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A B S T R A C T   

Recently, the demand for natural antioxidants in food manufacturing has increased significantly because of the 
possible toxicity of synthetic antioxidants. In this context, this research work was performed to evaluate the 
potentiality of seed (seed with kernel) and pulp (edible portion: pulp with peel) of Syzygium claviflorum to serve 
as natural antioxidants. The free radical scavenging capacity of S. claviflorum extracts was evaluated by 2,2′- 
azino-bis (3-ethylbenzothiazolin)-6-sulfonic acid (ABTS), and 1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical 
scavenging assays. In DPPH and ABTS free radical scavenging assays seed extract demonstrated significantly (p 
< 0.05) higher free radical scavenging and antioxidant properties compared to pulp extract. Free radical- 
scavenging capacity of S. claviflorum extract from seed was comparable with natural and artificial antioxi-
dants like ascorbic acid and butylated hydroxytoluene (BHT). In ABTS assays, seed extract of S. claviflorum (IC50 
= 3.80 ± 0.02 μg/ml) displayed higher free radical-scavenging capacity than the ascorbic acid (IC50 = 10.23 ±
0.06 μg/ml) and BHT with IC50 = 10.23 ± 0.06 μg/ml (a synthetic antioxidant widely used as an additive in food 
products). In bioactive compound analysis, seed extract was found to have higher amount of total tannin (302.2 
± 4.18 mg TAE g− 1 of dry extract), phenolics (206.61 ± 3.78 mg GAE g− 1 of dry extract), and flavonoids (1.37 ±
0.23 mg QE g− 1 of dry Extract) compared to pulp extract. In addition, nine phenolic compounds were identified 
in the seed and pulp of S. claviflorum by HPLC-DAD. Among the identified phenolic compounds, the contents of 
epicatechin, catechin hydrate, and gallic acid were the most dominant phenolic compounds in the seed and pulp 
extracts. Bioactive and phenolics compounds were highly correlated to antioxidant capacity as measure by the 
DPPH, ABTS assays. Therefore, it can be summarized that the seed of S. claviflorum is a rich source of phenolic 
compounds with excellent free radical-scavenging and antioxidant properties and has immense potential to 
replace the synthetic antioxidants in food preservation.   

1. Introduction 

Lipid oxidation decreases both nutritional quality and shelf-life of 
food products, and is considered as one of the major shelf-life challenges 
in polyunsaturated fatty acids (PUFAs) containing food products. Some 
oxidation products are toxic to human. It consists of a complex free 
radical chain reaction, which involves various free radicals and perox-
ides. Antioxidants are used as food additives to inhibit or delay the 
oxidation of lipids by scavenging free radicals [1]. In lipid-containing 
food, antioxidants are widely used to arrest oxidation by preventing 
the initiation or propagation of oxidative chain reactions, which impede 

the generation of toxic compounds, extend the shelf life of foods and 
preserve the nutritional value [2]. Detrimental health effects on human 
body including cancer were reported because synthetic antioxidants 
such as butylated hydroxyanisole (BHA), butylated hydroxytoluene 
(BHT), and tertiary butyl hydroquinone (TBHQ) were used in food and 
food products, which arouse great interest among scientists and con-
sumers about the natural antioxidants [3,4]. This potential health risks 
of synthetic antioxidants have driven a search for alternatives, it is 
presumed that the antioxidants from natural sources are safer than 
synthetics [5]. In research, antioxidant properties were found in several 
bioactive plant compounds, which were suggested to apply in 
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lipid-containing food for effective and efficient controlling of oxidation 
[6,7]. For instance, in a previous study, higher DPPH radical-scavenging 
capacity was found in green tea and grape seed extracts compared to 
BHA [8]. 

In addition to these, the protective roles against the free-radical 
mediated oxidative damage of biomolecules in the human body made 
functional foods more popular among consumers [9,10]. However, some 
bioactive compounds in food control the functionality of food. Research 
findings showed that among these compounds the family antioxidants 
have the highest capacity in preventing or repairing the cell damage 
caused by reactive oxygen species (ROS) [11]. Phenolics, carotenoids, 
flavonoids, anthocyanin, and tannin are the major bioactive compounds 
found in fruits [12,13]. Among these, phenolic compounds are consid-
ered as most active natural compounds contributing to the antioxidant 
capacity of fruits. The antioxidant activity of these compounds linked to 
their redox properties, which allow them to scavenge free radicals by 
donating hydrogen atoms or electrons [14,15]. Phenolic compounds in 
fruits and vegetables are recognized to exhibit various pharmacological 
properties, for instance, anti-inflammatory, antiallergic, antimutagenic, 
cardioprotective, anticarcinogenic, and gastroprotective [16]. Besides, 
adequate consumption of antioxidant-rich fruits has some potential 
health benefits such as lowering the risks of cancer, cardiovascular 
disease, inflammation, and other conditions related to aging [9,17]. 

Syzygium claviflorum is an indigenous minor edible fruit of 
Bangladesh, locally known as ‘Lamba nali jam’ and belongs to the family 
Myrtaceae [18]. As it is not as common as the major fruits, limited in-
formation is found about S. claviflorum. Minor edible fruits play a vital 
role as food, nutrition, and medicine and many of them are well known 
for their therapeutic properties apart from their nutrition properties. 
However, to our knowledge, the antioxidant capacity, bioactive com-
pounds and HPLC profiling of phenolic compounds of seed and pulp of 
S. claviflorum have not been carried out. As part of the continuous effort 
to explore new sources of natural antioxidants with potential applica-
tions as food additives to improve the safety and functionality of food-
stuffs, the present study aimed to evaluate the bioactive compounds, free 
radical-scavenging capacity as well as screening for individual phenolic 
compounds of seed and pulp (edible portion: pulp with peel) of 
S. claviflorum. 

2. Materials and methods 

2.1. Collection and preparation of samples 

The fresh S. claviflorum fruits were obtained from Faridpur district of 
Bangladesh. All fruits were fully matured and ripen, and uniform in size 
and color. After collecting the sample fruits, the seeds from the pulp 
(with peel as edible portion) were separated manually. Later, the sam-
ples were individually vacuum packed into polythene bags and frozen at 
− 20 ◦C until further analysis. 

2.2. Extraction procedure 

Bioactive compounds were extracted according to the method of 
Singh et al. [19], with modification. At first, the seed and pulp (edible 
portion) of S. claviflorum fruits were dried using a freeze-dryer (Model: 
DC401, Yamato, Country of origin: Japan) at 0.001 mbar pressure and 
− 50 ◦C. The freeze-dried samples were pulverized by using a knife 
grinder to produce powder. Extraction of bioactive compounds from the 
freeze-dried sample was performed by adding 400 mL methanol/water 
(80:20, v/v) to 100 g powder and shaken continuously during the 
extraction using an orbital shaker (Remi, Mumbai, India) for 48 h at 
room temperature (25–26 ◦C). After that, extract was filtered by a 
Buchner funnel, and the residue was dissolved again in the solvent to 
maximize the extraction. The extraction was repeated three times with 
the same procedure, the filtrates were combined and evaporated in a 
vacuum rotary evaporator (R-205, Buchi, Switzerland) at 45 ◦C. Finally, 

the concentrated extracts were freeze-dried and preserved at − 20 ◦C for 
subsequent analysis. 

2.3. Determination of total phenolics 

Total phenolic content (TPC) of S. claviflorum extracts was estimated, 
based on the Folin-Ciocalteu method with slight modifications adapted 
from Wootton-Beard et al. [20]. Firstly, 50 mg of dried extract of each 
sample was weighed and dissolved in 50 ml of methanol in a volumetric 
flux. For complete mixing these samples were vortexed and sonicated for 
several minutes. Thus, the concentration of the solutions became 1 
mg/mL (stock solutions). After that, 1 mL of each extract from stock 
solution was mixed with 4 mL of 7.5% (w/v) Na2CO3 solution and 5 mL 
Folin-Ciocalteu reagent (10 times diluted in distilled water) and mixed 
well with a vortex machine for 15 s. Then, the mixture was kept in an 
incubator for 30 min at 40 ◦C. A double beam scientific UV–Vis Spec-
trophotometer (Model: Specord-205, Analytic Jena, Germany) was used 
to take the absorbance at 765 nm. The concentration of TPC was 
determined from a gallic acid calibration curve and presented as mg 
gallic acid equivalent (mg GAE/g of dry extract). 

2.4. Determination of total flavonoids 

Total flavonoid content (TFC) was measured as described by Chang 
et al. [21] with slight modification. Firstly, 5 mL of methanolic extract 
was mixed with an aluminum trichloride reagent (2.5 mL). The mixture 
solution was then incubated for 15 min at room temperature (25–26 ◦C) 
and the absorbance was taken at 430 nm with a UV–Vis Spectropho-
tometer (Model: Specord-205, Analytic Jena, Germany). The concen-
tration of TFC was determined from a quercetin calibration curve and 
presented as mg quercetin equivalents (mg QE/g dry extract). 

2.5. Determination of total tannin content 

Total tannin content (TTC) was quantified as described by Amorim 
et al. [22]. First of all, methanol extract (1 mL) was added with 0.5 mL of 
Folin-ciocalteu phenol reagent in 7.5 mL of demineralized water. After 
that, 35% Na2CO3 (1 mL) solution was added with the mixture solution 
and shaken well. The solution was incubated for 30 min at room tem-
perature (25–26 ◦C). The absorbance was read at 725 nm, and the 
concentration of total tannin was calculated as mg tannic acid equiva-
lent (TAE)/g of dry extract using a tannic acid calibration curve. 

2.6. Determination of free radical-scavenging capacity 

2.6.1. DPPH assay 
The free radical-scavenging capacity of the sample extracts was 

assessed using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical following 
the method described by Shimada et al. [23] with some modifications. 
Sample extract (2 mL) was allowed to react with 2 mL of 0.1 mM DPPH 
solution for 30 min at room temperature (25–26 ◦C) in the dark place 
and the absorbance of the solution was read at 517 nm. The DPPH 
radical scavenging capacity was calculated utilizing equation no. (1): 

DPPH  radical  scavenging  capacity  (%)  =Ao − As
Ao

× 100 (1)  

where. 

A0 = Absorbance of the control solution 
As = Absorbance of the DPPH solution with sample extracts 

2.6.2. ABTS assay 
The method described by Baltrušaitytė et al. [24] was followed to 

evaluate the ABTS⋅+ radical scavenging capacity of the sample extracts. 
Briefly, ABTS⋅+ cation was generated by mixing of 2.45 mM potassium 
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persulfate (K2S2O8) with 7 mM ABTS solution and incubated in the dark 
place at room temperature (25–26 ◦C) for 16 h. The ABTS⋅+ solution was 
diluted by 80% ethyl alcohol to an absorbance of 0.7 ± 0.02 at 734 nm. 
After that, 1 mL of sample extract was mixed with 1 mL of diluted 
ABTS⋅+ solution, and absorbance was measured at 734 nm after 6 min of 
mixing. The ABTS radical scavenging capacity was calculated utilizing 
equation no. (2): 

ABTS  radical  scavenging  capacity  (%)=
A0 − As

A0
× 100 (2)  

where A0 indicates the absorbance of the blank and As indicates the 
absorbance in the presence of the test sample. 

2.7. Screening of phenolic compounds 

The methods described by Chuanphongpanich and Phanichphant 
[25] were used to identify and quantify the specific polyphenols in 
methanol extracts by using HPLC-DAD analysis. It was carried out on a 
Dionex UltiMate 3000 system consists of a quaternary rapid separation 
pump (LPG-3400RS) and a photodiode array detector (DAD-3000RS). 
The flow rate of 1 mL/min and injection volume of 20 μL was used to 
separate by Acclaim® C18 (5 μm) Dionex column (4.6 × 250 mm) at 
30 ◦C. The limit of detection (LOD) and limit of quantification (LOQ) 
ranged from 0.01 to 0.17 μg/ml and 0.04–0.53 μg/ml, respectively. 
Acetonitrile (solvent A), acetic acid solution pH 3.0 (solvent B), and 
methanol (solvent C) were used as mobile phases with the gradient 
elution program of 5%A/95%B (0–5 min), 10%A/90%B (6–9), 15% 
A/75%B/10%C (11–15), 20%A/65%B/15%C (16–19 min), 30%A/50% 
B/20%C (20–29 min), 40%A/30%B/30%C (30–35) and 100%A (36–40 
min). For the preparation of standard curve, a standard stock solution 
was prepared in methanol containing gallic acid (GA), hydroquinone 
(HQ), vanillic acid (VA), rosmarinic acid (RA), myricetin (MC) (4 μg/ml 
each), (− )-epicatechin (ECA), arbutin (AR) (5 μg/ml each), p-coumaric 
acid (PCA), kaempferol (KF), quercetin (QU) (2 μg/ml each), Syringic 
acid (SA), caffeic acid (CA), trans-ferulic acid (FA), vanillin (VL) (3 
μg/ml each), ellagic acid (EA), (+)-catechin hydrate (CH) (10 μg/ml 
each), rutin hydrate (RH) (6 μg/ml), trans-cinnamic acid (TCA) (1 
μg/ml) and benzoic acid (BA) (8 μg/ml). The concentration of extract in 
methanol solution was 10 mg/ml. Before HPLC analysis mixed stan-
dards, spiked solutions, and samples were filtered through a 0.20 μm 
syringe filter (Sartorius, Germany) and followed by degassing for 15 min 
in the ultrasound bath (Hwashin, Korea). Peak integration, data acqui-
sition, and calibrations were performed by Dionex Chromeleon (Version 
6.80 RS 10) software. 

2.8. Statistical analysis 

Results were reported as the mean ± standard deviation (SD) of the 
three replicates for each sample. The 5% level of significance was 
considered to compare the quantified variables by using the one-way 
ANOVA. The impact of bioactive compounds on antioxidant capacity 
was determined by Pearson’s correlation coefficients (r). The SPSS 
software (version 21) was used to perform all required statistical 
analyses. 

3. Results and discussion 

3.1. Total phenolics, flavonoids, and tannin 

Phenolic compounds are secondary metabolites of plant which has 
the significant application in food preservation and processing because 
of its antioxidant properties. Polyphenols display antioxidant capacity 
by several mechanisms and the most crucial is the free radicals scav-
enging, which rely on the structure of the component [26]. The degree of 
free radical-scavenging capacity of phenolic compounds depends on the 

number and position of hydroxyl groups in the chemical structure and 
their donor-proton ability [27]. Flavonoids have several health pro-
moting properties like anti-carcinogenic, antioxidant, antiproliferative, 
and cardio-protective properties [28]. Total phenolic compounds, total 
tannin, and total flavonoids of S. claviflorum were estimated and the 
results are depicted in Table 1. 

Total phenolic compounds of S. claviflorum fruit ranged from 7.25 to 
206.61 mg GAE/g of dry extract. It was observed that the TPC of seed 
extract was extremely high (206.61 mg GAE/g of dry extract) in contrast 
with the pulp extract (7.25 mg GAE/g of dry extract). Total flavonoid 
contents of extracts were within the range of 0.28–1.37 mg QE/g of dry 
extract. The seeds contained higher flavonoids compared with pulp. The 
total tannin content in S. claviflorum varied from 23.05 to 302.2 mg 
TAE/g of dry extract. The seed exhibited significantly (p < 0.05) higher 
amount of total tannin content (302.2 mg TAE/g of dry extract) in 
contrast with the pulp (23.05 mg TAE/g of dry extract). Significantly 
higher amounts of bioactive compounds were found in the seeds 
compared to the pulp extracts of S. claviflorum. Rydlewski et al. studied 
different parts of Syzygium cumini and reported a higher amount of TPC 
in the seed compared to the pulp of S. cumini [29]. The results indicate 
that S. claviflorum seed is an outstanding source of phenolic compounds 
and many phenolic compounds act as natural antioxidants and prevent 
oxidation of lipid in food [30]. Considering the content of bioactive 
compounds, the S. claviflorum’s seed has potential application as natural 
antioxidants in nutraceuticals and food bio-preservation. 

3.2. Free radical-scavenging capacity of Syzygium claviflorum 

Mechanism of free radical scavenging is considered as the primary 
motion of antioxidants to inhibit the oxidation in food and different 
techniques have been developed to determine the radical scavenging 
capacity of any substance or compound by using the artificial free rad-
icals [2]. In this study, the free radical-scavenging capacity of 
S. claviflorum pulp and seed extracts was explored by DPPH and ABTS⋅+

radicals scavenging assays and compared with ascorbic acid (AA) and 
BHT. The findings of DPPH and ABTS⋅+ radicals scavenging capacity are 
expressed in IC50 values and summarized in Table 2. Antioxidant ca-
pacity is commonly expressed by IC50 value, the concentration of 
antioxidant necessary to decrease 50% of radicals, a lower IC50 value 
corresponds to the higher antioxidant capacity. 

The DPPH assay is a simple and rapid method to assess the capacity 
of antioxidants to scavenge free radicals. In DPPH radical scavenging 
assay ascorbic acid was used as a standard and the IC50 value was esti-
mated to 5.65 μg/mL. Methanolic extracts of seed and pulp showed 
significant difference in free radical-scavenging capacity. Ascorbic acid 
demonstrated lowest IC50 value (5.65 ± 0.02 μg/mL) followed by BHT 
(11.50 ± 0.08 μg/mL), seed extract (11.78 ± 0.08 μg/mL) and pulp 
extract (281 ± 1.31 μg/mL). Fig. 1 showed that, the higher percentage of 
radical scavenging capacity was found at higher concentrations in all 
samples, which revealed the effectiveness of the samples in a 
concentration-dependent pattern. Initially the radical scavenging ca-
pacity of seed was lower than the ascorbic acid and BHT but seed extract 
presented higher radical scavenging capacity with increase in 

Table 1 
The content of total phenolic compounds, total flavonoids, and total tannin in 
seed and pulp extract from S. claviflorum.  

Sample (1 
mg/ml) 

Total phenolics 
(mg GAE g− 1 of dry 
extract)  

Total flavonoids 
(mg QE g− 1 of dry 
Extract) 

Total tannins 
(mg TAE g− 1 of 
dry extract) 

Pulp 7.25 ± 0.65a  0.28 ± 0.06a 23.05 ± 0.76a 

Seed 206.61 ± 3.78b  1.37 ± 0.23b 302.2 ± 4.18b 

All the values in the table are mean ± SD of three independent determinations. 
Samples with different superscript letters in the same column differ significantly 
p < 0.05. 
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concentration. The present study revealed that the seed of S. claviflorum 
demonstrated greater antioxidant capacity than the pulp and the anti-
oxidant capacity of seed is very comparable to synthetic antioxidant 
BHT. The greater antiradical capacity of seed extract than pulp extract 
for different fruits was also reported in previous studies [31,32]. Babbar, 
Oberoi, Uppal and Patil [33] analyzed the antioxidant capacity of litchi, 
grape and kinnow seed extracts, and observed that the DPPH radical 
scavenging capacity of grape seed (77%) and litchi seed extracts (80%) 
were comparable with synthetic antioxidant BHT (83%). In another 
study, Benherlal and Arumughan [34] observed that DPPH radical 
scavenging capacity and prevention of lipid peroxidation of seed coat 
and kernel ethanol extracts were better than the pulp extract of jamun 
and DPPH free radical-scavenging capacity of kernel (IC50 = 8.6 μg/mL) 
was better than BHT (IC50 = 40.6 μg/mL). The S. claviflorum extracts 
contain some proton-donor compounds, and this allows them to act as 
primary antioxidants. 

ABTS is an excellent assay for the determination of antioxidant po-
tential of hydrogen donation and chain-breaking antioxidants [35]. 
Ascorbic acid was used as a standard antioxidant in ABTS radical scav-
enging assay and IC50 value was determined to 10.23 μg/ml. The ABTS 
radical-scavenging capacity is found to be different for different parts of 
S. claviflorum. The lowest IC50 value (3.80 μg/mL), which corresponds to 
the highest ABTS radical-scavenging activity, was obtained for seed 
extract followed by BHT (8.25 μg/mL), ascorbic acid (10.23 μg/mL), and 
pulp extract (49.43 μg/mL) (Table 2). The ABTS radical scavenging 
capacity of standards (ascorbic acid, BHT) and sample extracts varies 
depending on the concentration. The radical scavenging capacity of all 
samples and standards increased with the rise in concentrations (Fig. 2). 
The higher radical-scavenging capacity (86.55% free radical) at low 
concentration (10 μg/ml) of seed extract than the synthetic antioxidant 
BHT and standard antioxidant (ascorbic acid) proved its potency as a 
natural antioxidant to prevent free radical chain reactions of autoxida-
tion. Fruits contain various types of antioxidant compounds. The free 

radical-scavenging capability of fruit extracts depends on the type of 
antioxidant compounds present and their relative quantities. The higher 
free-radical scavenging capacity of seed extract can be explained by the 
presence of higher amount of bioactive compounds. The ABTS 
radical-scavenging capacity of S. claviflorum seeds was greater than that 
reported for Strawberry (EC50 = 21.79 μg/mL), Raspberry (EC50 =

35.83 μg/mL), Blackberry (EC50 = 25.64 μg/mL), Cranberry (EC50 =

74.84 μg/mL), Pomegranate (EC50 = 910.02 μg/mL) [36]. Yang et al. 
[37] also reported that natural antioxidants can prevent the oxidation of 
oil during heat treatment and recommended that nutmeg oil could be 
used as a natural antioxidant to enhance the oxidative stability of oil 
during frying of snack food products. The seed extract of S. claviflorum 
showed its ability as antioxidants by scavenging different free radicals. 

Antioxidants can prolong the storage life of food products without 
compromising their organoleptic and nutritional qualities. Artificial 
antioxidants are extensively used during processing and storage of oils, 
fats, and foods rich in unsaturated fatty acid to avoid or reduce lipid 
oxidation. It has been observed in animal trials that higher concentra-
tions of BHA and BHT were responsible for liver damage and carcino-
genesis [38,39]. Another study reported that TBHQ, BHA, and propyl 
gallate (PG) have the ability to form complex molecules with nucleic 
acid and thus can damage the DNA structure [40]. International agency 
for research on cancer has classified the BHA as possibly carcinogenic to 
human [41]. Chevillard et al. [42] found that BHT exposure has negative 
effects on lung function. TBHQ, at higher concentrations, has some 
negative effects in laboratory animals, such as development of tumor in 
stomach and DNA destruction due to the generation of superoxide 
radical anion and hydrogen peroxide [43]. Nowadays, the application of 
synthetic chemicals in the food sectors has declined because of possible 
toxicity of synthetic antioxidants and consumer demand for natural 
antioxidants [44]. The plant phenolic compounds which can be found in 
vegetables, fruits, nuts, leaves, and seeds are considered as the major 
source of natural antioxidants. Different studies showed that the berries 
like cranberries (Vaccinium sp.), blackberries (Rubus sp.), and blue-
berries (Vaccinium sp.) can be possible sources of natural antioxidants to 
replace the artificial antioxidants in food products, particularly 
animal-based food products which is very susceptible to oxidative 
damage [45]. Phenolic extracts of berries have been shown to exhibit 
better antioxidant capacity and protection against oxidation than syn-
thetic antioxidants like BHT during frying in oil [46]. Additionally, seed 
extract of jamun has been recommended as a healthy food additive in 
comparison to synthetic chemicals [3]. In the present study seed extract 
of S. claviflorum fruits revealed its potency to control the oxidation re-
action by neutralizing free radicals, and should be utilized as a potential 
antioxidant in food preservation rather than just discarded as waste. 

Table 2 
Antioxidant capacity of ascorbic acid, BHT and methanol extracts of seed and 
pulp of S. claviflorum, as measured by DPPH and ABTS assays.   

IC50 (μg/ml) 

DPPH ABTS 

Ascorbic acid 5.65 ± 0.02a 10.23 ± 0.06c 

BHT 11.50 ± 0.02b 8.25 ± 0.02b 

Pulp 281 ± 1.31c 49.43 ± 0.08d 

Seed 11.78 ± 0.08b 3.80 ± 0.02a 

All the values in the table are mean ± SD of three independent determinations. 
Samples with different superscript letters in the same column differ significantly 
p < 0.05. 

Fig. 1. DPPH radical scavenging capacity of pulp and seed extracts of 
S. claviflorum at different concentrations compared to that of ascorbic acid 
and BHT. 

Fig. 2. ABTS radical scavenging capacity of pulp and seed extracts of 
S. claviflorum at different concentrations compared to that of ascorbic acid 
and BHT. 
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3.3. Profile of phenolic compounds 

Phenolic compounds, as primary antioxidants, have the ability of 
neutralizing the free radicals or inhibiting the production of free radicals 
from hydroperoxides by donating hydrogen atoms to lipid radicals, thus 
reducing the development of volatile compounds (e.g., aldehydes and 
ketones) that are responsible for rancidity in food [47–49]. Natural 
phenolic compounds have significant beneficial effects on human health 
and being used for therapeutic benefits for thousands of years [16]. 
Considerable evidence indicates that phenolic antioxidants may have 
protective effects against most of the major age-related degenerative 
diseases caused by the increased oxidative damage [50]. The minor 
edible fruits grown in Bangladesh are good sources of phenolic com-
pounds and deserve more attention with focus on analyzing their 
phenolic profile. The chromatographic identification of specific 
phenolic acids in the extracts of S. claviflorum seed and pulp are pre-
sented in supplementary Figure S1. The concentration of identified 
compounds in the methanol extracts was determined from the corre-
sponding calibration curve. Among nineteen standards nine phenolic 
compounds were identified in the extracts of S. claviflorum and results 
are depicted in Table 3. 

The Composition of specific phenolic compounds was different be-
tween the fruit pulp and seed. Seven phenolic compounds were identi-
fied in the seed extract and epicatechin (45.91 mg/100 g), gallic acid 
(40.83 mg/100 g), catechin hydrate (27.15 mg/100 g), vanillic acid 
(15.98 mg/100 g), caffeic acid (14.87 mg/100 g) were recorded in 
higher amount. Nine phenolic compounds were found in pulp extract 
and gallic acid (37.82 mg/100 g), epicatechin (20.75 mg/100 g), cate-
chin hydrate (16.91 mg/100 g), vanillic acid (14.07 mg/100 g), caffeic 
acid (11.82 mg/100 g) were recorded in higher amount. Epicatechin 
(45.91 mg/100 g of dry extract) was the most abundant phenolic com-
pound in seed and Gallic acid (37.82 mg/100 g) predominated in the 
pulp. The seed extract contained significantly higher amount of indi-
vidual phenolic compounds than the pulp extract. In another study, 
gallic acid demonstrated better antioxidant capability as compared to 
vitamin C (ascorbic acid) in both ABTS and DPPH assays [51]. Different 
studies revealed that consumption of epicatechin-containing fruits pre-
vent endothelial dysfunction and oxidative damage [52]. The higher 
individual polyphenol contents in the seed attributed to their high free 
radical-scavenging capacity. The seed contained higher concentration of 
flavanols (epicatechin, Catechin hydrate) than the pulp, probably 
explaining why seed exhibited higher antioxidant activity. Another 
possible explanation for the higher free radical-scavenging capacity of 
seed extract is that the gallic acid content was higher than that of pulp. 
Gallic acid has a high free radical-scavenging capacity via hydrogen 
atom donation. Free radical-scavenging properties maybe contribute to 
the prevention of cell aging process and can therefore reduce the risk of 
tumor formation in different forms of cancer [53,54]. In addition, 

phenolic compounds maintain the nutritional quality, prevent the 
auto-oxidation of fat, and prolong the shelf-life of food products [55]. 
The present results showed that Syzygium claviflorum is a significant 
source of these phenolic antioxidants, and could be considered as a 
possible value-added ingredient in the design of health-promoting food 
products and as a potential antioxidant in food preservation. 

3.4. Correlation between bioactive compounds and free radical- 
scavenging capacity 

It is really interesting to look at the correlation between bioactive 
compounds and antioxidant capacity of fruit extracts since bioactive 
compounds act as free-radical scavengers [56]. The free-radical scav-
enging capacity as measured with the DPPH and ABTS assays had a 
powerful positive correlation with total phenolics (r = 1), flavonoids (r 
= 0.969), tannin content (r = 1), gallic acid (r = 0.970), epicatechin (r =
1), catechin hydrate (r = 1), vanillic acid (r = 0.996), and caffeic acid (r 
= 0.999) as shown in Table 4. A significant positive correlation between 
bioactive compounds and free-radical scavenging capacity denotes that 
antioxidants such as total phenolics, total flavonoids, total tannin, gallic 
acid, epicatechin, catechin hydrate, vanillic acid, and caffeic acid have 
had a significant effect on free-radical scavenging capacity of 
S. claviflorum. Therefore, because of higher bioactive compounds, the 
methanol extracts of seed showed higher antioxidant capacity. Similar 
findings were reported in different studies and revealed that higher total 
phenolic content contributed to higher free-radical scavenging capacity 
and a linear correlation was found between phytochemicals and anti-
oxidant capacity [7]. Many studies have reported that the concentration 
of phenolic compounds present in fruits is proportional to the free 
radical scavenging capability [56,57]. These results represent that seed 
of S. claviflorum contain bioactive compounds which can convert the free 
radicals into more stable compounds and thereby terminating the free 
radical chain reactions of oxidation. 

4. Conclusions 

The results of the present study revealed that the seed extract of 
Syzygium claviflorum contained higher concentration of bioactive com-
pounds (total phenolic, tannin, flavonoid, and individual phenolic 
compounds), and showed higher radical-scavenging capacity than pulp 
in DPPH and ABTS assays. Furthermore, seed extract showed signifi-
cantly higher antioxidant capacity than the synthetic antioxidant BHT in 
ABTS assay. Pulp and seed of Syzygium claviflorum exhibited strong 
positive correlations between bioactive compounds and antioxidant 
capacity in Pearson’s correlation and the high concentration of bioactive 
compounds of the seed are probably responsible for the seeds’ higher 
antioxidant capacity. Several phenolic compounds were identified and 
the most abundant phenolic compounds in the seed and pulp extracts 
were gallic acid and epicatechin. These data indicate that seeds of 
Syzygium claviflorum have high antioxidant potential and could be uti-
lized as a source of natural antioxidants in the design of functional foods 
or as an alternative of synthetic antioxidants in food preservation rather 
than just discarded as waste. However, more studies are required to 
evaluate their actual mode of action and antioxidant activity in food 
systems. Moreover, the bioavailability, and toxicity of natural antioxi-
dants from fruit pulp and seed need to be evaluated before application in 
food products. 
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Table 3 
Phenolic compounds contents in the seed and pulp extracts from S. claviflorum.  

Phenolic compounds Content (mg 100g-1 dry extract) 

Seed Pulp 

Gallic acid (GA) 40.83 ± 0.55a 37.82 ± 0.35b 

Epicatechin (ECA) 45.91 ± 0.51a 20.75 ± 0.19b 

Catechin hydrate (CH) 27.15 ± 0.12a 16.91 ± 0.17b 

Vanillic acid (VA) 15.98 ± 0.08a 14.07 ± 0.13b 

Caffeic acid (CA) 14.87 ± 0.05a 11.82 ± 0.11b 

Syringic acid (SA) 4.76 ± 0.02a 2.28 ± 0.01b 

Vanillin (VL) 9.07 ± 0.04a 5.02 ± 0.05b 

trans-ferulic acid (FA) ND 5.44 ± 0.06b 

p-courmaric acid (PCA) ND ND 
Rutin hydrate (RH) ND 3.96 ± 0.04 

All the values in the table are mean ± SD of three independent determinations. 
Samples with different superscript letters in the same row differ significantly p 
< 0.05. 
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