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Abstract: The use of bioactive compounds in different commercial sectors such as pharmaceutical, food and
chemical industries signifies the need of the most appropriate and standard method to extract these active
components from plant materials. In the present study, conventional method (maceration) and some new
methods (ultrasound-assisted extraction, hot plate extraction and microwave-assisted extraction) using different
solvents have been developed for the extraction of bioactive compounds from citrus peels. This study is aimed
to discuss different extraction techniques along with their basic mechanism for extracting bioactive compounds
from citrus waste (peels). The antioxidant capacity of citrus waste (peels) was studied using 2, 2-diphenyl-1-
picrylhydrazyl radical scavenging assay. Three solvent systems were used (ethanol, water and aqueous
ethanol) at different concentrations. The suitability of citrus peels, generated as a by-product of the juice
industry, as a source of antioxidants was investigated. Our results revealed that the extraction method, solvent
and time had a significant effect on the amount of the extracted compounds. In terms of extraction method
applied, ultrasound-assisted extraction was the more effective technique compared to the other methods. The
extraction time was reduced, less solvent was used and the amount of extracted compounds was increased.
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INTRODUCTION the  screening  of  NBCs  and  provided  an  opportunity

The search for natural bioactive compounds (NBCs) used [3-5]. The qualitative and quantitative studies of
with potential for the treatment and prevention of human bioactive  compounds  from  plant  materials  mostly  rely
diseases and to meet other needs is currently a key topic on   the   selection   of   proper   extraction   method  [6-7].
in many laboratories and industries. These compounds It is true that development of modern chromatographic
efficiently   interact   with   proteins,  DNA  and  other and  spectrometric  techniques  make  bioactive
biological molecules to produce a desired outcome, which compound  analysis  easier   than   before   but  the
could be exploited for designing natural products-derived success still depends on the extraction methods, input
therapeutic agents [1]. Typically, bioactive compounds of parameters and exact nature of plant parts. The most
plants are produced as secondary metabolites. Among common factors affecting extraction processes are matrix
secondary metabolites some of these substances have properties of the plant part, solvent, temperature, pressure
effect on biological systems which are considered as and time [8]. 
bioactive. Thus a simple definition of bioactive The increased understanding about dynamic
compounds in plants is: secondary plant metabolites chemical nature of the diverse bioactive molecules is
eliciting pharmacological or toxicological effects in human pioneer fuel for the progress of bioactive analysis during
and animals [2]. past decade [9]. As a result of these huge technological

Recent technological advances and the development and technical improvements; pharmaceuticals, food
of new methods to improve the production, detection, additives even natural pesticides sectors have become
separation and /or characterization have revolutionized interested  in   bioactive  molecules  from  natural  sources

to  obtain  natural  extracts  that  could  be potentially
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[10]. Bioactive compounds can be identified and Plants used for traditional medicine contain a wide
characterized from various plant parts such as leaves, range of substances that can be used to treat chronic as
stem, flower and fruits. Extraction of plant materials can be well as infectious diseases. Due to the development of
done by various extraction procedures. Non-conventional adverse effects and microbial resistance to the chemically
methods, which are more environmental friendly due to synthesized drugs, men turned to ethnopharmacognosy.
decreased use of synthetic and organic chemicals, They found literally thousands of phytochemicals from
reduced operational time, better yield and quality of plants as safe and broadly effective alternatives with less
extract, have been developed during the last 50 years. To adverse effect. Many beneficial biological activity such as
enhance overall yield and selectivity of bioactive anticancer, antimicrobial, antioxidant, antidiarrheal,
components from plant materials, ultrasound, pulsed analgesic and wound healing activity were reported. In
electric field, enzyme digestion, extrusion, microwave many cases the people claim the good benefit of certain
heating, supercritical fluids and accelerated solvents have natural or herbal products [18-19]. 
been studied as non-conventional methods [11]. These In addition, extraction processes for the separation of
phytochemicals work with nutrients and fibers as a compounds have been developed to obtain highly
defense system against various diseases and stress purified products, rendering them useful in a wide range
conditions. The most important of these bioactive of applications. These technologies could provide an
constituents of plants are alkaloids, tannins, flavonoids, innovative approach to increase the production of the
steroid, terpenoid, carbohydrate and phenolic compounds desired compounds. The aim of this review is to
[12]. Fruits and vegetables are the major sources of summarize and give an overview of the sources,
natural antioxidants and contain various kinds of technologies and methods that have been developed to
antioxidant compounds such as vitamin C, vitamin E, improve the production and isolation of NBCs, with
carotenoids, lutein and lycopene. Among these special attention to antioxidants with their possible
compounds, Phenolic compounds represent a majority of application in the design of nutraceuticals and functional
natural antioxidants presently identified. It has ability to food products [5]. Conventional extraction is usually
scavenge free radicals and exhibits antimutagenic, performed using reflux, cold maceration, soxhlet and
anticarcinogenic, antiglycemic, anticholesterol, anti- simple distillation techniques. These methods which have
inflammatory and antimicrobial properties [13]. been used for many decades are very time consuming and

The by-products of food industry are rich in require relatively large quantities of solvents [20].
bioactive compounds including phytochemicals. These Extraction using non-conventional methods (microwave
are plant antioxidants that can be found in whole grain, assisted extraction and ultrasound assisted extraction)
fruits and vegetables which work against cellular damage can result in a yield increase in shorter time using less
due to oxidative stress and prevent many chronic solvent [21]. This study aimed to provide a comparison
diseases to occur [14-15]. Citrus fruits constitute an between different techniques used for the extraction of
important group of fruit crops produced all over the world. bioactive compounds from the peels of citrus fruits using
Pakistan is a major producer of citrus fruits. Citrus fruits different solvents. Keeping in view the problems
are utilized mostly for table purposes, but a significant associated with the disposal of food processing industry
portion is processed into various products, such as waste, the present study was undertaken with the
squashes, Cordials, single strength juices, juice objectives to evaluate and compared bioactive compound
concentrates, marmalades, pickles etc. Citrus is a prized potential of citrus fruits peels available in Pakistan for the
fruit of Pakistan and holds number one position among all utilization of food products in future.
fruits both for area and production in the country.
Pakistan is among the top 15 citrus producing countries MATERIALS AND METHODS
of the world. During the processing of citrus fruit for juice,
peels are the primary byproduct. In fact, phytochemicals Collection and Processing of Samples: The samples of
that contribute to health (e.g., flavonoids, carotenoids and sour oranges (Citrus aurantium) were collected from local
pectin) are abundant in citrus peels [16]. The importance fresh juice corner in Peshawar, Pakistan. The samples
of the antioxidant properties of some of these bioactive were well cleaned and washed with water to remove dust
compounds and their possible uses in processed foods as residue and removed peels. The peels were shredded into
a natural antioxidant have reached a new high in recent I cm length. Then dried in the shade and kept in vacuum
years [17]. oven at 40 °C to lower the moisture content. After this the
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samples were grinded to powder by grinding mill and Hot Plate Extraction Method: 5 g of sample were blended
preserved in clean plastic containers, kept away from with 50 ml of the solvents (aqueous ethanol (1:1), ethanol
light, heat and moisture until use. and water) for 3 hrs with constant stirring at room

Application of Different Extraction Methods through Whatman No. 1 filter paper. Then, the extracts
Maceration  Method:  5  g  of  sample  were  blended  with were concentrated using a rotary evaporator at 40°C
50  ml  of  the  solvents  (aqueous  ethanol  (1:1),  ethanol under reduced pressure. The concentrated extract was
and  water)  for  8  hrs  with  agitation  at  room placed in pre weigh china dish placed on water bath to
temperature  (17-20°C).  After that, the extracts were evaporate remaining solvent. Finally the extract was dried
filtered through Whatman No. 1 filter paper. Then, the in an oven at 50°C, weighted and stored in refrigerator till
extracts  were  concentrated  using  a  rotary  evaporator their analysis. 
at  40°C  under  reduced pressure. The concentrated
extract in pre weigh china dish, placed on water bath to Chemicals: All the chemicals and solvents were of
evaporate remaining solvent. Finally the extract dried in an analytical grade and purchased from Merck (Germany)
oven at 50°C, weighted and stored in refrigerator till their BHA and 1, 1,-diphenyl-2-picrylhydrazyl (DPPH) were
analysis. purchased from Sigma Chemicals Co. (St. Louis, MO,

Ultrasound Assisted Extraction (UAE) Method: 1 g of
sample was loaded into a 100 ml flask and 50 ml of the Determination  of  Free  Radical  Scavenging  Activity:
solvents (aqueous ethanol (1:1), ethanol and water) were
added. UAE was performed at US power 50 % for 5
minutes and 100 % for 30 minutes at 25-30°C. After that,
the extracts were filtered through Whatman No. 1 filter
paper. Then, the extracts were concentrated using a rotary
evaporator at 40°C under reduced pressure. The
concentrated extract was placed in pre weigh china dish
on water bath to evaporate remaining solvent. Finally the
extract was dried in an oven at 50°C, weighted and stored
in refrigerator till their analysis. 

Microwave Assisted Extraction (MAE) Method: Citrus
peel samples (3 g) were mixed with 60 ml of each solvent
(aqueous ethanol (1:1), ethanol and water). The samples
were given 90 minutes as pre leaching time. A microwave
oven (model) used and each vial was inserted alone to the
microwave oven into a beaker and irradiated for 4 minutes.
The samples were heated at 80-85°C directly for one
minute and irradiation stopped until the sample
temperature dropped to 50°C. The remaining extraction
were performed through heating samples by 3 sec power
on and 20 sec power off in order to avoid boiling of
sample. After each irradiation, the sample is allowed to
cool at room temperature. Before measuring the extracts
yield, the samples were filtered quickly through a
Whatman No. 1 filter paper and concentrated using a
rotary evaporator at 40°C under reduced pressure. The
concentrated extract was placed in pre weigh china dish
on water bath to evaporate remaining solvent. Finally the
extract was dried in an oven at 50°C, weighted and stored
in refrigerator till their analysis [17]. 

temperature (25-28°C). After that, the extracts were filtered

USA).

The antioxidant activity of the samples was monitored
through DPPH assay. DPPH absorbs at 517 nm but it
decreases in the presence of a  scavenger  I.  e.;
antioxidant. This assay is based on the principle that
DPPH  is  reduced  to  DPPH  when  it  gains  a  hydrogen-

2

atom  from  the  antioxidant  molecule,  resulting  in a
color change from purple to yellow [22]. Briefly, 0.004%
(w/v) of DPPH was prepared in 95% methanol. Different
concentrations of extracts and standard ascorbic acid (0.2,
0.4, 0.6 and 0.8 mg) were added to 3 ml of DPPH. The
control was prepared similarly as above containing
methanol instead of extract. Methanol was used for
baseline correction of spectrophotometer. After 30
minutes absorbance was measured at 517 nm. The
decrease in the absorbance of reaction mixture indicates
higher scavenging activity of the sample. The DPPH
scavenging potential of the sample peels was calculated
by the following equation 

% DPPH scavenging effect = [(A  / A ) A ] x 100control sample control

RESULTS AND DISCUSSION

In the present paper, we have evaluated the free
radical scavenger activity of citrus peels extracts in
different solvents such as aqueous ethanol, water and
ethanol. Conventional method (maceration) and some new
methods (ultrasound-assisted extraction, hot plate
extraction and microwave-assisted extraction) have been
developed for the extraction of bioactive compounds from
citrus peels. 
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Table 1: Free radical scavenging activity of citrus peels extract using aqueous ethanol with different techniques 

Maceration Microwave Hot Plate Ultrasound

Sample ------------------- ----------------- ----------------- ----------------------------------------------------------------------------------------

S. No. Concentration % Inhibition % Inhibition % Inhibition % Inhibition (USP=50% / 5 min) % Inhibition USP=100% / 30 min

1 0.2 mg 10.04 9.62 14.56 23.98 24.93

2 0.4 mg 19.66 15.48 32.19 51.10 41.30

3 0.6 mg 31.80 42.68 55.21 70.36 53.41

4 0.8 mg 59.41 59.83 64.70 87.66 66.47

Table 2: Free radical scavenging activity of citrus peels extract using water with different techniques 

Maceration Microwave Hot Plate Ultrasound

Sample ------------------- ----------------- ----------------- ----------------------------------------------------------------------------------------

S. No. Concentration % Inhibition % Inhibition % Inhibition % Inhibition (USP=50% / 5 min) % Inhibition USP=100% / 30 min

1 0.2 mg 17.95 23.80 51.13 29.88 24.93

2 0.4 mg 36.63 26.10 55.11 45.95 41.30

3 0.6 mg 52.01 42.23 57.63 58.73 53.41

4 0.8 mg 65.93 59.92 58.72 68.21 66.47

Table 3: Free radical scavenging activity of citrus peels extract using ethanol with different techniques 

Maceration Microwave Hot Plate Ultrasound

Sample ------------------- ----------------- ----------------- ----------------------------------------------------------------------------------------

S. No. Concentration % Inhibition % Inhibition % Inhibition % Inhibition (USP=50% / 5 min) % Inhibition USP=100% / 30 min

1 0.2 mg 29.43 26.79 19.65 22.81 29.56

2 0.4 mg 49.49 45.17 53.53 35.47 38.17

3 0.6 mg 62.88 62.31 61.65 40.24 44.68

4 0.8 mg 78.26 72.27 79.91 61.46 63.59

Free radical scavenging activity of citrus peels extraction techniques. Similarly, free radical scavenging
extract with aqueous ethanol by different techniques is activity of citrus peels extract in ethanol by different
presented (Table 1). The percent inhibition increased with techniques is presented (Table 3). The maximum inhibition
increasing concentration of sample extracts for all the (63.59 %) was found with 0.8 mg concentration of sample
techniques used. The maximum inhibition (87.66 %) was extract using Ultrasound assisted method (USP=100 % /
found for 0.8 mg concentration of sample extract using 30 min), minimum inhibition (19.65 %) was observed with
Ultrasound assisted method (USP=50 % / 5 min), minimum 0.2 mg concentration of sample extract using Hot plate
inhibition (9.62 %) was observed for 0.2 mg concentration extraction method, while extracts of remaining
of sample extract using Microwave extraction method, concentration showed moderate inhibition for all the
while extracts of remaining concentration showed extraction techniques. Solvent extraction (SE) is used to
moderate inhibition for extraction techniques. obtain certain compounds from different materials such as

Free radical scavenging activity of citrus peels sediments, soil, polymers, bacteria, fungi, algae and
extract  in  water  by  different  techniques  is  shown microalgae and , more commonly, plants [23-24]. Some of
(Table 2). The inhibition percent was increased with the most widely used solvents in the extraction
increasing concentration of sample extracts for all the procedures are hexane, ether, chloroform, acetonitrile,
techniques used. The maximum inhibition (68.21 %) was benzene and ethanol and are commonly used in different
found with 0.8 mg concentration of sample extract using ratios with water [25-26]. 
Ultrasound assisted method (USP=50 % / 5 min), minimum The   free    radical    scavenging   activity of
inhibition (23.80 %) was observed with 0.2 mg standard ascorbic  acid  at  different   concentrations
concentration of sample extract using Microwave (0.01, 0.02, 0.03, 0.04 mg) is presented (Table 4). The
extraction method, while extracts of remaining maximum inhibition (47.78 %) and (47.39 %) were observed
concentration showed moderate inhibition for all the with  0.03 and 0.04 concentration of samples respectively.



Am-Euras. J. Agric. & Environ. Sci., 15 (3): 676-682, 2015

680

Table 4: Free radical scavenging activity of standard ascorbic 

S. No. Sample Concentration % Inhibition

1 0.01 mg 43.48

2 0.02 mg 46.99

3 0.03 mg 47.39

4 0.04 mg 47.78

Table 5: Percent yield of citrus peels extract in different solvents

Aqueous ethanol Water Ethanol

Extraction ---------------------- ---------- ----------

S. No. techniques % Yield % Yield % Yield

1 Maceration 29.28 6.53 23.65

2 Microwave 9.52 22.73 30.21

3 Hot Plate 31.42 14.0 28.23

4a Ultrasound (50%) 36.92 43.20 32.74

4b Ultrasound (100%) 41.38 44.94 40.90

Minimum inhibition (43.48 %) was found with 0.02
concentration, while the moderate inhibition (46.99 %) was
found with 0.02 concentration. Percent yield of citrus
peels extract in different solvents are shown (Table 5). 

In maceration extraction technique, maximum yield
(29.28 %) of extract was obtained in aqueous ethanol.
Minimum yield (6.53 %) of extract was obtained in water
extract, while moderate yield (23.65%) was observed in
ethanol. In case of Microwave extraction technique,
maximum yield (30.21%) of extract was obtained in
ethanol. Minimum yield (9.52 %) of extract was obtained
in   aqueous   ethanol   extract,   while   moderate  yield
(22.73 %) was observed in water. MAE has been suitable
for the recovery of a vast array of NBCs, however, it has
been applied mainly for the recovery of NBCs with
antioxidant capacity such as phenolic compounds and
carotenoids [27-28]. In hot  plate  extraction,  maximum
yield  (31.42  %)  of  extract  was  found in aqueous
ethanol, whereas minimum yield (14.0 %) of extract was
obtained in water, while moderate yield (28.23 %) was
observed in ethanol. Ultrasound-assisted extraction
(UAE) has been proposed as a timid alternative to
conventional SE, providing higher recovery of targeted
compounds with lower solvent consumption and/or faster
analysis and bioactivity properties. Its better extraction
efficiency is related to the phenomenon called acoustic
cavitation [29-30].

In case of Ultrasound assisted extraction (USP=50 %
/ 5 min), maximum yield (43.20 %) was observed in water,
whereas minimum yield (36.92 %) in aqueous ethanol and
moderate yield (32.74 %) was found in ethanol. Similarly
at (USP=100 % / 30 min), higher yield (44.94 %) was found

in water as compared to yield (41.38 %) in aqueous
ethanol and (40.90 %) in ethanol. Nowadays, UAE is
extensively used for the extraction of valuable molecules.
The extraction of antioxidants compounds has been
specially addressed optimizing their recovery based on its
yield and antioxidant capacity by means of experimental
design. These studies have showed that the recovery,
antioxidant capacity and profile are strongly influenced by
extraction variables where extraction time, temperature and
frequency are the most important [31-32].

CONCLUSIONS

This study was conducted to confirm the use of
citrus peels extracts as a source of natural antioxidants.
All the extraction techniques applied, showed free radical
scavenging activities. It is concluded from the study that
ultrasound assisted extraction technique is more effective
as compared to other techniques. 
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