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Abstract

Ramadan, K., Nader, S., & Ibrahim, A. (2018). Evaluation of sequential extraction of some biological materials 
from orange fruits peel (Citrus sinensis). Bulgarian Journal of Agricultural Science, 24(6), 1129–1136

The possibility of sequential extraction and determination of some biological material from orange fruits peel (Valencia 
variety which is obtained from two areas S and G) has been verifi ed. Sequential extraction of essential oil, phenols, fi xed oil, 
pigments, proteins consequently, and the impact of each stage of extraction stages on properties of the extracted materials in 
the other stages has been measured. The chemical composition of Essential oil has been identifi ed by GC-MS. α-Limonene, 
β-Linalool, and β-Myrcene, major compounds are presence in the two regions oil. When sequential extrication was used the 
yield of water extract increased nearly 27% and the total phenolic compound increased higher than 5%, also yield of fi xed 
oil raised by 8-38%, аcid value and pigments of the fi xed oil raised higher than 30%. Finally, the total content of proteins has 
been calculated and increased by 28-19%. Some of the microorganisms were growth in Bushnell Haas Broth when orange 
peel was added as carbon source. The results indicate the ability of getting benefi t from the sequential extraction stages to the 
same sample, using various polar solvents; the absence of impact of extraction stages among them; signifi cant increase in the 
extracted material in quantity and quality, and thus can be benefi t from the biomass, especially if the biomass quantity is low to 
extract a number of active compounds, and many bioactive materials can be produced by bioconversion using microorganisms 
from orange peel, so this stages and methods can be used in industrial and economical fi eld.
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Introduction

Citrus are well known as one of the world’s major fruit, 
that are produced in many tropical or subtropical climate 
countries, Brazil, USA, Japan, China, Mexico, Pakistan, 
countries of the Mediterranean region and South Asia are 
the major citrus producers (Kamal et al., 2011; Rashid et al., 
2013). Orange tree is often cultivated, rarely found in the 
forests, it was planted for the fi rst time in southern China, 
Northeast India and Burma, and it’s in China since 2500 BC 
(Spiegel-Roy and Goldschmidt, 1996; Nicolosi et al., 2000).

Citrus Global production reached 48 million metric ton 
(Foreign Agricultural Service/USDA, 2017), which confi rms 
the importance of this crop. Orange fruits are one of the most 
important food and medical source, due to the presence of 
many materials and chemical elements (USDA Nutrient Da-
tabase, 2014).

It is the most important natural source of vitamin C 
(ascorbic acid), folic acid, vitamin E, and an excellent source 
of fi bers (Matthaus and Özcan, 2012; Rashid et al., 2013). 
Juice production is the main objective of citrus industry, 
which leads to accumulation of abundant amount of waste, 
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which includes peels, seeds and pulp. Many studies show the 
importance of these residues, especially in the food indus-
try, medical, cosmetic, and biodiesel production (Schulz et 
al., 2002; Silalahi, 2002; Saïdani et al., 2004; Rashid et al., 
2013); that’s for high content of many bioactive compounds 
such as essential oil and phenols, especially against bacteria, 
fungi, Leishmania and Trypanosoma (Graebin et al., 2010; 
Milind and Dev, 2012), and anti-oxidant materials (Anag-
nostopoulou et al., 2006; Li et al., 2006). Orange fruits are a 
natural integrated carotenoids source (Giuffrida et al., 2010). 
Orange peel contain fi xed oil, which has been characterized 
with its fatty acids content (Islam et al., 2012; Khan et al., 
2013), and it does not contain a high proteins content within 
limits 1% (USDA Nutrient Database, 2014).

The ability of C. reticulata fruits residue to absorb heavy 
metals such as chromium has been studied (Shafqat et al., 
2008). In addition, the waste can be used as a source to pro-
duce animal fodder, bio-ethanol, citric acid, and many en-
zymes by peel bioconversion (Mamma and Christakopoulos, 
2008). 

The importance of this study is to fi nd a method to extract 
the maximum amount of biomaterials from the same biomass 
– especially the orange peel considered as industrial residues 
or agriculture waste – by different extraction stages and using 
of solvents with different polarity, then studying of those ma-
terials characteristics, to estimate the effect of each extraction 
stages on other stages. The aim of this study is to extract from 
the same biomass essential oil, phenols by water and deter-
mination of the total phenolic compound, fi xed oil extraction 
and determination of acid value and pigments presented in it, 
fi nally calculate the total content of proteins and using peels 
as a carbon source for the growth of some microorganisms. 

Materials and Methods

Fruits of Citrus sinensis “Valencia” had been collected 
from two areas {Al-ssisanyah (S): (34º46′46″N 36º8′31″E), 
Al-jma’ashyah (G): (34º56′48″N 35º59′51″E)} in Tartous 
countryside (Syria), which are different in environmental 
factors due to the different topographic site. Collecting sam-
ples from two areas wasn’t for studying the effect of environ-
mental factors on extracted materials, that is just to confi rm 
the result from two areas instead of one area. The study has 
been carried out on the fi rst and second layer of the fruit 
(Flavedo: the orange layer and Albedo: spongy white layer), 
without pulp, dried and moist peel. When moist peel was 
used, it was cut to small pieces 1-2 cm2 then used in extrac-
tion stages. When dried peel was used, it was dried in Hot 
Air Incubator (JSGI-250DT–JSR) at 50°C for 3 days, then 
used in extraction stages.

Extraction stages
1 – Essential oil extraction
1-1 Essential oil was extracted from moist peel of each 

area by steam distillation using Clevenger apparatus, 200 g 
of moist peel and 400 ml of water for two hours (Clevenger, 
1928). Essential oil has been preserved at 6ºC, while water 
extraction has been preserved – after treatment described in 
Stage (2-1) – at 6ºC, until use it to determine the total pheno-
lic content; it was expected that part of the phenols extracted 
during this stage; because they are well soluble in water. 
Some of pigments extracted in this stage and separated by 
centrifuging, then collected from the upper layer of the su-
pernatant, and they were determined by Spectrophotometer 
(Spitzen) (Wellburn, 1994).

1-2 Essential oil was analyzed by Gas Chromatography 
(Agilent Technologies 7890A), 1 μg of Essential oil and n-Hex-
ane (1:9 v/v) was injected, thermal program: 50°C to 250°C, at 
rate of 10°C/min, processing time 30 min, carrier gas (helium) 
at a fl ow rate 1 ml/min, pressure 7.6522 psi, column (HP-5MS 
5% Phenyl Methyl Silox: 1785.43335 / C: 30 m × 250 μm × 
0.25 μm 325), and Mass Spectrometry (Agilent Technologies 
5975C – Ei), compounds were identifi ed using mass spectrum 
and matching with mass spectral library (NIST).

2 – Phenols extraction and quantity determination
2-1 Phenols was extracted by water through the essential 

oil extraction stage, supernatant was obtained after sample 
centrifuging at 5000 rpm for 10 min by centrifuge (BOECO-
Type 1610-13), then water was evaporated by Rotary Evapo-
rator (RV 10 digital IKA), the crude extract was placed at 
6ºC until the measurement.

2-2 Phenols was extracted by maceration from dried peel 
which resulted from the essential oil extraction stage, it was 
divided in two samples: (A) ungrinded, (B) grinded, pure 
water (8:1) has been used at room temperature for 24 hours 
(Rehman, 2006). Supernatant was obtained after sample cen-
trifuging, the water has been evaporated by rotary evapo-
rator, then placed at 6°C until the measurement. This stage 
aims to see if there is a need to extract phenols after they 
have been extracted during the essential oil extraction stage 
(2-1), and the effect of grinding peel process (samples A and 
B) in the yield and the total phenolic content.

2-3 Phenols were extracted from moist peel without 
grinding and without essential oil extraction, as fi rst positive 
control, extraction method was the same in (2-2) stage.

2-4 Phenols were extracted from dried grinded peel and 
without essential oil extraction, as second positive control, 
extraction method was the same in (2-2) stage.

2-5 Folin–Ciocalteu method was used to determine to-
tal phenolic compounds by a linear standard curve of Gallic 
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acid solution and results were estimated by equivalents of 1 
g of gallic acid to dried water extraction (Shaghaghi et al., 
2008; Al Hafez et al., 2014). All total phenoilc compounds 
determination were performed in duplicate and results are 
presented as mean ± standard deviation.

3 – Fixed oil extraction
Fixed oil was extracted from dried-grinded peel (which 

resulted from (2-2-B) stage after essential oil and phenolic 
compound maceration extraction), Soxhlet Extractor with n-
Hexane was used for 6 hours (Agarry et al., 2013), and for 
positive control dried-grinded peel (without essential oil and 
phenolic compound extraction) was used. Fixed oil was sep-
arated from the solvent using rotary evaporator, and placed 
at 6ºC until the measurement.

3-1 Fatty acid determination of Fixed oil according to 
(Hasuntree et al., 2011) by NaOH solution, and free fatty 
acid from formula (FFA% = AV × 0.502).

3-2 In this stage some of pigments were also extracted, 
and they were determined in fi xed oil by Spectrophotometer 
(Wellburn, 1994).

Fatty Acid and pigment experiments were performed in 
triplicate and results are presented mean ± standard deviation.

3-3 Pigments were isolated by activated carbon, which 

activated by drying at 150°C for 24 hours, to confi rm there is 
no water in carbon particles (Ferreira-Dias et al., 2000). 10 
ml of n-Hexane and 1 g of activated carbon were added to 1 g 
of oil with rotating for 4 hours at 20°C (Ribeiro et al., 2001). 
The mixture was fi ltered using 0.2 μm fi ltering paper with 
Büchner funnel to isolate the carbon which contains pig-
ments. n-Hexane was evaporated by rotary evaporator, then 
the residual pigments concentrations in oil was determined 
using Spectrophotometer (Wellburn, 1994).

4 – Extraction of total proteins and quantity determina-
tion

Total proteins were extracted from peels which resulted 
from (1, 2-2-B, 3) stage – after essential oil, phenolic com-
pound, fi xed oil and pigments extraction – by alkali method 
using KOH solution (Scopes, 1994), and were extracted 
from dried and moist peels as two positive control. 

Total proteins content was determined using a linear 
standard curve of Casein solution by Coomassie blue detec-
tor (Bradford, 1976). This stage performed in duplicate and 
results are presented as mean ± standard deviation.

5 – Bioconversion of peel as source of carbon by mi-
croorganisms

Fig. 1. The general outline of the extraction stages
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Peels which resulted from (1, 2-2-B, 3) stage was added 
to the medium Bushnell Haas Broth by 1%, and 1% glucose 
as a positive control. Bacillus subtilis, Aspergillus fl avus, 
and Saccharomyces cerevisiae, were used in this stage. The 
samples were incubated for 72 hours, at 26ºC for fungi and 
yeast, and 37ºC for bacteria (Ajao et al., 2011). Fig.1 shows 
the general outline of the stages of samples processing, and 
the experiments, which were performed at each stage.

6 – Statistical analysis 
SPSS V20 software was used to calculate the signifi cant 

differences (sig < 0.05) between mean values, One-way 
ANOVA procedure was used to perform the analysis of vari-
ance between sequential extraction and positive control in 
all stages.

Results and Discussion

1-1 Moist peel was used to increase the yield of active 
compounds especially D-Limonene (Kamal et al., 2011). 
Water is one of the most used solvents, and it is used instead 
of organic solvents which are used in essential oil extraction 
such as ethanol or methanol and to avoid fi xed oils extrac-
tion, especially polar compound (mono and diglycerides), 
and it was used to increase stage economy.  Extraction time 
is 2 to 6 hours referentially, and in this work two hours to 

avoid phenols heating, with considering that the presence of 
heating in phenols extraction increases its quantity, which in-
creases the anti-oxidant activity (Li et al., 2006). In addition, 
there is no obvious increase in essential oil yield beyond two 
hour of extraction. The essential oil was extracted fi rstly, be-
cause it maybe evaporated in the next stages.

Table 1 shows that moist peel composed 40% of fruit 
weight, this percentage didn’t reach referential percentage 
(50%) because the third layer of fruit (pulp) wasn’t used. 
There is no signifi cant difference in peel moisture for the 
two areas. Regarding the difference in essential oil yield be-
tween the two areas peels, due to the different environmental 
factors in the cultivation samples areas, and the result was 
in accordance with Siddiqi (2005), who indicated 0.2-0.5%. 
There is no signifi cant difference in volumetric mass in the 
two samples, the result was in accordance with Njoku and 
Evbuomwan (2014), who indicated 0.84 g/ml.

1-2 There is a slight difference between the percentages 
of the essential oil components for the two areas samples, 
on the other hand Table 2 shows the difference between es-
sential oil components and referential oils, that maybe due 
to the difference in varieties and environmental factors of 
cultivation areas. 

Table 3 shows that pigments which was extracted in es-
sential oil extraction stage weren’t extracted by water, and 
was extracted by essential oil due to its ability to dissolve in 
non-polar compounds like essential oil, then it wasn’t evapo-
rated with essential oil, so pigments remained in water. 

2 – Phenols were extracted in this stage (before the fi xed 
oil extraction) to avoid heating of the fi xed oil extraction by 
n-Hexane within a relative long period of time.

Table 1. Orange peel properties
G S 

42.8636.75Peel percentage %
78.8176.86Moisture %
0.510.42Essential oil yield %

0.8406 ±0.00050.8406 ±0.0026Volumetric mass of essential 
oil g/ml

Table 2. Major components in essential oil of two samples and some of referential studies
Referential studiesPresent study

%
5432 1 GS

86.18–96.8096.6280.984.288.483.2381.99α-Limonene
0.31–2.56–1.524.43.493.792.76β-Linalool
0.93–2.051.724.194.10.252.402.89β-Myrcene
0.09–0.68––––1.591.69Octanal

0-0.31––––1.441.941-Terpinen-4-ol
0-0.25––0.81.010.991.08α-Terpineol

0.28–0.550.471.650.90.360.550.681R-α-Pinene
–0.31–0.5–0.530.46α-Citral

0.13–0.93–0.37––0.320.52Sabinene
0-0.31–1.20––0.290.21Valencene

1: (Lin et al., 2010); 2: (Sharma and Tripathi, 2008); 3: (Kamal et al., 2011); 4: (Velázquez-Nuñez et al., 2013); 5: (Dugo and Mondello, 2011); (–): it’s not 
existing or not determined
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Stage (2-3) was a positive control to determine the phe-
nols content without any treatment. Drying and grinded was 
applied on another peel in stage (2-4) the second positive 
control.

Table 4 shows that, it’s necessary to complete the ex-
traction by maceration in stage (2-2) after the extraction of 
phenols in Essential oil extraction stage (2-1). About half of 
the yield resulted from stage (2-2), and the fi rst half resulted 
from stage (2-1); due to the presence of heating and short 
time compared with the stage (2-2) where no heating was 
applied, but the extraction time was long. Stage (2-2) shows 
that, peels should be dried and grinded that increase yield 
ratio slightly. 

Comparison between the two positive control, moist peel 
(2-3) give lower yields; but if its biomass was increased to 
reach – without moisture – biomass of dried peel (2-4), the 
yield in (2-3) would be higher than (2-4); because drying 
process (with heating and time) degrade some of phenols, 
and in dried peel all the components (membranes and or-
ganelles) in the cell adhere together in the absence of wa-
ter; that makes the extraction more diffi cult (Li et al., 2006), 
conversely presence of water in moist peel facilitate phenols 
extraction; so if the yield was calculated in (2-3) by weight 
of dried peel, it would be (42.38% in S) and (43.02% in G).

Regarding total phenolic content in 1 g of dried water 
extract, there was no obvious difference in (2-2) and (2-4), 
but the slight increase in (2-1) and (2-3) maybe due to ex-
tract carbohydrate and organic acids in moist peel more than 
dried peel, which is titrated with phenols by Folin detector. 
So water in moist peel facilitate extraction of carbohydrate 
and organic acid addition to phenolic compound (Kim and 
Lee, 2002).

Grinding process in stage (2-2-B) also raises the total 
phenoilc content relatively, and there is a direct relation be-
tween phenols content and anti-oxidant activity (Liu et al., 
2002). So, the yield of water extraction for the orange peel 
increased signifi cantly nearly 27% and the total phenolic 
compound increased signifi cantly higher than 5% for two 
samples when sequential extraction was used.

It’s better not to use the water left out from stage (2-1) in 
stage (2-2), and use pure water to raise extraction effi ciency; 
due to the possibility of decreasing the extraction effi ciency 
if water that contains part of phenols – through the essential 
oil extraction stage (2-1) – was used.

3 – Extraction stages (essential oil and phenols) in-
creased fi xed oil yield in treated peel which was passed in 
stages (1, and 2-2-B: Essential oil and phenols extraction), in 
comparison with a positive control (untreated; wasn’t passed 
in stages 1, and 2-2-B) (Table 5). Acid value was determined 
and shown in Table 5, because it is one of the most important 
indicators of oil disintegration (rancidity). 

The increasing in yield of the treated sample may due to 
the absence of some extracted compounds (essential oil, phe-
nols) after stages (1, 2-2-B), or by increasing the extraction ef-
fi ciency resulted from changes in the cell wall structure, which 
facilitated the fi xed oil dissolution in the solvent (n-Hexane). 

Table 6 shows the effect of extraction stages (1, 2-2-B) in 
acid value and free fatty acid of fi xed oil.

Table 3. Pigments concentration in orange peel water 
extract (μg/100 g dried peel)

GSPigments 
13.26 ±0.8718.32 ±1.40Chlorophyll A
23.44 ±0.5914.53 ±1.51Chlorophyll B
496.41 ±43580.15 ±62Carotenoid

Table 4. Yield and total phenol content in orange peels for two samples
Total phenol content mg/g 

dried extract
Extraction yield %Phenolic extract

GSGS
47.45 ±0.0445.60 ±0.222.1620.15Water was used in essential oil extraction
43.86 ±0.541.68 ±0.620.0718.56A-UngrindedPeel was used in essential oil extraction and 

phenols was extracted again
41.86 ±2.0840.26 ±0.424.1922.03B- Grinded
47.26 ±0.549.18 ±0.57.437.93- Moist peel without grinded
37.38 ±0.0938.19 ±0.12833.45Dried peel with grinded

Table 5. Fixed oil yield in orange dried peel (%)
G S 

1.2331.075Untreated
1.3421.49Treated

Table 6. Acid value and free fatty acid of fi xed oil orange peel
GS

FFA%AVFFA%AV
13.2726.449 ± 0.8711.7423.4 ±0.86Untreated
17.3934.66 ±0.9713.9927.87 ±0.78Treated
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The relative increasing in the free fatty acid proportion 
in the treated peel is due to oil exposure to high tempera-
ture during the fi rst stage – essential oil extraction – which 
caused an increase in the proportion of glycerides oxidation 
(Gupta, 2005).

Table 7 shows the concentration of pigments in fi xed 
oil for two treated samples which was passed in stages (1, 
and 2-2-B), and compared with untreated sample (dried peel 
wasn’t passed in 1 and 2-2-B stages). The rising in Chloro-
phyll A + B concentration in the two treated samples maybe 
was caused by changes in the cell wall, that allowed the sol-
vent to extract more pigments amount. In addition, the yield 
of fi xed oil extraction was raised in treated samples (Table 
4), while the reduction in carotenoids concentration is due 
to its low content in these peel, because a part of carotenoids 
was extracted in essential oil extraction stage (Table 3).

So when sequential extraction was used, fi xed oil extrac-
tion from orange peel increased signifi cantly 38% for S and 
8% for G, and the acid value increased 17% for S and 30% 
for G, also Chlorophyll A and B raised higher than 41% for 
two samples, and carotenoids decreased nearly 30–42% for 
two samples. 

Pigments which extracted from orange peels with fi xed 
oil were isolated by activated carbon. Table 8 shows that, 
there is obvious decrease in pigments concentrations espe-
cially carotenoid. Pigments have important characteristics in 
the food industry as colorants, dairy products, confection-
ery margarine and in medicine due to possessing several 
important functional properties, mainly antioxidant activity, 

as well as prevention of cardiovascular diseases, cancer and 
macular degeneration, and in some cases, provitamin A ac-
tivity (Giuffrida et al., 2010; El-Sharnouby et al., 2013). 

Pigments could be isolated from activated carbon by 
desorption process using displacement method by water or 
methanol which have higher polarity with presence of heat-
ing (Chern and Wu, 2001).

4 – Proteins were extracted at this stage (after 1, 2-2-B, 
3: Essential oil, phenols, fi xed oil and pigments extraction) 
to ensure proteins presence by determination of total proteins 
content in these peels. Table 9 shows the total content of pro-
teins in the orange peel of the two areas, in addition to the 
two positive controls.

The increasing in yield of the treated samples maybe due 
to the absence of some extracted compound (essential oil, 
phenols, fi xed oil, pigments) after stages (1, 2-2-B, 3), that 
facilitated proteins extraction. Comparison between protein 
percentage in moist and dried peels, protein content reduced 
in moist peel due to the low biomass, while in the case of 
calculating proteins proportion in moist peel according to its 
dried weight, the extraction yield rises in moist peel of two 
samples, and it was 14.63 mg/g in (S), and 20.67 mg/g in 
(G), so water in moist peel facilitates proteins extraction. To-
tal proteins content also increased signifi cantly 19-28% for 
two samples when sequential extraction was used. 

5 – Bushnell Haas Broth is recommended for the ex-
amination the ability of organisms to use the source of 
carbon which added to a medium. Due to the low proteins 
content in orange peels, it’s preferred to use this sample 
(peel after 1, 2-2-B, 3 stages) as a source of sugars rather 
than using it as a source of proteins. Table 10 shows that, 
Growing fungi and bacteria in this medium, and that is an 
evidence to produce bioactive materials such as Protease 
by Bacillus subtilis, bio-ethanol by Saccharomyces cere-
visiae and citric acid by Aspergillus fl avus (Mamma and 
Christakopoulos, 2008).

Table 7. Pigments concentration in orange peel fi xed oil 
(μg/100 g peels)

GSPigments 
29.26 ±0.3348.32 ±1.10UntreatedChlorophyll A
86.86 ±1.9468.04 ±2.09Treated
55.34 ±0.6638.53 ±1.51UntreatedChlorophyll B

200.46 ±3.41105.83 ±3.1Treated
1026.59 ±96.10903.15 ±121.3UntreatedCarotenoids
437.22 ±13.47277.31 ±37.17Treated

Table 8. Pigments concentration in orange peel fi xed oil 
before and after adsorption (μg/100 g peels)

GSPigments 
29.26 ±0.3348.32 ±1.10Before

Chlorophyll A
8.8 ±0.7511.16 ±0.49After

55.34 ±0.6638.53 ±1.51Before
Chlorophyll B

18.4 ±0.88.3 ±0.37After
1026.59 ±96.10903.15 ±121.3Before

Carotenoids
356.68 ±57.4204.67 ±55.9After

Table 9. Total proteins content in orange peels (mg/g)
GS

3.83 ±0.073.88 ±0.13Moist Peel
8.31 ±0.077.81 ±1.68Dried Peel
9.95 ±1.010.58 ±0.38Treated

Table 10. Growth of microorganisms by orange peel as 
carbon source

GlucoseGS
++++Bacillus subtilis
++++Aspergillus fl avus
++++Saccharomyces cerevisiae
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Regarding fruit pulp, it can be used as a source for bev-
erage clouding agents or used in animal feeding  in animal 
feeding (Sreenath et al., 1995).

Conclusion

The results indicate the ability of getting benefi t from the 
sequential extraction stages to the same sample – from orange 
peel which consider as agriculture waste – by using various 
polar solvents; the absence of negative impact of extraction 
stages among them, with relative increase  in the extracted 
material in quantity and quality, and thus can be benefi t from 
the biomass, especially if the biomass quantity is low to ex-
tract a number of active compounds. Many bioactive materi-
als can be produced by bioconversion using microorganisms 
from orange peel after sequential extraction, so this stages and 
methods can be used in industrial and economical fi eld. 

References

Agarry, S. E., Aremu, M. O., Ajani, A. O., & Aworanti, O. A. 
(2013). Alkali-catalysed production of biodiesel fuel from Ni-
gerian Citrus seeds oil. International Journal of Engineering 
Science and Technology, 5(9), 1682–1687.

Ajao, A. T., Oluwajobi, A. O., & Olatayo, V. S. (2011). Biore-
mediation of soil microcosms from auto-mechanic workshops. 
Journal of Applied Sciences and Environmental Management, 
15(3), 473-477.

Al Hafez, M., Kheder, F., & Al Joubbeh, M. (2014). Polyphenols, 
fl avonoids and (-)-epigallocatechin gallate in tea leaves and in 
their infusions under various conditions. Nutrition & Food Sci-
ence, 44(5), 455-463.

Anagnostopoulou, M. A., Kefalas, P., Papageorgiou, V. P., As-
simopoulou, A. N., & Boskou, D. (2006). Radical scavenging 
activity of various extracts and fractions of sweet orange peel 
(Citrus sinensis). Food Chemistry, 94(1), 19-25.

Bradford, M. M. (1976). A rapid and sensitive method for the 
quantitation of microgram quantities of protein utilizing the 
principle of protein-dye binding. Analytical Biochemistry, 
72(1-2), 248-254.

Chern, J. M., & Wu, C. Y. (2001). Desorption of dye from ac-
tivated carbon beds: effects of temperature, pH, and alcohol. 
Water Research, 35(17), 4159-4165.

Clevenger, J. F. (1928). Apparatus for the determination of vola-
tile oil. Journal of the American Pharmaceutical Association, 
17(4), 345-349.

Dugo, G., & Mondello, L. (Eds.) (2010). Citrus oils: composition, 
advanced analytical techniques, contaminants, and biological 
activity. CRC press.

El-Sharnouby, G. A., Aleid, S. M., & Al-Otaibi, M. M. (2013). 
Conversion of processed citrus wastes into nutritional compo-
nents. Journal of Food Processing and Technology, 4(8).

Ferreira-Dias, S., Ribeiro, M. H. L., & Lourenço, P. A. S. (2000). 
Modelling adsorption of impurities from a vegetable oil in or-

ganic solution: the use of blends of activated carbon and earths. 
Bioprocess Engineering, 22(5), 407-412.

Foreign Agricultural Service/USDA – Offi ce of Global Analysis, 
Citrus: World Markets and Trade. https://apps.fas.usda.gov/ps-
donline/circulars/citrus.pdf /Accessed 14 Jan. 2017/.

Giuffrida, D., Dugo, P., Salvo, A., Saitta, M., & Dugo, G. (2010). 
Free carotenoid and carotenoid ester composition in native or-
ange juices of different varieties. Fruits, 65(5), 277-284.

Graebin, C. S., Madeira, M. D. F., Yokoyama-Yasunaka, J. 
K., Miguel, D. C., Uliana, S. R., Benitez, D., Cerecetto, H., 
Gonzalez, M., Da Rosa, R. G. & Eifl er-Lima, V. L. (2010). 
Synthesis and in vitro activity of limonene derivatives against 
Leishmania and Trypanosoma. European Journal of Medicinal 
Chemistry, 45(4), 1524-1528.

Gupta, M. K. (2005). Frying oils. Bailey’s industrial oil and fat 
products, Sixth Edition, Six Volume Set. Edited by Fereidoon 
Shahidi. Copyright John Wiley & Sons, Inc. 

Hasuntree, P., Toomthong, V., Yoschoch, S., & Thawornchaisit, 
U. (2011). The potential of restaurant trap grease as biodiesel 
feedstock. Songklanakarin Journal of Science & Technology, 
33(5), 525-530.

Islam, M. R., Muslim, T., & Rahman, M. A. (2012). Investigation 
on orange peel: derivatization of isolated cellulosic material 
and analysis of the fatty acids composition. Dhaka University 
Journal of Science, 60(1), 77-78.

Kamal, G. M., Anwar, F., Hussain, A. I., Sarri, N., & Ashraf, M. 
Y. (2011). Yield and chemical composition of Citrus essential 
oils as affected by drying pretreatment of peels. International 
Food Research Journal, 18(4), 1275–1282.

Khan, F. A., Abdeltawab, A. A., Al-Deyab, S. S., Ali, J., Ullah, 
R., & Nasimullah, M. (2013). Comparative evaluation of 
physiochemical and GC-MS analysis of sour oranges and sweet 
oranges peels oil. Life Science Journal, 10(10s), 205-209.

Kim, D., & Lee, C. Y. (2002). In: Current protocols in food analyti-
cal chemistry, I.0.1-I.0.2. John Wiley & Sons Inc., New York.

Li, B. B., Smith, B., & Hossain, M. M. (2006). Extraction of phe-
nolics from citrus peels: II. Enzyme-assisted extraction method. 
Separation and Purifi cation Technology, 48(2), 182-188.

Lin, C. M., Sheu, S. R., Hsu, S. C., & Tsai, Y. H. (2010). Deter-
mination of bactericidal effi cacy of essential oil extracted from 
orange peel on the food contact surfaces. Food Control, 21(12), 
1710-1715.

Liu, M., Li., X. Q, Weber, C., & Liu, R. H. (2002). Antioxidant 
and antiproliferative activities of raspberries. Journal of Agri-
cultural and Food Chemistry., 50, 2926-2930.

Mamma, D., & Christakopoulos, P. (2008). Citrus peels: an ex-
cellent raw material for the bioconversion into value-added 
products. Tree and Forestry Science and Biotechnology, 2, 83-
97.

Matthaus, B., & Özcan, M. M. (2012). Chemical evaluation of 
citrus seeds, an agro-industrial waste, as a new potential source 
of vegetable oils. Grasas y Aceites, 63(3), 313-320.

Milind, P., & Dev, C. (2012). Orange: range of benefi ts. Int Res J 
Pharm, 3(7), 59-63.

Nicolosi, E., Deng, Z. N., Gentile, A., La Malfa, S., Continella, 
G., & Tribulato, E. (2000). Citrus phylogeny and genetic ori-
gin of important species as investigated by molecular markers. 



1136 Khaled Ramadan, Souhail Nader, Amina Ibrahim

Theoretical and Applied Genetics, 100(8), 1155-1166.
Njoku, V. I., & Evbuomwan, B. O. (2014). Analysis and Compar-

ative Study of Essential Oil Extracted from Nigerian Orange, 
Lemon and Lime Peels. Greener Journal of Chemical Science 
and Technology, 1(1), 6-14.

Rashid, U., Ibrahim, M., Yasin, S., Yunus, R., Taufi q-Yap, Y. H., 
& Knothe, G. (2013). Biodiesel from Citrus reticulate (manda-
rin orange) seed oil, a potential non-food feedstock. Industrial 
Crops and Products, 45, 355-359.

Rehman, H. ur (2006). Citrus peel extract: A natural source of an-
tioxidant. Food Chemistry, 99(3), 450-454.

Ribeiro, M., Lourenço, P., Monteiro, J., & Ferreira-Dias, S. 
(2001). Kinetics of selective adsorption of impurities from a 
crude vegetable oil in hexane to activated earths and carbons. 
European Food Research and Technology, 213(2), 132-138.

Saidani, M., Dhifi , W., & Marzouk, B. (2004). Lipid evaluation 
of some Tunisian citrus seeds. Journal of Food Lipids, 11(3), 
242-250.

Schulz, H., Schrader, B., Quilitzsch, R., & Steuer, B. (2002). 
Quantitative analysis of various citrus oils by ATR/FT-IR and 
NIR-FT Raman spectroscopy. Applied spectroscopy, 56(1), 
117-124.

Scopes, R. K. (1994). Protein purifi cation, Text in chemistry 
Springer-vertag, New York.

Shafqat, F., Hanif, M. A., Bhatti, H. N., & Zubair, A. (2008). Ki-
netic and equilibrium modeling for Cr(III) and Cr(VI) removal 
from aqueous solutions by Citrus reticulate waste biomass. Wa-
ter Air and Soil Pollution., 191, 305-318.

Shaghaghi, M., Manzoori, J. L., & Jouyban, A. (2008). Determi-
nation of total phenols in tea infusions, tomato and apple juice 

by terbium sensitized fl uorescence method as an alternative 
approach to the Folin-Ciocalteu spectrophotometric method. 
Food Chemistry, 108(2), 695-701.

Sharma, N., & Tripathi, A. (2008). Effects of Citrus sinensis (L.) 
Osbeck epicarp essential oil on growth and morphogenesis of 
Aspergillus niger (L.) Van Tieghem. Microbiological Research, 
163(3), 337-344.

Siddiqi, N. A. (2005). Debittering of sweet orange by resin. M. 
Tech. Thesis, College of Food Technology, Marathwada Krishi 
Vidyapeeth, Parbhani, M.S.

Silalahi, J. (2002). Anticancer and health protective properties of 
citrus fruit components. Asia Pacifi c Journal of Clinical Nutri-
tion, 11(1), 79-84.

Spiegel-Roy, P., & Goldschmidt, E. E. (1996). Biology of citrus. 
Cambridge University Press, Cambridge.

Sreenath, H. K., Crandall, P. G., & Baker, R. A. (1995). Utili-
zation of citrus by-products and wastes as beverage clouding 
agents. Journal of Fermentation and Bioengineering, 80(2), 
190-194.

USDA Nutrient Database (2014). United States Department of 
Agriculture, National Nutrient Database for Standard Refer-
ence Release 26, Fruits and Fruit Juices.

Velázquez-Nuñez, M. J., Avila-Sosa, R., Palou, E., & López-Ma-
lo, A. (2013). Antifungal activity of orange (Citrus sinensis var. 
Valencia) peel essential oil applied by direct addition or vapor 
contact. Food Control, 31(1), 1-4.

Wellburn, A. R. (1994). The spectral determination of chlorophylls 
a and b, as well as total carotenoids, using various solvents with 
spectrophotometers of different resolution. Journal of Plant 
Physiology, 144(3), 307-313. 

Received: January 22; Accepted: March 9; Published: December 31



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


