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Abstract: Orange peel and pulp were analyzed for their proximate composition, water and oil holding capacity.
Data showed that, orange peel and pulp had high amount of dietary fiber (74.87 and 70.64%, respectively) with
high proportion of IDF, also it has high level of water and oil holding capacity. Biscuits prepared from blendes
containing different proportion (0,5,15 and 25%) orange peel or pulp were also evaluated for chemical
composition, rheological properties, physical characteristics and sensory evaluation. Data revealed that,
incorporation of orange peel and pulp in biscuits formula increased dietary fiber form 2.73 to 15.31% and ash
have the same trend, while protein and fat were decreased. Farinograph properties of the blended biscuits
showed increase in water absorption, dough development time and stability, while dough mixing tolerance was
decreased. The thickness of citrus by-product substituted biscuits increased, whereas width and spread ratio
of biscuits decreased with increasing levels of orange peel and pulp. Highly acceptable biscuits could be
obtained by incorporating 15% orange pulp and peel in the formulation.
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INTRODUCTION for understanding the physiological effects of DF, than

Citrus  is  the  most  abundant  crop  in  the  world, been related to several physiological and metabolic
63.95 and 12.53 million tons of orange and lemon products effects [6]. In the digestive tract, DF exerts a buffering
were produced during 2004, respectively [1]. effect that links excess of acid in the stomach, increases

The amount of residue obtained from citrus fruits the fecal bulk and stimulates the intestinal evacuation;
account for 50% of the original amount of whole fruit [2]. besides, it provides a favorable environment for the
Citrus fruits are mainly used for juice, oil and pectin growth of the beneficial intestinal flora. Fiber can also
production and are under utilized sources for dietary fiber bind diverse substances including cholesterol [7]. It has
and antioxidants.Orange, lemons, grapefruits and been reported that these specific properties of DF play an
mandarins represent approximately 98% of the entire important role in the prevention and treatment of obesity,
industrialized crop, orange being the most relevant with atherosclerosis, coronary heart diseases, colorectal cancer
approximately 82% of the total produced citrus fruits. and diabetes [8].Fruit DF concentrates have, in general,
Citrus fruits are processed mainly to obtain juice, but also better nutritional quality than those found in cereals,
in the canning industry to produce marmalade, segments because of their significant contents of associated
of mandarin and by the chemical industry to extract bioactive compounds (flavonoids,  carotenoids, etc.) and
flavonoids and essential oils [3]. DF components are more balanced composiion (higher overall fiber content,
grouped into two major classes: Polymer that are soluble greater SDF/IDF ratio, water and fat holding capacities,
in water (SDF), such as pectin and gums and those water lower metabolic energy value and phytic acid content [9].
insoluble materials (IDF), i.e. cellulose, hemicellulose and DF of citrus peel is found in albedo which is a white,
lignin are included [4]. DF derived from fruits and spongy and cellulosic tissue which is the principle
vegetables have a relatively high proportion of SDF; this components of the citrus peel and could be considered as
kind of fibers show some functional properties, such as a potential source of fiber [10]. Moreover, citrus albedo
water holding, oil holding, swelling capacity, viscosity or has an advantage over the source of dietary fiber due to
gel formation, among others, which have been more useful the presence  of  associated  bioactive compounds with

the chemical composition alone [5]. A high DF intake has
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antioxidant properties, such as flavonoids and vitamin C Sensory characteristics of biscuits were determined
which may exert further health promoting effects in as described by [16]. 
addition to those of the dietary fiber itself [11]. 

This study was designed to evaluate the chemical Statistical Analysis: Triplicate samples were analyzed for
composition, water and oil holding capacity of orange each property. Data were assessed by analysis of
peel and pulp flour and the effect of their incorporation at variance (ANOVA) as outlined by [17].
different levels (0-25%) on the chemical, physical,
farinograph properties and sensory evaluation of wheat RESULTS
biscuits.

MATERIALS AND METHODS presented in Table 1. Moisture content was on average

Materials: Sweet orange was obtained as off-products Orange pulp had low content of protein, fat and total
from Qaha plant for the juice industry as residue after dietary fiber as wel as insoluble and soluble dietary fiber,
citrus extraction process. Wheat flour and other while it had high content of sugar compared with orange
ingredients used in sweet biscuits were obtained from the peel. However, ash content was the same for both orange
local markets. peel and pulp.

Methods Water  and  Oil  Holding  Capacity:  Data  presented  in
Preparation of Citrus By-products (Orange Peel and Fig. 1 show water and oil holding capacity of both citrus
Pulp): Citrus by-products were washed with tap water and by-products (orange peel and pulp). It could be noticed
scalded in a water bath to remove possible potential that orange peel had higher values of WHC and OHC
pathogenic microorganisms (vegetative cells). Afterwards, (136g H o and 6.8 g oil/g sample, respectively) than
the citrus by-products were pressed using a helical press orange pulp (12.3g H o and 4.5g oil/g sample,
to  remove  excess  liquid  prior  to drying. Drying was respectively).
carried out in an oven at 50°C for 24 h to improve citrus
by-products shelf-life without addition of any chemical Effect of AdditionDifferent Levels of Citrus By-products
preservative. A grinder mill and sieves were used to on Dough Characteristics: The main values for analysis
obtain a powder particle size of less than 0.2mm as of farinograph characteristics are shown in Table 2. With
Reported by [12]. increasing  the  citrus  by-product  levels  from  5  to  25%,

Preparation of Biscuits: The sweet biscuits were
prepared by using the method of [13]. Preparation of
biscuits was carried out using wheat flour samples
replaced   separately   with   0,   5,   15   and   25%  citrus
by-products (orange peel and pulp) flour. 

Analytical Methods: Proximate composition was estimated
[14].Water and oil holding capacity of citrus by-product
was determined as described by [15]. The water holding
capacity was expressed as the number of grammes of
water held by 1g of sample. The oil holding capacity was
expressed as the number of grammes of oil held by 1g of
sample.

Rheological Characteristics: Citrus by-products blends
at 0, 5, 15 and 25% levels were prepared by replacing
wheat flour. The effect of citrus by-products (orange peel
and pulp) on the mixing profile of the dough was studied
using farinograph (Brabender, Duisburg, Germany)
according to [13].

Chemical composition of citrus by-products flour is

9.46 and 10.23% for orange peel and pulp, respectively.

2

2

there  was  a  progressive  increase  in  water  absorption,

Table 1: Chemical composition of citrus by-products flour  (g/100g DW)
Constituents Orange peel Orange pulp
Moisture 9.46±0.05 10.23±0.06
Protein 5.15±0.38 4.75±0.32
Fat 4.53±0.15 1.72±0.05
Ash 2.61±0.10 2.60±0.09
Sugar 9.21±0.22 13.04±0.41
Total dietary fiber 74.87±3.01 70.64±2.15
Insoluble dietary fiber 55.48±2.11 52.81±1.52
Soluble dietary fiber 19.39±1.10 18.06±1.12

Table 2: Effect of adding orange peel and orange pulp on dough
characteristics

Water Dough Dough Dough mixing
absorption development stability tolerance

Treatments index g/100g time (min.) (min.) Barbender
Control 60 2.5 4.9 49
Orange peel
5% 71 4.2 5.7 43
15% 83 7.6 10.2 27
25% 94 8.9 12.4 11
Orange pulp
2% 69 4.6 5.1 44
15% 78 8.1 9.7 31
25% 89 9.3 11.5 16
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Table 3: Chemical composition of citrus by-products substituted biscuits g/100g dry weight basis

Sample Protein Fat Ash Carbohydrates TDF IDF SDF

Control 9.88±0.16 20.23±0.21 0.81±0.02 69.08±1.08 2.73±.024 1.75±0.02 0.98±0.01

Orange peel

5% 7.48±0.06 17.61±0.17 1.22±0.11 73.69±1.25 8.21±0.31 5.41±0.07 2.80±0.15

15% 6.71±.02 16.53±0.15 1.39±0.03 75.37±1.35 11.49±0.36 6.57±0.12 4.92±0.11

25% 5.53±.023 15.12±0.25 1.52±0.01 77.83±0.98 15.31±0.26 9.78±0.14 5.63±0.16

Orange pulp

5% 6.63±0.08 17.24±0.13 1.13±0.02 75.00±1.11 8.47±.021 2.34±0.09 3.13±0.09

15% 6.23±0.23 16.28±0.19 1.36±0.05 76.13±1.26 11.25±0.28 4.74±0.08 6.51±0.12

25% 5.40±0.13 14.56±0.25 1.48±0.08 78.56±1.23 14.71±0.33 9.21±0.16 5.50±0.08

Fig. 1: Water holding capacity  (g water/g dry sample)
and oil holding capacity (g oil/g dry sample) of
citrus by-product

whereas, it reached to  94 g/100 g  in the case of adding
25% orange pulp. Also, there was an increase in dough
development  time  with  increasing  the  levels  of  citrus
by-products. However control  had 2.5 min of wheat
dough,  the  highest increase was observed in case of
25% orange pulp (9.3 min). Dough stability, increased
from 5.9 min. in the case of control to 12.4 and 11.5 min. in
the case of 25% orange peel and pulp, respectively. On
the other hand, the mixing tolerance index value decreased
from 49 for control to 11 and 16 for orange peel and pulp
at level 25%, respectively.

Proximate Composition of Substituted Biscuits: Table 3
shows that protein, fat and carbohydrate contents
decreased with increasing citrus by-products (orange peel
and pulp ), whereas ash and total dietary fiber as well as
soluble and insoluble dietary fiber increased with
increasing citrus by-products. On the other side, for
wheat biscuits total, insoluble and soluble dietary fiber
contents   increased   by   increasing  the  level  of  citrus
by-product and reached to 9.78 and 5.63%;  9.21 and
5.50% at level 25%  for orange peel and pulp, respectively.

Table 4: Physical characteristics of citrus by-product supplemented biscuits

Sample Width, W(mm) Thickness, T(mm) Spread Ratio (W/T)

Control 58.4±0.27 6.53±0.11 8.94±0.25

Orange peel

5% 56.8 ±0.21 6.72±0.17 8.45±0.28

15% 55.3±0.18 6.98±0.21 7.92±0.23

25% 52.5±0.23 6.61±0.24 7.94±0.27

Orange pulp

5% 57.7±0.26 6.54±0.19 8.82±0.29

15% 55.9±0.19 6.68±0.14 8.36±0.24

25% 54.2±0.22 6.74±0.20 8.04±0.21

Influence of Citrus By-products on Physical
Characteristics of Formulated Biscuits: Physical
characteristics of biscuits such as width, thickness and
spread ratio are presented in Table 4. The average width
of control biscuit was 58.4mm whereas that of substituted
biscuits varied from 56.8 to52.5 mm for orange peel and
57.7 to 54.2 mm for orange pulp at 5-25% levels. On the
other hand, the average thickness of control biscuit was
6.53  mm  and for other supplemented levels, it ranged
from 6.98 to 6.61mm (orange peel) and 6.54 to 6.27 mm
(orange pulp). The changes in width and thickness are
reflected in spread ratio which was 8.94 for control biscuit,
these value was decreased from 8.45 to 7.92 in orange peel
and 8.82 to 8.64 in orange pulp. 

Sensory Evaluation: Sensory evaluation of biscuits
containing different levels of orange peel and pulp as
compared to  the control biscuit is shown in Table 5.
Statistical analysis revealed no significant differences
among treatments contained 5 and 10% orange peel or
pulp compared to the control biscuit for all organoleptic
characteristics. While, biscuit blended with 25% orange
peel and pulp showed a significance differences (P 0.05)
compared with other citrus by-products substituted
biscuits and control sample.
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Table 5: Sensory evaluation of citrus by-products substituted biscuits

Orange peel Orange pulp
------------------------------------------------- --------------------------------------------- LSD

Control 5 15 25 5 15 25 (P 0.05)

Appearance 8.2 8.1 8.4 7.0 8.2 8.5 7.2 0.86
Color 8.3 7.8 8.1 6.3 7.9 8.2 6.5 0.75
Texture 8.1 7.6 7.9 5.9 7.8 8.0 6.1 0.62
Flavor 8.5 8.1 8.4 7.6 8.2 8.4 7.1 0.68
Overall acceptability 8.0 7.7 7.8 6.5 7.8 7.9 6.7 0.91

DISCUSSION thus spread ratio of the substituted biscuits. Width and
spread ratio were decreased with increasing level of citrus

Concerning chemical composition of orange peel and by-product, while thickness was increased. The seam
pulp, it could be stated that these products had higher trend was observed by [24].
amount of total dietary fiber with high proportion of IDF Sensory evaluation of biscuits has revealed that,
and ash content, while it had low content of protein and biscuits with 5 and 15% orange pulp and peel had the
fat.  These  results  are  in  agreement  with  those highest level of acceptance for all sensory characteristics,
reported by [18]. Form the data concerning water and oil there were no significant differences between the two
holding capacity, it could be noticed that WHC values  for samples and control. However, these formulations had
orange peel was higher than those obtained for orange higher acceptance values than did the biscuit made with
pulp sample. These values are similar to those measured 25% orange peel or pulp.
by [19]  for  orange  processing  by-products. It could be concluded that dehydrated citrus by-
Farinograph characteristics showed that, addition of products obtained from orange peel and the remaining
citrus by- products (orange peel and pulp) at different pulp after juice extraction could be used as a suitable
levels (0,5,15 and 25%) mainly increased the water source of dietary fiber with associated bioactive
absorption. The differences in water absorption is mainly compounds and could be incorporated as ingredients in
caused by the greater number of hydroxyl group which a large variety of food products such as making biscuits.
exist in the fiber structure and allow more water
interaction through hydrogen bonding as reported by REFERENCES
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