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Abstract: The mandate of the present study was to quantify the bioactive components like total phenolic
contents (TPC), total flavonoid contents (TFC) and total anthocyanin contents (TAC) of jamun (Syzygium
cumini) fruit and seed. These bioactive ingredients are important dietary antioxidants and anti-inflammatory
constituents. In this study, dehydrated jamun fruit and seed samples were subjected to extraction through
conventional solvent extraction using two different binary solvents methanol and ethanol and one aqueous
phase to compare the extraction efficiency of conventional solvents. Phytochemical screening of the
conventional extracts showed that ethanolic extract at 45 min was best among all the solvents. The fruit extract
showed the maximum TPC 1462.37±65.80 mg GAE/100g, flavonoids 424.79±41.31 mg/100g and anthocyanin
contents 5.32±0.31 mg CYE/g. whilst, in seed the maximum values for TPC and flavonoids was 1863.25±70.83
mg GAE/100g and 953.91 mg/100g, respectively. Seeds exhibited no anthocyanin contents.These bioactive
compounds make jamun a potential source of antioxidants.
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INTRODUCTION jamun have revealed that  jamun  has  great  nutritional

Jamun is an edible fruit from tropical regions belongs anthocyanins also present in fruit that exhibits good
to family Myrtaceae. Botanically, it is known as Syzygium antioxidant characteristics [13]. However, the ellagic acid
cumini or Eugenia jambolena [21]. Some common names and glucosidejamboline are known as bioactive
are black plum,java plum, jambul and Indian blackberry components of jamun  containing  antioxidant  activity
[12]. Fruit of jamun is purple in color and has oblong and hold the capacity to convert the starch into sugar
shape. Research studies accomplished in last twenty [10]. Jamun fruit is generally acknowledged to be very
years has explored that jamun have an outstanding high quality  for  its  curative  function  chiefly  against
complex of  naturally present  antioxidant  compounds diabetes because of its effect on pancreas. Jamun seed
[17]. The fruit of jamun is mostly used for its high vitamin also contains albumen, fat, glycosides, an alkaloid;
C and anthocyanin  contents. The  major  anthocyanins jambosine3, resin, ellagic acid, quercetin, gallic acid as
in jamun fruit are malvidine, glucoside, petunidin, well as elements of zinc, vanadium, chromium, sodium and
cyaniding [4]. There are large amount of phytonutrients potassium. -sitoterol is present in unsaponifiable material
such as  flavonoids  and  phenolic  acids  present in of seed fat [12]. Jamun is one of those herbal drugs from
jamun fruit and seed that have been reported for their the ancient times which is usually practiced the medical
antiallergic, antiinflammatory,  antidiabetic,  anticancer, practitioner for the treatment of diabetes [18]. Therefore,
free radical scavenging (ROS) and antioxidant properties. present study was carried out to quantify the major
Moreover, studies on bioactive components present in bioactive compounds in fruit and seed of S. cumini.

and pharmacological potentials [14]. A huge amount of
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MATERIALS AND METHODS

Preparation of Jamun Extracts: Extracts were obtained
using water and two binary solvents; aqueous methanol
(50% v/v) and aqueous ethanol (50% v/v) according to
the method of Arun et al. [3]. Extraction treatments were
given at three time intervals (30, 45 and 60 min) and a
constant temperature of 50 °C (Table 1a, 1b).

Phytochemical Screening Tests
Total Phenolic Contents: Total phenolic contents (TPC)
in jamun fruit and seed extracts were assessed using
Folin-Ciocalteu method as illustrated by Choudhary and
Swarnker [7]. The mechanism is based on the reduction of
phosphotungstic acid to phosphotungstic blue and as
result absorbance increases due to rise in the number of
aromatic phenolic groups. For the purpose, 50 L of each
prepared extract was separately added to nine test tubes,
each containing 250 L of Folin-Ciocalteu’s reagent and
750 L of 20% sodium carbonate solution and final
volume was made up to 5ml with distilled water. After two
hr, absorbance was measured at 765 nm using UV/visible
light Spectrophotometer (CECIL CE7200) against control
having all reaction reagents except sample aqueous
extract.

Total polyphenols were estimated and values were
expressed as gallic acid equivalent (mg GAE/100g) using
the following expression;

C = c × V / m

where,
C = Total   phenolic   contents   (mg/100g   plant  extract,
in GAE)
c = Concentration of gallic acid (mg/mL)
V = Volume of extract (mL)
M = Weight of jamun fruit and seed (g)

Flavonoids: Total flavonoid content was determined in
extracts of jamun fruit and seed by using
spectrophotometer. The principle is based on the
development  of  a  flavonoid-aluminum  complex.
Quercetin was used as a standard to measure total
flavonoids in jamun extracts. In this context 1 mL extract
was added to 10 mL volumetric flask and volume was
made up to 5 mL with distilled water followed by addition
of 0.3 mL of 5% (w/v) sodium nitrite. After 5 min, 0.6 mL of
10% (w/v) aluminum chloride (AlCl ) was added. After 13

min, 2 mL of 1 M sodium hydroxide (NaOH) was mixed,
followed   by  the   addition   of   2.1   mL   distilled  water.

Table 1a: Treatments for jamun fruit extraction
Treatment Solvent Time (min)
T Water 301

T Methanol 302

T Ethanol 303

T Water 454

T Methanol 455

T Ethanol 456

T Water 607

T Methanol 608

T Ethanol 609

Methanol = (50% Methanol + 50% water)
Ethanol = (50% Ethanol + 50% water)

Table 1b: Treatments for jamun seed extraction
Treatment Solvent Time (min)
T Water 3010

T Methanol 3011

T Ethanol 3012

T Water 4513

T Methanol 4514

T Ethanol 4515

T Water 6016

T Methanol 6017

T Ethanol 6018

Methanol = (50% Methanol + 50% water)
Ethanol = (50% Ethanol + 50% water)

Absorbance was measured immediately at 510 nm on
UV/visible light spectrophotometer. Data were expressed
as Quercetin equivalents (QE) in mg per 100 g of extract
[6].

Anthocyanin Content: Total anthocyanin content of
jamun fruit and seed were quantified through
spectrophotometer following the protocol of Aqil et al.
[2].  The   filtrates   were   loaded   onto   an   Amberlite
XAD-7 resin column (1.5-40 cm) (Sigma) and then washed
with distilled water, followed by an elution with 0.1% HCl
in  methanol. The fractions with the highest absorbance
at 510 nm were pooled and concentrated to a small volume
to remove methanol at 40°C by a rotary evaporator
(Heidolph, Germany). The partially purified concentrated
anthocyanins were then loaded onto a Sephadex LH-20
column (1.0-60 cm)  and  eluted  with  1%  formic  acid  at
24 mL/h. Formic acid has been shown to give a good
separation  of  the  red  Pigments [8].  Four  fractions,
based on the absorbance values (50.1) at 510 nm were
collected    using   a   fraction   collector   (2   mL/tube).
The   fraction   with   the   highest   absorbance   value
was concentrated by a rotary evaporator at 40 °C.
Anthocyanin content of these fractions was determined
by the method of Zhang et al. [22] and expressed as
absorbance values at 510 nm using a Shimadu 300 UV
spectrophotometer.
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RESULTS AND DISCUSSION agreement with those reported by Tupe et al., [20] inferred

Total Phenolic Contents: It was observed from mean (GAE)/g of jamun seed sample.
squares that there was significant relation in total The mean squares for total phenolic contents in
phenolic content (TPC) of seed for effect of solvent and jamun  fruit  showed  significant  for time and solvent
time, while  the  interaction remained non-significant effect but non-significant for their interaction  as  shown
(Table 2). For total phenolics of seed, means relating to in Table 2. However, mean values (Table 4) showed
three solvents i.e. methanol (50% v/v),  ethanol  (50% maximum phenolic contents in ethanolic extract
v/v) and water were 1638.95±62.28, 1809.34±68.75 and 1371.09±61.69 mg GAE/100g followed by methanol
1492.18±56.70 mg gallic acid equivalent (GAE)/100g, 1110.37±49.96 mg GAE/100g and water 872.26±39.25 mg
respectively. The means regarding time effect were GAE/100g.  Current  findings  are  in  trend  with  early
1605.57±61.01 mg GAE/100g at 30 min, 1690.96±63.78 mg study of Rufino et al. [16], who reported that the TPC
GAE/100g at 45 min and 1643.94±62.46 mg GAE/100g at 60 value  for  jamun  fruit  was  1117±67.1  mg  GAE/mg.
min extraction. The maximum phenolic content of Ethanol  was  found  the  most  effective  solvent to
1863.25±70.83 mg GAE/100g was recorded in ethanolic extract  phenolic  antioxidants  from  jamun  which  were
extract at 45 min (Table 3). 9.95 ± 1.26 mg GAE/g.  Moreover,  Ali  et  al.  [1]

The findings of present study are in line with those determined total phenolic contents in jamun fruit to be
obtained by Ali et al., (2013), who explored the antioxidant 5103.03±10.82 mg GAE/100g with higher antioxidant
profile of jamun seed extracts and observed TPC in potential to fight against free radical chain reactions of the
chemically extracted seed was 4812.03±10.6 mg GAE/100g. body, avoiding oxidative damage. The present study
Earlier, Benherlal and Arumughan[5], also reported TPC showed that seed contain more total phenolic contents
about   370.0±7.8  g/Kg. The  current  results  are  also  in than fruit of jamun.

the total polyphenols 90.45 mg gallic acid equivalent

Table 2: Mean squares for total phenolics contents of jamun seed and fruit extracts

SOV df Fruit Seed

Solvent (A) 2 560254 226742** **

Time (B) 2 20770 16463* *

A x B 4 2880 1009NS NS

Error 18 4655 4368

= Highly significant**

= Significant*

=Non-significantNS

Table 3: Means for total phenolic contents (mg GAE/100g) of jamun seed extracts

Time (min)
-----------------------------------------------------------------------------------------------------------------

Treatments 30 45 60 Mean

Methanol 1582.46±60.13 1691.57±65.87 1642.83±62.45 1638.95±62.28b

Ethanol 1761.09±66.62 1863.25±70.83 1803.69±68.24 1809.34±68.75a

Water 1473.17±55.97 1518.08±58.09 1485.31±56.44 1492.18±56.70c

Means 1605.57±61.01 1690.96±63.78 1643.94±62.46b a ab

Means carrying same letters do not differ significantly

Table 4: Means for total phenolic contents (mg GAE/100g) of jamun fruit extracts

Time (min)
-----------------------------------------------------------------------------------------------------------------

Treatments 30 45 60 Mean

Methanol 1076.09±48.42 1158.61±51.67 1096.42±49.98 1110.37±49.96b

Ethanol 1309.22±61.22 1462.37±65.80 1341.68±64.87 1371.09±61.69a

Water 849.16±38.21 892.89±40.75 874.73±39.36 872.26±39.25c

Means 1078.15±48.51 1171.29±52.70 1104.27±49.69b a ab

Means carrying same letters do not differ significantly
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Table 5: Mean squares for Flavonoids of jamun fruit and seed extract
SOV df Fruit Seed
Solvent (A) 2 57544.7 60849.8** **

Time (B) 2 5093.6 17775.5** **

A x B 4 69.9 440.1NS NS

Error 18 510.8 1751.8
**= Highly significant
*=Significantly
NS= Non significant

Table 6: Means for flavonoids (mg/100g) of jamun seed extracts 
Time (min)

---------------------------------------------------------------------------------------------------------------
Treatments 30 45 60 Mean
Methanol 794.23±34.94 884.42±36.57 840.57±39.62 839.74±38.73b

Ethanol 851.61±43.78 953.91±49.60 932.06±47.86 912.53±46.45a

Water 712.15±27.06 783.74±32.14 749.38±35.54 748.42±37.67c

Means 786.00±38.95 874.02±43.79 840.67±43.18b a ab

Means carrying same letters do not differ significantly

Table 7: Means for flavonoids (mg/100g) of jamun fruit extracts 
Time (min)

---------------------------------------------------------------------------------------------------------------
Treatments 30 45 60 Mean
Methanol 289.43±24.76 326.67±19.68 306.48±28.94 307.53±21.14b

Ethanol 375.84±37..42 424.79±41.31 397.17±39.08 399.27±40.79a

Water 213.02±33.77 269.25±31.39 237.59±34.65 239.95±23.17c

Means 292.76±12.25 340.24±17.69 237.59±26.87ab a b

Means carrying same letters do not differ significantly

Flavonoids: The  results   corresponding  to   mean flavonoids, whereas the interaction effect was non
squares  for  total  flavonoids  in jamun seed have substantial (Table 5). Nevertheless, values for effect of
depicted significant  difference  for  solvent  and  time solvent and time have shown maximum flavonoid
while  non-significant  difference    for    interaction   effect contents are present in ethanolic extract 399.27±40.79
as mentioned in (Table 5). Means for jamun seed total mg/100g trailed by 307.53±21.14 in methanol and
flavonoids  explicated  that  the  highest flavonoids 239.95±23.17 mg/100g in water. Regarding the solvent and
content 912.53±46.45 were noted in ethanolic extract time relationship, ethanolic extract obtained at 45 min
followed by methanol 839.74±38.73 and water extract exhibited maximum flavonoid content (424.79±41.31
748.42±37.67  mg/100g. Time also had impact on mg/100g). Time also affected the flavonoids as maximum
flavonoids content and the highest value 874.02±43.79 amount of 340.24±17.69 mg/100g was extracted at 45 min,
was  recorded  at  45   minutes   whereas   the  lowest while  minimum  of  292.76±12.25  mg/100g  at  30  min
value 786.00±38.95 mg/100g at 30 min (Table 9). The (Table 10). These results are in line with the findings of
findings of present study are in line with those obtained Sonawane and Arya [19], who reported that contents of
by Ali et al. [1], they explored the antioxidant profile of flavonoid in jamun pulp was 227.38±0.93 mg CE/g.
jamun seed extracts obtained through different extraction Recently, Kim et al. [9] found TF content of different
methods. The flavonoids in chemically extracted jamun cultivars of java plum in the range of 118-237 mg CE/100
seed was 2380±5.08 mg QE/100g. The data of another g fresh sample. 
research has depicted the total flavonoids to be 6.00±0.48 In  the  previous  study  reported  by  Luximon-
mg CE/g in jamun seed [19]. Benherlal and Arumughan [..] Ramma et al. [..] TFC of 13.5 mg/g was observed in jamun
indicated 32.00 ± 0.52 g/Kg flavonoids in jamun seed pulp, whereas 7 mg/100 g TFC was observed in jamun
sample. pulp by Benherlal and Arumughan [5,11]. These

Results corresponding to mean squares for total differences in the TFC could be attributed to the inherent
flavonoids of jamun fruit extracts have depicted variability of the raw material, as well as to the differences
significant difference for solvent and time on total in methodology or standard used. 
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Table 8: Means squares for Anthocyanins of jamun fruit

SOV df Anthocyanins

Solvent (A) 2 21.2554**

Time (B) 2 0.2087*

A X B 4 0.0277 NS

Error 18 0.035

**= Highly significant
*=Significant
NS= Non significant

Table 9: Means for total anthocyanin contents (mg CYE/g) of jamun fruit extracts

Time (min)
----------------------------------------------------------------------------------------------------------

Treatments 30 45 60 Mean

Methanol 3.49±0.11 3.86±0.16 3.66±0.23 3.67±0.19b

Ethanol 4.87±0.23 5.32±0.31 5.04±0.28 5.07±0.29a

Water 1.96±0.10 2.05±0.14 2.01±0.09 2.00±0.09c

Means 3.44±0.18 3.74±0.21 3.57±0.18b a ab

Means carrying same letters do not differ significantly

Total Anthocyanin Content: Mean squares represented in REFERENCES
Table 8  showed  significant  effect  of  solvent  and time
on    anthocyanin   contents   whilst,  interaction   was
non-significant. Means (Table 9) for anthocyanin content
indicates maximum value in ethanol 5.07±0.29 mg CYE/g,
while lowest in aqueous extract 2.00±0.09 mg CYE/g. In
the  same  way, anthocyanin  extraction  was  highest  at
45 min (3.74±0.21 mg CYE/g), while lowest at 30 min
(3.44±0.18  mg CYE/g). Similar  results  were  reported  by
Ali et al. [1], who quantified jamun fruit bioactive
compounds. Results have depicted that jamun fruit and
skin  contain anthocyanin  contents  349.40±5.06 mg
Cya.3-rut.E /100g and 384.32±4.02 mg Cya.3-rut.E /100g,
respectively. Previously, Reynertson et al. [15] evaluated
the jamun fruit for anthocyanin content. Results have
revealed  that  anthocyanin  were  present  in  amount of
6.33 ± 0.10 mg C3G/g. The total anthocyanins were
observed  in  another study as 93.3 ± 3.4 mg/100g [16],
while other study[..] revealed that there is no anthocyanin
in jamun seed.

CONCLUSIONS

It  was observed that  maximum TPC 1462.37±65.80
mg GAE/100g, flavonoids 424.79±41.31 mg/100g and
anthocyanin contents 5.32±0.31 mg CYE/g. whilst, in seed
maximum values for TPC and flavonoids was
1863.25±70.83 mg GAE/100g and 953.91 mg/100g,
respectively. Seeds exhibited no anthocyanin contents.
These bioactive compounds make jamun a potential
source of antioxidants. 
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