Heliyon 10 (2024) e31786

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Exploring the nutraceutical potential: Evaluating the nutritional
and bioactive functions of five pomelo fruit varieties
in Bangladesh

S. M. Kamrul Hasan ", Md. Rakibul Islam ', Md. Raihan kabir, Md.
Mahfuzar Rahman, Md. Rafikul Islum, Maisha Mahrukh Esha

Department of Food Processing and Preservation, Hajee Mohammad Danesh Science and Technology University (HSTU), Dinajpur, 5200,
Bangladesh

ARTICLE INFO ABSTRACT

Keywords: Pomelo (Citrus maxima), the largest citrus fruit, provides a variety of nutrients that have several
Ant%diz?betic health benefits, including antioxidant and antidiabetic functions. Antioxidants help combat
Antioxidant . oxidative stress by neutralizing reactive oxygen species (ROS) and reducing cellular damage. On
Bioactive properties 1 . Lo . L. . .
Pomelo the other hand, antidiabetic properties involve mechanisms such as enhancing insulin secretion,

improving insulin sensitivity, inhibiting carbohydrate digestion and absorption, and regulating
glucose metabolism. However, there is a lack of data on the comparative analysis of the physi-
cochemical composition, bioactive properties, and antidiabetic effects of pomelo fruits grown in
Bangladesh. To address this issue, the most common and popular high-yielding five cultivars of
pomelo fruits grown in Bangladesh including LOCAL, BARI-2 (BARI: Bangladesh Agricultural
Research Institute, Batabi Lebu-2), BARI-3, BARI-4, and BARI-6 were evaluated concerning
proximate, minerals, and physicochemical properties with their antidiabetic and antioxidant
properties. Research has revealed that all pomelo varieties contained a significant amount of
proximate compositions and major minerals (Ca, Mg, K, Na, and Fe). The highest juice yield
(75.37 + 0.33 %), vitamin C content (79.56 + 2.26 mg/100 mL of fresh juice), and carotenoid
content (919.33 + 0.62 pM p-Carotene Equivalent/g DM) were found in BARI-3 pomelo fruit and
adhered to the sequence (p < 0.05): BARI-3 > LOCAL > BARI-4 > BARI-6 > BARI-2; BARI-3 >
LOCAL > BARI-2 > BARI-4 > BARI-6, and BARI-3 > BARI-2 > BARI-6 > LOCAL > BARI-4,
respectively. The anthocyanin content and inhibitory activity of a-glucosidase were found to be at
their peak in the BARI-2 pomelo variety and the values were 50.65 + 2.27 pg cyanidin 3-gluco-
side equivalents/100 g DM and 85.57 + 0.00 uM acarbose equivalents/g DM, respectively. BARI-
3 pomelo variety showed highest DPPH antioxidant capacity (170.47 + 0.01 pM Trolox equiv-
alents/g DM), while the BARI-6 pomelo variety exhibited the highest total phenolic content
(6712.30 + 1.84 pg gallic acid equivalents/g DM), and ferric-reducing antioxidant power activity
(183.16 + 0.01 pM Fe(II) equivalents/g DM). Therefore, this study explores the nutritional value
and bioactivity of five popular pomelo varieties in Bangladesh, offering valuable insights for
utilizing high-value citrus resources and understanding their health-promoting functions.
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Nomenclature

BARI Bangladesh Agricultural Research Institute
C3GE cyanidin 3-glucoside Equivalents

AE Acarbose Equivalents
TPC Total Phenolic Content
TFC Total Flavonoid Content
GAE Gallic acid Equivalent
QE Quercetin equivalents
TE Trolox Equivalents

CE B-Carotene Equivalents
DM Dry matter

FRAP Ferric-Reducing Antioxidant Power
DPPH 2,2-Diphenyl-1-picrylhydrazyl
HDPE High-density Polyethylene

1. Introduction

The remarkable surge in the field of nutrition and health has necessitated the extensive exploration of diverse plant-based food
sources for potential health benefits [1]. One such fruit that has gained significant attention is the pomelo (Citrus maxima), renowned
for its unique flavor, bright color, and potential health-promoting properties [2]. In recent years, scientific interest in the nutritional
composition and bioactive components of the pomelo has soared, aiming to unravel its therapeutic potential and offer valuable insights
for public health and food industries [3,4]. Pomelo, commonly known as the king of citrus, belongs to the Rutaceae family and is
primarily cultivated in Southeast Asian countries. Bangladesh, a country blessed with a favorable climate and fertile soil, has a rich
diversity of agricultural produce. Amongst the wide range of fruits cultivated, pomelo stands out for its distinctive characteristics and
potential health benefits. It is locally known as “Batabi lebu/Jambura” or “Badam Jamir”. People in Bangladesh primarily consume
flesh and juice of pomelo fruit as fresh, enjoying them as a delicious and nutritious snack. The fruit is often peeled and eaten raw, or its
segments are added to fruit salads for enhanced flavor and texture. Its tangy-sweet taste makes it a favorite among both adults and
children. With its growing popularity and consumption worldwide, researchers have directed their efforts toward unraveling the
complex composition of pomelo and understanding its various bioactive components [5,6]. Unfortunately, pomelo fruits grown in
Bangladesh are under-researched. Most of the literatures are restricted to India, China, Thailand, and Vietnam. However, BARI has
developed some new high-yielding commercial varieties cultivated in different regions in Bangladesh that have become a preferred
choice among consumers for their refreshing flavor and health-promoting properties. Therefore, it is important to explore the
nutritional information of pomelo fruit grown in Bangladesh. Accordingly, mostly cultivated five pomelo fruits are considered to
investigate their nutritional profile and nutraceutical potential.

The nutritional profile of fruits plays a crucial role in promoting human health and preventing various diseases like diabetes,
cancer, and other cardiovascular and degenerative diseases [7,8]. Pomelo is an excellent addition to a balanced diet because it is low in
calories and high in fiber food. It contains essential vitamins such as vitamin C, B-complex, and essential oils which are vital for
maintaining overall health and boosting the immune system [9]. Furthermore, the mineral composition of pomelo, including potas-
sium, calcium, and magnesium, contributes to healthy bodily functions such as nerve transmission, muscle contraction, and bone
strength [10]. Apart from its nutritional composition, pomelo also possesses a remarkable array of bioactive compounds. The presence
of flavonoids such as naringin, hesperidin, dihydrochalcone, and neohesperidin provides antioxidant properties, helping to avoid
conditions brought on by oxidative stress [11]. These bioactive compounds have demonstrated the potential to combat inflammation,
reduce the risk of cardiovascular diseases, and even exhibit anticancer properties [12]. Importantly, some of these flavonoids have also
been found to have inhibitory effects on a-glucosidase, an enzyme responsible for breaking down complex carbohydrates into simpler
sugars. In the context of antidiabetic effects, inhibiting a-glucosidase activity can slow down the digestion and absorption of carbo-
hydrates, thereby reducing the postprandial rise in blood glucose levels [13]. This is particularly beneficial for individuals with
diabetes or those at risk of developing diabetes, as it aids in managing blood sugar levels. Exploring the variability in the content of
these compounds among distinct cultivars of pomelo will allow us to identify potential differences in their health-promoting effects.

Antioxidants play a vital role in shielding the body from oxidative damage caused by harmful free radicals [13,14]. In recent years,
the importance of dietary antioxidants in promoting human health has gained significant attention. Pomelo with its rich antioxidant
content has the potential to act as a natural defense against various chronic diseases [15]. Evaluating the antioxidant capacity of the
five pomelo fruit varieties will provide valuable insights into their scavenging capacity of free radicals and shield against damage
caused by oxidative stress. While several studies have explored the nutritional and antioxidant potential of various fruits and vege-
tables, limited research has been conducted on the pomelo fruit varieties found in Bangladesh. Understanding the nutraceutical po-
tential of these varieties is crucial, as it can lead to the creation of nutritionally beneficial foods, dietary aids, and even pharmaceutical
applications.

Therefore, this work aims to shed light on the nutraceutical potential of five distinct pomelo varieties in Bangladesh. By evaluating
the nutritional composition and antioxidant capacity of pomelo fruit varieties, we strive to provide a comprehensive understanding of
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their health-promoting properties. The findings of this study may aid in the advancement of novel dietary interventions and promote
the consumption of selected pomelo varieties for improved health and well-being.

2. Materials and methods
2.1. Sample collection and preparation

Five cultivars of pomelo (Citrus maxima) fruits with uniform maturity and without any defects were used in this study. The cultivars
were local (LOCAL), BARI Batabi Lebu-2 (BARI-2), BARI Batabi Lebu-3 (BARI-3), BARI Batabi Lebu-4 (BARI-4), BARI Batabi Lebu-6
(BARI-6) (Fig. 1). The Local variety was procured from the Dinajpur, Bangladesh local market. Conversely, BARI-2, BARI-3, BARI-
4, and BARI-6 were collected from the Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur, Bangladesh (24° 05
16.3" N, 90° 91’ 81.7" E). According to the local harvest schedule each year, fruits were harvested in November, after 7 months of
growth (blooming). The aforementioned variety was chosen as the test sample due to its widespread availability and excellent pro-
ductivity among pomelo cultivars in Bangladesh.

The selected pomelo fruits were washed and peeled to separate the pulp manually. The portion of each fruit pulps were blended into
juice using a stainless-steel manual press squeezer to get its single-strength juice, which was further used for physicochemical analysis.
For the analysis of bioactive compounds, the pomelo pulps were placed onto the freeze-dryer plate and spread evenly. The plates were
then kept in the freezer for pretreatment at —60 °C for 8 h. After that, the frozen samples were immediately transferred into the freeze
dryer (BK-FD 12S, BIOBASE MEIHUA TRADING Co., Ltd, Jinan, Shandong, China). The drying was performed at a pressure of less than
10 Pa for 36-40 h. After drying, the sample was crushed using a grinder apparatus (Jaipan, JFM 1300) and passed across a sieve (Mesh
No 50) to get the powder sample. The obtained pomelo pulp powder (PPP) samples were then sealed in high-density polyethylene
(HDPE) bags, and kept at —18 °C for analysis.

2.2. Proximate composition analysis

The proximate composition including ash, moisture, crude fiber, and fat of five different varieties of pomelo fruit pulp was
determined using the AOAC technique [16]. The Lowry method [17], which is based on the biuret reaction was employed to assess the
protein content of pomelo pulp powder (PPP). The total amount of carbohydrates in the PPP was determined by deducting the value of
moisture, ash, fat, fiber, and protein from 100 [18], and the equation was:

Carbohydrate (%) =100 — (moisture + ash + fat + fiber + protein) % (€))]
2.3. Mineral content analysis

The traditional method was employed to ascertain the key mineral content of pomelo pulp powder (PPP), including calcium (Ca),
magnesium (Mg), iron (Fe), sodium (Na), and potassium (K) [19]. The titration method was used to measure the calcium and mag-
nesium contents while Nay-EDTA served as a complexing agent. The redox titration was used to measure the iron content in PPP. The
Na and K contents were evaluated using the emission spectrophotometer (Daihan Scientific Co., Korea).

Pomelo
Variety

LOCAL BARI-2

Fig. 1. Selected five varieties of pomelo fruits, and separated pulp from them.
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2.4. Physiochemical analysis

2.4.1. Determination of juice yield, pH, total soluble solids (TSS), titratable acidity (TA), ripening index (RI)

The pH of fruit juice was measured with a digital pH meter (Hanna, Korea), which was calibrated utilizing three different standard
pH buffers 4, 7, and 9. The TSS value of pomelo juice was calculated using a digital refractometer (HI 96800, Hanna Instruments, UK)
with a precision of 0.2 % °Brix. The titrimetric AOAC method was used to calculate the sample’s titratable acidity [20]. The ripening
index (RI) of fruits was determined by using the ratio TSS and TA [21].

2.4.2. Determination of vitamin C content in pomelo

The sample’s vitamin C concentration was ascertained using the approach [22]. Briefly, 10 mL of 20 % metaphosphoric acid and 4
mL of juice sample were mixed properly. After that, Whatman No. 1 filter paper was used to filter the mixture. Then, 1 mL of filtrate
juice was transferred into a beaker and 10 mL of distilled water was added. Afterward, 2 mL of the resultant mixture was taken into a
new beaker, shaken properly, and titrated until a pink color appeared against 2, 6-dichlorophenolindophenol dye solution. The amount
of vitamin C content was determined in line with the subsequent equation (2):

Dye factor (ﬁ) x Titre value (mL) x Volume made up (mL)

s mg
Vitamin € < g ) N Aliquot taken (mL) x Sample weight (g) 2

2.5. Bioactive compounds analysis

2.5.1. Extraction of bioactive compounds

The process of extracting bioactive substances was done according to Islam et al. [23]. Briefly, 2.5 g of PPP and 50 mL of 80 %
methanol was combined in a glass conical flux at 1:20 (g/mL). The extraction process was done in a shaking water bath at 100 rpm for
1 h at room temperature. Subsequently, following a 10 min centrifugation (general centrifuge MF-300, HumanLab Instrument Co.,
Korea) at 4000 rpm, the sample was then filtered with Whatman No. 1 paper. Finally, the extract was collected in a Falcon tube and
refrigerated at 4 °C for analysis.

2.5.2. Estimation of total phenolic content (TPC)

The TPC of PPP was assessed according to the modified method published by Kabir et al. [24]. In brief, 0.5 mL of PPP extract was
mixed with 0.5 mL of Folin-Ciocalteu reagent, and neutralized with 1 mL of 7.5 % sodium bicarbonate. Then, the mixture was vortexed
with the addition of 8 mL of distilled water. After centrifuging for 10 min at 4000 rpm, the mixture was kept at room temperature for
35 min in the dark. Finally, the results were articulated as equal in milligrams of gallic acid per gram of dry matter (mg GAE/g DM),
with absorbance measured at 750 nm using a spectrophotometer (UV-1900i, Shimadzu, Japan).

2.5.3. Estimation of total flavonoid content (TFC)

The TFC of the PPP extract was assessed employing the colorimetric approach with some adjustments as reported by Islam et al.
[13]. In short, a falcon tube was used to combine 1 mL of the extracts 0.3 mL NaNO, (5 %, w/v) solution, and 4 mL of distilled water.
After 5 min of resting, 0.3 mL AICl3 (10 %, w/v) was added and let to stand for 1 min. Finally, 2.4 mL of distilled water and 2 mL of 1 M
NaOH were added and mixed well. The mixture was centrifuged for 10 min at 4000 g, and then it was left for 15 min in the absence of
light. The quercetin calibration curve was used to determine the TFC (mg QE/g DM) based on the 510 nm absorbance reading (R? =
0.993).

2.5.4. Estimation of total carotenoid content (TCC)

The amount of TCC in PPP was determined using the way explained by Hasan et al. [21]. In this assay, a conical flask was used to
combine 5 g of PPP with 50 mL of n-hexane-acetone-ethanol solution (at a ratio of 50:25:25, v/v). Then the mixture was transferred in
a shaking water bath and the extraction was carried out at room temperature for 10 min at 100 rpm. After that, the resultant solution
was centrifuged at 6500 rpm for 5 min. The volume of collected supernatant was adjusted using the extraction solvent to 50 mL and the
absorbance was measured at 450 nm. Lastly, the outcomes of total carotenoids were articulated as equal in pM p-carotene per gram of
dry matter (UM p-Carotene/g DM) using p-carotene as standard.

2.5.5. Estimation of total anthocyanin content (TAC)

The quantification of TAC was performed utilizing a spectrophotometric pH differential according to the article of Hasan et al. [25].
Briefly, the extracts of 1 mL were combined with a potassium chloride buffer of 0.025 M (pH 1.0). After 15 min of incubation, the
mixture’s absorbance was recorded at 510 and 700 nm. Again, extracts were combined with the same ratio of sodium acetate buffer
0.4 M (pH 4.5), and incubated for 15 min before measuring the absorbance at the same wavelengths. Finally, the following equation-3
was used to estimate the amount of TAC:

Total anthocyanin content (”Tg>

((As10 - A700) PH 1.0 - (As1o - A700) PH 4.5) x MW x 1000 )
e x|




S.M.K. Hasan et al. Heliyon 10 (2024) e31786

Where A is absorbance (at pH 1.0 and 4.5), MW stands for cyanidin 3-glucoside’s molecular weight (449.2 g/mol), € is cyanidin 3-
glucoside’s molar extinction coefficient (26,900 L mol ! cm’l), path-length (cm) is represented by |, and 1000 is used for conversion (g
to mg). The findings of TAC were represented as pg of cyanidin 3-glucoside equivalents/100 g DM (ug C3sGE/100 g DM).

2.5.6. Estimation of antioxidant activity (DPPH and FRAP assay)

DPPH radical scavenging activity and Ferric-reducing antioxidant power (FRAP) assay were used to determine the antioxidant
properties of the PPP. The process of Islam et al. [23] was followed to evaluate the ability of PPP to scavenge DPPH radicals. After 15
min of stirring, the absorbance of a DPPH solution in 80 % methanol was adjusted to 0.650 at 515 nm using a spectrophotometer. Then
the extracted sample (50 pL) and DPPH solution (1.950) were combined, vortexed, and left at room temperature in the dark for 30 min.
Afterward, the resultant mixture’s absorbance was calculated using Trolox as a standard and presented as pM Trolox equivalents per
gram of dry matter (uM TE/g DM).

The FRAP assay was performed by the determination process by Hasan et al. [25]. Concisely, in an acetate buffer (pH 3.6), 20 mM
iron (III) chloride solution, 10 mM TPTZ solution, and 40 mM HCI were mixed at a ratio of 10:1:1 (v/v), respectively, to make the FRAP
reagent. Subsequently, 25 pL of the PPP extract was diluted with the FRAP reagent (1.975 mL) and maintained 4 min of incubation
time. As a final point, the mixture’s absorbance was measured at 593 nm and the findings were presented as pM iron (II) sulfate
equivalents per gram of dry matter (pM Fe(II)E/g DM) utilizing a standard iron (II) sulfate solution.

2.5.7. Estimation of antidiabetic activity

To determine the antidiabetic activity of PPP extract using the Islam et al. [13] procedure, the inhibitory activity of a-glucosidase
was assessed. Briefly, after mixing 50 pL of PPP extract with 100 pL of 0.1 U/mL a-glucosidase solution (in 0.1 M, pH 6.9 phosphate
buffer), the mixture was incubated at 25 °C for 10 min. Subsequently, the mixture was incubated for 5 min with 50 pL of a 5 mM
p-Nitrophenyl-D-glucopyranoside (pNPG) solution (0.1 M, pH 6.9 phosphate buffer). Finally, at 405 nm, the absorbance was measured
and the results were reported as pM Acarbose equivalents per gram of dry matter (1M AE/g DM) using Acarbose as standard.

2.6. Statistical analysis

All the analyses were performed in this study in triplicate and the results were presented as means + standard deviation. The
statistical software (SPSS, version 26.0) was used to perform one-way analysis of variances (ANOVA). The mean comparison was
carried out using Duncan’s multiple range test for significant effect (p < 0.05).

3. Results and discussion
3.1. Proximate composition

The proximate compositions of the selected five pomelo samples are presented in Table 1. The results of pomelo fruit pulp have
shown that the moisture levels did not vary significantly (p > 0.05) among all varieties. The range of moisture content was found from
90.33 + 1.84 to 87.56 + 1.36 %, the highest moisture value in BARI-3 and lowest in LOCAL variety, respectively. The results were
consistent with Toh et al. [26], who noticed 90.46 + 0.09 % and 90.04 + 0.06 % moisture in white and pink pomelo pulp respectively.
In another study on four different types of Thai pomelo, the moisture content (88.9-87.5 %) was similar to the values discovered in this
investigation [27]. There was no significant difference (p > 0.05) in the ash content between any of the pomelo fruit varieties. The
pomelo fruit var. LOCAL (0.62 £ 0.01 %) had the maximum ash content, revealing that the local variety contains a considerably higher
number of minerals. Whereas, the lowest amount of ash content is found in the BARI-3 (0.32 + 0.03 %) pomelo variety.

The BARI-2 variety showed significantly (p < 0.05) the highest protein content, followed by LOCAL, BARI-3, BARI-4, and BARI-6.
The fat, fiber, and carbohydrate contents of selected five pomelo samples were closely comparable and no significant (p > 0.05)
difference was observed. However, the range of total fat, fiber, and carbohydrate contents was 0.042 + 0.02 to 0.032 + 0.01 %, 1.49 +
0.05 to 1.20 £+ 0.12 %, and 10.07 + 0.03 to 7.68 + 0.01 %, respectively among the varieties. The amount of fiber found in this study
was higher than Kongkachuichai et al. [27], who found 0.99 to 0.73 % in five Thai pomelo varieties. The fiber in food samples not only
decreased or delayed the absorption of glucose into the blood but also increased insulin sensitivity by reducing hepatic liver content

Table 1

Proximate composition of five different varieties of pomelo fruit.
Pomelo varieties Proximate composition (%)

Moisture Ash Protein Fat Fiber Carbohydrate

LOCAL 87.56 + 1.36% 0.62 + 0.01? 0.45 + 0.001° 0.036 + 0.01* 1.26 + 0.04 10.07 + 0.03*
BARI-2 88.16 + 1.96% 0.49 + 0.80% 0.46 + 0.001? 0.041 + 0.03% 1.49 + 0.05% 9.26 + 0.03*
BARI-3 90.33 + 1.84° 0.32 + 0.03* 0.44 + 0.002¢ 0.034 + 0.01° 1.20 + 0.12% 7.68 £+ 0.01*
BARI-4 89.54 + 1.15° 0.43 £ 0.13° 0.42 + 0.001¢ 0.042 + 0.02° 1.34 £+ 0.04* 8.23 + 0.02°
BARI-6 88.75 + 1.09% 0.54 + 0.08% 0.39 + 0.002°¢ 0.032 + 0.01* 1.48 + 0.25° 8.81 + 0.02%

Each value is expressed as mean + SD and different small letters within the same column indicate significant (p < 0.05) differences among various
samples.
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[28]. Therefore, the observed variance in proximate composition could potentially be attributed to a combination of regional varia-
tion, edaphic variables, climate fluctuations, and the genetic mix of individual fruit cultivars [29].

3.2. Mineral composition

The trace elements level in fruit pulp may fluctuate depending on the mineral composition of the soil in which it was cultivated, as
well as agricultural techniques like the quantity and kinds of fertilizer applied, and weather conditions [30]. The mineral compositions
such as Ca, Mg, K, Na, and Fe of pomelo pulp powder (PPP) were determined and summarized in Table 2. It was observed that all
varieties of pomelo fruits possessed an excessive amount of Ca content, followed by K, Fe, Na, and Mg. The Ca content in selected five
pomelo varieties ranged between 349.80 + 39.67 to 126.53 + 12.34 mg/100 g, where the highest Ca content was found in the BARI-2
pomelo variety. These findings were higher than Ani & Abel. [31], who found 132.76 + 2.38 mg/100 g Ca in pomelo fruit juice.
Calcium, which constitutes the preponderant mineral content in fruits, potentially confers health benefits through decreasing blood
pressure as described by Hasan et al. [25]. The LOCAL variety contained significantly (p < 0.05) higher amounts of Mg, K, and Na
among all the selected pomelo varieties, whereas BARI-6 exhibited higher Fe content. The results of Mg, K, Na, and Fe analysis for five
pomelo varieties grown in Bangladesh showed the contents ranged from 20.30 + 0.14 to 17.21 + 0.10 mg/100 g, 191.67 + 11.46 to
149.83 £11.51 mg/100 g, 103.99 + 0.79 to 62.40 £+ 0.47 mg/100 g, and 143.57 & 5.74 to 115.47 £+ 5.66 mg/100 g, respectively. The
values of Mg, K, Na, and Fe content found in this study were significantly much higher than those reported earlier in the Bangladeshi
local pomelo variety [32], and Israel pomelo cultivar honey [10]. As a result, pomelo pulp has significant potential for use as a
mineral-rich component in dietary formulation.

3.3. Physicochemical characteristics

3.3.1. Fruit juice yield

In the food sector, fruits having a high juice content may reduce the cost of juice manufacturing. Thus, the influence of particular
pomelo cultivars on juice yield was investigated and the results are depicted in Fig. 2. Each variety exhibited a different juice yield
percentage ranging from 75.37 + 0.33 to 65.24 + 0.29 %. Among the five-pomelo variety, BARI-3 had the highest yield (75.37 + 0.33
%) followed by LOCAL (73.41 + 0.51 %), BARI-4 (71.22 + 0.42 %), BARI-6 (67.30 + 0.25 %), and BARI-2 (65.24 + 0.29 %). The
results were closely similar to Chen et al. [33], who found 45.35 + 3.11 to 73.41 + 0.51 % juice yield in six Chinese pomelo cultivars.
Another researcher earlier reported that the juice yield from pomelo fruit pulp was 71.532 + 7.980 %, and the value agreed with the
present investigation [34]. El Kantar et al. [35] reported that juice yield increased 37 % due to pulse electric field treatment and the
value was 54 % before treatment and increased to 74 %. The findings in this study revealed that the pomelo variety affects the juice
yield.

3.3.2. pH, total Soluble Solids (TSS), titratable acidity (TA), ripening index (RI)

To examine the discrepancy in physicochemical composition among five specific varieties of pomelo, the findings were compiled
and are displayed in Table 3. The acceptability of fruit juice was largely affected by its pH value. The pH value among selected pomelo
varieties varied from 3.80 + 0.02 to 3.61 + 0.02. The lowest pH value was found in the BARI-3 pomelo variety and the highest value
was detected in the LOCAL variety. The findings of pH values were agreed with Chen et al. [33], who noticed the pH values range from
4.75 + 0.01 to 3.24 + 0.00 in six cultivars of pomelo juices.

The fruit TSS of all selected pomelo varieties ranged from 10.90 + 0.10 to 8.20 + 0.15°Brix. Similar to the pH value, the higher TSS
value was found from the LOCAL variety, whereas the lowest TSS value was presented by the BARI-6 pomelo variety. The values were
within the range of Buaban et al. [36], who found 9-13%rix in Thai pomelo fruits. As stated by Shamsudin et al. [37], fruit juices
containing elevated concentrations of TSS were shown to have the greatest potential for consumer acceptance; the extent to which
these values varied was also influenced by the extraction process employed.

The appropriate concentration of TA may influence the sensorial attributes of juice [38], while higher TA causes sourness stim-
ulation leading to unacceptable for consumers [39]. The obtained TA value from selected pomelo samples ranged from 1.10 £ 0.01 to
0.76 £ 0.01 %. The obtained results corroborate those that have been previously reported in Indian pomelo 1.24 to 0.2 % [40], and in
Chinese pomelo 0.86 + 0.09 to 0.54 + 0.05 % [41]. The percentage of TA was found to be higher in pink fruit pulp including LOCAL,

Table 2

Mineral content of five different varieties of pomelo fruit.
Pomelo varieties Mineral content (mg/100 gm)

Ca Mg K Na Fe

LOCAL 326.00 + 50.94° 20.30 + 0.14° 191.67 + 11.46 103.99 + 5.79% 117.56 + 5.36"
BARI-2 349.80 + 39.67% 20.25 + 0.29° 150.00 + 10.25° 83.19 + 4.64° 115.47 + 5.66°
BARI-3 127.60 + 13.34¢ 18.60 + 0.23" 191.18 + 9.52° 62.40 + 4.47¢ 117.24 + 4.64°
BARI-4 126.53 + 12.34¢ 17.21 £ 0.17¢ 149.83 + 11.51° 83.33 + 3.42° 143.47 £ 5.74°
BARI-6 127.99 + 11.17¢ 17.24 + 0.10° 150.00 =+ 8.63° 82.53 + 4.62° 143.57 + 6.46"

Each value is expressed as mean + SD and different small letters within the same column indicate significant (p < 0.05) differences among various
samples.
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Fig. 2. Juice Yield in different varieties of pomelo fruits.

Table 3

Physiochemical composition (pH, Total Soluble Solids (TSS), Titratable Acidity (TA), and Ripening Index (RI) of five different varieties of pomelo
fruit.

Pomelo varieties Physiochemical composition
pH TSS (°Brix) TA (%) RI (TSS/TA) Vitamin C mg/100 mL of fresh juice
LOCAL 3.80 + 0.02* 10.90 + 0.10° 0.91 + 0.02%° 11.98 + 5.00° 78.35 + 2.27%
BARI-2 3.76 + 0.01% 9.60 + 0.10% 0.88 + 0.01° 10.91 + 10.00°° 71.16 + 4.50°
BARI-3 3.66 + 0.02* 8.30 + 0.40%° 0.93 + 0.01° 9.53 + 40.00°° 79.56 + 2.26%
BARI-4 3.73 + 0.02* 10.50 + 0.10% 0.76 + 0.01¢ 13.82 + 10.00% 65.56 + 2.26°
BARI-6 3.69 + 0.01% 8.20 + 0.15% 1.10 + 0.01? 7.45 + 15.00° 63.97 + 2,224

Each value is expressed as mean + SD and different small letters within the same column indicate significant (p < 0.05) differences among various
samples.

BARI-2, BARI-3, and BARI-6, while lower TA was found in white pulp mentioned as BARI-4 (Fig. 1). This statement is supported by
Cheong et al. [42], who found higher organic acid content in pink pomelo.

The RI is a measure used to determine the degree of ripeness of fruits that indicates the maturity stage of a fruit and helps in
determining the optimal time for harvesting, storage, and consumption. The ratio of TSS/TA was used to calculate the RI of selected
pomelo samples and was presented in Table 3. The RI value of selected pomelo samples ranged from 13.82 + 10.00 to 7.45 + 15.00.
The heights TSS/TA value was found from BARI-4 pomelo varieties whereas the lowest value was experienced from BARI-6 varieties,
and the values were directly opposite to the TA value. The results of RI among the selected pomelo varieties showed the following
trends BARI-4 > LOCAL > BARI-2 > BARI-3 > BARI-6. The findings of RI value in this study were lower than Zhang et al. [43], who
found two-fold higher TSS/TA value in southern Chinese pomelo fruits cultivated under acidic soil after integrated use of lime with Mg
fertilizer. The specific RI may vary depending on the type of fruit being evaluated and environmental conditions. These statements are
in agreement with Buaban et al. [36], who found a lower RI value in pomelo fruit harvested in the cool period whereas a higher TSS/TA
value was found in the hot period. However, in general, the ripening index takes into account various factors such as color, texture,
aroma, firmness, sugar content, acidity, and starch content of the fruit.

3.3.3. Vitamin C content

Vitamin C is an essential nutrient substance present in citrus fruits, which has exhibited tremendous effects on the quality of fruits,
anti-aging, and disease resistance ability [15]. The results of the vitamin C content of five different pomelo varieties were studied and
presented in Table 3. The vitamin C content of pomelo fruit pulp ranged from 79.56 + 2.26 to 63.97 + 2.22 mg/100 mL of fresh juice,
where the BARI-3 showed a significant (p < 0.05) higher vitamin C content followed by LOCAL, BARI-2, BARI-4, and BARI-6. In this
study, the pomelo fruits grown in Bangladesh had a higher content of vitamin C than the pomelo cultivar from India (55.07 + 1.41
mg/100 mL of fresh juice) [38], China (<57.8 mg/100 g of edible portion) [44], and Malaysia (<42.21 mg/100 g of fresh weight) [26].
However, a significant relationship between vitamin C content and antioxidant activity was found, which can contribute to living cells
by terminating chain reactions through an antioxidative defense mechanism [25]. Therefore, the inclusion of pomelo fruit pulp in the
diet could be of great relevance to human health due to its high vitamin C concentration in comparison to other vitamin C-rich fruits.
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3.4. Bioactive compounds

3.4.1. Total phenolic content (TPC) and total flavonoid content (TFC)

Citrus fruits are rich in phenolics and flavonoids, which have the potential to reduce the risk of inflammation, carcinogenesis, and
cardiovascular diseases reported in many epidemiological and intervention studies [33,44]. The TPC and TFC of PPP of selected
varieties were exhibited in Table 4. The amount of TPC and TFC ranged from 6712.30 + 1.84 to 5701.30 + 1.18 pg GAE/g DM and
351.32 + 0.02 to 288.54 + 0.07 pg QE/g DM, respectively. The results displayed a significant difference (p < 0.05) in TPC and TFC of
selected five different varieties of pomelo fruits. The TPC content among all selected pomelo varieties was found maximum in BARI-6
(6712.30 + 1.84 pg GAE/g DM) and minimum in LOCAL (5701.30 + 1.18 ug GAE/g DM) pomelo variety. Fruits contain phenolic
compounds that are important in controlling cholesterol accumulation leading to a reduction in the risk of heart disease [31]. On the
contrary, the highest TFC was detected in BARI-4 (351.32 & 0.02 pg QE/g DM) and the lowest in BARI-3 (288.54 + 0.07 pg QE/g DM).
In this study, the TPC values were higher and TFC values were lower than Gupta et al. [3], who noticed 1680 pg QE/g of TPC and
1233.86 pg QE/g TFC in pomelo fruit pulp. The TPC and TFC contribute to the antioxidant activity of fruits as described by Islam et al.
[13], and the rank of TPC and TFC in this study were as follows: BARI-6 > BARI-4 > BARI-3 > BARI-2 > LOCAL and BARI-4 > BARI-6
> LOCAL > BARI-2 > BARI-3. Phenolics and flavonoids are the most abundant group of compounds found in plant matter, which is
largely affected by the growth of plants, variety, fertilizer applied, and environmental conditions. According to Chen et al. [33], it was
also verified that the contents of TPC and TFC of pomelo fruits were significantly influenced by their cultivars. Therefore, the selected
pomelo varieties including BARI and LOCAL can be excellent dietary sources of phenolics and flavonoids.

3.4.2. Total carotenoid content (TCC), and total anthocyanin content (TAC)

A significant (p < 0.05) variation in TCC and TAC was observed in different varieties of selected pomelo fruits and the results were
presented in Table 4. Depending on the selected pomelo varieties, the TCC varied from 919.33 + 0.62 to 80.64 + 0.02 pM p-Carotene/
g DM. The highest TCC was observed in BARI-3 (919.33 + 0.62 pM p-Carotene/g DM), while BARI-4 (80.64 + 0.02 pM p-Carotene/g
DM) was the lowest TCC. The results of TCC were comparable to the findings of Wang et al. [7], Liu et al. [45], and Zhu et al. [46], who
noticed 1.54 + 0.10 pg p-Carotene/g fresh weight, 19.66 + 5.03 pg p-Carotene/g DM, and 1.347 + 0.096 pg B-Carotene/g DM,
respectively. The hue of the majority of most citrus fruits is mainly triggered by carotenoid accumulation and the red or pink pigment
in pomelo pulp was affected by mainly lycopene [36]. In this study, LOCAL, BARI-2 and BARI-3 cultivars represented a pink pigment
hue (Fig. 1). According to Jiang et al. [47], the content and composition of carotenoids in fruits largely depend on their cultivars and
species. However, carotenoids and their derivatives serve as the precursors to vitamin A, which are beneficial for reproduction and
sexual behavior [48], can boost the immune system [49], and reduce chronic diseases [6]. As a result, in contrast to carotenoid-rich
cereals and vegetables, pomelo fruit pulp was an exceptional alternative source of natural carotenoids, according to the results of this
study.

The TAC of selected pomelo varieties was detected and varied from 50.65 + 2.27 to 17.53 & 2.91 pg C3GE/100 g DM. The higher
anthocyanin content was found according to the following order: BARI-2 > BARI-3 > BARI-6 > LOCAL > BARI-4. The lower
anthocyanin content was found in BARI-4 (17.53 + 2.91 pg C3GE/100 g DM) pomelo varieties, which may be due to the less pink color
(Fig. 1) of pomelo than other varieties. These findings were in alignment with Hasan et al. [25], who observed lower anthocyanin
content for less yellowish color formation in selected jujube fruits. The results of TAC in this study agreed with the studies of Koponen
et al. [50], who found 2-66 mg/100 g in fruits, 1-611 mg/100 g in berries, and 3-75 mg/100 g of fresh weight in vegetables. An-
thocyanins exhibit an extensive array of biological activities like other polyphenols including anti-inflammatory and antioxidant
activity, which are linked to their capacity to exert neuroprotective, cardioprotective, anti-carcinogenic, and antidiabetic effects [51].
Therefore, a conclusion could be drawn that, pomelo fruit pulp rich in anthocyanin could be of great interest due to their potential
usage in dietary supplements and their positive impact on human health.

Table 4
Bioactive compounds and functional properties of five different varieties of pomelo fruits.
Pomelo Bioactive compounds Antioxidant function Antidiabetic
varieties function
TPC (ug GAE/  TFC (ug QE/  Carotenoid (M Anthocyanin (ug DPPH (uM FRAP (uM Fe a-glucosidase (LM
g DM) ¢ DM) B-CE/g DM) C3GE/100 g DM) TE/g DM) (IDE/g DM) AE/g DM)
LOCAL 5701.30 + 347.29 + 204.87 + 0.02¢ 15.20 + 0.77¢ 117.79 = 110.97 + 0.02¢ 85.07 + 0.00¢
1.18°¢ 0.00¢ 0.01¢
BARI-2 5982.37 + 305.64 + 731.75 + 0.11° 50.65 + 2.27% 153.95 + 168.94 + 0.01°¢ 85.57 + 0.00%
0.90¢ 0.064 0.00°
BARI-3 6357.27 + 288.54 + 919.33 £ 0.62% 37.52 + 0.95" 170.47 + 173.54 + 0.02° 85.42 + 0.00°
0.55¢ 0.07¢ 0.01*
BARI-4 6540.73 + 351.32 + 80.64 + 0.02° 17.53 + 2.91°¢ 134.24 + 139.45 + 0.03¢ 84.48 + 0.01¢
0.86" 0.02° 0.01¢
BARI-6 6712.30 £ 348.24 + 566.07 + 0.06¢ 28.56 + 0.92¢ 162.00 + 183.16 + 0.01° 82.56 + 0.02°
1.84° 0.06" 0.00°

Each value is expressed as mean + SD and different small letters within the same column indicate significant (p0.05) differences among various
samples.
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3.4.3. Antioxidant activity (DPPH and FRAP assay)

In this study, two in-vitro tests such as DPPH and FRAP were used to assess the antioxidant activity of selected pomelo pulps, and
the experimental results are shown in Table 4. BARI-3 variety had the highest DPPH value (170.47 £+ 0.01 pM TE/g DM), followed by
BARI-6, BARI-2, and BARI-4, while LOCAL exhibited the lowest DPPH value (117.79 £+ 0.01 pM TE/g DM). Furthermore, BARI-6 had
the highest FRAP antioxidant activity (183.16 + 0.01 pM Fe(I)E/g DM), while the lowest FRAP antioxidant activity was showed
LOCAL (110.97 £ 0.02 pM Fe(IDE/g DM) among all pomelo varieties studied. The LOCAL pomelo variety experienced the lowest
antioxidant content for both the DPPH and FRAP assay. However, the rank of antioxidant activity for DPPH and FRAP among the
selected pomelo variety were as follows: BARI-3 > BARI-6 > BARI-2 > BARI-4 > LOCAL and BARI-6 > BARI-3 > BARI-2 > BARI-4 >
LOCAL, respectively. The results of antioxidant activity were comparable to the findings of Makynen et al. [4], who noticed antioxidant
activity by DPPH (13.77 + 0.66 to 0.41 + 0.27 mg ascorbic acid equivalent/g dried extract), FRAP (616.89 + 7.09 to 345.78 + 2.41
pM ascorbic acid equivalent/g dried extract), and TEAC (1139.87 + 139.86 to 356.17 + 1.58 uM TE/g dried extract). Although the
antioxidant activity of pomelo fruit was lower than other citrus fruit grown in Bangladesh such as jujube fruits and ranged from 404.13
to 358.27 pM TE/g DM and 1866.63 to 428.18 pM Fe(I)E/g DM in DPPH and FRAP assay respectively [25]. The results in this study
were comparable to the findings of Deng et al. [11], who found 1590.2 to 678.9 uM TE/g fresh weight oxygen radical absorbance
capacity from different varieties of pomelo and grapefruit. According to the previous study, it was specified a positive relationship
between the antioxidant activity of citrus fruit with their TPC, TFC, and vitamin C content was observed [33]. Therefore, the findings in
this study could be claimed that pomelo fruit pulps are a rich source of biologically active substances, which could be used as potential
antioxidant medications, functional foods, and fruit juices.

3.4.4. Antidiabetic activity

The a-glucosidase is a key enzyme, which is responsible for the digestion of carbohydrates leading to the formation of glucose
resulting in increasing postprandial glucose levels. Thus, inhibitors of a-glucosidase are commonly suggested by health professionals as
an effective approach for controlling type-2 diabetes by diminishing glucose levels in the blood [25]. Therefore, the sourcing of natural
anti-diabetic agents is gaining more attention from the researchers due to omitting the side effects of synthetic anti-diabetic drugs [13].
Accordingly, the inhibitory activity of a-glucosidase of selected five different varieties of PPP was evaluated and presented in Table 4.
The a-glucosidase inhibitory activity exhibited a range of values varied from 85.57 + 0.00 to 82.56 + 0.02 pM AE/g DM. BARI-2
pomelo variety showed higher a-glucosidase inhibitory activity followed by BARI-3, LOCAL, BARI-4 (p < 0.05), and BARI-6 pre-
sented the lowest a-glucosidase inhibitory activity (p < 0.05). The results of a-glucosidase inhibitory activity were comparable to the
findings of Deng et al. [11], who noticed ICsg values of a-glucosidase and a-amylase inhibitory activity of different pomelo and
grapefruit cultivars varied from 2514 to 1053 mg of fresh fruit/mL and 1788 to 707.1 mg of fresh fruit/mL respectively. Another study
reported that the percentage inhibitory activity of a-glucosidase and a-amylase in pomelo fruit juice was 72.83 to 70.68 % and 79.75 to
75.55 % respectively [52]. Phenolic and flavonoid compounds provide inhibitory activity towards the a-glucosidase enzyme as re-
ported by Islam et al. [23], and Yin et al. [53], respectively. It was reported that a higher amount of flavonoid compounds such as
neohesperidin, Naringenin, hesperidin, and naringin were contained in pomelo fruit and the values were 25.4 + 0.12, 12.04 + 0.12,
11.90 £+ 0.21, and 9.20 + 0.19 mg/g dried extract, respectively [9]. Earlier studies verified that the antidiabetic effect of neohesperidin
on a-glucosidase and a-amylase enhanced postprandial hyperglycemic situations [52]. Therefore, the present study indicated that the
a-glucosidase inhibitory activity of PPP varied with their varieties and the higher inhibitory activities make the pomelo fruit pulp a
useful diabetic diet.

3.4.5. Correlation analysis

A Pearson correlation analysis was conducted to measure the relationship between different variables, where alterations in one
variable are linked to changes in another, either moving in the same direction (positive correlation) or the opposite direction (negative
correlation) [54]. In this study, the correlation among phenolic, flavonoid, carotenoid, anthocyanin, antioxidant and antidiabetic
activity of pomelo fruits were evaluated and presented in Table 5.

The correlation analysis conducted on pomelo fruits revealed significant associations among various biochemical components and
bioactivities. The TPC exhibited positive correlations with the antioxidant activity of DPPH (r = 0.561, p < 0.05) and FRAP (r = 0.632,
p < 0.05) while showing negative correlations with a-glucosidase inhibitory activity (r = —0.696, p < 0.05). The TFC displayed a weak
positive correlation solely with TPC (r = 0.152, p < 0.05). These findings agreed with Chen et al. [55], who observed a similar
correlation among TPC, TFC, antioxidant, and antidiabetic activities. The carotenoid and anthocyanin content exhibited a positive
correlation with DPPH and FRAP activity respectively. Anthocyanin content revealed moderate positive correlations with carotenoids

Table 5
Correlation analysis among phenolic, flavonoid, carotenoid, anthocyanin, antioxidant and antidiabetic activity of pomelo fruits.
TPC TFC Carotenoid Anthocyanin DPPH FRAP a-glucosidase
TPC 1
TFC 0.152 1
Carotenoid 0.092 —0.875 1
Anthocyanin —0.037 —0.800 0.844 1
DPPH 0.561 —0.658 0.874 0.708 1
FRAP 0.632 —0.489 0.775 0.709 0.960 1
a-glucosidase —0.696 —0.625 0.200 0.330 —0.161 —0.328 1
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(r=0.844, p < 0.05), indicating a potential relationship between pigment composition and fruit hue. Further investigation is needed to
confirm the extent of this correlation and its implications on pomelo fruit quality and pulp color. However, this study can partially
confirm the pigment development (Fig. 1) with their presence in pomelo fruits. Antioxidant assays, DPPH and FRAP, exhibited a strong
positive correlation (r = 0.960, p < 0.05). Conversely, a-glucosidase inhibitory activity demonstrated negative correlations with TPC,
TFC, DPPH, and FRAP assay, whereas weak positive correlations with carotenoids and anthocyanin content. The correlation co-
efficients between TCC and TAC showed a weak association with both antioxidant and antidiabetic activities. These findings align with
the observations made by Hasan et al. [25], who suggested that the reduced presence of anthocyanin could account for the diminished
correlation with antioxidant and antidiabetic activities. Overall, these findings elucidate intricate relationships among various phy-
tochemicals and bioactivities in pomelo fruits, shedding light on their potential health-promoting properties, particularly in managing
oxidative stress and diabetes.

4. Conclusion

The purpose of this study was to investigate the nutritional differences in five varieties of pomelo fruits grown in Bangladesh. The
results indicate that the proximate composition, minerals content, physicochemical properties, antioxidant, and antidiabetic activity in
pomelo fruit pulp varied with their varieties. BARI-2 was an excellent source of calcium, magnesium, and anthocyanin contents
whereas, the LOCAL variety represented the highest potassium and sodium contents. BARI-3 contained the highest juice percentage
and was a rich source of vitamin C and carotenoids. The highest TFC, TSS, and RI were exhibited by the BARI-4 pomelo variety and the
BARI-6 variety showed the highest TA content. The TPC and FRAP antioxidant activity was highest in the BARI-6 variety while BARI-2
represented the highest a-glucosidase inhibitory activity. Therefore, the findings of this study will have an impact on the
manufacturing of various value-added food products such as fruit juice, juice powder, jelly, confectionery, vinegar, and food additives.
To summarize, the high mineral and phytochemical content of pomelo fruit grown in Bangladesh may have a substantial potential for
application as functional foods or functional additives in the food, feed, and pharmaceutical industries. Nevertheless, future research is
advised to identify the exact phytochemical molecule compounds present in pomelo fruit pulp by HPLC or LC-MS method.
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