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Abstract

This study investigated the comparative nutritional and phytochemical profiles of exotic berry species like
strawberries, blueberry, and local ones such as phalsa, and rasbhari. The study included qualitative and
guantitative analyses of sugars, proteins, vitamin C, phytochemicals, and protein profiling using SDS-PAGE. All
four berries exhibited a rich array of nutrients, including significant levels of sugars, proteins, and vitamin C.
Phytochemical analysis revealed the presence of flavonoids, terpenoids, glycosides, and saponins in all the
berries. Strawberry and phalsa demonstrated high levels of vitamin C (0.102 mg mL and 0.208 mg mL), while
phalsa exhibited the highest protein content (6 mg mL). All berries exhibited strong antioxidant activity. Protein
profiling using SDS-PAGE revealed distinct protein band patterns for each species, suggesting unique protein
compositions. These findings suggest that these berries possess valuable nutritional and functional properties,
and their incorporation into a balanced diet may contribute to improved human health. Further research is
warranted to investigate the bioavailability and potential health benefits of the identified bioactive compounds in
humans.

Keywords: exotic fruits, traditional fruits, total phenolic content, phytochemistry, diet and well-being.

Perfis nutricionais e fitoquimicos comparativos de algumas frutas exoticas e
locais para efeitos de melhoria da saude

Resumo

Este estudo investigou os perfis nutricionais e fitoquimicos comparativos de espécies exoticas de frutas
vermelhas, como morango, mirtilo e espécies locais, como phalsa e rasbhari. O estudo incluiu analises
qualitativas e quantitativas de agUcares, proteinas, vitamina C, fitoquimicos e perfil de proteinas usando
SDS-PAGE. Todas as quatro frutas vermelhas exibiram uma rica variedade de nutrientes, incluindo niveis
significativos de agucares, proteinas e vitamina C. A analise fitoquimica revelou a presenca de flavonoides,
terpenoides, glicosideos e saponinas em todas as frutas vermelhas. Morango e phalsa demonstraram altos niveis
de vitamina C (0,102 mg mL e 0,208 mg mL), enquanto phalsa exibiu o maior teor de proteina (6 mg mL). Todas
as frutas vermelhas exibiram forte atividade antioxidante. O perfil de proteinas usando SDS-PAGE revelou
padroes distintos de bandas de proteinas para cada espécie, sugerindo composi¢des proteicas Unicas. Essas
descobertas sugerem que essas frutas vermelhas possuem propriedades nutricionais e funcionais valiosas, e sua
incorporacdo em uma dieta balanceada pode contribuir para melhorar a satde humana. Mais pesquisas sdo
necessarias para investigar a biodisponibilidade e os potenciais beneficios a salde dos compostos bioativos
identificados em humanos.

Palavras-chave: frutas exdticas, frutas tradicionais, conteidos de fendlicos totais, fitoquimica, dieta e bem estar.
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1. Introduction

Berries, renowned for their vibrant colors and delectable flavor, have been extensively studied for their
nutritional and antioxidant properties. While exotic berries such as strawberries (Fragaria ananassa), and
blueberries (Vaccinium corymbosum) have garnered significant attention, the comparative nutritional
composition and antioxidant potential of local berries like phalsa (Grewia asiatica), and rasbhari (Physalis
peruviana) remain under-investigated. Cellular oxidative stress is primarily triggered through reactive oxygen
species (ROS) that are generated due to metabolic processes (Arifandi et al., 2022; Oliveiro et al., 2022).

Plant-based antioxidants, also known as phytoantioxidants, are essential for managing and preventing an array of
disorders, including metabolic syndrome, caused by oxidative stress (Dhiman et al., 2023). Through their ability
to neutralize the adverse effects of reactive oxygen species (ROS) and maintain the body's redox equilibrium,
antioxidants are essential in combating against oxidative stress. An imbalance between pro-oxidants and
antioxidants induces oxidative stress, which is linked to a variety of chronic illnesses, including cancer, diabetes,
cardiovascular disease, and neurological disorders (Yu-Jie et al., 2015).

Antioxidants might assist with the medical management of COVID-19 patients by potentially reducing the
oxidative damage produced by reactive oxygen species, which are more prevalent in these individuals (Nile;
Park, 2014; Diaconeasa et al., 2015; Gumdesli et al., 2019; Golovinskaia et al., 2021). While there is a growing
body of research on the health benefits of berries, comparative studies focusing on the phytochemical and
nutritional profiles of native and exotic varieties, particularly in India, are still relatively scarce. These berries are
characterized by a high concentration of antioxidants, including flavonoids and phenolic compounds (Hakkinen;
Torroénen, 2000; Huang et al., 2012; Aaby et al., 2012; Koley et al., 2019).

These antioxidants effectively scavenge free radicals, thereby reducing the risk of various chronic health
conditions. They are rich in dietary fiber, a component that promotes digestive health, improves satiety, and
contributes to overall gut well-being (Drewnowski; Fulgoni, 2008; Pretorius et al., 2021). These berries serve as
excellent dietary sources of vitamin C, a micronutrient vital for collagen production, immune system
maintenance, and iron bioavailability (Kalt et al., 2020; Kishimoto et al., 2023). Berries typically exhibit a low
caloric density, making them a nutritious and satiating snack choice.

This study seeks to address the existing knowledge gap by conducting a comprehensive comparison of sugar,
protein, vitamin C, and phytochemical antioxidant parameters in strawberries, blueberries, phalsa, and rasbhari.
By elucidating the differences between these berries, we aim to provide valuable insights for consumers,
agricultural practices, and the development of nutrient-rich food products. The findings of this research could
contribute to dietary recommendations, promoting the consumption of locally produced fruits with high
nutritional value. Furthermore, the findings may contribute to agricultural practices designed to enhance the
yield and quality of berries. Moreover, the food industry may leverage these findings to create novel products
that capitalize on the health benefits of these fruits. This study aimed to assess the comparative nutritional and
phytochemical profiles of extracts from exotic and local fruits for their effects on the human diet.

2. Materials and Methods
2.1 Sample extraction

The extraction method of Xu & Chang (2007) served as the basis for the present study, with minor adjustments
[17]. Fresh samples of the fruits (strawberry, blueberry, phalsa, and rasbhari) were procured from a local market
in Indore (Figure 1). Following a thorough rinse with deionized water, the fruits were allowed to air dry at
ambient temperature. Fruit samples (40 g) were homogenized using a pestle and mortar, then diluted with
approximately 40 mL of distilled water. The homogenate was incubated at room temperature for 30 min,
subsequently filtered, and centrifuged at 5000 rpm for 10 min. The resulting supernatant, designated as the crude
extract, was stored at 4 °C for subsequent experimental analyses. The materials, equipment, and methodologies
used to develop the study must be systematically described. These aspects must be presented in such a way that
other researchers who consult the article can reproduce it based solely on what was described in the article.
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Figure 1. Berries: Strawberry, Blueberry, Phalsa, and Rasbhari, respectively. Source: Authors, 2024.

3.2 Qualitative analysis

The primary objective of this study was to characterize the principal nutrient composition of the berries. To
achieve this, crude extracts of the samples were subjected to qualitative chemical tests. Labeled test tubes were
prepared for each nutrient, and 1 mL of the crude extract was added to each tube. Subsequently, 1 mL of Biuret
reagent (0.5% CuSO, and 10% NaOH) was added for protein detection, 1 mL of pre-heated and cooled
Benedict's reagent for reducing sugars, 0.5 mL of concentrated HCI followed by 0.5 mL of 10% NaOH for
anthocyanin determination, and 0.5 mL of concentrated H,SO, for anthocyanin detection. The tubes were then
observed for any color changes indicative of the presence of the respective nutrients.

3.2.1Thin layer chromatography (TLC)

Thin-layer chromatography (TLC) is a valuable technique for separating and identifying various compounds. It
utilizes a TLC plate consisting of a thin layer of silica gel deposited on a glass or aluminum support, which acts
as the stationary phase. The mobile phase, a solvent mixture, migrates through the stationary phase carrying the
sample along. The separation of compounds is based on their differing affinities for the two phases. TLC slides
coated with silica gel G were used. The phytochemical analysis involved spotting the extract (5 drops) onto the
TLC slides and developing them with a chloroform: methanol (15:1) solvent system. The Rf values (retardation
factors) of the observed spots were then measured. A separate TLC plate with a butanol: acetic acid: water (4:1:5)
mobile phase was employed for anthocyanin separation. Visualization of phytochemicals was achieved under a
UV lamp, while anthocyanin pigments were identified directly by the naked eye due to their characteristic colors.

3.2.2 Biochemical tests for different phytochemicals

The standard qualitative methods for identification of alkaloids, polyphenols, saponins, glycosides, flavonoids
and terpenoids were done for strawberry extract based on color development (Patel et al., 2023).

a) Flavonoids

Flavonoids produce yellow color in alkaline conditions, thus 1ml of the extracts were taken in separate tubes and
Iml of 40% NaOH solution was added in the tubes and the color is observed.

b) Polyphenols

A general confirmatory test used for phenols is that when a reagent containing ferric ion is added to a phenolic
solution, the ferric ion is reduced to ferrous ions, resulting in a change of color to a deep blue colored complex
when heated. The extract was taken in separate tubes and an equal amount of 5% ferric chloride solution was
added to both tubes. The blue coloration is taken as a positive test.

¢) Terpenoids and Steroids - Salkowski test

This is performed for terpenoids, where 1 mL of extract was taken in tubes and mixed with 0.5 mL of chloroform
and a few drops of concentrated sulfuric acid were added. The result is positive when a reddish brown color is
obtained at the interface of the liquid. The sulfuric acid dehydrates the terpenoids in the solution.

d) Glycosides

1ml of extract was taken in a tube containing 2 mL glacial acetic acid and 1 mL 5% FeCls. Heat carefully, then
cool, and then transfer it to a tube containing 2 mL conc. H,SO4.The result is positive when a reddish brown ring
is obtained at the interface.

e) Alkaloids - Wagner’s test
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1ml of extract was treated with a few drops of Wagner’s reagent (2 g I, and 6 g Kl in 200 mL water). Formation
of brown precipitate indicates presence of alkaloids.

f) Saponins

Saponins in nature form foam with water when shaken vigorously. Hence, a couple of ml of extract was taken in
separate tubes with 5 mL of distilled water and were shaken vigorously. Foam so formed if it stays for 30 s or
more, then only the test is accepted as positive.

3.3 Quantitative analysis
3.3.1 Estimation of reducing sugar

The reducing sugar content of the extract was quantified using the Nelson-Somogyi method (1944) (Nelson,
1944). Briefly, 100 pL of the extract was diluted to 1 mL with distilled water and incubated with 1 mL of
alkaline copper reagent in a boiling water bath for 10 min. After cooling to room temperature (25 °C), 1 mL of
arsenomolybdate reagent was added, resulting in a blue color development. The solution was further incubated
for 10 min at room temperature, and the absorbance was subsequently measured at 670 nm using a colorimeter.
For quantification, a standard curve was constructed using a series of glucose solutions ranging from 200 to 1000
pg/mL2,

3.3.2 Estimation of total protein

Total protein content in the extract was determined using the method described by Lowry et al. (1951) (Lowry et
al., 1951). 1 mL of the extract was diluted to 5 mL with 0.1 M phosphate buffer (pH 7.4). Subsequently, 2 mL of
20% trichloroacetic acid (TCA) was added to the diluted extract and incubated for 30 min and centrifuged. The
protein pellet was washed twice with chilled acetone and recovered by centrifugation. The final protein pellet
was dissolved in 100 pL of 0.1 N NaOH. An aliquot of 50 uL of the protein solution was diluted to 1 mL with
distilled water and mixed with 2.5 mL of alkaline copper sulfate reagent. After a 10-minute incubation, 0.25 mL
of diluted (1:2) Folin's reagent was added, and the reaction mixture was allowed to stand at room temperature for
15 min. For quantification, a standard curve was constructed using a series of bovine serum albumin (BSA)
solutions ranging from 20 to 100 pg/mL™.

3.3.3 Estimation of anthocyanin

Anthocyanin content in the extract was determined using a pH differential method described by Lako et al.
(2007). Briefly, 3.3 g of phalsa was extracted with 2 ml of ethanol. The sample was then centrifuged at 5000 rpm
for 5 minutes, and the supernatant was collected for anthocyanin analysis. The total anthocyanin content was
estimated using two buffer solutions: 0.4 M potassium chloride buffer (pH 4.5) and 0.025 M potassium acetate
buffer (pH 1.0). Aliquots of 0.4 ml extract solution were mixed with 3.6 mL of each respective buffer. The
absorbance of each solution was measured at 510 nm and 700 nm using a colorimeter against a blank containing
the corresponding buffer only. The net absorbance and anthocyanin content were calculated using the following
formula:

A = (A510 nm, pH1-A700 nm, pH1) - (A510 nm, pH4.5-A700 nm, pH4.5)
Anthocyanin content (mg/mL) = A x MW x DF x1000/ (€ x L)

Where: A = Absorbance; MW = molecular weight of cyaniding-3-glucoside (449.2 g/mol); Dilution factor = 10;
€ = Molar extinction coefficient (26,900 L/cm mol); L = path length =1 cm

3.3.4Detection and estimation of vitamin C

3.3.4.1  Sample Preparation

Vitamin C content in fruit juice was analyzed following extraction with 3% metaphosphoric acid. A 1.5 mL
aliquot of the juice was mixed with 15 ml of 3% metaphosphoric acid solution and centrifuged. The resulting
supernatant was collected for subsequent detection and quantification of vitamin C.
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3.3.4.2 Vitamin C detection using FeCls test

This method leverages the ability of vitamin C (ascorbic acid) to reduce ferric chloride (FeCls). When FeCls is
reduced, its characteristic yellow color fades due to the conversion of ferric ions (Fe*") to ferrous ions (Fe*").
Conversely, vitamin C is oxidized to dehydroascorbic acid during this reaction. The test involved mixing 1 ml of
1% FeCls solution with 1 ml of the extract. A color change was then observed to determine the presence of
vitamin C. As a positive control, a 1% ascorbic acid solution was used as the standard in this test.

3.3.4.3 Vitamin C detection using methylene blue test

Ascorbic acid can reduce methylene blue dye, converting its blue form (oxidized) to the colorless leuco form
(reduced). The experiment involved mixing 1 mL of 0.5% methylene blue solution with 1 mL of the extract. A
color change, from blue to colorless, would indicate the presence of vitamin C in the extract. As a positive
control for this test, 1% ascorbic acid solution served as the standard.

3.3.4.4 Vitamin C estimation using DCPIP method

Using a standard solution of 1 mg/mL ascorbic acid diluted in 3% metaphosphoric acid, the concentration of
vitamin C in the extract was estimated. Ascorbic acid standards in the range of 20-100 pg/mL were developed
and each standard was mixed with 3 mL of 0.2 mM DCPIP. At 520 nm, the absorbance of the resultant solutions
was measured right away.

3 mL of DCPIP and 100 pL of the extract were used to react for the test sample. The findings were presented as
ascorbic acid milligrams per milliliter of extract.

3.3.5 Estimation of total phenolic content (TPC)

Total polyphenol content in the extract was quantified using the Folin-Ciocalteu method with gallic acid (GA) as
the standard (Patel et al., 2024). A calibration curve was constructed using a series of GA standard solutions
ranging from 25 to 125 pg/mL. The Folin-Ciocalteu reagent reacts with phenolic compounds under alkaline
conditions, resulting in the reduction of tungstate and molybdate ions to their blue-colored counterparts. The
absorbance of this blue color was measured at 750 nm. For the analysis, 100 pL of the extract was mixed with
0.5 mL of deionized water (DW) followed by the addition of 5 mL of Folin-Ciocalteu reagent. The mixture was
then incubated under alkaline conditions by adding 4 mL of sodium carbonate solution. All measurements were
performed in duplicate.

3.3.6 Estimation of total flavonoid content (TFC)

A calibration curve was first prepared using a series of quercetin standard solutions ranging from 100 to 500
pg/mL. The experiment leveraged the complexation of aluminum chloride (AICL) with flavonoid compounds,
which alters their light absorption properties (Patel et al., 2024). For the analysis, a 100 pL aliquot of the extract
was mixed with 0.1 mL of potassium acetate solution and 0.1 mL of 10% AICls solution in a test tube. The
reaction mixture was then diluted to a final volume of 3.2 ml with distilled water. To ensure consistent
complexation, the tubes were incubated for 30 min at 37 °C. Following incubation, the absorbance of the
solutions was measured at 415 nm using a spectrophotometer.

3.3.7 Estimation of total antioxidant capacity using phospho-molybdate assay (TAC)

This method relies on the ability of reducing agents in the extract to convert Mo(VI) (molybdenum in its
hexavalent state) to Mo(V) (molybdenum in its pentavalent state) under acidic conditions (Patel et al., 2024).
This reduction is accompanied by a color change of the solution from colorless to blue-green. The TAC value is
then quantified by comparing the sample's reducing capacity to a standard curve generated with known
concentrations of ascorbic acid. The assay involved mixing 100 pL of the extract with 1 ml of deionized water
(DW) and 2 mL of phosphomolybdate reagent. The reaction mixture was then incubated at 95 °C for 15 min to
facilitate the reduction process. Following incubation, the absorbance of the solution was measured at 765 nm
using a spectrophotometer. The obtained absorbance value from the extract was compared to the calibration
curve established with the ascorbic acid standards, allowing for the calculation of the TAC of the extract
expressed as ascorbic acid equivalents per milligram of extract (mg AAE/mg extract™).
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3.4 Protein profiling using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

The protocol adheres to the method established by Laemmli (1970). SDS-PAGE separates proteins based on their
molecular weight and electrophoretic mobility. The technique utilizes a polyacrylamide gel matrix to create a
sieving effect, allowing smaller proteins to migrate faster through the gel pores compared to larger ones.
Separating Gel (13%) is prepared by combining water (3.35 mL), acrylamide mix 30% (4 mL), Tris-HCI buffer
(0.5 M, pH 8.8) (2.5 mL), SDS 10% (100 uL), APS 10% w/v (50 pL), and TEMED (5 pL). Pour the mixture into
the casting unit, and allow polymerization for at least 45 min at room temperature. Prepare the stacking gel (4%)
solution by combining water (3 mL), acrylamide solution (670 pL), stacking gel buffer (0.5 M Tris-HCI, pH 6.8)
(1.25 mL), SDS 10% (50 pL), APS 10% wi/v (25 pL), and TEMED (5 pL). Place the comb between the gel
plates, and pour the stacking gel solution on top of the polymerized separating gel, and allow polymerization.
Prepare the samples for loading by mixing them with gel loading dye in a 1:1 ratio. Heat the mixture in a water
bath for 5-10 min. Load protein samples (20 pL) into the wells of the gel. Load the protein marker into a
designated well and note the sequence of proteins. Fill both the upper and lower chambers of the running unit
with 1X Tris-glycine buffer. Set the power supply parameters: constant voltage 100 V, maximum current 200 mA.
Following electrophoresis, dismantle the casting unit and carefully transfer the gel to a staining tray. Stain the gel
with Coomassie Brilliant Blue R-250 for 1 h. Destain the gel using a solution of 30% methanol and 10% acetic
acid until protein bands become clearly visible.

3. Results
3.1 Sample Extraction

Table 1 provides the exact volume of the derived crude extracts (Figure 2). The difference in volume of
extraction obtained may be due to the variation in water, fiber content, and other components in fruits.

Table 1. Yield and color of crude extracts

Extract Yield Colour Percentage Yield
Strawberry 10 mL Pink 50%
Blueberry 24 mL Brown 60%
Phalsa 36 mL  Turbid white 90%
Rasbhari 18 mL White 45%

Source: Authors, 2024.

Figure 2. Crude extracts of strawberry, blueberry, phalsa and rasbhari respectively. Source: Authors, 2024,

3.2 Qualitative analysis

The research on the berry extract demonstrated several key findings through various biochemical tests.
Benedict’s test revealed the presence of reducing sugars, evidenced by a yellow-orange precipitate. Additionally,
the Biuret test revealed a blue-violet hue indicating the presence of protein. Vitamin C content was confirmed by
the disappearance of the yellow color in reactions with FeCls; and methylene blue. Anthocyanins were identified
through a red coloration with HCI that shifted to blue-green upon the addition of NaOH, as well as an orange
coloration with concentrated H,SO,. These findings are summarized in (Table 2).
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Table 2. Nutrient analysis in crude extracts.

Test Sample Color Presence
Benedict’s Test ~ Strawberry Orange precipitate Reducing
Blueberry Yellow precipitate sugar
Phalsa Yellowish-orange precipitate Reducing
Rasbhari Yellowish-orange precipitate suga.r
Reducing
sugar
Reducing
sugar
Biuret Test Strawberry Blue-violet Protein
Blueberry Blue-violet Protein
Phalsa Blue-violet Protein
Rasbhari Blue-violet Protein
FeCl; Test Strawberry Disappearance of yellow color of FeCls; Vitamin C
Blueberry Disappearance of yellow color of FeCls; Vitamin C
Phalsa Disappearance of yellow color of FeCls; Vitamin C
Rasbhari Disappearance of yellow color of FeCls; Vitamin C
Acid-Alkali Strawberry Pinkish red with HCI and followed by blue-green color with Anthocyanin
Test NaOH

Orange color with con H,SO4
Red with HCI and followed by blue-green color with NaOH

Anthocyanin

Blueberry Anthocyanin
Orange color with con H,SO4

Red with HCI and followed by blue-green color with NaOH Anthocyanin

Phalsa Orange color with con H,SO4 Anthocyanin
Orange color with con H,SO4

Anthocyanin

Rasbhari Anthocyanin

Source: Authors, 2024.

4.3 Biochemical tests for phytochemicals

Several phytochemicals, including flavonoids, terpenoids, glycosides, and steroids, have been identified in the
berries extract according to the phytochemical analysis, as displayed in (Table 3). Flavonoids are among the
dominant phytoconstituents in berries that are renowned for their wide range of biological activities, especially
their anti-inflammatory and antioxidant properties.
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Table 3. Phytochemical screening.

Compound  Strawberry Blueberry Phalsa Rasbhari

Flavonoids + + + +
Polyphenols - - - -
Tannins - - - -
Saponins + - + +
Terpenoids + + + +
Steroids + + + +
Glycosides + + + +
Alkaloids - - - -

Note: (+) positive test. (-) negative test. Source: Authors, 2024.

4.4 TLC separation

TLC profiling of berries provided information regarding the existence of different colored pigments and
phytochemicals. Under visible light, colored patches representing anthocyanins were seen, as shown in Figure 3
A. Table 4 provides a breakdown of each anthocyanin with Rf value. Furthermore, spots seen at short UV
wavelengths (Figure 3B) suggested the presence of phytochemicals essential to this fruit’s antioxidant action.

Table 4. Thin layer chromatography separation.

Sample Chemical group Mode of No. of Colour and Distance by Ry
observation spots distance travelled  mobile phase
(cm) (cm)
Strawberry Anthocyanin Visible light 1 Pinkish red (3.2) 35 0.914

(Mobile phase:
Butanol:acetic
acid: water)

Phytochemical
. Orange (2.5)
(Mobile phase:

CHCl: CHsOH) Uv light 4 Orange (3.0) 4.0 0.625
Blue (3.5) 0.75
Yellow(2.7) 0.875
0.675
Blueberry Anthocyanin Visible light 3 Brown (1.8) 3.5 0.51
(Mobile phase: Purple (2.1) 0.6
Butgnol:acetic Yellow (3.2) 0.91
acid: water)

Phytochemical

(Mobile phase: .
CHCly: CH3OH) Uv light 2 Orange (0.6) 3.9 0.15

Orange (2.0) 0.51
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Phalsa Anthocyanin Visible light 2 Pink (2.2) 3.0 0.73
(Mobile phase: Purple (2.5) 0.83
Butanol:acetic
acid: water)

Phytochemical

. Orange (0.3) 2.0 0.15
(Mobile phase: .
CHClg: CH3OH) Uv light 2 Orange (0.6) 0.30
Rasbhari Anthocyanin Visible light 2 Yellow (2.5) 2.5 1.0
(Mobile phase: Yellow (2.2) 0.88
Butanol:acetic
acid: water)
Phytochemical
(Mobile phase: .
CHClg: CH3OH) Uv light 2 Blue (0.9) 4.0 0.225
Blue (3.0) 0.75

Source: Authors, 2024.

Figure 3A. Thin layer chromatography profile of extracts for anthocyanin under visible light for Strawberry,
Blueberry, Phalsa and Rasbhari, respectively. Source: Authors, 2024,
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Figure 3B. Thin layer chromatography profile of extracts for phytochemicals under UV light for Strawberry,
Blueberry, Phalsa and Rasbhari, respectively. Source: Authors, 2024.

4.5 Quantitative analysis of nutrients

The results demonstrate that the four berries exhibit varying nutrient profiles (Table 5). The nutritional analysis
of berries revealed a substantial presence of reducing sugars, proteins, and vitamin C, underscoring their
nutritional richness. Strawberry stands out as a rich source of reducing sugars and anthocyanins, while Phalsa is
a good source of protein and vitamin C. These findings highlight the nutritional diversity of the berries and their
potential health benefits.

Table 5. Nutrient composition of extracts.

Nutrient Concentration (mg/mL™?)

Strawberry Blueberry Phalsa Rasbhari

Reducing sugar 109 1.4 1.86 1.22
Total Protein 1.2 0.021 6 4.3
Vitamin C 0.102 0.09 0.208 0.08
Anthocyanin 78.48 43.417 20 5

Source: Authors, 2024.

4.6 Phytochemical estimations
4.6.1TPC

The total phenolic content (TPC) of the berry extracts was determined using the Folin-Ciocalteu method and
expressed as gallic acid equivalents (GAE) per milliliter. The results showed significant variations in TPC among
the berries (Figure 4). Strawberry extract exhibited the highest TPC (951.1 ug GAE/mL1), followed by Phalsa
(900 pg GAE/mLY), Blueberry (647.9 pg GAE/mL™?), and Rasbhari (316.6 ug GAE/mL) (Table 6). These
findings suggest that strawberry and Phalsa are rich sources of phenolic compounds.
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Table 6. Total phenolic compounds, total flavonoid content, and total antioxidant capacity of extracts.

Sample Total Phenolics  Total Flavonoids TAC

(ug GAE/mL™Y)  (ug QCE/mL?)  (ug AAE/mL™Y)
Strawberry 951.1 2800 422.2
Blueberry 647.9 2620 533.8
Phalsa 900 771.42 1042
Rasbhari 316.6 1800 208

Source: Authors, 2024.

Total Phenol Content
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w 700
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-~ 600
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strawberry blueberry phalsa rasbhari
Extract

Figure 4. Total phenolic compounds of extracts. Source: Authors, 2024.

4.6.2 Total flavonoid content

The total flavonoid content (TFC) was measured using the aluminum chloride colorimetric method and
expressed as quercetin equivalents (QCE) per milliliter. Strawberry extract demonstrated the highest TFC (2800
pg QCE/mL), followed by Blueberry (2620 pg QCE/mL™), Rasbhari (1800 pg QCE/mL™), and Phalsa (771.42
pg QCE/mL?) (Table 6). These results indicate that strawberry and blueberry are abundant sources of flavonoids
(Figure 5).

Total Flavonoid Content

2500
2000

1500

- l
0

strawberry blueberry phalsa rasbhari
Extract

Total Flavonoid Content (ug GAE/ml)

Figure 5. Total flavonoid content of extracts. Source: Authors, 2024.

35



Brazilian Journal of Science, 4(3), 25-39, 2025. ISSN: 2764-3417

4.6.3 Total antioxidant capacity

The antioxidant activity of the berry extracts was evaluated using the DPPH radical scavenging assay and
expressed as ascorbic acid equivalents (AAE) per milliliter. Phalsa extract exhibited the highest antioxidant
activity (1042 ug AAE/mL™?), followed by Blueberry (533.8 pg AAE/mL™?), Strawberry (422.2 ug AAE/mLY),
and Rasbhari (208 pg AAE/mL™) (Table 6). These findings suggest that Phalsa possesses the strongest
antioxidant capacity among the tested berries (Figure 6).
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1200

1000

. C
0

strawberry blueberry phalsa rasbhari

Total Antioxidant Capacity (ug GAE/ml)

Extract

Figure 6. Total antioxidant capacity of extracts. Source: Authors, 2024.

4.7 Protein Profiling by SDS-PAGE

Protein profiling of the four berry species was conducted using SDS-PAGE (Figure 7). The results revealed
distinct protein band patterns for each species, suggesting unique protein compositions.

*Blueberry: A single prominent protein band was observed in the range of 35-48 kDa.

*Strawberry: Three distinct protein bands were observed in the following approximate molecular weight ranges:
35-48 kDa, 25-35 kDa, and 25 kDa.

*Rasbhari: Two protein bands were identified. One band was observed around 40 kDa, while the other was
detected in the range of 20-25 kDa.

*Phalsa: A single prominent protein band was observed in the high molecular weight range of 75-100 kDa.
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Figure 7. SDS-PAGE of isolated protein from berries with protein ladder. Lanel: Blueberry, Lane 2: Strawberry,
Lane 3: Rasbhari, Lane 4: Phalsa. Source: Authors, 2024.
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4. Discussion

The study aims to delve into the nutritional and biochemical profiles of four berries: strawberry, blueberry,
phalsa, and rasbhari. The results show that all four berries possess a rich array of nutrients, phytochemicals, and
have high antioxidant activity, which backs their potential as valuable functional foods (Sanchez-Salcedo et al.,
2015).

Strawberry exhibited the lowest sugar content (0.11 g/100 g*), while phalsa was found to show the highest (1.67
g/100 g). Phalsa displayed the highest protein content (5.4 g/100 g*), followed by rasbhari (3.2 g/100 gl).
Strawberry and blueberry contained relatively lower protein content, 0.9 g/100 g*! and 0.015 g/100 g%,
respectively. Strawberry and phalsa demonstrated substantial vitamin C content (76.5 mg/100 g* and 34.7
mg/100 g2, respectively), capable of meeting a significant portion of day-to-day requirements. All four berries
exhibited a diverse range of phytochemicals, including flavonoids, terpenoids, glycosides, and saponins.
Strawberry and rasbhari demonstrated the highest flavonoid content, substantially exceeding the polyphenol
content in both cases. Strawberry and blueberry displayed high anthocyanin levels, which likely contribute
significantly to their antioxidant activity (Nakajima et al., 2004). All the berries exhibited strong antioxidant
activity as assessed by the phosphomolybdate assay, with phalsa demonstrating the highest activity.

Phalsa emerged as a promising candidate for a functional food due to its high protein, sugar, and vitamin C
content, along with its significant antioxidant activity (Garcia-Martinez et al., 2021). Strawberry stood out for its
high vitamin C content, and substantial flavonoid levels (Wang; Lewers, 2007). Rasbhari exhibited a high protein
content, and significant flavonoid levels, suggesting its potential as a valuable dietary source. Blueberry
demonstrated a good balance of nutrients, and a strong antioxidant profile. SDS-PAGE provides preliminary
evidence for significant inter-species variations in the protein profiles of the four berry species.

5. Conclusions

This study provides comprehensive data on the nutritional and biochemical profiles of the four berries,
highlighting their potential as valuable sources of nutrients and antioxidants. The findings underscore the
importance of incorporating these berries into a balanced diet for promoting overall health and well-being. These
findings suggest that all four berries have the potential to contribute to improved human health. However, further
research is crucial to determine the bioavailability and synergistic effects of the identified bioactive compounds
in the human body.
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