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Abstract: Sweet orange fruit peels were dried to constant weight using oven, solar and sun drying methods and 

then transformed into flour. The orange fruit peel flours from different drying methods were blended with wheat 

flour in the ratios of 10, 20 and 30 %. The blends were determined for functional and pasting properties. The 

water and oil absorption capacities of wheat flour/sun dried orange fruit peel flour blends varied from 180 % to 

330 %, and 143 % to 150 %, respectively and these values were than those of the other blends. The wheat 

flour/sun dried orange fruit peel flour blends had lower pasting temperature (88.0 - 88.5 
o
C) and lower peak 

time (6 - 6.7 minutes) than those of the other blends. The final viscosity (310.5 RVU) of the 10 % oven dried 

orange fruit peel flour was the highest. The results showed the flour from orange fruit peels dried by simple and 

cheap drying methods could supplement wheat flour to improve the functional and pasting properties during 

food preparation like baking. 
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I. Introduction 

Growing population needs for sustainable food security is increasing. Roughly1/3 of the food production is lost 

or wasted every year [1]. The 13.5 % people worldwide are undernourished in 2012-2014 years. One billion of 

people across the world go to bed hungry [2].  

Therefore, one of many nutrition-sensitive technological innovations under a changing climate is to reduce and 

prevent postharvest losses and food waste as it was the theme of Our Common Food Ideas Competition  and to 

search for new food sources as it is in agenda be of the Brazil International Congress on Advances in Food 

Processing, Challenge for the Future [3,4]. A high percentage of peels is still thrown away after eating or 

processing orange fruits (Citrus sinensis, L.). The waste of these peels contribute to pollution of the 

environment. In purpose of reducing this waste, the peels of orange fruits can be processed into flour to 

supplement wheat flour during preparation of different food products. To prepare blends with wheat flour, the 

flour of orange fruit peel should have good functional and pasting properties. These properties are intrinsic 

physicochemical characteristics which affect the behavior of foods during processing, manufacturing, storage, 

and preparation [4]. The orange fruit peel may be used as a gelling agent, thickening agent and stabilizer in 

foods due to the high amount of pectin it contains [5]. Flour prepared from orange peels may be also used to 

increase viscosity, water and oil absorption capacity in food systems. Citrus fruit peels contain carbohydrates, 

fat and pectin that contribute to good functional properties. Thus, they can be acceptable as a food ingredient in 

food industries and at home level. However, for food products to be utilized later, they need to be preserved. 

Several process technologies have been employed on an industrial scale to preserve food products; the major 

ones are canning, freezing and dehydration. Among these technologies, drying is especially suited for 

developing countries with poorly established low temperature and thermal processing facilities. It offers a highly 

effective and practical means of preservation to reduce post-harvest losses and offset the shortages in supply. In 

direct solar drying called sun drying, the product is heated directly by the sun’s rays and moisture is removed by 

natural circulation of air due to density differences. For solar drying, the moisture is taken away by the air 

entering into the cabinet from below and escaping through at the top exit. Solar drier reduces losses and 

contamination from insects, dust and animals. Solar driers protect food from sunlight, better preserving nutrients 

and color. Sun and solar drying are simple, economic, sustainable and effective methods. 

 For this reason, in this study, orange fruit peels that were processed into flour to make blends with wheat flour, 

were dried using these cheap drying methods in a attempt to reduce the waste of the peels. 
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II. Materials and Methods 
2.1. Materials  

The materials in this study were ripe orange fruit peels and commercial wheat flour. The peels of sweet orange 

fruits were collected from orange juice processing plant and brought to the Food Science and Technology 

laboratory, University of Rwanda/College of Agriculture, Animal Sciences and Veterinary Medicine, Rwanda. 

The peels were cleaned in tap water, divided into three portions and dried to constant weight. One portion was 

dried in passive box solar drier at 38.5 ± 8.6 
o
C at air flow pressure lower than 1mPa, another portion was dried 

in the oven at 50 ± 1 
o
C at air flow  pressure at lower than 1mPa and the third portion was sun dried at 16.5 ±  

5.5 
o
C at wind movement pressure higher than 1mPa. The dried peels were milled in an attrition mill and sieved 

through 0.2 mm mesh sieve. The peel flours from different drying methods were blended with wheat flour in the 

ratios of 10, 20 and 30 %. The blends were analyzed for functional and pasting properties.  

 

2.2. Analytical methods 

2.2.1. Evaluation of functional properties of orange fruit peel flour/wheat flours blends 

Water and oil absorption capacities were determined as described by [6]. Least gelation concentration was 

evaluated as developed by [7]. Foaming capacity and stability and Bulk density were determined as described by 

[8]. 

2.2.2. Determination of pasting characteristics of orange fruit peel flour/wheat flour blends 

The orange fruit peel/ wheat flours blends were determined for pasting characteristics such as peak time, pasting 

temperature, peak viscosity, final viscosity, trough viscosity, breakdown viscosity and setback viscosity using a 

Rapid Visco Analyser (RVA) Series 4(Newport Scientific Pvt. Ltd., Australia) as described by [9].  

2.2.3. Experimental design and statistical analysis 

 
The experiment was 3x3 factorial design in randomized complete block (RCB). Data were subjected to one way 

analysis of variance (ANOVA) using SPSS (Statistical Package for the Social Sciences) software, version 20. 

Means with significant (p < 0.05) differences were separated by the Least Significant Difference (LSD) test 

outlined by [10]. 

 

 

III. Results and discussion 
3.1. Functional properties of flours 

The functional properties of wheat flour and orange fruit peel flour blends are shown in Table 1. 

 

Table 1. The functional properties of wheat flour and orange fruit peel flour blends 

 

Values are means ± SD of 3 replications. Means within a row with the same superscript were not significantly (p 
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> 0.05) different.WF: Wheat flour, OPF: Orange fruit peel flour, ODOFPF: Oven dried orange fruit peel flour, 

SOFPF: Solar dried orange fruit peel flour, SDOFPF: Sun dried orange fruit peel flour, ND: Not Detected. 

 

The drying methods significantly (p < 0.05) affected water absorption capacity, oil absorption capacity, least 

gelation concentration and bulk density of the orange peel flours. The sun dried peel flour had the highest water 

absorption capacity of 444 %. This was followed by 434 % for the solar dried orange peel flour. While the oven 

dried peel flour had the lowest water absorption capacity of 328 %.The fiber in the orange peel flour might have 

been responsible for the high water absorption capacity of the flour [11]. The sun dried peel flour had the 

highest water absorption capacity may be due to high amount of fiber it contained. The oven dried orange peel 

flour had low water absorption capacity may be due to low amount of fiber, which may have been degraded by 

the high heat (50 ± 1 
o
C) used. The Water absorption capacity of oven dried peel flour was comparable to that 

obtained in other work for orange peel flour [12]. The capacity of the orange peel flours for absorption of oil 

ranged between 170 % and 145 %. The sun dried peel flour had the highest oil absorption capacity and the oven 

dried peel flour had the lowest oil absorption capacity. The oil absorption capacity of peel flours may have been 

contributed by fiber they contained as discussed for water absorption capacity. In addition to fiber content, the 

solar and sun dried peel flours had higher oil absorption capacity than the oven dried flour probably due to their 

higher bulk densities. The oil absorption capacity of the oven dried peel flour was in agreement with the value 

reported for orange peel flour [13]. 

The bulk densities of the orange fruit peel flour samples ranged between 0.63 g/ml and 0.78 g/ml. The bulk 

density of sun dried peel flour (0.78 g/ml) which was not significantly (p > 0.05) different from that of the solar 

dried peel flour (0.78 g/ml) was higher than that of the oven dried peel flour (0.63 g/ml).The bulk density was 

reported to be inversely associated with porosity [14].The least gelation concentration of the flours ranged 

between 6 % and 8 %. The oven dried peel flour had the highest value while the sun dried peel flour had the 

lowest value of least gelation concentration. Variations in the least gelation concentration may be attributed to 

the relative ratios of different constituents such as protein, carbohydrate, fat in the orange fruit peel flours [15]. 

All the orange fruit peel flour samples lacked foaming capacity and foam stability. This may be due to the 

negligible amount of protein in orange fruit peel flours. Protein is responsible for foaming capacity and foaming 

stability as the gas introduced is entrapped in the food matrix [15]. 

The supplementation of orange fruit peel flours affected the behavior of wheat flour in the blends. The 100 % 

wheat flour had lower water and oil absorption capacities of 130 % and 136 % respectively, than the wheat flour 

supplemented with orange peel flour. The water and oil absorption capacities significantly (p < 0.05) increased 

with increase in the level of orange peel flour in the blends. The result of this study suggests that oven, solar and 

sun dried orange fruit peel flours would be useful in foods such as bakery products which require hydration to 

improve handling characteristics. The 30 % SOFPF and 30 % SDFPF had higher water and oil absorption 

capacities, respectively, than the other blends. The high water absorption capacity of the flours may assure 

product coesiviness [16]. However, high water absorption is not necessarily useful since a material with very 

high water absorption capacity may imbibe a disproportionate amount of water and would dehydrate other 

components in the system [16].The low water absorption capacity of the 100 % wheat flour could be attributed 

to the presence of low amount of hydrophilic constituents [17]. The low oil absorption capacity of wheat flour 

suggested the low content of apolar amino acids in the flour [18]. The fiber content of wheat flour and the starch 

of wheat flour which is insoluble almost in cold water, may also have affected the water and oil absorption 

capacities of wheat flour [19]. The oil absorption capacity of flour is important as it improves the mouth feel and 

retains the flavor of foods. The oil absorption capacity is useful in sausages and bakery products [20], 

suggesting that the wheat flour and orange fruit peel flours blends would be useful in this regards. 

The least gelation concentration decreased gradually with increase in the level of the orange peel flours in the 

blends. However, the least gelation concentrations of  the blends containing 10, 20 and 30 % orange peel flours 

were not significantly (p > 0.05) different from that of the 100 % WF. The low least gelation concentration of 

blends was attributed to the relative ratio of protein, carbohydrates and lipids that made up the flours and the 

interaction between such components [6]. Flour with low value of least gelation concentration could be a good 

thickening agent. The oven, solar and sun dried orange fruit peel flours would be useful in food systems such as 

puddings and snacks which require thickening and gelling. The gel structure of such food systems provides a 

matrix for retaining moisture, fat and other added ingredients. 

The bulk density increased gradually with increase in the level of dried orange peel flour in the blends. The 

blends containing 10, 20 and 30 % SOFPF, and 10, 20 and 30 % SDOFPF were not significantly (p > 0.05) 

different in the bulk density. The substance with low bulk density has high porosity and vice versa. The drying 

techniques may have changed the particle shape and increased the porosity of the flours. Bulk density could be 

used in determining the packaging requirement of flour as it relates to the load the sample could carry if allowed 

to rest directly on one another. Bulk density is also related to the mouthfeel and flavor of the food the flour is 
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incorporated in [21]. Low bulk density of the flour would be an advantage in the preparation of high nutrient 

density weaning foods. The foaming capacity of 12 % and foam stability of 2 % for the 100 % wheat flour were 

greater than those of the orange fruit peel flour blends. The foaming capacity decreased with an increase in the 

level of the oven, solar and sun dried orange fruit peel flours. This may have been due to low amount of protein 

in orange fruit peel flours when compared to that of wheat flour. Foaming capacity of a food material varies 

with the type of protein, solubility and other factors [20].  The foam stability of 100 % wheat flour was not 

significantly (p > 0.05) different from those of the blends containing 10 % and 20 % orange peels flours. Good 

foaming capacity is linked with flexible protein molecule that could reduce surface tension while highly ordered 

globular protein is relatively difficult to surface denaturation [21]. Foams are used to improve texture, 

consistency and appearance of foods [20].  

 

3.2. Pasting properties of flours 

The pasting characteristics of orange fruit peel and wheat flour blends is shown in the table 2. 

 

Table 2. The pasting properties of wheat flour and orange fruit peel flour blends 

 
Values are means ± SD of 3 replications. Means within a row with the same superscript were not significantly (p 

> 0.05) different.WF: Wheat flour, OPF: Orange fruit peel flour, ODOFPF: Oven dried orange fruit peel flour, 

SOFPF: Solar dried orange fruit peel flour, SDOFPF: Sun dried orange fruit peel flour, RVU: Rapid Visco Unit. 

 

The drying methods significantly (p < 0.05) affected the pasting temperature, peak time, peak, through, 

breakdown, final and setback viscosities of orange fruit peel flours. The oven dried orange peel flour had the 

highest pasting temperature of 92.4
o
C and peak time of 9.5 minutes. The particle size of oven dried peel flour 

which was small needed higher temperature and more time for the maximum swelling and coalescence of the 

flour particles than those of solar and sun dried orange peel flours. The sun dried orange peel flour had the 

highest values of peak, breakdown and final viscosities due its high water absorption capacity. The pasting 

properties of wheat flour were significantly (p < 0.05) affected by the incorporation of orange fruit peel flours. 

The WF/SDOFPF blends had lower pasting temperature which ranged between 88.0 
o
C and 88.5 

o
C, and higher 

peak time which ranged between 6 minutes and 6.7 minutes than those of the other blends. The low pasting 

temperature provides indication of the minimum temperature for sample cooking, energy cost involved and 

other component stability [22]. It is clear from the results that the blends containing 10 % SDOFPF are likely to 

cook faster and consumed less energy, thereby saving cost and time compared to the other samples because of 

their lower pasting temperature and lower peak time. The WF/SDOFPF blends had higher peak viscosity (251.5 

RVU - 225.4 RVU) and higher through viscosity (260.5 RVU - 234.5RVU) than those of the other blends. High 

peak viscosity correlates well with high swelling power which provides indication of the viscous level to be 

encountered during mixing [23]. Through viscosity measures the ability of the gel to withstand breakdown 

during cooling [24].The break down viscosity values for the orange peel flours were low which varied from 3.4 

RVU to 10.4 RVU. The higher the breakdown viscosity, the lower the ability of the flour to withstand heating 

and shear stress during cooking [24]. The WF/ODOFPF blends had higher setback viscosity which varied from 

15.3 RVU to 70.0 RVU than those of the other blends. The small particle size of ODOFPF had high setback 

viscosity due to less energy required to aggregate upon cooling at 50 
o
C than that of big particles size of SOFPF 

and SDOFPF. The setback viscosity is a range where retrogradation (re-ordering of the starch molecules) 

occurs. The higher the setback viscosity, the lower the retrogradation of the flour paste during cooling and the 

lower the staling rate of the product made from the flour [25]. Therefore the paste of 10 % ODOFPF would be 

preferred for its higher setback viscosity than the other blend formulations. 
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IV. Conclusion 

The drying methods affected functional and pasting properties of sweet orange fruit (Citrus sinensis, L.) peel 

flour/wheat flour blends. The sun dried orange peel flour showed higher water and oil absorption capacities than 

the other dried orange peel flours. The water and oil absorption capacities increased with increase in the level of 

orange fruit peel flours in the blends. The oven, solar and sun dried orange fruit peel flours were significantly (p 

< 0.05) different in functional and pasting properties. The oven dried peel flour had the highest value while the 

sun dried peel flour had the lowest value of least gelation concentration. The least gelation concentration 

decreased gradually with increase in the level of the orange peel flours in the blends. However, the least gelation 

concentrations of the blends containing 10, 20 % orange peel flours were not significantly (p > 0.05) different 

from that of the 30 % orange fruit peel/wheat flour blends. The pasting temperature and peak time were lower, 

and final viscosity was higher for the sun dried orange peel flour than those of the other orange peel flours. The 

pasting temperature and peak time increased as the level of orange fruit peel flours increased in the blends while 

peak, breakdown, final and setback viscosities decreased with increase in orange peel flours in the blends. The 

wheat flour/oven dried orange peel flour blends had higher setback viscosity than those of the other blends. The 

incorporation of flour from orange fruit peels dried by oven, solar and sun drying methods in wheat flour blends 

could be useful in food preparation such as baking where good hydration and viscosity of flour are preferred. 
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