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ABSTRACT: citrus peels as orange, mandarin and lemon peels are the most important
aspect of this study. Citrus peels are good source of dietary fiber, elements and bioactive
compounds. Studies on the effect of drying methods (sun and oven drying at 50°C) on the
chemical composition and bioactive compounds of dried citrus peels were conducted. The
results showed that oven drying method at 50° C indicated higher levels of crude protein, total
dietary fiber, elements (K, Ca, Na, Mg, P, Zn and Fe) and bioactive compounds (total phenolic
content, ascorbic acid and flavonoids) than sun-drying of citrus peel samples. On the other hand,
this study also evaluated the effects of supplementation of wheat cake with orange and
mandarin peels powder at 5%, 10%, 15% and 20% levels (The ratio between orange and
mandarin peels was 1:1 by weight). The prepared cakes were analyzed for physicoichemical
composition and evaluated for sensory properties. The results indicated that cakes prepared
with 10% of orange and mandarin (1:1 by weight) peels powder were higher in elements value
and were highly scored (significantly (p < 0.05))by panelists as compared to control and other
samples. It was concluded that, citrus peels are rich in fiber and bioactive compounds and are
recommended to be used as food additives to gain nutritional and healthy benefit.
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INTRODUCTION

Citrus is a universal term for plants belonging to family Rutaceae, which
considered as the most important fruit around the world (Wang et al., 2014).
This family has rich phytochemicals sources of many bioactive compounds
which are responsible for antioxidant and many other biological activities
(Proteggente et al., 2003, Anagnostopoulou et al., 2006, Guimaraes et al., 2009
and Rafiq et al., 2016).

Citrus fruits are highly consumed worldwide as fresh produce, juice, and
most often the peel is discarded as waste which contains a wide variety of
secondary components with substantial antioxidant activity in comparison with
other parts of the fruits (Manthey and Grohmann, 2001, Rana and Blazque,
2012 and Genovese et al., 2014).

Citrus peels are generated as the primary citrus by products represent
about 30-50 % of fruit weight during processing. These by products discarded
and considered as a huge load to the environment (Wang et al., 2008 and
2014). These by products can be used as ingredients and food additives in
food industry for their cheap valuable component (Galanakis, 2012).

In Egypt and many Mediterranean countries, a major quantity of the citrus
peels do not use in proper applications. Some efforts were made to use these
residues as livestock feed (Farhat et al., 2011).

Natural products present in citrus peels e.g. dietary fibers, flavonoids,
carotenoids, folic acid, vitamin C, pectin and essential oils present are very
useful for food industry and human health. Also, citrus peels are good source of
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phenolic compounds can be extracted and employed as natural antioxidants to
prevent oxidation of some foods or may be utilized in designing functional foods
(Zaker et al., 2017).

Dietary fiber consists of cellulose, hemicellulose, lignin, pectin,
glucans and gums (Figuerola et al., 2005). It could be classified into two major
groups: water soluble polymers (SDF), such as pectin and gum, and water
insoluble materials (IDF), in which cellulose, hemicellulose and lignin are
included (Vergara-Valencia et al., 2007). Dietary fibers show beneficial
physiological effects on human health. It has been reported that high dietary
fiber consumption is associated with the prevention and treatment of obesity,
diabetes, colorectal cancer, atherosclerosis and coronary heart diseases
(Borchani et al., 2011). It is well known that the functional properties of dietary
fibers have the greatest effect on their functions in foods (El-Refai et al., 2006).
The functional properties of plant fiber depend on the IDF/SDF ratio, particle
size, extraction condition, structure of the plant polysaccharides and vegetable
source. Dietary fiber inserted into bakery products provides benefits on the
health of the heart, gastrointestinal pain, reduce the risk of various cancers.
Also, dietary fiber have the role of ensuring a good intestinal transit, preventing
constipation, reducing fat absorption from the digestive tract, as well as
favouring the absorption of toxins (Gallagher and Schneeman, 2001 and Lupton,
2004) .

Drying has become a widely used way of food processing, allowing the
extension of the shelf-life of fruits and by-products. However, processing may
cause irreversible modifications to the cell wall polysaccharides, affecting their
original structure (Femenia et al., 2009). Therefore, the final quality of the dried
by-products can be determined by structural and compositional modifications
which might occur during the drying processes (Garau et al, 2007 and
Manjarres-Pinzon et al., 2013).

The effects of the drying temperature on the quality of dried citrus peels,
which are value-added food ingredients, were studied (Chen et al., 2011, Kamal
et al., 2011, Al-dJuhaimi, 2014, Marey and Shoughy, 2016, Abou Arab et al.,
2016 and 2017).

Most of the conventional thermal treatments such as, hot-air drying,
vacuum drying and sun-drying are used for food preservation primarily intended
to inactivate enzymes, deteriorative microorganisms and reduce water activity.
However, high temperatures and long drying periods usually reduce the quality
of the final product. It has been reported that many reactions can affect color
and minerals during processing of fruits and their derivatives (Bejar et al., 2011).

The citrus peels can serve as source of valuable minerals required for
normal functioning as the body system. Iron (Fe) is necessary for the formation
of hemoglobin and also plays an important role in oxygen and electron transfer
in human body (Mahapatra et al.,, 2012) and normal functioning of the central
nervous system and in the oxidation of carbohydrates, proteins and fats. The
observation of anemia in Fe deficiency may probably be related to its role in
facilitating iron absorption and in the incorporation of iron into hemoglobin.
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Sodium (Na) plays an important role in the transport of metabolites. High
sodium intake has been proved to increase high blood pressure (Paul and
Shaha, 2004). The ratio of Na /K in any food is an important factor of prevention
of hypertension arteriosclerosis, with K depresses and Na enhances blood
pressure.

Phosphorus (P) is an essential mineral for all animals too. Deficiency in
phosphorus is the most widespread of all the mineral deficiencies effecting
livestock. Phosphorus must be balanced with the animal diet of adequate Ca
and vitamin D for growth, reproduction, gestation, and lactation (Mahapatra et
al., 2012).

The positive impact on zinc (Zn) supplementation on the growth of some
stunted children, and on the prevalence of selected childhood diseases such as
diarrhea, suggests that zinc deficiency is likely to be a significant public health
problem, especially in developing countries (Osendarp et al., 2003).

Baking industry is considered to be one of the major segments of food
processing in Egypt. Baked products have popularities in the people because of
their availability, ready to eat convenience and reasonably good shelf life
(Vijayakumar et al., 2013 and Zaker et al, 2017). Baked foods especially,
biscuits and cakes are among these ready to eat foods used at home. However,
they contain a very limited amount of therapeutic substances (phytochemicals)
and digestion facilating substances such as bioactive compounds and dietary
fibers. These substances can be obtained through partial supplementation of
wheat with flour prepared from citrus peels as orange, mandarin and lemon
peels (Nassar et al., 2008, Youssef and Mousa, 2012, Akubor and Ishiwu, 2013,
Kolo et al., 2016; Zaker et al., 2017).

These peels are rich in nutraceuticals and dietary fibers; to utilize them
as food ingredients is in the way of conducting waste management related to
new food sources research and development (Mahmoud et al., 2015, Ojhal and
Thapa, 2017)

For this reason, this study was carried out to investigate the effect of two
drying methods on the chemical composition and bioactive compounds of dried
orange, mandarin and lemon peels and processing them into flour to
supplement wheat flour in cake and also evaluated their overall quality
characteristics.

MATERIALS AND METHODS

Materials and Chemicals:-
1. Sample collection and Preparation:-

Oranges (Washington Navel orange) (Citrus sinensis, L), lemon (Citrus
lemon, L) and mandarin (citrus reticulate, L) were purchased from the local
market of Alexandria governorate, Egypt.

Citrus fruits were washed with tap water then peeled. Peels were
chopped with a knife in small slices (about 1 cm?).
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2. Chemicals: -
All the reagents used in this study were purchased from Sigma-Aldrich,
Inc. All other chemicals used were of analytical grade.

Methods
1. Drying methods:-
1.1. Open sun drying method

Five kilogram peels of each citrus variety (orange, lemon and tangerine)
were spread on a single layer of white cloth and sun dried until equilibrium
moisture content was achieved to 10%. During the sun drying of peels slices,
the air temperature and relative humidity were determined by using
thermometer and hygrometer. The air temperature and relative humidity was
recorded as 30 + 2°C and 38 + 6%, respectively. Open sun drying experiments
were done in Jun, 2016 from sunrise to sunset for a period of six days with an
average of eight hours per day. Dried peels were ground to a fine powder and
passed through a 24-mesh sieve according to the method described by Abou-
Arab et al., (2017). The flour was stored at room temperature in dark glass
airtight containers until needed.

1.2. Oven drying method

Five kilogram peels of each citrus variety (orange, lemon and tangerine)
were oven dried at 50 £ 2 C°for 72 hours until equilibrium moisture content was
achieved to 10%. Dried peels were ground to a fine powder and passed through
a 24-mesh sieve according to the method described by Abou-Arab et al., (2017).
The flour was stored at room temperature in dark glass airtight containers until
needed.

2.2. Preparation of ethanolic extract

Fifty grams dried powder of each peel was added to 500 mM ethanol
98%, then blended well using carburetor magnetic and left for 24 h in the dark
at 25°C. The obtained extract was nominated using filter paper (Whatman No.
1). The residue was re-extracted (3-4 times) with ethanol. The filtrate was
concentrated using rotary vacuum evaporated at 40 °C to get rid of the solvent.
The filtrate was transferred into dark bottle glass in desiccator in the dark at
room temperature for 24 h then placed in opaque bottles and kept in the
refrigerator at 4 °C until use (Mahmoud et al., 2016).

2.3. Proximate Analysis and dietary fiber

Moisture content was determined after oven drying to a constant weight
at 105 °C. Proteins, lipids and ash were analyzed according to AOAC methods
(AOAC, 2000).Total dietary fiber (TDF), soluble dietary fiber (SDF) and
insoluble dietary fiber (IDF) contents of samples were determined with an
enzymatic—gravimetric procedure according to AACC, (2011) and Abou Arab et
al., (2016).

2.4. Determination of total phenolic

The total phenolic compounds were evaluated using a modified Folin
Ciocalteu Reagent (FCR) method (Al-Juhaimi, 2014). One mL of FCR was
added to 200 uL of sample or standard solution and mixed thoroughly. After 10
min incubation at room temperature 1mL of 20% Na>COj; solution was added,
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followed by thorough mixing. The solutions were incubated further at room
temperature for 2 h and absorbance values were recorded using a
spectrophotometer (Ultrospecll; Biochrom-LKB, Cambridge, England) using a
blank for auto zero at 765 nm. The blank carried all reagents as previously
mentioned but was without either sample or standard solution. Total phenolic
were expressed as milligrams of gallic acid equivalent per 100 gram (mg
GAE/100 g) of dried peel or pulp from individual citrus fruits.

2.5. Quantification of ascorbic acid

0.4mL sample (diluted peel or pulp extracts using methanol) was mixed
with 4 mL reagent (mixture of 4 mM NaH,PO4, 2 mM H,SO,4 and 0.6 M
(NH4):MoQOy4 solutions). 4 mL reagent and 1mL methanol were joined to get
blank. The tubes were tightly caped and sealed using paraffin wax and put at
95°C (in a water bath) for 90 min. After this treatment samples were
immediately cooled to ambient temperature under running water. The values of
absorbance were recorded at 695 nm against a blank. The pure ascorbic acid
standard was used to obtain a calibration curve and its comparative contents in
the peel and pulp extracts were presented as milligrams of ascorbic acid per
100 (mg/ 100 g) of either of the dried pulp or peel (Al-duhaimi, 2014).

2.6. Determination of total flavonoids content

Colorimetric aluminum chloride method was used for flavonoids
determination according to the method described by Ebrahimzadeh et al.,
(2008). One gram solution of each extract was mixed separately with 1.5 mL
ethanol, 0.1 mL 2% aluminum chloride AICl3-6H,O, 0 .1 mL 1 M potassium
acetate and 2.8 mL distilled water and then left at room temperature for 10 min.
The absorbance of the mixture was measured at 367 nm on UV/visible
spectrophotometer. The quercetin (mg/ ml) was used as a standard for the
calibration curve. The total flavonoid content of the samples was calculated by
using the following linear equation based on calibration curve according to the
following equation:

Y = 0.0205X-1494 r
Where,Y is the absorbance and X is the flavonoid content in (mg/ ml) and r =
0.9992.

2.7. Determination of elemental contents

The element contents of citrus peels were determined as described by
Romelle et al., (2016). An amount of 2 g of fruit peels was dried in air oven at
105 °C for 3 hours. The dried sample was next charred until it ceased to smoke.
The charred sample was then a shed in a muffle furnace at 550°C until a whitish
or greyish ash was obtained. The ash was treated with concentrated
hydrochloric acid transferred to a volumetric flask and made up to 100 mL
before submission to Atomic Absorption Spectrophotometry (AAS). For AAS, a
SHIMADZU atomic absorption flame emission spectrophotometer model AA-
670 IF with an air-acetylene flame, and wavelength respectively set to 422.7 nm
for calcium, 279.5 nm for manganese, 248.3 nm for iron and 213.9 nm for zinc
determination was used. Stock solutions (1000 mg/l) of calcium, manganese,
iron and zinc were used to prepare working standard solutions with at least 4
concentrations within the analytical range. To eliminate phosphorus interference,
lanthanum chloride was added to working standard solutions of calcium and to
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the test ash solution destined to calcium determination so that the final solutions
contained 1% La. Concentration of each mineral contained in test solutions was
calculated from the standard curve prepared. Total phosphorus was assayed by
spectrophotometer method (by the sodium phosphomolybdate) according to the
Garau et al., (2007).

2.8. Preparation of cakes

Cakes were prepared using the standardized recipe and method given
by Sharoba et al. (2013) and modified by Zaker et al. (2017). The formula used
was as follows: 250 g soft wheat flour, 125 g sugar, 53.50 g shortening, 12.50 g
of baking powder, 110 g fresh whole egg, 25 g skim dry milk, 2 g vanilla and 70
- 72 ml water. The fat was beaten thoroughly, the sugar was added to butter
and mixed until got smooth like cream and then a well blended egg with vanillia
were added and mixed together. The blends soft wheat flour (72%) with citrus
peel flour as dietary fiber sources (orange, mandarin and lemon peels powder)
were replaced with wheat flour at 5, 10, 15 and 20 percent levels), baking
powder were stirred together and added alternately to the egg mixture. The
mixture was whipped until got smooth. The dough transferred to a greased pan
was baked for 25 min. at 200£5°C then was cooled at room temperature. Cakes
were prepared according to the formula shown in (Table 1).

Table (1). Raw ingredients of processed cakes according to Zaker et al.

(2017)

Ingredients Weight (g)

Soft wheat flour (72% extraction) 250.0

Sugar 125.0

Skimmed milk powder 25.0

Shortening 53.50

Fresh whole egg 110.0

Baking powder 12.50

Vanillia 2.0

2.8.1. Physical characteristics for cakes:-

The weight (g) for cake was determined individually within one hour after
baking the average was recorded. The volume (cm®) of different types of
produced cakes was determined by rape seeds displacement method according
to (Zaker et al., 2017). Specific volume was calculated using the following
equation:

Specific volume = Volume (cm?®) = Weight (g)

2.8.2. Organoleptic evaluation of cakes:-

The sensory evaluation was done on nine point hedonic scale as per the
method given by Zaker et al., (2016). The sensory evaluation of prepared cake
was carried out by a 25 member trained panel comprising of postgraduate
students and academic staff members of faculty who had plenty previous
experience in sensory evaluation of bakery products. The panel members were
requested to measure the terms identifying sensory characteristics and in use of
the score. Judgments were made through rating products on a 9 point Hedonic

49
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

scale with corresponding descriptive terms ranging from 9 ‘like extremely’ to 1
‘dislike extremely’.

3.2. Statistical analysis:-
Analysis of variance for individual character was done on the basis of the
mean values as suggested by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

1. Proximate composition of fresh and dried citrus peels:-

Proximate composition as described in (Table 2) are provide a general
nutritional value of fresh orange, mandarin and lemon peels as well as their
samples dried by sun and oven dried at 50 °C methods. Fresh orange peel
sample contained more moisture content (72.10 %) than mandarin (71.85 %)
and lemon samples (71.10 %). Fresh citrus peel of Valencia orange (Citrus
sinensis, Rutaceae), mandarin, and lemon are characterized by high moisture
contents as reported by Nesrine et al., (2012).

Drying of peel is the most important step for the utilization of citrus
bioactive compounds from by-products, which provides a safe limit of microbial
and chemical corruption in addition to reducing the amount of peel which
facilitates the handling and storage of the peel. Sun and oven drying were
stopped at about 10% moisture content in citrus peels. The dried orange peel
responses were significantly dependent on drying temperature. The quality of
citrus peels samples should be taken into consideration in order to obtain better
dried products (Manjarres-Pinzon et al., 2013 and Adewole et al., 2014).

Fresh orange peels contained 1.90 % crude protein whereas lemon
peels contained 1.85% and mandarin peel had lowest crude protein 1.80%.
Also, ether extract of fresh mandarin peel exhibited the higher percent being
0.95% followed by orange peel as 0.91 % and lemon peel as 0.85%. Ash
contents were ranged from 0.80 — 0.98 % in fresh citrus peels. Total dietary
fiber content of fresh orange peel (25.10%) was greater than mandarin (24.0 %)
and lemon peel (23.9%). Insoluble dietary fiber recorded the highest amount of
total dietary fiber. The results of proximate composition in fresh citrus peel
were in agreement with Alam et al., (2016) and Abd El-ghfar et al., (2017). The
results of dietary fibers were in agreement with Garcia et al., (2010) and
Borchani et al., (2012). After drying, orange peels still have more crude protein
and total fiber (Table 2). Protein content was 8.21 % in sun drying and 8.72 % in
oven drying, respectively comparing to control sample 1.90 %. The trend of the
results from this study generally indicates that the oven drying retains higher
levels of crude protein than sun-drying. This may be due to the fact that that
sun—dried vegetables are prone to dust and dirt contamination, attacks insects,
and re-wetting of the drying vegetables by rain (Keding et al. ,2007) which
might affect the level of protein. Fat content of Valencia orange was 1.57 % and
2.82 % in sun and oven drying, respectively comparing to fresh sample, 0.91 %
while fat content of mandarin was higher as 3.94 % and 3.32 % in sun and oven
drying, respectively comparing to fresh sample, 0.95%. These differences
between treatments reflect the effect of drying methods of proximate
composition. Similarly, Siles et al. (2010) reported that oven drying lowers lipid
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content. Ash content of Valencia orange was in lowest level and varied from
10.03 % in sun -drying and 9.48 % in oven drying, respectively comparing to
control samples (fresh) 0.80 %. The variation in ash contents also depends on
plant species, geographical origins, their method of mineralization, as well as
effect of food processing by drying (Sanchez-Machado et al., 2004).

Total Dietary fiber (TDF) was classified according to its solubility, as
soluble dietary fiber (SDF) and insoluble dietary fiber (IDF). As a consequence
of such differences in its hydration capabilities, each fiber type produces a
different physiological response (Garcia et al., 2010). Table (2) presents the
values of IDF, SDF as well as TDF of fresh and dehydrated citrus peels. The
high IDF content indicates considerable amounts of celluloses and
hemicelluloses present in the citrus peels. A high proportion of IDF could be
considered an advantage because IDF can be used by the food industry as an
ingredient to increase the content of indigestible insoluble compounds (Ramulu
and Rao, 2003, Peerajit et al., 2012).

When comparing dehydrated samples with fresh ones, the results
showed that the applied drying temperatures had negative effects on IDF. TDF
decreased more after sun drying than after oven drying. Comparable results
were reported by Borchani et al. (2012) working with dehydrated date fiber
concentrate.

It is recommended that the ratio of IDF to SDF should be in the range of
1.0-2.3 for certain food application (Peerajit et al., 2012). The ratio IDF to SDF
in fresh Cape gooseberry samples presented a value of 7:1 (Vega-Galvez et al.,
2009). Based on the results, drying at 60 °C could be an appropriate working
temperature to achieve a final dried product with high quality aspects.

The recommendations regarding the intake of DF are not the same in all
countries. The United Kingdom proposes 18 g/d of DF expressed as Nonstarch
polysaccharides (NSPs), while an amount of 30 g/d has been proposed by
Germany, and in the United States the specified intake should be 38 g/d for
men and 26 g/d for women (BeMiller, 2004).
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Table (2). Proximate chemical composition of orange, mandarin and lemon peels as affected by drying methods.

Orange peel samples

Mandarin peel samples

Lemon peel samples

measurments Control Sun Oven Control Sun Oven Control Sun Oven
(Fresh) Drying Drying (Fresh) Drying Drying (Fresh) Drying Drying

Moisture 72.10+0.2 10.08+0.11 10.02+0.81 71.85+0.32 10.12+0.21 10.15+0.31 71.10+0.98 11,89+0.22 11+0.55
Protein 1.90+0.16 8.21%0.92 8.72+0.92 1.80+0.76 8.77+0.62 7.92+0.72 1.85+0.72 7.04+0.35 7.89+0.74
Ether-extract 0.91+0.31 1.57+0.65 2.82+0.42 0.95+0.32 3.94+0.91 3.32+0.85 0.85+0.61 2.42+0.93 2.55+0.54
Ash 0.80+0.84 10.03+0.91 9.48+0.28 0.40+0.87 7.35+0.19 7.22+0.53 0.98+0.94 7.92+0.63 7.72+0.89
Insoluble dietary fiber 14.90+0.33 42.32+0.14 50.22+0.65 12.8+0.54 44.66+0.45 49.74+0.45 13.4£0.65 44.84+0.95 47.98+0.13
Soluble dietary fiber 10 .20+0.92 27.28+0.62 19.25+0.21 11.2+0.17 25.16+0.17 21.15£0.20 10.5+0.10 25.89+0.20 23.36+0.10
Total dietary fiber 25.10+0.46 69.60+0.16 69.47+0.87 24.0+0.74 69.82+0.96 70.89+0.66 23.9+0.37 70.73+0.41 71.34+0.29

Data are expressed as mean * standard deviation (triplicate).
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2. Elements content of citrus peel (mg/100g DM) of fresh and dried citrus
peels:-

Table (3) shows the elements content [Calcium (Ca), Potassium (K),
Sodium (Na), Manganese (Mg), Phosphors (P), Zinc (Zn) and Iron (Fe)] of citrus
by-products (orange valencia, mandarin, and lemon) peels. Ca, K, Na and Mg
were the predominant elements in the studied citrus peels. Orange fresh peel
presents the highest amount of K (208.5 mg/100g), Ca (159.5 mg/100g), Mg
(19.98 mg/100g) and Fe (32.6 mg/1009g). Indeed, from many studies, a high
proportion of potassium content is related to its assimilation or absorption by
tissues. Thus, the great content of the citrus peels elements may have resulted
from its abundance in the tissues of the orange (Wastowski et al., 2013).
Potassium records an important nutritious role in any organism. Intake of higher
potassium content and sodium less could prevent the hypertension, source of
the cerebral vascular damages and the heart diseases. It’s the main intracellular
mineral. It takes part in the muscular activity and to the heart muscular. On the
other hand, a dietary with high potassium content of favorable to the bone
healthy thanks to its alkaline effect (Cook and Obarzanek, 2009).

The calcium proportion is lower than that potassium. One of the main
benefits from calcium related to interactions between cells walls. Therefore, it
ensures the cells structure by hard cementing them. Calcium is a cellular
component and regulator of the nervous excitability. It's also a factor of ethylene
synthesis during the fruits ripening (Morad, 1996). The level of Ca was high in
all samples. This is important for humans given its role in bone and tooth
development. Furthermore, Ca may be used for the prevention and treatment of
hypertension. Mg and K are cofactors for many enzyme reduction (Oscan and
Haciseferogccullari, 2007).The citrus peels can serve as source of valuable
minerals required for normal functioning as the body system. The utilization of
these peels will enhance conversion of waste to wealth. It will also contribute
positively to solid waste management and cleaner environments.

Table (3) shows the effect of some different drying methods of the
minerals contents of citrus peels. The results showed that the calcium (Ca)
contents of the orange valencia, mandarin and lemon peels were increased by
drying with the oven-drying more than sun-drying. This results are in agreement
with those reported by (Abioy et al., 2014), who reported that the calcium
content of baobab leaves were increased significantly by drying with the solar-
dried samples had the highest increase in the metal in with incremental values.

In the same trend solar-drying had the highest zinc values. The
processing methods had an advantage in improving zinc quality of citrus peels,
which showed that it will contribute more to this mineral than other samples.

The results indicated that potassium (K), Na, Mg, P and Fe contents of
studied citrus peels were reduced by both drying methods compared with
control. The level of components content varies and depends on the type of
citrus and method of drying. The reduction in this content may be due to the
nature and sensitivity of the components to the level of heat during the drying
process (Mahmoud et al., 2015).
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Table (3). Mineral composition of orange, mandarin and lemon peels as affected by drying methods

Orange peel samples

Mandarin peel samples

Lemon peel samples

Components
(mg/100g) Control Sun Oven Control Sun Oven Control Sun Oven
(Fresh) Drying Drying (Fresh) Drying Drying (Fresh) Drying Drying
Calcium (Ca) 159.56+0.35 160.3+0.94 163.2+0.39 153.41#0.16 155.6+0.16 154.2+0.12 143.3+0.11 145.2+0.16 144.5+0.13
Potassium (K) 208.5+0.24 201.2+0.21 205.4+0.52 195.4+0.30 193.6+0.12 194.7+0.22 204.5+0.83 200.75+0.20 201.3+0.81
Magnesium (Mg) 19.98+0.29 19.32+0.22 19.48+0.37 12.03+0.38 11.8+0.11 11.9+0.51 12.8+0.42 12.7+0.18 12.5+0.26
Sodium (Na) 10.8+0.22 9.4 +0.41 10.6+0.12 11.4+0.19 10.8+0.22 11.2+0.32  7.8+0.81 6.9+0.12 7.4+0.21
Phosphorus (P) 30.4+0.30 27.7+0.37 29.5+0.28 18.6+0.26 15.2+0.19 16.7+0.19 24.1+x0.27 20.6+0.15  22.3+0.29
Iron (Fe) 32.6+0.20 30.4+0.19 32.1£0.24 10.0£t0.65 8.7%£0.74 9.3+0.43 14.9+0.74 11.8+0.84  13.5%0.63
Zinc (2) 9.3+0.12 9.2+0.95 11.8+0.94 7.2+0.53 8.2+0.13 7.940.91 5.4+0.81 6.8+0.41 5.9 +0.62
Data are expressed as mean * standard deviation (triplicate).
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3. Total phenolic content of fresh and dried citrus peels

Polyphenolic compounds (as phenolic acids and flavonoids) are
important fruit phytochemicals compounds for their antioxidant activities, their
chelation of redox-active metal ions, and inactivation of lipid free radical chains
and prevention of hydro peroxide conversion into reactive oxy-radicals (Cabral
de Oliveira et al., 2009). Phenolic content can be used as an indicator of
antioxidant capacity and as a preliminary screen for any product when planned
to utilize as a natural source of antioxidants in functional foods (Viuda-Martos et
al., 2011).

Data in (Table 4) illustrated that total phenolic (TPC) amount varied
greatly in fresh and dried citrus peels. Fresh orange peel contained highest
level of TPC (5032.4 mg Gallic acid/ 100g sample dry weight) than mandarin
(4355,8 mg Gallic acid/ 100g dry weight) and lemon (3550.6 mg Gallic acid/
100g dry weight).TPC of fresh peels are higher than the recovery from dried
samples because the water in fresh plant cells can help phenols extraction
(Viuda-Martos et al., 2011).

The results shows that the citrus species had highly amount of total
phenolic compound which is agreement with Ma et al., (2008) who studied the
physical and chemical characteristics of citrus peel and traced high amount of
total phenolic compounds. Total phenolic contents decreased in dried citrus
peels compared to control samples. In general, TPC in citrus peels decreased
more by sun drying than oven drying at 50 °C.

The reduction of phenolic compounds recovered from dried peels may be
due to water evaporation and components in the cells (e.g., membranes and
organelles) may hold together in the water absence and probably the extraction
with solvent become more difficult. Moreover, if the citrus peel is dried before
extraction, the recovery is much lower than using the fresh materials (Li et al.,
2006).The increase in drying temperature lead to a decrease in total
polyphenols content after re-dissolution (Kamran et al., 2009).

Therefore, these reasons may explain present study results (Table 4).
Worthy to note, that extraction of polyphenols from plant material is affected by
the solubility of the polyphenols in the extraction solvent. Furthermore, solvent
polarity plays a key role in increasing the extract contents (Naczk and Shahidi,
2006). Also, Methanol and ethanol were better than the acetone at extracting
phenolic compounds owing to their higher polarity and good solubility for
phenolic components as indicated by Wieland et al. (2006).

4. Ascorbic acid content of fresh and dried citrus peels

Vitamin C (L-ascorbic acid or simply ascorbate) is a water soluble
material. It is major in citrus and rich in the flesh and peel of fruits. It can
efficiently scavenge diversity of reactive oxygen species (ROS), as a natural
free radical scavenger, and give off semi dehydroascorbic acid, clearing O, and
reducing sulfur radicals (Vega-Galvez et al., 2009). Ascorbic acid contents of
the investigated orange, mandarin and lemon peel samples were determined by
the  2,6-dichloroindophenol titrimetric  method. Their  corresponding
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concentrations of fresh peels were found 133.8, 151.5 and 161.9 mg/100g dry
weight basis (Table 4). Lemon peel contained highest amount of ascorbic acid.

Drying of these citrus peels, either by sun or oven greatly reduced the
ascorbic acid concentration to less than half content of their original values
(control). These results agreed with Fernandez-Lopez et al., (2004). This could
be attributed to the fact that ascorbic acid is not stable at high temperature
(Nagi and Roy, 2000). Similar results are reported by Vega-Galvez et al., (2009)
that observed 90.20% losses in ascorbic acid content of red pepper dried at
90 °C. Ascorbic acid is one of the substances that contribute to the antioxidant
capacity in citrus juices and by products. It contributes to about 56% and about
77% of the antioxidant capacity of citrus juice and peels, respectively (Vinson
et al., 2002).Ascorbic acid degradation during drying depends mainly on
temperature, time and metal ions traces (Ozkan et al., 2004).

The recommended daily intake of vitamin C varies according to age, sex,
risk group cigarette smokers, alcohol users, institutionalized elderly and
subjects on certain drugs and criteria applied in individual countries. The
recommended dietary allowances for vitamin C in the USA were recently
revised upwards, to 90 mg/day for men and 75 mg/day for women based on
pharmacokinetic data (EFSA, 2013).

For smokers, these recommended dietary allowances for vitamin C are
increased by an additional 35 mg/day. Also for pregnant (85 mg/day) and
lactating women (120 mg/day) higher amounts of vitamin C are recommended.
The RDAs are in a similar range in other countries. Recent evidence sets the
estimate for the needs to maintain optimal health in the region of 100 mg daily
(Food and Nutrition Board, 2000).

5. Total Flavonoids content of fresh and dried citrus peels

Citrus peels are rich source of natural flavonoids. Also, phenolic and
flavonoid compounds of citrus have high antioxidant activity. Flavonoids
possess a broad spectrum of chemical and biological activities including radical
scavenging properties. Such properties are especially evident for flavonols
(Kamran, et al., 2009, Hayat et al., 2010 and El-Seedi et al., 2012).

Total flavonoids content (TFC) of the investigated citrus peels is revealed
in (Table 4). Generally, TFC of the tested peel samples, extracted with ethanol
was in highest level in orange peel as 488.5 followed by lemon peel as 468.5
and in lowest level in mandarin peel as 411.5(mg QE/100g sample).

TFC content of citrus peels decreased after drying. These results were
agreed with Bengtson et al. (2008) with the main reason that loss of flavonoids
during heat treatment might be due to dry conditions precisely heat treatment.

TFC content of dried peels with oven was higher than sun dried samples.
These results were in agreement with the results of Hegazy and lbrahium
(2012). Data in (Table 4) indicated that the orange peel dried by oven at 50 °C
and extracted with ethanol had the highest content (395.9 mg quercetin
equivalent / 100g db), followed by sun dried with values of 353.6 mg /100g db.
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Considering flavonoids, orange and lemon peels gave the highest
concentrations, which is agreed with reports available in literature (Levaj et al.,
2009).

The accumulation of the flavonoid compounds in the dried citrus powder
could be attributed to the activation of enzymes, which are responsible for the
synthesis of compounds, such as phenylalanine ammonia lyase (PAL) and
chalcone synthase (CSH), by UV-C irradiation (Solovchenko et al, 2008).
Previous studies have shown that enzymes are still active in dried plant tissues.

Total flavonoids content in this study were in accordance with previously
published data (Levaj et al., 2005 and Levaj et al., 2009). At the same time, total
flavonoids content of mandarin peels investigated in this work are approximately
three fold higher then it was determined by Levaj et al., (2005) and it is higher
than values of Abeysinghe et al., (2007).

Table (4). Effect of drying methods on total phenolic content (mg Gallic
acid/100g sample), ascorbic acid content (mg/100g db) and total
flavonoids content (mg QE/100g sample) of dried orange,
mandarin and lemon peels

Drying methods/ Ascorbic acid

Peel Samples Control

(Fresh) Sun drying Oven drying
Orange
Total phenolic 5032.4 £+ 0.42 2453.7 +0.97 3026.3 + 0.62
Ascorbic acid 133.8 +0.68 63.8+ 0.42 65.7 £+ 0.44
Flavonoids 488.5+0.11 353.6 + 0.65 395.9+0.11
Mandarin
Total phenolic 4355.8 £ 0.26 3280.5+ 0.66 3645.8 +0.71
Ascorbic acid 151.5+0. 66 70.6 £0.74 72.8+0.63
Flavonoids 411.5+ 0.69 301.8+0. 85 321.5+0.65
Lemon
Total phenolic 3550.6£ 0.36  2504.40 +0.72 2632.8+0.73
Ascorbic acid 161.9+0.77 82.5 + 0.31 84.8 £0.38
Flavonoids 468.5 +0. 87 322.6+ 0.75 361.5 +0. 74

Data are expressed as mean = standard deviation (triplicate).

6. Physical properties of produced cake:-

Data presented in (Table 5) show that, the addition of orange peel
powder increased volume of cake under investigation; these results indicated
the important of adding dietary fiber sources on the volume of cake. Also,
addition of dietary fiber sources increased specific volume. The trend of
increasing in the specific volume related with high amount of dietary fiber
sources. These results are in agreement with that of Saeed, (2010).

7. Chemical composition of orange and mandarin peels powder
substituted cake:-
The values (Table 6) show that protein and fat contents decreased with
increasing orange peel powder concentration, this is due to replacing the refined
wheat flour and vegetable fat which are major source of the protein and fat. On
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the other side, for cake carbohydrate, total insoluble and soluble dietary fiber
contents increased by increasing the level of orange peel powder and reached
to 13.41, 7.17 and 6.24 percent at level 20 percent for orange and mandarin
peels powder, respectively, as from the proximate composition of the orange
peel powder it is clear that peel powder is a major source of the dietary fibers.
The obtained results for the proximate composition and dietary fibers were
similar to the results reported by Nassar et al., (2008) and Bandyopadhyay et al.,
(2014). Nassar et al., (2008) revealed increase in fiber and ash content and
decrease in protein with increase in mandarin peel percentage in biscuit.
Youssef and Mousa, (2012) also reported increase in ash content and fiber
content in biscuit with addition of different citrus peel powder. Romero-Lopez et
al.,, (2011) also reported increase in fiber and ash in muffin when prepared with
citrus peel. Increasing of substitution levels of orange and mandarin caused
increases in total phenolic compounds (TPC) so that cake with 20% orange and
mandarin peels powder showed the highest one. These results are in
agreement with Ojha and Thapa, (2017) who published that the levels of TPC
increased in prepared biscuits with increasing mandarin peel powder.

8. Elemental composition of cakes:

The mean values of minerals composition of wheat cakes, and fortified
wheat cakes with citrus peel powders are outlined (Table 7). The data revealed
that 10% Navel orange Abo-Sora and mandarin peels powder supplemented
wheat cakes had the highest Ca, Na and K contents, respectively. Meanwhile,
the latter 10% Baladi lemon peel recorded in addition the highest P content
among all studied biscuits on dry weight basis. Such data coincide with Cohen
et al. (1984), Sulamyn et al. (1990), and Youssef (2007).

Table (5). Physical properties of prepared cake

Substitute level (%)

Orange + mandarin Specific volume (cm3/g) Volume (cms) Weight (g)
Peels (1:1 by weight)
0 2.378 1083.97 453.98
5 2.585 1178.52 455.89
10 2.765 1256.32 456.32
15 2.987 1378.85 458.99
20 3.214 1487.20 462.41

Table (6). Chemical composition of orange and mandarin peels powder
substituted cake

Total
Sample . Total Dietary Insoluble Soluble phenolic
(%) Protein Fat Ash fiber fiber fiber contents

Control 9.78£0.40 9.79+0.12 0.9+0.04 3.14+£0.92 210+0.46 1.04x+0.54 66.2+0.82

5(0+M) 8.14+0.33 845+0.10 1.2+0.06 821+027 541+0.16 28+0.11 233.8+0.13
10 (O+M) 7.52+0.30 8.10+0.10 1.34+£0.07 10.01 £0.05 6.15+0.19 3.86+0.14 498.6 +0.68
15 (O+M) 6.20£0.25 7.38+0.09 1.91x0.10 11.85+0.35 7.8+0.24 4.05+0.17 780.2+0.42

20 (O+M) 6.01£0.24 8.20+0.10 2.42+0.13 13.41+£0.47 8.17+0.25 5.24+0.22 1022.8 £ 0.93
Data are expressed as mean * standard deviation (triplicate).Orange peel (O) and Mandarin peel (M)

58
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

9. Sensory evaluation of prepared cake

Sensory evaluation of cake containing different levels of orange and
mandarin (1:1 by weight) peels powder as compared to the control cake is
shown in (Table 8). The data revealed that incorporation of orange and
mandarin peels powder had marked improvement in colour, appearance and
textural profile of prepared cake up to concentration of 10% while further
increase in concentration showed reduction in appearance, colour, flavour and
texture as well as taste characteristics. The overall acceptability of cake was
determined by taking average of all the values pertaining to appearance, colour,
flavour, texture and taste. It was found that sample containing 10 % of mixed
peels powder found to secure maximum score (8.30) (significantly (p < 0.05))
followed by 5% (7.36) and control (7.16) while least overall acceptability was
observed in sample containing 20% of mixed peels powder.

On the basis of overall acceptability of cake, it could be concluded that
incorporation of orange and mandarin peels powder in preparing cake up to the
level of 10 per cent was superior to all other treatments and control sample and
hence, 10% mixed peels powder incorporation in preparation of cake could
considered optimum with respect to sensorial quality characteristics.

The results were in conformity with Ojha and Thapa, (2017) who published that
the biscuit made from 6 % mandarin peel powder incorporation was comparable
to control in-terms of overall acceptability.

Cake prepared with 10 % orange and mandarin peels powder was
comparable to control biscuit made from wheat flour based on sensory
evaluation with increased bioactive component. The result shows that there is
an ample opportunity for use of mandarin peel in various other food products
also.

Table (7). Elemental composition of wheat cakes and fortified wheat
cakes with citrus peels powders

Type of Elemental content (mg/100g)

cakes Fe Ca Mg Na K P

Control  30.33a+0.32 0.02a+0.058 0.02a+0.03 0.24a+0.17 0.11a+0.40 0.18%0.18
5%(0+M) 10.33,+0.02 3.52b+0.028 4.02b+0.17 2.24b+0.02 6.11b+0.05 0.68a+0.14
10%(0O+M) 18.48b+0.07 5.08b+0.004 7.01c+0.19 3.24bc+0.05 9.14b+0.30 1.04b*0.26
15%(0+M) 19.23b+0.03 6.05b+0.008 8.02c+0.24 4.26cd+0.08 8.17b+0.20 1.17b+0.22
20%(0O+M) 21.43a+0.12 7.04 b+0.04 7.02c+0.40 4.41cd+0.12 7.23b+0.05 1.22b+0.05

Data are expressed as mean * standard deviation (triplicate).
Orange peel (O) and Mandarin peel (M)
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Table (8). Sensory evaluation of cake

Sensory attributes

Sample Overall
Code Colour Appearance Texture Taste Flavor acceptability
Control 7.20°+0.23 7.17°+0.18 7.19%+0.31 7.13%+0.32 7.12°+0.05 7.16°+0.14
5% (0O+M) 7.37°+0.27 7.28%+0.22 7.25°+0.35 7.48%+0.20 7.42°+0.22  7.36%+0.40
10%(0+M) 8.2°+0.33 8.53°+0.26 8.31°+0.31 8.25°+0.26 8.23°+0.33  8.30°+0.20
15%(0+M) 6.39°+0.53 6.98°+0.43 6.12°+0.26 6.52°+0.05 6.86°+0.20  6.57°+0.30
20%(0+M) 4.97°+0.33 4.719+0.03 4.999+0.22 5.82°+0.14 5.08°+0.18 5.11°+0.26

Each value represents the average of ten determinations. Orange peel (O) and Mandarin peel (M)

Means with different letters in the same row are significantly different by Duncan's Multiple Range Test at
(P <0.05

* (SD) standard deviation.

CONCLUSION

Citrus peels as Orange, mandarin and lemon peels are the most
important aspect of this study. Citrus peels are good source of dietary fiber,
elemental and bioactive compounds. The level of components content varies
and depends on the type of citrus peels and drying methods. The results
showed that the oven drying method at 50 °C recorded highest levels of crude
protein, total dietary fiber, minerals (K, Ca, Na, Mg, P, Zn and Fe) and bioactive
compounds (total phenolic contents, ascorbic acid and flavonoids) than sun-
drying in citrus peel samples. The results indicated that cakes prepared with
10% of orange and mandarin peels powders (1:1 by weight) contained high total
dietary fiber and bioactive compounds. It can be concluded that incorporation of
orange and mandarin peels up to the level of 10 per cent in formulating cake
preparations enhanced the nutritional value particularly with respect to dietary
fiber, physicochemical quality and overall acceptability of cakes. Moreover,
citrus peels could be recommended as useful value added functional
ingredients for food industry.

REFERENCES

AACC (2011). APproved Methods of the American Association of Cereal
Chemists, '™ Edition, 2011. Ed. B. Grami. American Association of
Cereal Chemists, St. Paul, MN, USA.

Abd El-ghfar, M., Ibrahim, H., Hassan, l., Abdel Fattah, A. and Mahmoud, M.
(2017). Peels of lemon and orange as value-added ingredients: chemical
and antioxidant properties. Int.J.Curr.Microbiol.App.Sci, 5: 777-794.

Abeysinghe D.C., Li X., Sun Ch., Zhang W., Zhou Ch., Chen K. (2007).
Bioactive compounds and antioxidant capacities in different edible
tissues of citrus fruit of four species. Food Chem., 104: 1338—1344.

Abioye, V. F.; Adejuyitan, J.A. and Idowu, C. F. (2014). Effect of different
drying methods on the nutritional and quality attributes of baobab leaves
(Adansonia digitata). Agriculture and Biology J. North America, 53: 66-75.

Abou-Arab, A. A., Marwa, H.M. and ferial, M.A. (2016). Bioactive compounds
content os citrus peel as affected by drying process. International Journal

60
Vol. 23(1), 2018



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

of Biological, Biomolecular, Agricultural, Food and Biotechnological
Engineering, 10: 201 —211.

Abou-Arab, E. A., Marwa H. M. and Ferial, M. A. (2017). Functional properties
of citrus peel as affected by drying methods. American J.of Food
Technol., 12: 193-200.

Adewole, E., Adewumi, D.F. and Fadaka, J.J. (2014). Phytochemical
Constituents and  Proximate Analysis of Orange Peel (Citrus Fruit). J.
Adv. Bot. Zool., 1:12-18.

Akubor, P. I. and Ishiwu, C. (2013). Chemical composition, physical and
sensory properties of cakes supplemented with plantain peel flour.
International J. of Agric. Policy and Research, 1, 87-92.

Alam, M., Ziaul, R. and Islam, S. (2016). Comparison of the proximate
composition, total carotenoids and total polyphenol content of nine
orange-fleshed sweet potato varieties grown in Bangladesh. Foods, 5-64

AL-Juhaimi, F. Y. (2014). Citrus fruits by-products as sources of bioactive
compounds with antioxidant potential. Pak. J. Bot., 46: 1459-1462.

Anagnostopoulou, M.A., Kefalas, P., Papageorgiou, V.P.,
Assimopoulou,A.N. and Boskou, D.(2006). Radical scavenging
activityof various extracts and fractions of sweet orange flavedo (Citrus
sinensis). Food Chem., 94: 19-25.

AOAC. (2000). Official Methods of Analysis of the Association of Official
Analytical Chemists. 17th Edn., Association of Official Analytical
Chemists, Washington, DC. , USA. Pages: 234.

Bandyopadhyay, K., Chaitali, C. and Sagarika, B. (2014). Fortification of
mango peel and kernel powder in cookies formulation. J. Acad. & Indust.
Res., 5: 661-668.

Bejar A. K., Nabil, K. N. and Mihoubi, B. (2011). Effect of microwave
treatment on physical and functional properties of orange (Citrus
Sinensis) peel and leaves. J. Food Process Technol., 2:1-7.

BeMiller, J.N. (2004). Dietary fiber intake, disease prevention, and health
promotion: an overview with emphasis on evidence from epidemiology.
In: Van-der Kamp JM, Asp NG, Miller J, Schaafsma G, editors. Dietary
fiber. The Netherlands: Wageningen, Academic Publishers. 143—64.

Bengtson, A., Namutebi, M. Larssonalminger, A. and Svanberg, U. (2008).
Effects of various traditional processing methods on the all-tranbeta-
carotene content of orange fleshed sweet potato. J. of Food Composition
and Analysis, 21: 134-143.

Borchani, C., Besbes, S., Masmoudi, M. and Attia, H. (2011). Effect of drying
methods on physico-chemical and antioxidant properties of date fibre
concentrates. Food Chemistry, 125: 1194—-1201.

Borchani, C., Besbes, S., Masmoudi, M., Ali Bouaziz, M., Blecker, C. and
Attia, H. (2012). Influence of Oven-Drying Temperature on
Physicochemical and Functional Properties of Date Fibre Concentrates.
Food and Bioprocess Technology. Food Bioprocess Technol., 5, 1541—
1551.

Cabral de Oliveira, A., Valentim, I. B., Silva, C.A., Bechara, E.J.H., Paes de
Barros, M., Mano, C.M. and Goulart, M.O.F. (2009).Total phenolic
content and free radical. Chem., 115: 469-475.

61
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Chen, M., Deng-Jye, Y. and Shih-Chuan, L. (2011). Effects of drying
temperature on the flavonoid, phenolic acid and antioxidative capacities
of the methanol extract of citrus fruit (Citrus sinensis (L.) Osbeck) peels.
International J. of Food Science and Technology, 46: 1179—-1185.

Cohen, E., Sharon, R., Volman, L., Hoenig, R., and Saguy, I. (1984).
Characteristics of Israeli citrus peel and citrus juice. J. of Food Science,
49, 987-990.

Cook, N. and Obarzanek, E. (2009). Trails of hypertension prevention
collaborative research group. Arch. Intern. Med., 169: 32-40.

Ebrahimzadeh, M.A., Hosseinimehr, S.J., Hamidinia, A. and Jafari, M.
(2008). Determination of flavanoids in citrus fruit," Pharmacology online,
1:15-18.

EFSA (2013). Panel on dietetic products, nutrition and allergies. Scientific
Opinion on Dietary Reference Values for Vitamin C. EFSA Journal. 11,
3418.

El-Refai, A.A., El-Bastawesy, A. and Zakaria, M.M. (2006). Evaluation of
some food processing wastes as sources of dietary fibres. J. Agric. Sci.,
31:6505-6515.

El-Seedi, H. R., EI-Said, A.M .A., Khalifa, S. A. M., Goransson, U., Bohlin, L.
and Borg- Karlson, A.K. (2012). Biosynthesis, natural sources, dietary
intake, pharmacokinetic properties and biological activities of
hydroxycinnamic acids. J. Agric. Food Chem., 60: 10877— 10895.

Farhat, A., Fabiano-Tixier, A., El Maataouib, M. and Chemat, F. (2011).
Microwave steam diffusion for extraction of essential oil from orange
peel: Kinetic data, extract’s global yield and mechanism. Food Chemistry,
125: 255-261.

Femenia, A., Sastre-Serrano, G., Simal, S., Garau, M. C., Eim, V. S. and
Rossello, C. (2009). Effects of airdrying temperature on the cell walls of
kiwifruit processed at different stages of ripening. LWT - Food Science
and Technology, 42: 106-112.

Fernandez-Lopez, J., Fernandez-Gines,M., Aleson-Carbonell, L., Sendra, E.,
Sayas-Barbera, E. and Perez-Alvarez, J.A. (2004). Application of
functional citrus byproducts to "~ meat products. Trends Food Sci. Tech.,
15: 176-85.

Figuerola, F., Hurtado, M. L., Estevez, A. M., Chiffelle, . and Asenjo, F.
(2005). Fibre concentrates from apple pomace and citrus peel as
potential fibre sources for food enrichment. Food Chemistry, 91: 395-401.

Food and Nutrition Board (2000). Institute of Medicine. Vitamin C. Dietary
Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids.
Washington D.C.: National Academy Press, 95-185.

Galanakis, C. M. (2012). Recovery of high added-value components from food
wastes: Conventional, Emerging technologies and commercialized
applications. Trends in Food Science & Technology, 26: 68-87.

Gallagher C.M. and Schneeman B.O. (2001). Dietary Fiber. In: Bowman B. A.,
Russell R. M., eds. Present Knowledge in Nutrition. 8th ed. Washington,
D.C.: ILSI Press, 83- 91.

Garau, M. C., Simal, S., Rossello, C. and Femenia. A. (2007). Effect of air-
drying

62
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

temperature on physicochemical properties and antioxidant capacity of orange
(Citrus aurantium v. Canoneta) by products. Food Chem., 104: 1014-
1024.

Garcia, O.E., Infante, B. and Rivera, C.J. (2010). Comparison of dietary fibre
values between two varieties of cawpea (Vigna UnguiculataL Walp) of
Venezuela, using chemical and enzymatic gravimetric methods. Rev
Chilean Nutri., 37:455-460

Genovese, S., Fiorito, S., Locatelli, M., Carlucci, G. and Epifano, F. (2014).
Analysis of biologically active oxyprenylated ferulic acid derivatives in
Citrus fruits. Plant Foods Hum. Nutr., 69: 255— 260.

Guimaraes, R., Barros, L., Barreira, J.C.M., Sousa, M.J., Carvalho, A.M.
and Ferreira, I.C.F. (2009). Targeting excessive free radicals with peels
and juices of citrus fruits: grapefruit, lemon, lime and orange. Food Chem.
Toxicol. 48: 99—106.

Hayat, K., Zhang, X., Farooq, U., Abbas, S., Xia, S. and Jia, C. (2010). Effect
of microwave treatment on phenolic content and antioxidant activity of
citrus mandarin pomace. Food Chem., 123: 423-429.

Hegazy, A.E. and Ibrahium, M. I. (2012). Antioxidant Activities of Orange Peel
Extracts. World Applied Sci. J., 18:684-688.

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

Kamran, G., Yosef, G. and Ebrahimzadeh, M. A. (2009). Antioxidant activity,
phenol and flavonoid contents of 13 Citrus species peels and tissues.
Pak. J. Pharm. Sci., 22:277-281.

Keding G., Weinberger K., Swai I. and Mndiga, H. (2007). Diversity, traits
and use of traditional vegetables In Tanzania. Technical Bulletin No. 40.
Shanhua, Taiwan: AVRDC- The World Vegetable Centre.53 pp.

Kolo, S. I., Balogu, D. O., lkegwu, T. M., Balogu, V. T. and Babatunde, J.
(2016).Development and production of nutritious snacks (cookies) with
potato andorange peels. J. of Foods, Natural and Life Sci., 1: 48 —52.

Levaj, B., Dragovic-Uzelac V., Bursac D., Lukesic, z., Banovic M.,
Kovacevic-Ganic K., Bolanca V., Repajic M., Sklevicky Tadic N. and
Smernjak, B. (2005). The possibilities of mandarin processing. In
Karlovi¢ D (eds) Proc 2nd Central European Meeting, 5™ Croatian
Congreess of Food Technologists, Biotechnologists and Nutritionists,
Zagreb, Croatia. 149-156

Levaj, B., Bursac, D., Lukesic z., Bolanca V., Repajic M., Sklevicky Tadic, N.
and Smernjak, B. (2009). Determination of flavonoids in pulp and peel
of mandarin fruits. Agriculturae Conspectus Scientificus, 74: 221-225.

Li, B.B., Smith, B. and Hossain, M. (2006). Extraction of phenolics from citrus
peels |. Solvent extraction method. Sep. Purif. Technol., 48: 182-188.

Lupton J.R. (2004). Microbial degradation products influence colon cancer risk:
the butyrate controversy. The Journal of Nutrition, 134: 479-482.

Ma, Y.Q., Chen, J.C., Liu, D.H. and Ye, X.Q. (2008). Effect of ultrasonic
treatment on the total phenolic and antioxidant activity of extracts from
citrus peel. J Food Sci., 73: 115-120.

63
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Mahapatra A. K., Mishra S., Basak U. C. and Panda P. C. (2012). Minerals in
citrus. Adv. J. Food. Sci. Technol., 4: 15-21.

Mahmoud, M., Abou-Arab, A. and Abu-Salem, F. (2015). Effect of some
different drying methods on the chemical analysis of citrus by-products.
Research Journal of Pharmaceutical, Biological and Chemical Sciences,
6: 105 - 116.

Mahmoud, K., Mona, A., Ibrahim, E., Mervat, H., Shaaban, A., Mohie, M.,
Kamil, N. and Hegazy. A. (2016). Nano-encapsulation Efficiency of
Lemon and Orange Peels Extracts on Cake Shelf Life. American J. of
Food Techn., 11: 63-75.

Manjarres-Pinzon, K., M., Cortes R. and Rodriguez, E. (2013). Effect of
drying

conditions on the physical properties of impregnated orange peel. Brazilian J. of
Chem. Engineering, 30: 667 — 676.

Manthey, J. A. and Grohmann, K. (2001). Phenols in citrus peel byproducts.
Concentrations of hydroxycinnamates and polymethoxylated flavones in
citrus peel molasses. J. Agric. Food Chem. 49: 3268— 3273.

Marey, S. and Shoughy, M. (2016). Effect of Temperature on the Drying
Behavior and Quality of Citrus Peels. International Journal of Food
Engineering, 12: 661-671.

Morad, P. (1996). Le calcium et les vegetaux cultives. PHM revue horticole,
371: 10-13.

Naczk, M. and Shahidi, F. (2006). Phenolic in cereals, fruits and vegetables:
occurrence, extraction and analysis. J. Pharm. Biomed Anal., 41: 1523-
1542.

Nagi, P. and Roy, S. (2000). Effect of blanching and drying methods on beta-
carotene, ascorbic acid and chlorophyll retention of leafy vegetables.
Lebensm Wiss Technol., 33: 295-298.

Nassar, A.G., AbdEl-Hamied, A. A. and Naggar, B. (2008). Effect of citrus by-
products flourincorporation on chemical, rheological and organoleptic
characteristics of biscuits.World J. Agric. Sci., 4: 612-616.

Nesrine, G., Mihoubi, D., Kechaou, N. and Mihoubi, N. B. (2012). Microwave
dehydration of three citrus peel cultivars: Effect on water and oil
retention capacities, color, shrinkage and total phenolscontent. Ind.
Crops Prod., 40: 167-177.

Ojha, P. and Thapa, S. (2017). Quality evaluation of bisciuit incorporated with
mandarin peel powder. Chemistry & Chemical Engineering,
Biotechnology, Food Industry, 18: 19 —30.

Oscan, M. M. and Haciseferogccullari, H. (2007). The strawberry (Arbutus
unedo L) fruits: chemical composition, physical properties and mineral
contents. J. Food Eng., 78: 1022-1028.

Osendarp S. J., West C. E. and Black, R. E. (2003). Minerals in fruits. J. Nut.,
133: 817-827.

Ozkan, M., Kirca, A. and Cemeroglu, B. (2004). Effects of hydrogen peroxide
on the stability of acorbic acid during storage in various fruit juices. Food
Chemistry, 88: 591-597.

Paul, D. K. and Shaha, R. K. (2004). Minerals in citrus. Pak. J. Biol. Sci., 7:
283-292.

64
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Peerajit, P., Chiewchan, N. and Devahastin, S. (2012). Effects of
pretreatment methods on health-related functional properties of high
dietary fiber powder from lime residues. Food Chem., 132: 1891-1898.

Proteggente, A.R., Saija, A., De Pasquale, A. and Rice-Evans, C.A. (2003).
Thecompositional characterisation and antioxidant activity of fresh juices
from Sicilian sweet orange (Citrus sinensis L. Osbeck) varieties. Free
Radic. Res. 37: 681-687.

Rafiq, S., Kaul, R., Sofi, S.A., Bashir, F., Nazir, A. and Nayik, G.A. (2016).
Citrus peel as a source of functional ingredient: A review. J. Saudi Soc.
Agric. Sci., 45: 56-66.

Ramulu, P. and Rao, P.U. (2003). Total, insoluble and soluble dietary fiber
contents of Indian fruits. J Food Comp Anal., 16: 677—685.

Rana, A. and Blazque, Z. (2012). Compositions of the Volatile Oils of Citrus
macroptera and C. maxima. Natural Product Communications, 7: 1371 —
1372.

Romero-Lopez, M.R., Osorio-Diaz, P., Bello-Perez, L.A., Tovar, J. and
Bernardino-Nicanor, A., (2011) Fiber Concentrate from Orange (Citrus
sinensis L.) Bagase: Characterization and Application as Bakery Product
Ingredient, International J. of Molecular Sci., 12: 2174-2186.

Romelle , F., Rani, R. and Manohar, R. (2016). Chemical composition of some
selected fruit peels. European Journal of Food Science and Technology,
4:12-21.

Saeed, M. A. (2010). Food processing for catering in spas. Ph. D. Thesis. Food
Science Department. Faculty of Agriculture. Moshtohor, Benha
Univiversity. Egypt.

Sanchez-Machado, D.l., Lopez-Hernandez, J. and Paseiro-Losada, P.
(2004). Fatty acids, total lipids, protein abd ash contents of processed
edible seaweeds. Food Chemistry, 85: 439-444.

Sharoba, A.M., Farrag, M.A. and Abd El-Sala, A. M. (2013). Utilization of
some fruits andvegetables waste as a source of dietary fibre and its
effect on the cake making and its quality attributes. J. Agroalimentary
Process. & Technol., 19: 429 - 444.

Siles, J.A., Lopez, Q. L. and Thompson, N. (2010). Biorefinery of waste
orange peel. Critical Rev. Biotechnol., 30: 63-69.

Sendecor, G.H and Cochran, W.C. (1980). Statistical methods seventh edition.
lowa Stat. Univ. Press. Ames.

Solovchenko, A.E.; More, M. and Merzlyak, M.N. (2008). Screening of visible
and uv radiation as a photoprotective mechanism in plants. Russ. J.
Plant Physiol., 55:719-737.

Sulamyn, A., Abdel-Lattif, A. and EI-Zughbi, M. (1990). Effect of different
methods of extraction on the physico-chemical properties of Egyptian
summer orange peel oils. Egyptian J. of Applied Science, 5, 300-309.

Vega-Galvez, K. D., Scala, L., Rodriguez, R., Lemus-Mondca, M., Lopez, J.
and Perez-Won, M. (2009). Effect of air-drying temperature on physic-
chemical properties, antioxidant capacity, colour and total phenolic
content of red pepper (Capsicum annum, L. var. Hungarian). Food
Chem., 117: 647-653.

65
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Vergara-Valencia, N., Granados-Perez, E., Agama-Acevedo, E., Tovar, J.,
Ruales, J., and Bello-Pérez, L. A. (2007). Fiber concentrate from
mango fruit: Characterization, associated antioxidant capacity and
application as a bakery product ingredient. LWT-Food Science and
Technology, 40: 722—-729.

Vijayakumar, M.C., Peter, D. and John, S.M. (2013). Quality characteristics of
biscuits prepared from oats and finger millet based composite flour.
Internat. J. Engg. Sci. Technol., 3:677-683.

Vinson, J. A., Chiewchan, N. and Devahastin, R. (2002). Polyphenol
antioxidants in citrus juices: in vitro and in vivo studies relevant to heart
disease. Advances in Experimental Medicine and Biology, 505, 113-122.

Viuda-Martos, M., Ruiz-Navajas, Y., Fernandez-Lopez, J., Sendra, E.,
SayasBarbera, E. and Perez-Alvarez, J.A. (2011). Antioxidant
properties of pomegranate (Punica granatum L.) bagasses obtained as
co-product in the juice extraction, Food Res. Int., 44: 1217-1223.

Wang, Y. C., Chuang, Y. C. and Hsu, H. W. (2008). The flavonoid, carotenoid
and pectin content in peels of citrus cultivated in Taiwan. Food Chem.,
106: 277-284

Wang, L., Wang, J., Fang, L., Zheng, Z., Dexian, Z., Wang, S., Li, S., Ho, C.T.
and Zhao, H. (2014). Anticancer activities of citrus peel polymethoxy
flavones related to angiogenesis and others. Biomed. Res. Int., 22:26-33.

Wastowski, A. D. R., Gonsiorkiewicz, R. C. Mauricio, M. D. R., Bairros, S.
and Silvia, B. (2013). Determination of the inorganic constituents of
commercial teas and their infusions by the technique of energy
dispersive X- ray fluorescence spectrometry. J. of Medicinal Plants
Research, 7: 179-185.

Wieland, P., Sanchez-Rabaneda, F., Diekmann, W., Plescher, A.,Gartzia,
l., Jimenez, D., Lamuela-Raventos, R., Buxaderas, S. and Codina, C.
(2006). An industrial approach in the search of natural antioxidants from
vegetable and fruit wastes. Food Chem., 97:137-150.

Youssef, M.K.E. (2007). Foods that fight cancer. Proceedings of the sixth
Conference of Woman and Scientific Research & Development in Upper
Egypt. 17-19 April 213-228. Assiut University

Youssef, E., Hanan, A., Mousa, M. and Rasha, M. (2012). Nutritional
Assessment of Wheat Biscuits and Fortified Wheat Biscuits with Citrus
Peels Powders. Food and Public Health, 2: 55-60

Zaker, M. A., Sawate, A.R., Patil, B.M., Sadawarte S.K. and Kshirsagar, R.B.
(2017). Utilization of orange (Citrus sinesis) peel powder as a source of
dietary fiber and its effect on the cake quality attributes. International J. of
Agricultural Sci., 13: 56-61.

66
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

w2l padlal)

Baga paliy cidatl) (g ke Wyfiliy pligal) (lany 9l B 4ygald) il yal
358 3 yenas pcal &Ll

Alae ) daal — a5 gl Gl —Glagliae Glad Glagliae
ApuSul) daals —LaL Ll de )3l 08 —5,3eY) ole aud

sl s S L Gsadllly (Auglly JE Jie mllsall Gany sd8 o Gl s b Al S
Slsall g5 sl e Syl oda 385 Gy sl LSl e aaally ol GLIVL Tt o
Llaa (530 ) Cadatll PR LSl el iS5 Galin) pags -l Akl Cdatll Gyl e Lad,
B a7 o s o gl cadadl) o Auball 33 il LAl Bl Bhall Anps ) Sl ol
Seiniall = agageall = o€l — & pulisdl) juabially GLIVE alad) i) e J9 lisine el da
(bl — iy sSay) (men — Al il LS pall) Aabiaall Dladll LS pally (yaall — Sl — ) ghu il —
Ahall @l s Al Tal ey - oedll Cuinily Al GG el liging e JiT il A olSy
(ol 1 9)) (naslly Sl (e IS ABla) 58l (Somnnas peaill (383 SLS aue iy Aila) 3G ) o
el AN e dpually 4slasls dpmplall Qs opa) 25 285 . %Y ¢ ¢ %10 %)+ ¢ %O iy
G o bgime OIS gl JE) Goase %)+ Gawty puaaall Gl o dslasll mbll Caa
33n (A huglly JE onnae Ala) S LIS o i) Sy Alladll GLSally LY e dadine
Jo Il Al pmaall LN Gl alpdl) Lafy 48l dadl) ¢ i) ) gam Sl Cliskas %)«
-AY) il

Lo Al LSpally GUIYI (o dadiyall 450380 dadl) il allsall o dla) oy dpasil) (Say L
Gaaa A il CLaSY Adiiall cleliall L duada ) eV ) ela) oSa

67
Vol. 23(1), 2018




