ammonia released and captured in boric acid
solution which was then titrated against N/10 H,SO.. A blank
sample was run to compare the samples. The volume of H2SO4
titrant required for this blank was subtracted from each
determination.

Arid Used x Normaility of acid = 0.014 » 100
wt.of zample in g

Nitrogen (%) =
(Equation 2.7)
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Crude protein (dry wt. basis) = N x 6.25

Ash (Mineral matter)

For mineral matter determination the weight of oven dry
crucible was noted. Tared the weight of crucible and
weighed 4 g sample in crucible. The samples contained in
the crucibles were heated at 600 °C in the furnace for 4
hours. Samples were converted into white ash after ignition
(Thiex et al., 2012). Samples (Ash) along with crucible
were weighed and mineral matter content was determined
as under:

Ash weight
wt.of sample

Mineral matter (04) = % 100 (Equation 2.8)

Results

Ingesting fruits was raised in the past decade, because they
have good taste, attractive contour, and are nutritious and
healthy. Antioxidants are the main component of fresh
fruits that is very effective against the deterrence of
worsening illness and oxidants produced in the bod under
stress. Fresh juice of the samples was squeezed to analyze
for the TSS, pH, acidity, total phenol, total sugar, Vitamin
C, crude protein, dry matter, crude fiber, crude fat mineral
matter and total antioxidant activity protocol is giving as
under,

pH

Table 1 showed the results of pH for fresh fruits juices.
The pH of all the fruits lies in the highly acidic range
except in kuranda (6.6 + 0.87) and fig (5.31+ 0.16) which

Table 1 Nutritional analysis of fruits
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is acidic to neutral. Regarding all other fruits, higher pH was
found in peach (4.61+ 0.37) followed by lychee (4.32+ 0.6)
and minimum was present in pear (2.64+0.026).

Total soluble solids (TSS)

TSS was significantly varied among different fruits (Table 1).
Soluble solids varied from (09-15) °Brix. Kuranda had the
highest TSS (15.6 + 0.42) among others which is shown in
Table 1. Lychee had 15.3 °Brix while Kiwi and grapes had 14.5
+ 0.67 and 14.6 + 0.16°Brix respectively. The lowest TSS was
observed in grapefruit (9.5 + 1.04). Fig (13.97+ 0.48), pear
(13.8+£ 0.23), peach (12.3 £ 0.17) and plum (12.29 £ 1.32) were
statistically equal.

Acidity

The titrable acidity among the fruits is given in Table 1. From
this result it is observed that sweet lime showed highest acidity
(2.01 = 0.67%) followed by Pear (1.92+0.046) kuranda (1.64 +
0.81%) and kiwi (1.62+ 0.08%). The lowest acidity was
observed in Fig pulp (0.18 +0.07). The acidity of all other
listed fruits lied between these.

Total phenols (TCP)

Significantly higher total phenols were found in kuranda
(1182.5+ 23.81ug GAE/mL) whereas the lowest value of
phenol contents was noted in grapefruit (13.8 + 5.07ug
GAE/mL) and lychee (17.5 + 0.92 pg GAE/mL). Bigger value
of TCP was detected in Kiwi (993.1+ 6.26 ug GAE/mL) sweet
lime (889.4 + 20.05ug GAE/mL) plum (551.7 + 16.88ug
GAE/mL) and fig pulp (405 + 12.2 ug GAE/mL).

Fruits TSS (%) pH Acidity (%) Total phenols (ug
GAE/mL)
Peach 12.3+0.17 4.61+0.37 0.43+0.07 463 £ 6.07
Grapes 14.6 £0.16 3.71+£0.06 0.46 + 0.08 368 +4.07
Grapefruits 9.5+1.04 3.65+0.32 0.67 +0.09 13.8 £5.07
Lychee 15.3+1.37 432+0.6 0.72 +0.03 17.5+0.92
Fig 13.97 £ 0.48 5.31+0.16 0.18 +0.07 405+12.2
Plum 12.29+£1.32 3.37+0.21 0.963+0.096 551.7 + 16.88
Sweet lime 10.5+0.27 3.72+0.77 2.01 +£0.67 889.4 + 20.05
Kuranda 15.6 £ 0.42 6.6 £ 0.87 1.64 £0.81 1182.5+ 23.81
Kiwi 14.5 + 0.67 3.8+0.57 1.62+ 0.08 993.1+ 6.26
Pear 13.8+0.23 2.64 + 0.026 1.92+0.046 256.7+£7.8
P value 0.02 0.01 0.002 0.04
Total antioxidant activity
Total sugar
Higher antioxidant activity was found in peach

(92.17+0.304%) and plum (88.47 + 0.55%) followed by
sweet lime (84.6 £ 2.09%). The lowest value was observed
in kuranda (10.4 + 0.85%). all other given fruits have
antioxidant activity between these extremes (Table 2).

Significantly variable values were observed regarding total
sugar (Table 2). Maximum sugar content was noted in lychee
(14.3 = 1.02%) followed by Kuranda (13.8 + 0.64%) and
grapes (13.7 + 1.05%) which were statistically at par. Among
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others which is shown in Table 2, peach had 11.2 + 1.17%
while fig and grapefruit had 10.6 + 0.77 and 8.6 + 0.67%
respectively. The lowest total sugar was observed in sweet
lime (2.31 £ 0.01%).

Vitamin C

Vitamin C reduces with the maturing of the fruit (Ezeh
Ernest et al., 2017). Among all the given fruits, sweet lime
and grapefruit was determined to hold the higher quantity
of the Vitamin C (48.7 £1.31 and 47.1+£1.104 mg/100 g
respectively) and least by fig pulp (2.49 = 0.45 mg/100 @)
(Table 2). Kiwi (25.1+2.44 mg/100 g) and lychee (28.28+
3.003 mg/100 g) also had good quantity of Vit C. All other
fruit under consideration have the range of 5-13 mg/100 g
regarding Vitamin C.

Table 2 Biochemical analysis of fruits
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Proximate analysis

Proximate analysis is designated to determine the nutrition of
the analyzed material in research. It is based on ash content,
carbohydrate, water, crude protein, lipid and crude fiber. It is
evident from the results that there is momentous dissimilarity
in the dry matter, ash content, crude protein, crude fiber and
crude fat among fruits.

Dry matter

Significantly different values were observed regarding dry
matter (Table 2). Maximum dry matter content was noted in
grapes (28.83+0.84%) followed by fig and kiwi (17.6 £ 1.09
and 17.3 £ 1.17% respectively) which were statistically at par
with each other. Among others which is shown in Table 2,
peach had 16.07+1.46%, while plum (13.7 = 1.27%) and
kuranda (12.8 + 1.06%) also had considerable quantity of dry
matter. Grapefruit had the lowest value 8.72 +0.60%.

Fruits Total antioxidants (% Total sugar (%) Vitamin C Dry matter
DPPH activity) (mg/100 ml) (%)
Peach 94.15+0.30 11.2+1.17 6.07+0.38 16.07+£1.46
Grapes 64.9+ 3.42 13.7+1.05 5.00+1.06 28.83+0.845
Grapefruits 77.7+0.58 8.6 £ 0.67 46.1+1.10 9.62 +0.60
Lychee 67.02+ 3.08 14.3+1.02 28.28+ 3.00 10.8 +0.76
Fig 83.98+ 1.61 10.6 £ 0.77 2.49+0.45 17.6 £ 1.09
Plum 88.47 £ 0.55 6.0 +0.14 8.25+1.12 13.7+1.27
Sweet lime 84.6 £ 2.09 2.31+£0.01 48.7 £1.31 8.62 + 0.87
Kuranda 10.4+0.85 13.8+0.64 13.9+0.52 12.8+1.06
Kiwi 73.9+141 7.86 £ 0.37 25.1+2.44 17.3+1.17
Pear 72.2+2.78 9.94 £ 0.52 3.14+£042 11.3+£1.07
P value 0.002 0.013 0.004 0.014
Crude protein
Crude fat

Considerably variable values were observed in the case of
crude fat (Table 3). Maximum crude fat was observed in
kuranda (1.66+0.09%) and sweet lime had the lowest
(0.21+0.07%). Among other fruits which are shown in
Table 3 crude fat ranges between (0.25 to 0.77%).

Crude fiber

Crude fiber significantly varied as given in Table 3.
Maximum crude fiber was noted in Kuranda (7.26+1.07%)
followed by fig (4.65+0.43%) and kiwi (4.56+0.05%).
Among other fruits which is shown in Table 3 the lowest
value was observed in grapefruit (0.82+0.06%) while crude
fiber in other was ranges from 1.36+0.06% to 2.16+0.16%.

Protein is the most important component in fruit. The quantity
of protein was calculated comparatively less in pear (0.36
+0.049%). The total protein content of plum was 3.33+£0.53%
which is the highest of all followed by fig (2.05+0.24%).
Protein of other fruits lied in range of 0.64 — 1.16%. Table 3
expresses the difference in protein content amid given fruit
samples.

Mineral matter

Significantly variable values were observed regarding Mineral
matter (Table 3). Maximum matter was noted in lychee (6.19
+ 0.36%) followed by Kiwi (3.57+1.03%) and grapefruit (3.19
+ 0.472%) which were statistically at par with each other.
Among other fruits which are shown in Table 3 plum had
1.5+£0.03%, while fig (095 + 0.16%) and kuranda
(1.02+£0.02%) also had reasonable percentage of mineral
matter. The lowest mineral matter was observed in pear (0.34 +
0.03%).
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Table 3 Proximate analysis of fruit
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Fruits Crude fat (%) Crude fiber (%) Crude protein (%) Mineral matter (%)
Peach 0.35+ 0.02 2.16+0.05 0.88+0.01 0.55+0.02
Grapes 0.27 £ 0.03 1.26 £0.06 0.64+0.14 0.47 £ 0.02
Grapefruits 0.45+0.03 0.82+0.06 0.67£0.04 3.19 £ 0.47
Lychee 0.25 +£0.04 1.36+0.06 0.97+0.07 6.19 £ 0.36
Fig 0.38+0.07 4.65+0.43 2.05+0.24 0.95+0.16
Plum 0.77+0.13 2.06 £ 0.36 3.33£0.53 1.5+£0.03
Sweet lime 0.21+0.07 2.09+0.14 0.77 £0.07 0.46 £0.03
Kuranda 1.66+0.09 7.26£1.07 1.16£0.17 1.02+0.02
Kiwi 0.44+0.03 4.56+0.05 0.82 £0.08 3.57£1.03
Pear 0.29+0.06 2.16+0.16 0.36 £0.05 0.34 £ 0.03
P value 0.005 0.005 0.001 0.024
Discussion from their ability to maintain water balance within cell

Fruits stand as excellent sources of diverse antioxidants,
comprising a multitude of antioxidant elements that differ
among various fruits, species and climates. These
antioxidants are vital elements that should accompany our
fruit intake. Despite certain foods being more nutrient-rich,
fruits reign supreme as the paramount source of
antioxidants, their potency varying based on factors like
ripeness, species, and climate. Consequently, fruits hold
immense promise as agents that promote health and
prevent diseases. Fruits are naturally self-sufficient for
Phenolic acids as antioxidant capabilities (Suntar &
Yakinci, 2020; Thakur et al., 2020). These metabolites
arise from aromatic rings, such as benzene, substituted
with carboxylic acids or hydroxyl groups, and offer
advantages over flavonoids due to their free form, aiding in
absorption and solubility in the digestive system (Chen et
al., 2020). They can be categorized as benzoic or
hydroxybenzoic acids and cinnamic acids, contributing to
biochemical scavenging effects that combat free radicals
(Bento-Silva et al., 2020; Cory et al., 2018). Phenolic acids
demonstrate high efficiency in reducing various oxidant
compounds intricate in oxidative stress and cell damage,
while also contributing positively to the body's immune
response (Cory et al., 2018; Tresserra-Rimbau et al., 2018).

The well-established antioxidant benefits of fruits are
balanced mix of vitamins and minerals, countering free
radicals that may cause injury to our body's biomolecules
(Miranda-Diaz et al., 2020). However, some studies
suggest that certain compounds with antioxidant capacity
may also act as pro-oxidants. While environmental factors
are implicated in these activities, further research is
warranted to conclusively understand how antioxidants
may behave as pro-oxidants (Rahal et al., 2014).
Flavonoids operate through three distinct pathways in their
antioxidant mechanism, involving the removal of oxidative
species, triggering internal mechanisms through gene
expression, and inhibiting the formation of reactive oxygen
or nitrogen species through chelation or oxidative
enzymatic activities (ROS and RNS) (Dhalaria et al., 2020;
Dias et al., 2021; Khan et al., 2021). The advantageous
impact of minerals found in fruits and vegetables stems

membranes, thereby ensuring electro-neutrality, and acting as
essential cofactors for enzymes (Fellows, 2017).

Our findings concerning the dry matter content (Table 2) of
fruits aligned with previous studies by (Tayyeb et al., 2017,
Garuba et al., 2018; Kookal & Thimmaiah, 2018). Fruits
typically exhibit high moisture content, classifying them as
highly perishable. The dry matter content aligns with standard
compositional features of fruits, as described in literature
(Slavin & Lloyd, 2012). Moisture loss in samples from the
open market might have contributed to increased total solid
content, consequently enhancing nutrient concentration. The
protein content of the fruits ranged from 0.36% to 3.33%
(Table 3), consistent with reported literature (Wasagu et al.,
2013; Tayyeb et al.,, 2017; Kookal & Thimmaiah, 2018;
Oyeyinka & Afolayan, 2019). Proteins, essential as life's
building blocks, are predominantly associated with animal
sources, although certain fruits contain proteins, albeit not as
abundantly as animal products. A diet rich in proteins aids in
muscle building, metabolism enhancement, and bolstering
immunity. Fruits are recommended as one of the sources of
protein intake. Concerns regarding protein's impact on acid
production underscore the importance of higher fruit and
vegetable intake rather than reduced protein intake due to the
alkalizing effect these foods provide (Heaney & Layman,
2008).

The lipid/crude fat content among the fruits ranged from
0.21% to 1.66% (Table 3), showing significant variation
(P<0.05) across different fruits, consistent with previous
literature findings (Tayyeb et al., 2017; Oyeyinka & Afolayan,
2019). Lipids serve as crucial energy sources, holding twice
the energy value of carbohydrates. They also play fundamental
roles in the structure and function of biological membranes and
act as precursors for various hormones (Berdanier, 1995).
Regarding ash content/mineral matter (Table 3), our findings
aligned with reported literature (Tayyeb et al., 2017; Garuba et
al., 2018; Oyeyinka & Afolayan, 2019). Ash, the inorganic
residue after complete oxidation of organic food components,
represents the total mineral content in food. High ash content
in samples indicates a rich source of minerals, a trait well-
established in numerous studies confirming fruits as significant
mineral sources. The crude fiber content in these fruits ranged
from 0.82% to 7.26%. This content showed a similar pattern to
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the ash content. Comparatively, our findings regarding
crude fiber content aligned with previous reports by
(Onifade et al., 2013; Garuba et al., 2018).

The crude fiber content (Table 3) serves as an indicator
of the dietary fiber composition of fruits and vegetables,
considering that only the edible portions were analyzed.
Fruits are recognized for their fiber provision, associated
with reduced cardiovascular diseases and obesity (Slavin &
Lloyd, 2012). Dietary fiber, an indigestible food
component, adds bulk to gastrointestinal content,
stimulating peristalsis and maintaining normal bowel
function, among other health benefits (Berdanier, 1995).
The variations in these results are likely due to
environmental factors. Moreover, the variability in vitamin
C (Table 2) levels in fruits is influenced by multiple factors
such as fruit genetics, growing conditions, use of
fertilizers, harvest time, storage, and ripening conditions
(Richardson et al., 2018; Lee & Kader, 2000). For instance,
while kiwifruit contains vitamin C levels similar to
oranges, these contents are nearly six times higher than that
in bananas and watermelon when measured on an edible
flesh weight basis (Lintas et al., 1991; Richardson et al.,
2018). Variations in vitamin C content among different
cultivars have been observed, with significant differences
between them (Richardson et al., 2018). Vitamin C plays a
crucial role in the immune system, especially in
leukocytes, the body's defense cells. The correlation
between kiwifruit's vitamin C content and its total
antioxidant activity has been noted (Lim et al., 2014).
Factors like cultivar, soil characteristics, climate, and
sample preparation methods significantly impact nutrient
concentrations in fruit species (Celik et al., 2007).

Furthermore, among various fruits, there's a wide range
of phenolic contents and antioxidant capacities (Table 2).
Kuranda, Kkiwi, sweet lime, peach, plum, and fig
demonstrated relatively high total phenolic content and
antioxidant capacities determined using the DPPH test.
Conversely, grapefruit and lychee exhibited relatively
lower levels. The antioxidant capacity of strawberries,
recognized to be 1540 ORAC units per 100 g (Ahuja et al.,
2012), was found to be behind that of grapes and
blackberries (Gu et al., 2004). Grapes are known for their
high polyphenol content, primarily due to their abundance
in proanthocyanidin and flavonoids (Gu et al., 2004). Most
fruits with high antioxidant capacity also exhibited
elevated levels of ascorbic acid. This variation in phenolic
and ascorbic acid contents, as well as antioxidant
capacities, was determined through the DPPH method in
fresh fruits (Table 3). Based on global data, certain fruits
(like strawberry, grape, banana, berries) and vegetables
(such as peppers, broccoli, and spinach) consistently
showcase high antioxidant levels. Discrepancies in
reported data stem from diverse factors like extraction
methods (Tabart et al., 2007), cultivar differences (Howard
et al., 2003), ripeness variations (Navarro et al., 2006), and
seasonal weather conditions impacting production (Markus
et al., 1999).
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Modern consumers prioritize nutritional qualities, yet
comprehensive analyses evaluating antioxidant capacity often
focus on select fruits. Preserving the phenolic content in fruits
significantly influences their quality, impacting enzymatic
browning reactions and enhancing their nutritional value
through antioxidant capacity. Notably, some fruits
demonstrated an increase in antioxidant capacity post-
purchase, akin to observations in fruits stored at different
temperatures (Ayala-Zavala et al., 2004). Studies on broccoli
showed a decline in antioxidant capacity, emphasizing the role
of packaging in maintaining antioxidants during storage
(Serrano et al., 2006). For bananas, a marked decrease in
phenolic content and antioxidant capacity was noted,
contrasting findings that highlighted an increase in antioxidant
capacity in banana skins during storage (Kondo et al., 2005).
Similarly, apricots displayed reduced antioxidant capacity
when stored at low temperatures (Bartolini et al., 2005).
Concerning ascorbic acid levels, stability was generally
observed, though some instances recorded a decrease, while
others reported an increase during storage under varying
conditions (Jiménez et al., 2003). Typically, fruits visually
deteriorate before experiencing significant losses in antioxidant
capacity. However, there's a trend of increased polyphenolic
content accompanying elevated antioxidant capacity, affirming
the evolving nutritional value of fruits and vegetables.

Conclusion

The biochemical analysis of different fruits was explored.
These data state that kuranda is nutritious, determined mainly
by the great extent of TSS, neutral pH, higher phenolic, crude
fat and crude fiber than other fruits. Results indicated that the
amount acidity, antioxidants, total sugar and vitamin C differs
in diverse fruits. Amid all the chemical components, dry matter
was observed greater in grapes whereas higher crude protein
was found in plum. It is concluded that sweet lime and
grapefruits are the plushest bases of vitamins such as Vit C,
minimum daily requirement may be fulfilled by a single fruit.
There was not much difference in crude fat, fiber and protein
among the fruits. It is revealed from these results that fruits
carry high nutrition, healthy contents and low-calorized.
However, peach and plum are higher in antioxidants and are
recommended as healthier than all the given fruits.
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