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The experiment was carried out to investigate the carbohydrate content as represented by glucose, fructose and
sucrose, total soluble solids, carotenoid, flavonoid, antioxidant, phenolic content, pH, and minerals as micro-
macro nutrient content in grapes, rambutan, and pineapple. A total of 50 fruits were collected for rambutan,
five fruits from pineapple, and five bunches were collected for grapes in Experiment 1: Glucose content was
higher in rambutan and pineapple than in grapes. The higher fructose content was found in rambutan than in
grapes and pineapple. The highest sucrose was observed in rambutan. The highest total soluble solid (TSS)
content was found in rambutan. Vitamin C and fiber content exhibited the highest value in pineapple. Howe-
ver, carotenoid was higher in grapes and pineapple than in rambutan. The maximum flavonoid was found in
rambutan. In addition, total antioxidant and phenolic content were higher in pineapple and rambutan than in
grapes. Potassium content was higher in grapes and pineapple compared to the rambutan, whereas phosphorus
content was the highest in pineapple, and calcium content was the highest in rambutan. Mn, Fe, and Zn were
found in higher amounts in rambutan than in pineapple and grapes. In Experiment 2: glucose, sucrose, and
vitamin C decreased while fructose, TSS, pH, and biomass increased. In addition, moisture decreased with
the increase of total antioxidant capacity (TAC) in grapes, rambutan and pineapple. Carotenoid content was
highest in grapes, flavonoid was highest in rambutan and total phenol was highest in pineapple. Therefore, it
can be concluded that grapes showed better mineral content, rambutan exhibited the highest sugar and flavo-
noid content, and pineapple showed the highest bioactive compounds.
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1. Introduction

Grapes, rambutan, and pineapple fruits are the staple
fruit crops in Asia, Europe, America, and worldwide.
Fruits are mostly used as fruit, juice, and a source of dif-
ferent food products. These are traditional and common
fruits with health benefits and nutritional value. Fruits are
an important crop as food material and get the necessary
nutritional values for a healthy life. Fruits keep a super-
lative role in daily food habits [1-3]. Fruits are a vital
edible and favorite food on the food menu. It is extensi-
vely grown all over the world. Fruit is rich in nutrition and
is used for food consumption as the healthiest alternative
food content from fruit sources. Fruits contain sugar that
delivers high mobility and heat energy levels to the body
and can be easily broken down. Moreover, this sugar is
not glucose, which rapidly raises the level of blood sugar,
but also fruit sugar like fructose [2, 4, 5]. Fruits comprise
a great source of many vitamins and minerals, fiber, fat,
and proteins. They also contain micro and macronutrient
content like sodium, potassium, calcium, magnesium,
iron, sulfur, phosphorus, and chlorine, as well as vitamins
A, beta-carotene, B1, B2, B3, and B6. The oxytocin subs-
tance present in the date is used in modern medicine to fa-

cilitate birth. Oxytocin means rapid birth. It is also known
to increase levels of mother's milk after birth [6, 7].

It was suggested that nutritional quality was different
in different water apple fruit varieties. They also recom-
mended that there might be variations in different varieties
of fruit[5]. It was stated that nutrient content was affected
by environmental factors in Kiwi fruit and rich in fiber,
fat, and proteins [8, 9]. It was reported [10] that fructose,
glucose, phytochemical total phenol, antioxidant activity,
ascorbic acid, anthocyanin, and flavonoid showed dif-
ferent values in different varieties of apricot. They also
stated that this variation happened due to the dependence
on variety type and geographical region [9].

It was reported that the potassium content and total
sugar were different in different varieties of dates and olive
fruit. Nutrient and carbohydrate content was recommended
to be significantly different in different fruit species [11,
12]. It has been reported that date fruits, depending on the
variety as well as weather, contained significant nutrient
composition but quite variable amounts of macro-elements
(calcium, phosphorous & potassium) and micro-elements,
(iron, zinc & copper) respectively [13, 14, 15]. However,
few literatures related to the present research are found.
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The following objectives were undertaken.

1. To investigate the sugars as represented by fruc-
tose, glucose, and biochemical content (TSS, pH) and
bioactive (organic) compounds (carotenoid, flavonoid,
antioxidant, phenolic) in grapes, rambutan, and pineapple
fruit.

2. To determine the mineral or macronutrient (P, K,
Ca, Mg) and micronutrient (Fe, Zn. Mn, B, Mo, Cu, and
Na) content in grapes, rambutan, and pineapple fruit.

2. Materials and Methods
2.1. Study site, soil, and climatic information

The present investigation was carried out at the Uni-
versity of Malaya farm in Selangor, Malaysia. The area of
this study had hot and humid tropical weather. The soil in
this field was clay-loam soil with a mean pH of 6.6. The
same location, climate, and soil were used for the different
fruit samples.

2.2. Experiment 1 (May -November 2019)

Materials: Grapes (6 years old plants), rambutan (8
years old plants), and pineapple (5 years old plants) were
harvested at the ripening stage from the same weather and
collected at the same time (summer season) from the expe-
rimental field and fruit garden at the University of Malaya
in Serdang, Selangor, Malaysia. These fruits were grown
in the tropical clay-loam soil in the same area at the experi-
mental farm garden at the same location (May-November,
2019). Intercultural operations were maintained properly.

2.3. Design for sample collection

A total of 50 fruits were collected at the initial stage
of ripening for rambutan (10 fruit/plant was considered as
one replication) from 5 plants and pineapple (5 fruits from
5 plants, considered as 5 replication) and 5 bunches, (one
bunch bears 10 fruits, one bunch was considered as one
replication) from 5 plants for grapes in the same season in
2019 (May- November). Samples were collected random-
ly following the completely randomized design (CRD).

2.4. Sample preparation

Beginning of the ripening stage, fruits were harves-
ted. Fruits were thoroughly washed with distilled water,
cut using a sterile knife, and blended by using a sterilized
automatic juice blender and distilled water in a 2:1, fruit:
water ratio. Then the juice samples were filtered and kept
in the freezer to analyze. The 10ml of juice was used from
each sample.

2.5. Fiber and moisture determination

Fiber and moisture determination from grape, rambu-
tan, and pineapple according to the methods by the United
Nations Economic Commission for Europe [16].

2.6. Vitamin C determination

Vitamin C concentration was determined by applying a
redox titration having potassium iodate in the presence of
potassium iodide. 1 ml of titrant was utilized for each flask
and calculated.

2.7. Carbohydrate content as fructose, sucrose, and
glucose determination by GC-FID

500 mg fruit juice samples were taken in the test tubes,
and 20 ml of 80% ethanol was added to each sample. The

test tubes were boiled at 80°C in a water bath for 2 h.
Then, the samples were filtrated and extracts were evapo-
rated to dryness using a rotary evaporator. An aliquot of
20 pul sample was taken into the vial and dried. Then, 40 pl
pyridine including 1, 3, 5, tri-phenyl benzene, 1 mg ml' as
an internal standard, 40 pL hexamethyldisilazane, and 40
pl chloromethyl silane were added to the dried samples.
1ul of the trimethylated samples was injected into a gas
chromatograph. Peaks were shown for each sugar. The
GC conditions were as follows: column temperature was
set from 150-265°C at the increment rate of 10°C min™.
The GC was equipped with a glass column (2.6 mm x 2
m) packed with 1.5% SE-30 coated on Chromosorb WAW
DMCS (80-100 mesh) and N, was used as carrier gas at
the flow rate of 30 ml min' [17].

2.8. Biochemical content as TSS and pH determination
The total soluble solid (%brix) was determined by a
Refractometer, and pH was determined by a pH meter.

2.9. Bioactive compounds as flavonoid and carotenoid
determination

Total Flavonoid (FC) was determined using the
methods described by aluminum chloride colorimetric
assay, using catechin as a standard, and carotenoid was
determined according to the methods [18].

2.10. Total antioxidant capacity (TAC assay) determi-
nation

ImM Trolox Standard Solution was used. Fruit samples
were directly added to the wells. For small molecule TAC,
samples were diluted at a 1:1 ratio with Protein Mask.
20 uL of fruit sample was used in wells. Distilled water
was put in making the volume of 100 pL. 100 puL of Cu*.
Working Solution was added to all standard and sample
wells and mixed properly using a horizontal shaker and
the reaction was incubated for 90 minutes at room tem-
perature. The plate was protected from light at the time of
incubation and finally measured the absorbance at 570 nm
(A570) [19].

2.11. Phenol content determination

The total phenolic content of fruits was determined
by using the Folin-Ciocalteu assay (18). Folin-Ciocalteau
(FC) colorimetry was based on a chemical reduction of the
reagent, a mixture of tungsten and molybdenum oxides.
The absorbance against reagent blank was determined
with a UV-Vis Spectrophotometer Lambda 5 (at 765 nm)
and expressed as mg gallic acid equivalent (GAE)/ 100g
fresh weight [20].

2.12. Nutritional content (Minerals) analysis

Micronutrient content, potassium (K) was determined
by Horiba Scientific Nutrient meter (Made in the USA). P,
Ca, Mg, and micronutrients (Fe, Zn. Mn, B, Mo, Cu, and
Na) were determined by an atomic Emission (AE) spec-
troscopic multi-element analyzer (MOA). After that, 1 ml
of the sample was injected into the MOA, and readings
were calculated [21].

2.12.1.MOA condition

An Atomic Emission (AE) spectroscopic Multi-ele-
ment Oil Analyzer MOA (MOA 11 plus, USA) was desi-
gned specifically for chemical metal contents analysis by

22



Study of biochemical and bioactive compounds in different fruits.

Cell. Mol. Biol. 2025, 71(5): 21-25

using an atomic emission (AE) spectroscopic. An atomic
emission spectrometer employing the rotating disk elec-
trode (RDE) technique used following the temperature of
MOA was 30°C (60% R.H.), the dimension was 89 x 81 x
65 cm (LHD) and the power was 1.5 kW.

2.13. Experiment 2 (May - November 2020)
2.13.1. Materials in the second year

In this experiment, the same procedure was used as
mentioned in Experiment 1. The same data were collected
in the second year from the same experimental farm and
location. Samples were collected randomly in 2020, fol-
lowing the completely randomized design (CRD).

2.14. Statistical analysis

Data were analyzed statistically. The standard error
(SE) and the Duncan’s Multiple Range Test (DMRT) were
employed.

3. Results
3.1. Experiment 1

The highest (7.2%) fruit glucose content was exhibited
in rambutan (Table 1). Glucose content was found higher
in rambutan and pineapple than in grapes (Table 1). The
higher fructose content was found in rambutan than in
grapes and pineapple. The highest sucrose was observed in
rambutan. Total soluble solid (TSS) content was found at
13.4 % in rambutan, followed by 11.1 and 9.4% in grapes
and pineapple, respectively. However, pH content was
found higher in rambutan and grapes than in pineapple
(Table 1).

Table 1. Glucose, TSS, and pH content in the first year (2019).

There was a significant difference in vitamin C among
rambutan, grapes, and pineapple (Table 1). The highest
biomass content was exhibited in pineapple. Fiber and
moisture content were exhibited higher in grapes than in
pineapple and rambutan (Table 2). However, carotenoid
was found higher in grapes and pineapple than in rambu-
tan (Table 2). The maximum flavonoid was recorded in
rambutan. Besides, total antioxidant and phenolic content
were observed higher in pineapple and rambutan than in
grapes. Potassium content was higher in grapes and pi-
neapple compared to the rambutan (Table 3). Moreover,
phosphorus content was the highest in pineapple and cal-
cium content was the highest in rambutan. In addition,
magnesium (Mg) content was higher in rambutan and
pineapple than in grapes (Table 3). Mn, Fe, and Zn were
found in higher amounts in rambutan than in pineapple
and grapes (Table 4). Whereas, Bo, Mo, Cu, and Na were
higher in grapes and pineapple than in rambutan. Fig. 1

Rambutan fruit, flesh and seed

Grapes bunch Pineapple

Fig. 1. The photograph shows the fruit's image of the initial ripening
stage in 2019.

Fruits Glucose (%) Fructose (%) Sucrose (%) pH TSS (%) Vitamin C (mg/100g) Biomass (%)
Grapes 5.5+0.01b 8.0+£0.0b 6.8+0.3b 6.5£0.1b  11.1£0.1b  4.5+0.2¢ 5.0+0.1¢
Rambutan ~ 7.240.02a 11.0+0.2a 7.5+0.2a 6.840.0a  13.4+0.2a  43.0+0.4b 8.5+0.3b
Pineapple  6.5+0.03a 7.5+£0.2b 6.5+£0.4b 5.840.2a  9.4+0.lab  48.4+0.5a 13.0+0.2a

The same letters (a, a) showed no difference at a 5% level of significance by Duncan’s Multiple Range Test (DMRT). Mean + SE (n=5).

Table 2. Determination of Fiber, moisture, and pigments content in 2019.

. . Moisture in peel Carotenoid Flavonoid Total antioxidant
o
Fruits Fiber (%) (%) (mg/100g) (mg/100g) (mg/100g) Total Phenol (mg GAE/g)
Grapes 1.0+0.0lc 85+0.01a 62.5+0.1b 20.0+0.5b 39+0.2¢ 28+0.2¢
Rambutan 4.2+0.02b  60+0.01c 3.0£0.2¢ 33.0+0.4a 44+0.3b 40+0.3b
Pineapple  8.6+0.03a  70+0.01b 70+0.3a 15.0+0.3¢ 65+0.1a 55+0.3a

The same letters (a, a) showed no difference at a 5% level of significance by Duncan’s Multiple Range Test (DMRT). Mean + SE (n=5).

Table 3. Macro nutrient content in pineapple, rambutan, and grapes in 2019.

Fruits P (mg/100g) Ca (mg/100g) Mg (mg/100g) K (mg/100g)
Grapes 9.4+0.5 12.5+0.2 4.0£0.8 175+0.7
Rambutan 15+0.3 23.540.1 19.69+0.01 91.5+0.4
Pineapple 25+0.2 11.9+0.1 21.5+0.1 185+0.6

Mean+SE (n=5).

Table 4. Micronutrient content in pineapple, rambutan, and grapes in 2019.

Fruits Mn (mg/100g) Fe (mg/100g) Zn (mg/100g) B (mg/100g) Mo (mg/100g) Cu (mg/100g) Na (mg/100g)
Grapes 1.840.1 0.4+0.1 0.2+0.01 1.2+0.01 0.55+0.1 0.04+0.001 2.5+0.3
Rambutan  0.5+0.3 1.5+£0.02 0.97+0.02 0.23+0.002  0.1+0.003 0.2+0.002 1.5+0.1
Pineapple  0.55+0.01 0.5+0.03 0.4+0.002 0.3+0.001 0.2+0.001 0.25+0.001 24202

Mean+SE (n=5).
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shows the fruit's maturity image.

3.2. Experiment 2 (May-November 2020)

In the second year, the same investigation was perfor-
med except for minerals. It was exhibited that glucose,
sucrose, and vitamin C decreased while fructose, TSS, pH,
and biomass increased (Table 5). In addition, moisture de-
creased with increasing the antioxidant (TAC), carotenoid,
flavonoid, and total phenol (Table 6). There are no signi-
ficant differences among the parameters in 2019 and 2020.

4. Discussion

For the above results, it can be observed that the highest
fructose, glucose, TSS, pH, and nutrient content was found
in rambutan compared to the other fruits shown in Expe-
riment 1. This may be due to the different species' being
controlled by many environmental factors [14]. It was
stated that nutrient and carbohydrate content were signi-
ficantly difference in different fruit species[11, 12]. It was
found that biochemical contents and bioactive compounds
are different in different fruit cultivars. However, there are
no significant differences among the parameters in 2019
and 2020. It might be due to the same environmental fac-
tors in 2019 and 2020 in grapes, rambutan, and pineapple.
Only fructose content, fibers, and biomass were found a bit
higher, but no significant difference between the years of
2019 and 2020. It might be because moisture content was
found to reduce in all fruits. In addition, carotenoid, flavo-
noid, antioxidant, and total phenol showed a bit increasing
trend in 2020.

From our results, it can be seen that pineapples, rambu-
tan, and grapes have nutritive and bioactive value. It has
been observed that date fruits, depending on the variety
and location as well as weather, contained significant but
quite variable amounts of macro-elements (calcium, phos-
phorous, potassium, etc.) and micro-elements (iron, zinc
and copper) respectively [15, 22]. Potassium content and
total sugar were different in different varieties of dates,
olives, figs, and other fruits [22, 23, 24]. It was suggested
that nutrient content was affected by environmental factors
in Kiwi, peach, and grapes fruits. Nutritional quality was
found to be different in different varieties of water apple
fruit [25]. They also recommended that it might be due to
the variation in different varieties of fruit.

It was suggested that the carotenoids of fruit protect
cell membranes from oxidative damage as they have

Table 5. Glucose, TSS, and pH content in the 2™ year (2020).

antioxidant properties [26]. They are responsible for the
unique orange and yellow peel and pulp color of most Pru-
nus species. The carotenoid contents of apricots have been
reported in the range 0£ 9.02 to 91.89 mg/100 g [27]. There
was a variation of bioactive compounds variation among
all the cultivars that was mainly dependent on cultivars
and region of cultivation. Many fruits have the important
antioxidant scavenging ability that can quench the free
radicals due to the presence of antioxidant activity, and
antioxidative compounds (total phenolic contents, total
flavonoid, and ascorbic acid [4, 28, 29].

Fruits are considered the prime source of glucose and
fructose and protein compared to other fruits. Many factors
are involved, including cultivar, genome, climatic condi-
tions, irrigation, sunlight, and post-harvest treatments that
may affect the radical scavenging activity and sugar and
protein compositions of fruits [30-32]. It was observed that
antioxidant compounds like phenolics, flavonoids, soluble
tannins, ascorbic acid, and carotenoids could act as single
oxygen and lipid peroxidation quenchers, consequently
possessing the capacity to counterbalance the free radicals
implicated in the oxidative progressions through conjoi-
ning with oxidizing species or hydrogenation, and help in
depreciating the disease risk [33, 34].

It can be concluded that rambutan contains higher
carbohydrate (represented as fructose, glucose, sucrose)
and biochemical (TSS and pH) content than grapes and
pineapple shown in Experiment 1. Fiber and moisture
content were found to be higher in pineapple and grapes
than in rambutan. However, flavonoids and carotene were
higher in pineapple and grapes than in rambutan. Flavo-
noid was the highest in rambutan. Besides, antioxidant and
phenolic content were higher in pineapple and rambutan
than in grapes. There were significant differences found in
grapes., rambutan, and pineapples in the case of macro and
micronutrients in 2019. The fructose content, fibers, and
biomass were found to be a bit higher, but there was no
significant difference between the years of 2019 and 2020.
So, pineapple was the best for vitamin C, carotenoids, an-
tioxidants, and total phenol content. Rambutan was found
best for sugar and flavonoid content. Grapes and pineapple
were found better for K, Na & Mn. Therefore, in conclu-
sion, these fruits contain biochemical contents, flavonoids,
carotene, antioxidant, and phenolic content that can be
used as bioactive natural (organic) products, nutritive,
and medicinal value for human health benefits. It can be

Fruits Glucose (%) Fructose (%) Sucrose (%) pH TSS (%) Vitamin C (mg/100g) Biomass (%)
Grapes 5.3+0.2b 8.5+0.3b 6.6+£0.2b 6.6£0.2a  11.3+£0.2b  4.3+0.2c 5.5+0.15¢
Rambutan ~ 7.1+0.2a 11.440.2a 7.4+0.3a 6.9+0.3a  13.6+0.3a  42.9+0.4b 8.9+0.2b
Pineapple  6.3+0.1a 7.9+0.1b 6.3+£0.3b 59+0.2b 9.7+0.1ab  47.9+£0.5a 13.7+0.2a

The same letters (a, a) showed no difference at a 5% level of significance by Duncan’s Multiple Range Test (DMRT). Mean + SE (n=5).

Table 6. Determination of Fiber, moisture, and pigments content in 2020.

Fruits Fiber (%) Moisture in  Carotenoid Flavonoid Antioxidant Total Phenol
peel (%) (mg/100g) (mg/100g) (mg/100g) (mg GAE/g)
Grapes 1.2+0.01c 84.2+0.01a 62.6+0.1b 20.1+0.5b 39.2+0.2¢ 28.3+0.2¢
Rambutan 4.3+0.02b 59.3+0.01c 3.5+0.2¢ 33.3+0.4a 44.5+0.3b 40.2+0.3b
Pineapple 8.7+0.03a 68.4+0.01b 70.3+0.3a 15.5+0.3¢c 65.6+0.1a 55.4+0.3a

The same letters (a, a) showed no difference at a 5% level of significance by Duncan’s Multiple Range Test (DMRT). Mean =+ SE (n=5).
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recommended that these fruits can be a better dietary and
nutritive food for human health benefits.
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