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Fruit peels are an important source of bioactive compounds including anti-
oxidants, proteins and pectin’s and in their better analysis like checking their
protease activity and melanin content which will help us in using  these medicinally
substantial byproducts to their  fullest potential or help us in establishing newer
uses for these peels rather than just using them as livestock feed.. Phenolic
compounds are a large group of secondary plant metabolites. The two main
subtypes of polyphenols are flavonoids and phenolic acids. It has been reported that
the peel possesses relatively higher protease activity than seed and pulp and
therefore might be rich sources of protein content. The present study reveals the
total phenolic content and total protein in fruit peels of Pomegranate (Punica
granatum) and orange (Citrus sinensis)
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INTRODUCTION
Fruit peels are an important source of bioactive compounds
including anti- oxidants, proteins and pectin’s and just about
any further detail in their better analysis like checking their
protease activity and melanin content will help us in using
these medicinally substantial by products to their fullest
potential or help us in establishing newer uses for these peels
rather than just using them as livestock feed (Temple and
Gladwin, 2003).It is strongly established that fruits are rich
source of the antioxidant vitamins β-carotene (pro-vitamin A),
α-tochopherol (vitamin E), and ascorbic acid (vitamin C). The
high intake of these vitamins is frequently associated with
reduced disease risk. (Key et al., 2002).Many studies revealed
that those individuals who practice frequent consumption of
fruits and vegetables tend to suffer the least of diseases like
cancers, cardiovascular diseases (CVDs), and several
inflammations (Greenwald et al., 2001). Phenolic compounds
are secondary metabolites, widely distributed in plants. They
are important components of many fruits. Fruit polyphenols
include a wide range of compounds such as hydroxycinnamic
acids, flavan-3-ols, Gallic acid derivatives, flavanols, and
anthocyanins. The abundant antioxidants in fruits are
polyphenols, vitamin C, A, B and E and carotenoids are
present to a lesser extent in some fruits.  These polyphenols
most of which are flavonoids are present mainly in ester and
glycoside forms. The phenol composition of fruits varies
greatly, and therefore it is very important to determine
accurately the overall total content of phenolics. Phenolic
compounds, including flavonoids, anthocyanins and tannins
are the main group of antioxidant and photochemical with
interesting properties and have deeply value due to their
biological and free radical scavenging activities (Elfalleh et al.,
2011).  The group of phenol compounds includes a wide range
of structures from small molecules such as phenolic acids to
large complex polymers, such as high-molecular-weight
proanthocyanidins (PA) and the arubigins.

Pomegranate (Punica granatum) is an important fruit of
tropical and subtropical regions, which originated in the
Middle East and India is the second largest producer of
pomegranate fruit after Iran. The most abundant polyphenols
in pomegranate are the hydrolysable tannins called
ellagitannins formed when ellagic acid binds with a
carbohydrate. (Kulkarni AP, et al, 2007). Pomegranate
ellagitannins, also called punicalagins, are tannins with free-
radical scavenging properties in laboratory experiments and
may have dietary value as antioxidants. Many food and dietry
supplement makers use pomegranate phenol extracts as
ingredients in their products instead of the juice. One of these
extracts is ellagic acid, which may become bioavailability only
after parent molecule punicalagins are metabolized. However,
ingested ellagic acid from pomegranate juice does not
accumulate in the blood in significant quantities and is rapidly
excreted (Heber D.H. et al, 2008). The pomegranate
antioxidant activity is typically higher in commercial juices
extracted from whole pomegranates than in experimental
juices obtained from whole pomegranates. This can be
attributed to its high content of polyphenols in peel such as
condensed tannins and anthocyanins. The processing of
pomegranate juice involves squeezing juice from the fruit with
the seeds and the peels together. The resulting marc on a
weight basis consists of approximately 73 % peels and 27 %
seeds and has a high potential for value addition as a source of
phenolics, proanthocyanidins and flavonoids which are herein
also referred to as antioxidants. The pomegranate (Punica
granatum L.), which belongs to the Punicaceae family, is a
nutrient dense food source rich in phytochemical compounds
(Seeram et al., 2006; Miguel et al., 2010). Pomegranates are
popularly consumed as fresh fruit, as beverages (for example,
juices and wines) as food products (for example jams and
jellies) and as extracts wherein they are used as botanical
ingredients in herbal medicines and dietary supplements.
Orange (Citrus sinensis) is rich source of vitamin C. Orange
constitutes about 60% of the total citrus world production.
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Orange is an evergreen flowering tree. Height of orange tree is
generally 9-10 m (although very old specimens have reached
15 m) the leaves 4-10 cm long arranged alternately, are ovate
in shape with crenulate margins. Trees have thin smooth and
grey- brown to greenish bark. Most species are single trunked
with very hard wood. Canopy widths range from slender to
broad, depending on species. (Webber et al, 1903). The
production of oranges has significant economic importance.
The production of orange juice generates mainly peel, bagses
and seed wastes, which represent about 50% of the raw
material. Besides sugars, acids and polysaccharides, oranges
are an important source of photochemical such as phenolics,
vitamin C and carotenoids. These compounds also known as
nutraceuticals provides health benefits due to a risk reduction
of chronic illness such as cancer and cardiovascular disease.

MATERIAL AND METHODS
The samples of Pomegranate peel (Punica granatum) and
Orange peel (Citrus sinensis) were weighed exactly 0.5 gm.
The samples were grinded with a pestle and mortar in 10 times
volume of 80% ethanol. The homogenate was centrifuged at
10,000 rpm for 20 min. the supernatant was separated and
collected. Then we re-extracted the residue with five times the
value of 80 % ethanol and again centrifuged it. The
supernatant was again pooled. Then evaporated the supernatant
to dryness by keeping it in an open petriplates. Dissolved the
residue in 5 ml of distilled water. Then pipette out different
amounts of dissolved residue from 0.2 to 1.8 ml into different
test tubes. Then the volume in each test tube was made to 3 ml
by adding distilled water into them. Then we added 0.5 ml of
Folin- Ciocalteu’s reagent in all test tubes. After three min., 2
ml of 20% Sodium Carbonate solution was added to each test
tube. Mixed thoroughly and test tubes were placed in boiling
water for exactly one min, cooled and measured absorbance at
650 nm against a blank reagent. Standard curve was prepared
using different concentrations of Gallic acid.

Preparation of standard Gallic acid curve

To prepare a standard curve, 0.5mL aliquots of 0.2, 0.6, 1.0,
1.4 and 1.8μg/ml Gallic acid solutions were mixed with 2.5 ml
Folin–Ciocalteu reagent (diluted ten-fold) and 2.5 ml (75 g/l)
sodium carbonate. After incubation at 25°C for 30 min, the
quantitative phenolic estimation was performed at 650nm
against reagent blank by UV Spectrophotometer. The standard
curve was constructed by putting the value of absorbance vs.
concentration.

Determination of total protein

The soluble protein in various fruits was determined by the
method of Lowry et al, 1951 using Bovine Serum Albumin as
standard protein. This method is based on the protein reacts
with Folin- Ciocalteu’s reagent to give a coloured complex.
The colour so formed was due to the reaction of alkaline
copper with the protein and reduction of phosphomolybdate by
tyrosine and tryptophan residues present in protein.

Estimation of Proteins

Pipette out 0.2, 0.4, 0.6, 0.8 and 1 ml of the obtained
supernatant into series of test tube. The volume in all test tubes
was made 1 ml. another test tube with 1 ml of distilled water
served as blank. Now added 5 ml of the reagent C to each test
tube including the blank. Mixed it well and allowed it to stand
for 10 min. Then added 0.5 ml of reagent D. mixed it well and
incubated at room temperature in the dark for 30 min. blue
colour developed. Take the readings with UV-
spectrophotometer at 750 nm.

Preparation of Standard BSA (Bovin Serum Albumin)
curve:

Different concentrations such as 0.2, 0.4, 0.6, 0.8 and 1 ml
were taken in 0.5 ml distilled water from stock solutions of
BSA (100 mg/ml) and the above procedure was followed for
protein determination. A curve was plotted between A750 and
different concentrations of BSA solution.

Standard calibration curve for total Phenolic content
Concentration Absorbance

0 0
0.2 0.13
0.6 0.39
1 0.6

1.4 0.93
1.8 1.2

Figure 1 Standard curve for total Phenolic content
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R² = 0.996
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Standard calibration curve for Total Protein
Concentration Absorbance

0 0
0.2 0.45
0.4 0.75
0.6 1.1
0.8 1.47
1 1.8

Figure 2 Standard curve for Total Protein

Orange (Citrus sinensis)
Absorbance Concentration obtained for Total

Phenolic content
0.618 0.93
0.760 1.15
0.835 1.30
0.912 1.43
1.018 1.57
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Total phenolic content in Citrus sinensis

Total phenolic content in Punica granatum

For total protein Citrus sinensis

RESULT & DISCUSSION
The study showed that fruit peels contained high amount of
total phenolic content and total protein. These are estimated by
two different methods as Folin- ciocalteu’s reagent assay  (for
the estimation  of  total phenolic content  in  fruit peels )  and
by Lowry   method ( for estimation of  total protein  in fruit
peels).  Experiment results shows that there must be large
amount of total phenolic content and total protein in fruit peels
also.  And also different papers were also studied and overall
results shows that due to presence of phenolic content and total

protein in fruit peels, it have remarkable significance. So, peels
are not the waste material but contain healthier substances as
well.  Fruit peels are an important source of bioactive
compounds including anti- oxidants, proteins and pectin’s and
just about any further detail in their better analysis like
checking their protease activity and melanin content will help
us in using these medicinally substantial by products to their
fullest potential or help us in establishing newer uses for these
peels rather than just using them as livestock feed.

For total protein in Punica granatum

Total phenolic content

Further, as known Phenolic compounds are very important
plant constituents because their hydroxyl groups confer
scavenging ability (Hatano T, Edamatsu R, 1989).  Plant
materials rich in phenolics are increasingly being used in the
food industry because they retard oxidative degradation of
lipids and improve the quality and nutritional value of
food (Pan YK, Wang S, et. al, 2008.). Phenolic compounds are
secondary metabolites, widely distributed in plants. They are

Fig 3 Total phenolic content in Citrus sinensis
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0.741 0.40
0.955 0.51
1.088 0.58
1.27 0.70

Fig 6 For total protein in Punica granatum
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important components of many fruits.  Fruit polyphenols
include a wide range of compounds such as hydroxycinnamic
acids, flavan-3-ols, Gallic acid derivatives, flavonols, and
anthocyanins.

Total Phenolic Content In Orange (Citrus Sinensis)

The total phenolic content in terms of our standard equation:
y= 0.6632x -0.011, R2=0.9969

Total Phenolic Content in Pomegranate (Punica granatum )

According to our standard equation: y= 0.6632x -0.011,
R2=0.9969, for Gallic acid, the maximum amount of phenol in
pomegranate was obtained at an absorbance of 0.955 nm
where the content of phenol was 1.52 mg/gm. And the
minimum content of phenol was 0.99 mg/gm at 0.645 nm.
Thus by studying the obtained data we can conclude that as the
concentration of phenol content increases with increase in the
absorbance.

Total protein

Proteins are critical sources of nitrogen as well as sulphur and
are essential dietary constituents. They are major structural
components that providing mechanical support to the body
known to be essence of life processes for proper growth and
development of all the living beings. Protein deficiency may
lead to a number of health disorders. Although fruits are not
major source of protein as compared to other dietary
supplements. Knowledge regarding peels as source of protein
deposits will help us in designing many economically useful
projects like that of the design of a single cell protein and help
in their better utilization.

For total protein in Citrus sinensis

The maximum amount of protein was obtained at an
absorbance of 0.65 nm where the amount of protein was 0.350
mg/g. This was obtained by standard equation: y=1.7729 xs +
0.0419, R2= 0.9977

For total protein in Punica granatum

According to standard equation: y=1.7729 xs + 0.0419, R2=
0.9977, the maximum amount of protein in pomegranate was
obtained at an absorbance of 0.685 nm where the content of
phenol was 0.70 mg/gm. And the minimum content of protein
was 0.35 mg/gm at 0.215 nm. Thus by studying the obtained
data we can conclude that as the concentration of protein
content increases with increase in the absorbance.
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