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Abstract

The fruit of Manilkara hexandra (Roxb.) Dubard is one of the most underutilized fruits of India and in Gujarat state. It is popularly known
as ‘Rayan’. The fruit and seed of Rayan were analysed for their total phenolic and flavonoid content, phenolic compounds and total antioxidant
capacity with six different assay methods. The results indicated that the methanolic extract of Rayan fruit being a good source of phenolic (811.3 mg
GAE/100 g fw) and flavonoid (485.56 mg RE/100 g fw) content. Also, eleven known phenolic compounds were tentatively identified for the first
time from the fruit and seed of Rayan. The LC–MS/MS analysis of fruit revealed the presence of major phenolic compounds such as gallic acid,
quercetin and kaempferol, while quercetin, gallic acid and vanillic acid in seed. The presence of quercetin suggests health benefits. The fruit of
Rayan was also proved to be a better source of antioxidants as measured by FRAP, RPA, DPPHRSA, ABTSRSA and HRSA except NORSA in
comparison with that of seed. The current study explains that M. hexandra is a relatively good source of antioxidants such as phenols and flavonoids
for diet.
© 2016 Beijing Academy of Food Sciences. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Evidence is increasing regarding a range of a diet-chronic
disease link. Thus, nutrition research has shifted from focus-
ing exclusively on alleviating nutrient deficiencies to prevent
or reduce morbidity and mortality due to chronic diseases [1,2].
Along with the daily diet, increased fruit and vegetable consump-
tion has been promoted and correlated immensely not only for
their nutritional content but also for their potential health func-
tionality against various degenerative diseases such as cancer,
cardiovascular, cataract, diabetes, and neurodegenerative dis-
eases like Alzheimer’s and Parkinson’s [3]. This phenomenon
has been attributed to the protective effects of antioxidant com-
ponents contained in fruit, which are a rich source of natural
enzymatic and non-enzymatic antioxidants [4]. In addition to
the traditional nutrient antioxidants (e.g., vitamins C and E
and β-carotene), fruits contain polyphenolic (e.g. flavonoids)

http://dx.doi.org/10.1016/j.fshw.2016.11.002
2213-4530/© 2016 Beijing Academy of Food Sciences. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Whole fruits of Rayan [Manilkara hexandra (Roxb.) Dubard] (A), single fruit (B), section (C) and seed (D).

compounds, which may play an important role in the overall
antioxidant activity of fruits [5].

Manilkara hexandra (Roxb.) Dubard [Synonym: Mimusops
hexandra (Roxb.)] belongs to Sapotaceae family. It is a socio-
economically important underutilized fruit species characterized
by the presence of sticky, usually white latex in the cuts of bark,
branches, leaves and fruit. The small to medium sized evergreen
trees are mostly found in western and central Indian states of
Rajasthan, Gujarat, Madhya Pradesh and Maharastra [6]. The
matured fresh fruits are obovoid-oblong to ellipsoid in shape,
measuring about 1–1.5 cm wide (Fig. 1), one or two seeded,
shining yellow colored which is soft and sweet in taste, being
a good source of minerals and vitamins with low fat content
[7,8]. It is locally known as ‘Rayan’ or ‘Khirni’. The fruit and
other parts of the tree (bark, stem bark, root, leaves and latex)
are known for their various nutritional and medicinal properties
used by the older and tribal peoples of India. It has been shown
that, this fruit is nutritionally necessary for a well-balanced diet
as the methanolic extract of fruits are reported to have significant
hypoglycemic effect and can be use in the management or control
of type II diabetes [9]. In addition, the acetone fraction of M.
hexandra seed is reported to contain the crude saponin mixture
with significant anti-inflammatory activity [10]. The seeds of M.
hexandra contain approximately 25% edible oil, which can be
used for cooking purposes [11]. It is known to have high remedial
value as it is demulcent and emollient [12]. Parikh et al. [13]
studied the nutritional profile of an underutilized Indian fruit of
Rayan.

Despite very few literatures showed the importance and
medicinal use of various parts of Rayan tree, it still represents
the lack of data regarding identification of phenolic compounds
and antioxidant capacity. In this context, the present study was
planned for the identification of phenolic compounds, total phe-
nolic content, flavonoid content and total antioxidant capacity
using various assay methods from fruit and seed of Rayan.

2. Materials and methods

2.1. Chemicals

ABTS (A 1888), l-ascorbic acid (95210), DPPH (D
9132), gallic acid (G 7384), N-(1-naphthyl ethylenediamine

dihydrochloride) (N 9125), 1,10-phenanthroline (320056), rutin
hydrate (R 5143), sulphanilamide (33626), TPTZ (T 1253)
were of Sigma–Aldrich brand, while sodium nitroprusside
(dihydrate) (71778) and Trolox (56510) were of Fluka brand
(Sigma–Aldrich, Bangalore, India). Other chemicals used were
of analytical grade. The solvents used for chromatography were
of HPLC grade.

2.2. Sample

2.2.1. Sample preparation
The fruits of Rayan (M. hexandra) (one kilogram of fresh, ripe

but firm fruits, free from bruises) were purchased from the local
market of Anand (Gujarat, India). They were thoroughly washed
under running tap water, cut in halves, deseeded to get the edible
part and crushed in a mixer. Its freshly collected seeds were also
washed, oven dried and powdered using a kitchen grinder.

2.2.2. Sample extraction for phenolic content and
antioxidant determination

The fruit pulp and seed powder of Rayan were used for the
extraction for the determination of phenolic content and antiox-
idant. The 5.0 g and 2.0 g of fruit and seed samples respectively
were extracted thrice in 80% aqueous methanol (pH 2.0) by
shaking at room temperature for 90 min. Supernatants were cen-
trifuged, filtered and the volume of each of these samples was
made up to 50 ml with the solvent using a volumetric flask.
The extracts were stored at −20 ◦C for the estimation of total
phenolic content and total antioxidant capacity. The fruit and
seed samples were extracted in duplicate batches with two sep-
arate purchases in the same season and four observations of two
different experiments were analyzed statistically.

2.3. Determination of total phenol

2.3.1. Total phenolic content
Total phenolic content was determined using Folin–Ciocalteu

method [14]. Gallic acid was used as a standard and the results
are expressed in milligrams of gallic acid equivalent per 100 g
sample (mg GAE/100 g).
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Table 1
Total phenolic and flavonoid content of fruit and seed of Rayan.

Total phenolic
content (mg
GAE/100 g)

Flavonoid content
(mg RE/100 g)

Fruit (fw basis) 811.3 ± 41.09 485.56 ± 12.41
Seed (dw basis) 190.19 ± 6.69 117.78 ± 0.97
T value 29.84* 59.08*

Values are expressed as mean ± standard deviation from four observations.
Fw—fresh weight; dw—dry weight; GAE—gallic acid equivalent; RE—rutin
equivalent.

* Indicates significant difference at P < 0.05.

2.3.2. Flavonoid content
Concentrated methanolic extracts was used for the estima-

tion of flavonoid and the absorbance was read at 510 nm [15].
Comparison was done using the rutin as standard and the results
are expressed as mg of rutin equivalent per 100 g sample (mg
RE/100 g).

2.4. Phenolic compound composition by LC–MS/MS
analyses

2.4.1. Sample preparation
The fruit (1.0 ± 0.29 g fw) and seed (1.0 ± 0.04 g dw) sam-

ples of Rayan were pulverized separately using ceramic mortar
pestle with the addition of methanol and volume was made up to
10 mL. These samples were then filtered through 0.2 �m nylon
membrane syringe filter and three replicates of each sample were
extracted and injected separately to minimise the error.

2.4.2. Quantification of polyphenols
In the present study, 11 known polyphenols (Table 2) were

analyzed from fruit and seed sample. The UPLC was carried
out to identify phenolic acids and flavonoid compounds on a
Waters Acquity SDS system (Waters, MA, USA) equipped with
a binary solvent delivery pump, an autosampler and photodiode
array (PDA) detector. A Waters Acquity UPLC

®
BEH C18 col-

umn (100 × 2.1 mm i.d.; 1.7 �m) was used. The mobile phase
consisted of methanol (solvent A) and 1% of methanol in water
(solvent B) at a flow rate of 0.4 ml/min. The gradient elution
was performed as follows: 5% of A and 95% of B solvents
was fixed initially, then increased solvent A to 20% in 0–1 min,
35% in 1–3 min, 50% in 3–5 min, 75% in 5–6 min, isocratic at
75% solvent A in 6–8 min, returned to 50% in 8–10 min, 15%
in 10–12 min, 5% in 12–14 min and a reequilibration period of
1 min with 5% solvent A used. Needle was washed with weak
and strong solvents to avoid the cross contamination and ana-
lytical error during analysis. The injection volume was 10 �l,
column temperature was set at 35 ◦C in column heater and
sample manager was maintained at 4 ◦C. The PDA detection
wavelengths were set at 190 nm–400 nm.

The fragmentation was done in electrospray ionisation mass
spectrometry (ESI-MS/MS) in negative ionization mode with
different fragmentor voltage and collision energy (Table 2),
using 99% pure nitrogen in desolvation gas with flow rate of
700 L/h. Second stage tandem-MS profiles were obtained by

collision induced dissociation-mass spectrometry (CID-MS),
using 99% pure argon as collision gas with the flow rate of
20 L/h. Continuous full mass spectral data were obtained by
scanning from m/z 50 to 700. Data were processed with Mass
Lynx 4.1 software (Waters, MA, USA). Identification of the
phenolic compounds present in the sample was achieved by
comparison with retention times and spectra with those of stan-
dard compounds (Sigma–Aldrich Company) based on external
standard method by employing calibration curves in the range of
0.01–1.0 �g/mL. Results were expressed as �g/100 g of sample.

2.5. Determination of total antioxidant capacity

2.5.1. Ferric reducing antioxidant power
The ferric reducing antioxidant power (FRAP) assay was car-

ried out by following the method of Benzie and Strain [16]. The
water-soluble vitamin E analog Trolox standard was used for
the comparison and results are expressed in terms of mg Trolox
Equivalent per 100 g sample (mg TE/100 g).

2.5.2. Reducing power assay
This assay was performed using the method described by

Oyaizu [17]. Different aliquots of Trolox were treated as stan-
dard and results are expressed in terms of mg TE per 100 g
sample.

2.5.3. DPPH radical scavenging activity
The method proposed by Brand-Williams et al. [18] was fol-

lowed for determining the antioxidant activity of the methanolic
extract of fruit and seed of Rayan, on the basis of the scaveng-
ing activity of the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH)
free radicals. Percentage inhibition was calculated and results
are expressed as mg TE per 100 g sample.

2.5.4. ABTS radical scavenging activity
The ABTS [2,2′-azino-bis (3-ethyl benzothiazoline-6-

sulfonic acid) diammonium salt] radical scavenging activity
assay was carried out using the modified autobleaching method
[19]. The percentage inhibition was calculated and the results
are expressed as mg TE/100 g of sample.

2.5.5. Nitric oxide radical scavenging activity
Nitric oxide was generated from sodium nitroprusside and

measured by Greiss reaction [20]. Percentage nitric oxide radical
scavenging activity (NORSA) was calculated. Different aliquots
of L-ascorbic acid were treated as standard. The results are
expressed in terms of mg L-ascorbic acid equivalent per 100 g
of sample (mg AAE/100 g).

2.5.6. Hydroxyl radical scavenging activity
The hydroxyl radical scavenging activity (HRSA) was deter-

mined using the modified method as suggested by Jin et al. [21].
In this system, hydroxyl radicals were generated by the Fen-
ton reaction. The reaction mixture without any antioxidant was
used as the negative control, and without H2O2 was used as the
blank. The percentage HRSA was calculated. The results are
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Table 2
Phenolic compounds identified from fruit and seed of Rayan by LC–MS/MS.

Compounds Precursor ion Product ion Fragmentor (V) CE (V) RT (min) R2 Fruit (�g/100 g fw) Seed (�g/100 g dw)

Phenolic acids
Hydroxybenzoic acid
Gallic acid 168.91 124.82 25 20 1.15 0.990 51.428 ± 7.162 96.209 ± 14.147
Salicylic acid 137.92 93.82 30 22 4.38 0.998 <LOD 3.549 ± 0.100
Catechol 108.89 107.8 30 24 2.05 0.972 2.088 ± 0.946 0.976 ± 0.010
Vanillic acid 166.95 107.81 30 22 2.63 0.978 1.226 ± 0.203 17.531 ± 2.651
Hydroxycinnamic acid
Ferulic acid 192.97 133.85 30 20 3.64 0.996 1.509 ± 0.262 0.794 ± 0.006
Coumaric acid 162.94 118.84 24 20 3.37 0.995 0.813 ± 0.378 8.147 ± 0.216

Flavonoids
Flavan-3-ol
Catechin 289.07 108.84 30 24 2.05 0.992 2.916 ± 0.305 10.456 ± 0.215
Epicatechin 289.08 122.82 32 28 2.70 0.989 <LOD 2.878 ± 0.848
Epigallocatechin 305.06 124.82 32 28 1.96 0.970 7.897 ± 0.100 13.714 ± 1.757
Flavonols
Quercetin 301.03 150.81 30 28 5.70 0.979 13.192 ± 0.109 368.373 ± 51.641
Kaempferol 285.03 92.81 30 40 6.27 0.967 14.185 ± 0.761 14.507 ± 0.342

Values are expressed as mean ± standard deviation from three observations. CE—collision energy; RT—retention time; fw—fresh weight; dw—dry weight;
LOD—limit of detection.

expressed in mg L-ascorbic acid equivalent per 100 g of sample
(mg AAE/100 g).

2.6. Statistical analysis

The experimental results are expressed as mean ± standard
deviation (SD). Afterwards, the results were subjected to analy-
sis of variance (ANOVA), the significance of mean differences
was determined by Duncans’ post hoc test considering p < 0.05
significant level of difference. All the statistical calculations
were done using SPSS version 20.0.

3. Results and discussion

3.1. Total phenolic and flavonoid contents in fruit and seed
of Rayan

Total phenolic and flavonoid content was found significantly
higher (p < 0.05) in Rayan fruit than that of seed (Table 1). In
the methanolic extract of fruit, total phenolic and flavonoid con-
tent was found to be 811.3 mg GAE/100 g fw and 485.56 mg
RE/100 g fw, respectively. Patel and Ramana Rao [22] esti-
mated total phenolic content at different maturity levels in the
Khirni fruit and found to be 126 mg/100 g at its young stage, and
eventually, the level of phenols in the ripened fruit increases sig-
nificantly (428 mg/100 g). Patel and Ramana Rao [22] attributed
the reasons for this kind of increase in phenolic content as that the
biosynthetic mechanism of certain phenolic compounds appears
to be receptive to environmental stimuli and certain phenolics are
suspected of being implicated in some types of stress responses.
Approximately 50% higher total phenolic content was found in
the present study.

Total phenolic content of seed was found to be 190.19 mg
GAE/100 g dw while flavonoid content was found to be
117.78 mg RE/100 g dw. The total phenolic and flavonoid con-

tent of Manilkara zapota seed was analyzed by Shanmugpriya
et al. [23] using four different solvents and found ranged between
121 to 400 mg GAE/100 g and 74 to 398 mg QE (Quercetin
equivalent)/100 g respectively which supports the result of the
present study.

3.2. Identification and quantification of phenolic
compounds from fruit and seed of Rayan by LC–MS/MS

As known, polyphenols are among the most important and
well-known bioactive compounds present in fruits naturally. The
eleven known phenolic compounds were successfully separated
and tentatively identified for the first time from this underutilized
whole fruit of Rayan. Analysis of phenolic compounds from fruit
and seed was performed using reversed-phase UPLC (Fig. 2).
The major groups of phenolic compounds quantified were phe-
nolic acids (hydroxybenzoic acids and hydroxycinnamic acids)
and flavonoids using an external standard method (Table 2).
From our results, among all phenolic compounds, gallic acid was
found to be the most predominant compound in fruit. Among
phenolic acids, gallic acid, one of the hydroxybenzoic acids,
was found to be highest in fruit i.e. 51.428 �g/100 g followed by
catechol (2.088 �g/100 g), ferulic acid (1.509 �g/100 g), vanil-
lic acid (1.226 �g/100 g) and coumaric acid (0.813 �g/100 g
fw). Salicylic acid was not detected in fruits. According to
Manach et al. [24], gallic acid, among phenolic acids, is tremen-
dously well absorbed into the human body, compared with
other polyphenols. It was shown to have a positive effect
against cancer cells under in vitro conditions [25]. Fruits almost
exclusively contain a range of flavonoid compounds including
flavan-3-ol and flavonols. In the present study, the flavonoid
compounds found in Rayan fruit in the order of kaempferol
(14.185 �g/100 g fw) >quercetin (13.192 �g/100 g fw) >epi-
gallocatechin (7.897 �g/100 g fw) >catechin (2.916 �g/100 g
fw). Epicatechin was found below detection limit in fruit. The
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Table 3
Total antioxidant capacity of fruit and seed of Rayan.

FRAP RPA DPPHRSA ABTSRSA NORSA HRSA
(mg TE/100 g) (mg TE/100 g) (mg TE/100 g) (mg TE/100 g) (mg AAE/100 g) (mg AAE/g)

Fruit (fw basis) 8287.50 ± 698.06 3025.00 ± 73.60 1861.17 ± 28.86 697.14 ± 25.12 7.29 ± 0.46 128.00 ± 4.75
Seed (dw basis) 803.13 ± 88.76 545.31 ± 26.21 189.68 ± 8.26 61.77 ± 2.43 11.67 ± 0.70 18.06 ± 0.46
T value 21.27* 63.48* 111.36* 50.35* −10.36* 46.07*

Values are expressed as mean ± standard deviation from four observations; fw—fresh weight; dw—dry weight; TE—Trolox equivalent; AAE—ascorbic acid
equivalent.

* Indicates significant difference at p < 0.05.

most promising characteristic is its quercetin content which is
a polyphenol belonging to the flavonoid group found in a wide
variety of fruits and vegetables. An in vitro oxidation model
showed quercetin, myricetin, and rutin being more powerful
anti-oxidants than the traditional vitamins [26,27]. Quercetin
and catechins are also reported as peroxyl and hydroxyl free-
radical scavengers and demonstrate protective effects against
lipid peroxidation [28]. Rastogi and Mehrotra [29] also isolated
and characterized some important chemicals such as hexan-
drone, quercetin, quercitrin and hexandrin from the fruit of
Khirni. Ma et al. [30] studied fractionation of a methanol extract
from the fruit of M. zapota cv. Tikal resulted in the isolation
of two new antioxidants methyl 4-O-galloylchlorogenate, 4-O-
galloylchlorogenic acid, along with eight known polyphenolic
antioxidants, namely, methyl chlorogenate, dihydromyricetin,
quercitrin, myricitrin, catechin, epicatechin, gallocatechin, gal-
lic acid.

On the other hand, in the present study, LC–MS/MS quan-
tification of the seeds of Rayan demonstrated highest content
of quercetin among all phenolic compounds. Of all pheno-
lic acids found presently, gallic acid was found to be high in
seed with 96.209 �g/100 g extract followed by vanillic acid
(17.531 �g/100 g), coumaric acid (8.147 �g/100 g), salicylic
acid (3.549 �g/100 g), catechol (0.976 �g/100 g) and ferulic
acid (0.794 �g/100 g) while regarding flavonoids, seed had the
most dominant contents of quercetin (368.373 �g/100 g dw) fol-
lowed by kaempferol (14.507 �g/100 g dw) >epigallocatechin
(13.714 �g/100 g dw) >catechin (10.456 �g/100 g dw) >epicat-
echin (2.878 �g/100 g dw). Three phenolic compounds such as
gallic acid, myrecetin and quercetin were isolated by Eskander
et al. [10] through chromatographic separation of acetone pre-
cipitate of seeds of M. hexandra. From our results, we concluded
that Rayan fruit and seed may be used as a good source of dietary
phenolic and flavonoid constituents.

3.3. Total antioxidant capacity (TAC) of fruit and seed of
Rayan

There are different methods for the measurement of total
antioxidant capacity (TAC) that involve the generation of radi-
cal species, where the presence of antioxidants determines the
disappearance of radicals [31]. Keeping in mind the efficiency
of antioxidant study, it has been recommended to employ as a
minimum three in vitro methods instead of relying on a single
assay to assess and compare the antioxidant capacity owing to

variability of values in free radical-scavenging assay systems
[32]. Thus, the estimation of TAC was carried out by six differ-
ent assays from the fruit (fresh) and seeds (dried) of Rayan, an
underutilized fruit of Sapotaceae family. Addition to this, this
fruit also reported for its medicinal importance to cure several
diseases by the tribal village peoples. Until now, to the best of
our knowledge, there is no such report available to highlight the
evaluation of TAC of this fruit.

3.3.1. FRAP and RPA assay
The FRAP and RPA assay are commonly used to study the

antioxidant capacity of plant materials. FRAP method is based
on the ability of the sample to reduce ferric to ferrous iron in
the presence of TPTZ which may be attributed from hydrogen
donation from phenolic compounds. Reducing power (RPA) of
a compound may serve as a significant indicator of antioxidant
activity which measures its capacity to reduce an oxidant by
donating an electron and high reducing power indicates strong
antioxidant activity [33]. The results of TAC measured by FRAP
and RPA values of fruit and seed are shown in Table 3. The
FRAP and RPA values were found significantly higher (p < 0.05)
in fruit as compared to its corresponding values in seed. The
FRAP and RPA values of fruit were found to be 8287.50 mg
TE/100 g fw and 3025.00 mg TE/100 g fw respectively. Jamuna
et al. [34] found that methanolic extract of M. zapota fruit
with 8.2 �g AAE/mg of extract of RPA, whereas in the present
study the seeds of Rayan had 803.13 mg TE/100 g dw and
545.31 mg TE/100 g dw values for FRAP and RPA respectively.
M. zapota seed was analyzed for its RPA by Shanmugpriya et al.
[23] using four different solvents and found range from 09.41
to13.96 �g/mL of extract.

3.3.2. DPPH and ABTS radical scavenging activity
The free radical chain reaction is extensively acknowledged

as a common mechanism of lipid peroxidation. Radical scav-
engers may directly react with and quench peroxide radicals
to terminate the peroxidation chain reaction [35]. DPPH is
widely used for quickly assessing the ability of polyphenols
to transport labile H atoms to radicals, a likely mechanism of
antioxidant protection [36] where as the ABTS radical cation,
generated by potassium persulfate, which scavenge aqueous
phase radicals is used for determining the antioxidant activity.
The DPPH and ABTS radical scavenging activity were found
significantly (approximately 90%) higher (p < 0.05) in fruit than
that of the values found in seed (Table 3). The methanolic extract
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Fig. 2. Chromatograms of phenolic standards (A), fruit (B) and seed (C) of Rayan by C18 RP-HPLC-ESI-MS/MS. 1. Gallic acid, 2. salicylic acid, 3. catechol, 4.
vanillic acid, 5. ferulic acid, 6. coumaric acid, 7. catechin, 8. epicatechin, 9. epigallocatechin, 10. quercetin, 11. kaempferol.
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Fig. 2. (Continued)

of fruit sample had 1861.17 mg TE/100 g fw of TAC as mea-
sured by DPPH RSA. On the other hand, by using the ABTS
decolourisation assay, we have measured the antioxidant capac-
ity and found 697.14 mg TE/100 g fw in fruit sample. Reddy
et al. [37] extracted M. zapota fruit in 60% methanol contain-
ing 0.1% HCl and showed 141 mg TE/100 g of DPPH RSA
and 55 mg TE/100 g ABTS RSA. In the present study it was
observed that TAC in seed had 189.68 mg TE/100 g dw of DPPH
RSA and 61.77 mg TE/100 g dw of ABTS RSA. According
to Eskander et al. [10] acetone and methanolic seed extracts

of M. hexandra with DPPH assay had no antioxidant activ-
ity.

3.3.3. Nitric oxide radical scavenging activity
Nitric oxide (NO) is an important intracellular and intercel-

lular regulatory defense molecule with cytotoxic, microbiocidal
and microbiostatic activities. In vitro, sodium nitropruside (SNP)
will release nitric oxide and react with oxygen to form nitrite.
SNP solution under aerobic conditions, in the presence of sam-
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Fig. 3. Correlation of total phenolic content with flavonoid and total antioxidant capacity by six different assays of fruit and seed of Rayan. ABTSRSA: ABTS radical
scavenging activity; DPPHRSA: DPPH radical scavenging activity; FRAP: ferric reducing antioxidant power assay; HRSA, hydroxyl radical scavenging activity;
NORSA, nitric oxide radical scavenging activity; RPA: reducing power assay; GAE, gallic acid equivalent.

ple extract with Griess reagent, can be used to evaluate the nitric
oxide scavenging activity [38]. Interestingly, the lower antioxi-
dant capacity measured by NORSA was found in fruit of Rayan
(7.29 mg AAE/100 g fw) than found in seed, which had 11.67 mg
AAE/100 g dw, showed significant difference (p < 0.05) between
the values (Table 3). However, negative correlation was observed
between total phenol and NORSA (Fig. 3). The results of the
present study are in agreement with the fact that other than
total phenolics and flavonoid compounds may be responsible
for NORSA in Rayan fruit, which is in accordance with the
results of Nagarani et al. [39].

3.3.4. Hydroxyl radical scavenging activity
Hydroxyl radicals are extremely reactive and can be formed

from superoxide anion and hydrogen peroxide, in the pres-
ence of metal-ions, such as copper or iron in the human
body under physiological conditions [40,41]. Hydroxyl radi-
cals could oxidize Fe2+ into Fe3+, and only Fe2+ might be
combined with 1,10-phenanthroline to form a red compound
(1,10-phenanthroline-Fe2+) in vitro. The value for HRSA was
observed in fruit, which had 128.00 mg AAE/g fw where as seed
had 18.06 mg AAE/g dw, with significant difference (p < 0.05)
between the values (Table 3). Our results showed appreciable
amount of antioxidant activity of Rayan fruit and thus excel-
lent for free hydroxyl radical scavenging. The correlation study
corroborates that phenolics and flavonoids in Rayan are highly
correlated with hydroxyl radical scavenging activity. Previous
study reported that phenolic hydroxyls in flavonoids were the
main active groups capable of scavenging hydroxyl radical [42].
Hence, presence of such polyphenolic compounds (phenolics
and flavonoids) may be reason for HRSA in Rayan fruit and
seed extracts.

It can be illustrated from Table 3 that the mean values of
TAC measured by three different radical scavenging activities
of DPPH RSA, ABTS RSA and HRSA of fruit were signif-
icantly higher (p < 0.05) than the values of seed, and can be a

good source of antioxidants. There was a significantly (p < 0.05)
higher levels of NORSA observed in seed.

3.4. Correlation between total phenol, flavonoid and total
antioxidant capacity

Correlation among total phenol, flavonoid and different total
antioxidant capacity parameters is depicted in Fig. 3. A strong
and positive relationship between total phenol with flavonoid
(R2 = 0.991) could be observed. Total phenolic content showed
a strong and positive relationship with FRAP where R2 = 0.988
and p = 0.000 and that of total phenol and RPA was R2 = 0.987,
p = 0.000. A strong and positive relationship of total phenol with
DPPHRSA (R2 = 0.992), ABTSRSA (R2 = 0.991) and HRSA
(R2 = 0.992) was also observed. However, negative and signifi-
cant correlation was observed between total phenol and NORSA
where R2 = 0.950 and p = 0.000.

Correlation among flavonoid with different total antioxidant
capacity parameters was also studied (Fig. 4). A strong and pos-
itive relationship between flavonoid with FRAP (R2 = 0.978,
p = 0.000) could be observed. The flavonoid compounds also
showed a strong and positive relationship with RPA (R2 = 0.997),
DPPHRSA (R2 = 0.999), ABTSRSA (R2 = 0.992) and HRSA
(R2 = 0.998). Similarly, as total phenol, negative and significant
correlation was observed between flavonoids and NORSA where
R2 = 0.950 and p = 0.000.

4. Conclusion

India has enormous varieties of underutilized fruits that vary
in appearance and organoleptic features as well as presence of
varieties of bioactive compounds. The delicious sweet fruits as
well as the seeds of M. hexandra (Roxb.) Dubard are good source
of antioxidants which reinforce the beneficial health effects of
the whole fruit extensively used by the tribal population for
medicinal purpose to cure several diseases throughout the year
after drying of the fruits. This might be also partly attributed to



18 B. Parikh, V.H. Patel / Food Science and Human Wellness 6 (2017) 10–19

Fig. 4. Correlation between flavonoid content and total antioxidant capacity by six different assays of fruit and seed of Rayan. ABTSRSA: ABTS radical scavenging
activity; DPPHRSA: DPPH radical scavenging activity; FRAP: ferric reducing antioxidant power assay; HRSA, hydroxyl radical scavenging activity; NORSA, nitric
oxide radical scavenging activity; RPA: reducing power assay; GAE, gallic acid equivalent.

its high polyphenol content. In addition, quantification of indi-
vidual phenolic and flavonoid compounds is also important for
the initial understanding of the possible dietary intake of these
compounds. From the present study, we identified and quanti-
fied eleven phenolic compounds. Thus, considering the presence
of recognized antioxidant compounds such as gallic acid and
quercetin in fruit and seed samples, it is possible to think that
their regular consumption can have a beneficial effect on human
health, which validates the use of the plant in popular medicine.
Further studies are required to confirm the results of the present
study which may also include the findings regarding the new
biochemical properties. Large-scale column separation and iso-
lation of the phenolic compounds by LC–MS needs to be carried
out at the earliest stage.
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