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Abstract: 

Orange peel (Citrus sinensis) belong to the family Rutaceae and it is well known promising source of 

multiple beneficial nutrients for human being. Global orange production is about 51 million metric tons. 

In India, area under citrus is 9.23 lakh hector which produces 86.08 lakh tones of fruits. Maharashtra is 

second largest state after Andhra Pradesh in the country and contributes to about 18.9 per cent to the total 

production of citrus in country. Orange peel obtains new healthy fruit products because peel friction has 

interesting and not very well known nutritional components such as Phenolic compound, Flavonoids, 

Dietary fiber. Part of orange such as peel and rind are used in food preparations. The peel of orange is use 

to make herbal tea, candied fruits peel and marmalade. Peels are regarded as waste material and is usually 

dried and ground to make citrus meal, a substitute cattle feed. Orange peels are also used as flavoring 

liqueurs, orange peel flavors is most desirable natural flavors. They are used in beverage, confectionery, 

bakery, pharmaceutical, cosmetic and perfumery industries. The citrus fruit residues, which are generally 

discarded as waste in the environment, can act as potential nutraceutical resources. Due to their low cost 

and easy availability such wastes are capable of offering significant low-cost nutritional dietary 

supplements in the form of orange peel powder in cookies. the orange peel powder waste used in various 

proportion viz, 0, 5, 10, 15, 20 per cent levels for incorporation in cookies by replacing the Maida in the 

basis of overall sensory attributes, cookies prepared with 10 per cent orange peel powder were recorded 

higher acceptability as compared to other samples. It is calculated that orange peel powder and Maida can 

be substituted up to 10 per cent in Maida to prepared orange peel powder without adversely affecting 

attributes.  

 

Keywords: Orange fruits, Orange peel powder, Nutritional value, Sensory evaluation and Quality 

attributes. 

 

Introduction 

Orange plant (Citrus sinensis) belonging to the family Rutaceae and it is well known promising source of 

multiple beneficial nutrients for human being (Shafiya et al., 2016). As reported by the United States 

Department of AgricultureForeign Agricultural Service (2014) the global orange production is about 51 

million metric tons. The global amount of transformed 
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orange is 20 million metric tons most of which is transformed in China, Brazil and Europe (United States 

Department of Agriculture Foreign Agricultural Service, 2014) In India, the area under citrus is 9.23 lakh 

hector which produces 86.08 lakh tons of fruits. The mandarin having largest area and maximum 

production constitutes about 26.54% of total area under citrus (Kumar, 2010). Maharashtra is second 

largest state after Andhra Pradesh in the country and contributes to about 18.9% of the total production of 

citrus in country. The state produces 1.41 million metric tons of citrus from the area of 0.28 million hector 

having productivity of 5.1 million tons /hector (Anonymous, 2011). 

The orange juice industry uses approximately 50% of the fruit, while the other 50% is peels, seeds and 

albedo, which can reach 60% of the total byproducts (Fernandez-Lopez et al., 2009). Orange peel obtains 

new healthy fruit products because peel fraction has interesting and not very well-known nutritional 

components such as vitamin C, pectin, flavonoids, carotenoids or limonene (Mazza 1998; Braddock 1999). 

A 100 g raw orange peel contain 72.50 g water, 97 kcal energy, 1.50 g protein, 0.20 g total lipid (fat), 0.80 

g ash, 25.0 g carbohydrate, 10.6 g total dietary fiber. Minerals like 161 mg calcium, 0.80 mg Iron, 22 mg 

magnesium, 21 mg phosphorus, 212 mg potassium, 3 mg sodium, 0.25 mg Zinc, 0.092 mg copper, 1.0 mg 

selenium. Vitamins like 136.0 mg vitamins C, 0.120 mg thiamin, 0.090 mg Riboflavin, 0.900 mg Niacin, 

0.490 mg pantothenic acid, 0.176 mg vitamins B-6, 30 µg total folate, 21 µg vitamin A, 0.25 mg vitamins 

E, phytosterols 34 mg (Anonymous, 2016). 

Pigmentation of fruit peel is highly diverse among the different species and cultivar of genus Citrus. 

Coloration of the peel is due to the presence of two main pigments: chlorophylls which provide green 

colour, and carotenoids, which are responsible for the characteristic coloration of mature fruits of most 

species and cultivar. Anthocyanin’s are a third group of pigments, providing a red to purple tint, in a 

specific group, blood orange and mainly restricted to the flesh. (Rodrigo M. J et al., 2013). 

In food product, apart from the pulp, parts of the orange such as the peel and the rind are used in other 

food preparations. The peel of the orange is used to make herbal tea (Anderson et al., 1990), candied fruit 

peel and marmalade. However, in the orange juice manufacturing industry, the peel is regarded as waste 

material and is usually dried and ground to make citrus meal, a substitute cattle feed (Braddock et al., 

1990). Orange peel, fresh or dried, sliced, grated or ground, is an important flavoring material in many 

European and Asian cuisine. The dried orange peel is a common ingredient in many Chinese based sauces 

for chicken and beef that requires long simmering or stir-frying. The rind of orange is an essential 

ingredient in Japanese spice mixture, shichimitogarashi. The rind and peel are used in Southeast Asian 

and Mediterranean cooking and for flavoring of many European liqueurs (Uhlet al., 2000). In France, it is 

added to bouquet garnish, fish and meat dishes. It adds a fruity, bitter flavor to the many hot, sweet and 

sour Szechwan dishes of China (Knights, 2002). Citrus flavors are among the most desirable natural 

flavors. They are used in beverage, confectionery, bakery, pharmaceutical, cosmetic and perfumery 

industries (Morton, 1987).  The major source of citrus flavor is peel oils. Peel oil comes from the oil glands 

that are found on the fruit surface (Belitzet al., 1999). The orange oil are typical volatiles or essential oil 

consisting of mixture of terpenes, sesquiterpenes, higher alcohols, aldehydes, ketones, acid esters and 

camphor or waxes (Kew, T.J. et al., 1970 ) 

Fruits and vegetables are a suitable source of phytochemicals such as flavonoids, vitamins, polyphenols, 

and pigments (Jayaprakasha and Patil 2007) that has been associated with enhanced human health (Ochoa-

Velasco and Guerrero-Beltrán 2014). It is well known that people who consume high amount of fruits and 

vegetables show a low incidence of cardiovascular, cancer, obesity and other diseases (Delia-Gabriela et 

al. 2012). However, higher demands of these products increase the amount of residues such as peel, 
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bagasse and seeds. A higher amount of by-product that could be used as a good source of bioactive 

compounds (Sáenzet al., 2007; Kong et al., 2010). Moreover, orange peel could reach about 50–65% of 

total weight (Ghasemi et al., 2009). Food industry uses citrus peel as a source of molasses ,pectin, oil and 

limonene (Braddock 1995), and has been studied because it contains several bioactive compounds, such 

as flavanones, polyethoxylated flavones, flavonols and phenolic acids; these compounds have a lot of uses 

as a natural antioxidants for pharmaceutical, biotechnological and food industries (Bocco et al., 1998). 

 

Components of citrus peel having functional properties. 

Phenolic components 

Major bioactive components known for health benefits are phytochemicals, especially phenolics in fruits 

and vegetables. Plant phenolics are not only present in edible parts of plants but their presences with 

multiple biological effects have also been reported in non edible parts of the plants. The mechanisms 

behind the  contribution of phytophenolics in health promotion and 

diseases prevention related to cell differentiation, pro-carcinogens deactivation, DNA repair maintenance, 

suppression of N-nitrosamine formation and change of estrogen metabolism, amongst other (Shahidi, 

1997) citrus contain a host of active phytochemicals that can protect health. In addition to this, it provides 

an ample supply of vitamin C, folic acid, potassium and pectin. Citrus species of various origin have been 

evaluated for their phytochemical composition and its contribution in health promotion (Proteggente et 

al., 2003; Gorinstein et al., 2004; Anagnostopoulou et al., 2006; Guimaracs et al; 2009)  and it has been 

recognized that citrus species exhibit promising biological properties including antiatherogenic, anti-

inflammatory, antitumor activity, anti-clotting and strong antioxidation activity (Middleton and 

Kandaswami, 1994;  Montanary et al., 1998; Samman et al., 1996).  Kinnow or Tangerine 

(Ctriusrecticulata) is process into juices by the industrial and fruit vendor and 30-35% of kinnow peel is 

obtained as a major processing by-product. This kinnow peel is found to be a rich source of health 

beneficial compounds including vitamin C, carotenoids and polyphenolic antioxidants (Anwar et al., 

2008). The major cause of food deterioration especially meat products are lipid oxidation and auto-

oxidation. Synthetic antioxidants have been used from year to prevent this lipid oxidation which may 

produce changes in meat quality parameters such as colour, flavor, odor, texture and even nutritional value 

(Fernandez et al., 1997). To overcome disadvantage of using synthetic anti-oxidant in meat products, 

(Davatkal et al., 2010) replaced them with kinnow rind powder extract successfully and the result revealed 

that extracts are rich source of phenolic compound having free radical scavenging activity and concluded 

that the extracts of citrus powders have potential to be used as safer alternative to synthetic ones. 

Flavonoids 

Flavonoids are polyphenolic compounds having a phenyl benzopyrone structure, representing as two 

benzene rings (C6) joined by a linear three-carbon chain (C3), with carbonyl group at the C position. 

Although flavonoids are generally regarded as non-nutritive agents, their potential role in the prevention 

of major chronic diseases. The citrus flavonoids found to be have health-related property, which included 

anticancer, antiviral, anti-inflammatory activities, reduce capillary fragility, and restricts human platelets 

aggregation (Huet, 1982; Benavente-Garcia et al., 1997). Some glycosylate flavanones can be easily 

converted into the corresponding dihydrochalcones, which are potent natural sweeteners (Bor et al., 1990). 

The wide biochemical functions of flavonoids in orange peel have been studied recently. They increase 

serum antioxidant capacity against lipid peroxidation (Assini et al., 2013 and reduced elderly oxidative 

stress. These compounds possess the beneficial effects of anti-inflammation, antitumor (Romagnolo and 
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Selimin, 2012; Park and Pezzuto, 2012), and anti atheroserosclerosis (Mulvihill and Huff, 2012. In 

addition to this, these also serve as supplementary of drug chemotherapy (Meiyanto and Hermawan, 2012), 

diabetes health food (Aruoma et al., 2012), and neuro protective drug (Hwang et al., 2012). Ramful et al., 

(2010) examined flavedo extracts of different varieties of citrus fruits grown in maturities for their total 

phenolic; flavonoid and vitamin C contents and antioxidant activities. Dried tangerine peel (Citrus 

reticulate is used as traditional Chinese medicine, pericardium called chen-pi to cure a wide array of 

ailments, including bronchial asthma, dyspepsia, and cardia circulation, (China Pharmacopoeia 

Committee, 2010). A number of scientific studies report it as rich source of flavonoids, especially 

flavanone glycosides and polymethyl flavones, which play a great contribution in protection against life 

threatening diseases such as cancer, atherogenesis, (Tripol et al., 2007; Benavente-Garcia and Castillo, 

2008) and neurodegeneration disorders (Youdim et al., 2004 Hwang et al., 2012). Inhabiting microglia 

activation-mediated neuro inflammation has become a convincing target for development of functional 

food to treat neurodegenerative diseases. Tangerine peel has potent inflammatory capacity and 

corresponding active components remain unclear. Hesperidin has been found as the most predominant 

flavonoid in tangerine peel, followed by tangerine and nobiletin. It has been reported that hesperidin’s, 

nobiletin, and tangerine individually possess mild inhibitory activity against neuroinflammation but their 

collective effect found to be significant (Su-Chen and Chum-Ting, 2014). 

Dietary fiber 

Dietary fiber which is often classified as soluble dietary fiber and insoluble dietary fiber consist of a 

mixture of plant carbohydrate polymer, both oligosaccharides and polysaccharides e.g., cellulose, 

hemicelluloses, pectin substances, gums, resistant starch, insulin and in association with some no 

carbohydrates moiety (Fuentes-Zaragoza et al., 2010). Health conscious people prefer natural supplements 

fearing that synthetic ingredients may be the source of toxicity, fiber-rich by-product, rich in dietary fiber 

and bioactive compound act as a prize to food processors. Supplementation with dietary fiber can result 

in safer and economical foods with multiple health benefits. The average daily requirement of dietary fiber 

is 21 -25g per day for women and 30-38g per day for men (Food and Nutrition Board, Institute of Medici, 

200l). Most nutritionist and diet expert suggest that 20-30 % of our daily fiber intake should come from 

soluble fiber. One typical example is the residue obtained from industrial processing of citrus peel 

(Braddock, 1999). Garcia et al., (2002) reported that the addition of cereal or fruit fiber, specifically 1.5% 

orange fiber, can be used as a fat replacer in dry fermented sausages. Citrus fiber, which possesses 

bioactive functions due to presence of polyphenol-like components, can be used as effective inhibitors of 

lipid oxidation in meat products, thereby improving their oxidation stability and prolonging their shelf life 

levels (Fernandez-Gines et al., 2003). Citrus peel could be considered to be a potential source of pectin 

which is composed of white, spongy and cellulosic tissue (Terpestra et al., 2002). Frequent consumption 

of dietary fiber is associated with low risk of life threatening chronic diseases such as bowel, 

gastrointestinal disorders, obesity, diabetes, cardio vascular diseases, cancer and also promoting 

physiological functions including reduction in blood cholesterol level and glucose attenuation (Figuerola 

et al., 2005). The effectiveness in citrus peel in lowering the plasma liver cholesterol, serum triglycerides 

level, serum total cholesterol, liver total lipid and liver cholesterol (Terpstra et al., 2004) is proven by 

many epidemiological studies. The peel fiber derived from orange fruit is involved n the improvement in 

intestinal functional and health. 
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Main pigments in citrus fruit peel 

Carotenoids 

Citrus fruits are one of most complex sources of carotenoids, with the large diversity of carotenoids among 

the different species and cultivars in terms of types and amounts (Gross et al., 1972; Kato et al., 2004; 

Fanciullion et al., 2006; Xi et al., 2006; Matsurnoto et al., 2007; Agocs et al., 2007) Ripen orange fruit is 

characterized by the orange colour of the flavedo (outer coloured portion of peel) and the intensity of the 

colouration is mainly determined by genetic factor (Saunt, 2000) As envisaged from Table 1, these 

differences in colour are not always directly correlated to carotenoid content in the peel, which ranges 

from 40 to 120 µgg-1 FW, but also the particular proportion of each carotenoid. Most carotenoids 

correspond to ββ - xanthophylls, which can account for up to 90% of total carotenoids in some cultivars 

(Kato et al., 2004; Rodrigo et al., 2004). In ripen orange most abundant carotenoid is the xanthophylls 9-

Z-violaxanthin, according up to 80% of total peel carotenoids (Table 1). As violaxanthintypical provides 

a yellowish colour (Britton, 1998), it is unlikely that this carotenoid is the only responsible for the 

characteristic orange colour. The main orange-colour carotenoids in the peel of sweet orange fruits are β-

cryptoxanthin and the C30 apocarotenoid β-citraurin, both reddish orange colored (Stewart and Wheaton, 

1972; Gross, 1987). For example, the higher intense pigmentation of Navel in relation to Valencia orange 

has been suggested to be due to a higher ratio violaxanthine/ β-citraurin in the last cultivar (Oberholster et 

al., 2001) 

 

Table 1 Total carotenoid content (µgg-1 FW) and composition in the peel of mature fruit from 

selected cultivars of sweet orange 

Cultivar Total 

carotenoids 

Percentage of main carotenoids Reference 

Sweet orange  

Bonanza  

 

Cara Cara 

 

43.3 

 

62.3 

 

31% Auroxanthine; 23% β-Citraurin 

36-57% Phytoene; 31% Violaxanthin 

 

Xu et al.(2006) 

 

Xu et al.(2006), Alquezar et 

al. (2008) 

Washington 

Navel 

Navel 

123.4 

 

60.0-75.0 

73% Violaxanthin; 18% Phytoene 

26%-58% Violaxanthin; 12%- 33% 

Phytoene 

Marsumoto et al. (2007) 

Curl and Bayley(1961).  

Navelate 

Navelina 

Anliu 

59.0 

94.2 

56.0 

80% Violaxanthin; 

31% Violaxanthin; 18% Phytoene 

31% Violaxanthin; 20% β-

Cryptoxanthin; 20% Lutein 

Rodrigoet al.,(2004) 

Carmona et al. (2012) 

Liu et al. (2007) 

 

Hong Anliu 

Trovita 

Valencia 

37.5 

122.2 

90.0-120.0 

27% Violaxanthin; 20% Lutein 

73% Violaxanthin; 18% Phytoene 

44-55% Violaxanthin; 

Liu et al. (2007) 

Marsumoto et al. (2007) 

Gross (1987). Kato et al. 

(2004) 

 

Chlorophylls 

Chlorophylls (chl) are the main pigments in the peel of immature and mature-green Citrus fruit and tend 

to decrease during ripening being, in general, absent in the peel of ripe fruits (Eilati et al., 1969; Gross, 
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1987; Alos et al., 2006) Hence, Chl concentration reach the highest values (around 300-250 µgg-1 FW) 

in the peel of immature green fruits and at the colour breaker stage the concentrations start to decrease 

progressively to virtually disappear in the peel of fully colour fruit in most species and cultivars (Yamauchi 

et al., 1997; Rodrigo et al., 2004; Alos et al., 2006, 2008; Alquezar et al., 2008, 2013). 

Chl a is , in terms of abundance, the major component of Chl in Citrus peel, followed by Chl b (Yamauchi  

et al., 1997; Alos et al., 2008; Srilaong et al., 2011). In addition, some other Chl derivatives that greatly 

decrease during natural degreening have been detected in the peel of Wase Satsuma mandarin, such as 

OH-chlorophyll a, chlorophyll a pheophytin a have been detected at mature green stage, and eventually 

these pigments decreased and disappeared, respectively (Alos et al., 2008). 

 

Anthocyanins 

A third group of pigments relevant in the coloration of a particular group of Citrus fruit are anthocyanins, 

providing red, blue and purple colors. The presence of anthocyanins is restricted to a specific group of 

sweet oranges denominated blood oranges and their hybrids, and accumulates mainly in the flesh but also 

provide an intense dark-red coloration to the peel (Rapisarda et al., 1999). These pigments may also 

accumulate in young shoots and fruits, and in some floral tissues of lemon (C. limon), and citron (C. 

medica). Moreover, the content of anthocyanins is determined by the genotype but also.is highly influence 

by environmental condition and storage temperature (Cultrone et al., 2010). In particular, colour 

development in blood orange fruits, is strongly dependent on the climatic conditions during fruit ripening, 

and low night temperatures are essential for intense colour formation. Therefore prolonged post-harvest 

storage at low temperature enhances the development of fruit coloration due to the stimulation of 

anthocyanins accumulation (Rapisarda et al., 1999; Crifo et al., 2011). These environment requirements, 

and the presence of seeds, have limited the large-scale commercial production to the Sicilian region of 

Italy, from where most modern varieties of blood orange, such as Tarocco and Moro, have been mainly 

devoted to juice production. Anthocyanins are a class of flavonoids derived ultimately from phenylalanine, 

being the major anthocyanins in citrus cyanidin 3-glocoside and the acylatedcyanidin 3-(acetyl)-glucoside, 

constituting about 50 and 18% , respectively, of the total anthocyanins of blood oranges Mazza and 

Miniati, 1993). 

The anthocyanins biosynthetic pathway Is relatively well characterized and the expansion pattern of 

structural genes has been investigated in citrus fruits (Lo Piero et al., 2005; Licciardello et al., 2008 

Cultrone et al., 2010). However, most of the works are related to pulp tissue, where anthocyanin 

accumulation preferentially occurs (Cotroneo et al., 2006). As in other fruits, studies in citrus led to the 

conclusion that anthocyanins accumulation take place when two sets of genes are expressed: structural 

genes, encoding enzymes catalyzing reactions of the metabolic pathway, and regulatory genes, encoding 

transcription factors (MYB and bHLH types) regulating their expression. (Cultrone et al., 2010; 

Licciardello et al., 2008). Some of these genes have been characterized from Citrus. 

 

Production and composition of citrus by-product 

Citrus fruits are principally consumed by humans as fresh fruit or processed or concentrated. After juice 

is extracted from the fruit, there remains a residue (table 3) comprised of peel (flavedo and albedo),pulp 

(juice sac residue), rag (membranes and cores) and seeds. These components, either individually or various 

combinations, are the source materials from which citrus by-product feed stuffs (BPF) are produces 

(Sinclair 1984; Ensminger et al.1990). The main citrus BPF citrus processing (Fig. 1) are fresh citrus pulp 
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which is the whole residue after extraction of juice, representing between 492 and 692 g/kg of fresh citrus 

fruit with600-650 g dry matter (DM) / kg peel, 300to 350 g/kg pulp and 0-100g/kg seeds (Martinez-

Pascual and Fernandez-Carmona 1980), and dried citrus pulp (DCP) which is formed by shedding , liming, 

pressing and drying the peel, pulp and seeds residues to about 80g/kg moisture, and citrus meal and fines 

which is formed and separated during drying process. Atypical processing plant produces these BPF in a 

ratio of about 850g/kg DCP, 140g/kg citrus meals and 10 g/kg citrus fines. Other citrus BPF include citrus 

molasses, made by concentrating the press liquor from the citrus peel residue, which has a bitter taste and 

contains about 100-150 g/kg soluble of which 500-700 g/kg consist of sugar (Ensminger et al. 1990), citrus 

peel liquor, which is similar to citrus molasses, but not concentrated, and citrus activated sludge which is 

produced from liquid wastes from citrus processing plants.  

 

 
Fig. 1 Schematic presentation of citrus by-product production. ( Adapted from Bapedi’s and 

Robinson (2006)). 

 

Table 3 Productsand by-products of various tissues of citrus fruits (Sinclair et al. 1984; Bambini’s 

and Robinson 2006.) 

Whole peel or rind 

(pericarp) 

Consist of flavedo (exterior yellow peel, epicarp) and albedo (interior white 

spongy peel, mesocarp) .Albedo rich in pectin. The whole peel combined 

with the pulp residue (rag) and/or molasses can become feed for animal. It is 

also used for production of human foods and food supplements. 

Pulp (principal edible 

portion, endocarp) 

Used mainly to produce raw juice for human nutrition, after mechanical 

extraction and screening. The material screened from the raw juice is also 
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called pulp and is usually combined with other residue to produce by-

products used in animal nutrition. 

Pulp residue(called rag 

in industry ) 

Consist of the fraction screened from the pulp, being cores, segment wall of 

membranes, juice vesicles and seeds. The pulp residue usually combined 

with peels residue to manufacture by-product feeds. From the lime treated 

mass peel and pulp residues, citrus processers produce such by-products, as 

press liquor, citrus molasses, citrus pulp, citrus meal and feed yeast. It is also 

used for production of human foods and food supplements.  

Seeds Sometimes separated from the rag to produce seed oil, seed meals and dried 

seed pressed cake. 

Waste waters (aqueous 

effluent emulsions from 

processing plant) 

Have potential uses for production of such products as activated sludge and 

yeasts. It is also used for production of human foods and food supplements. 

 

Human Disorders and Health 

Any condition that interferes with the normal functioning of the body is called a disease. In other words, 

disease may be defined as a disorder in the physical, physiological, psychology or social state of a person 

caused due to nutritional deficiency, physiological disorder, genetic disorder, pathogen, or any other 

reason Citrus peels has antioxidant properties that plays vital role to cure the following human disorder 

and improving health. 

Digestion and flatulence:  

Bitter orange peel is used for stomach aches and higher blood pressure. The Basque people in Europe use 

the leaves for stomach aches, insomnia, and palpitation and bitter orange peel as an anti-spasmodic. In 

traditional Chinese medicine, the peel of a immature fruit is used for indigestion, abdominal pain, 

constipation, and dysenteric diarrhea. Where the patient is weak, the milder, mature fruit used similarly. 

However, bitter orange used for insomnia and indigestion in many parts of the world 

Cardiovascular health: 

Orange peels contain hesperidin, a compound known for its antioxidant properties. It is also found in 

orange pulp but in much lower amount. Hesperidin helps in lowering the cholesterol level of the body and 

maintain the blood pressure. The fiber in orange is another major contributor to the heart health. Citrus 

fruit (especially tangerines) are one of the richest sources of pectin – a type of dietary fiber. Pectin is the 

major component of kind of fiber that is known to lower cholesterol pectin is also use to stabilizing blood 

sugar. A single orange provides 3 gm of fiber, and dietary fiber is associated with wield range of health 

benefit.  

Cancer:  

In the oil of the peel of the citrus fruits is a phytonutrient known as limonene Oranges, mandarins, lemons 

and limes contain significant amounts of limonene in the peel and smaller quantity in the pulp. Limonene 

stimulates our antioxidant detoxification enzyme system, thus helping to stop cancer (Satoh et al., 1996) 

before it can even begin. Limonene also reduces the activity of portions that can trigger abnormal cell 

growth. Limonene has blocking and suppressing action that, at least in animals, actually causes regression 

of tumor. Mediterranean people suffer lower rates of certain cancers than others, and researchers now 

believe this can partly be describing their regular consumption of citrus peel. 
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Weight Loss:  

Tea prepared from the orange peel is an excellent remedy for weight loss. It increases metabolism, removes 

fat from the body and increases the body energy and stamina.  

Cosmetic use: 

Bitter orange extract can have antioxidant properties when eaten; however use topically its methanol 

content makes it potentially irritating for skin. C. aurantium Amara (bitter orange) peel extract is an extract 

of a peel  of the bitter orange, C. aurantium Amara, as a raw material, it has reported used in cosmetic 

related products such like sunless tanning, conditioner, bar soap, shampoo, makeup remover, 

exfoliate/scrub, blush, mask, facial cleanser. 

Citrus aurantium can be used to prevent skin fragility and perks up skin tone, and metabolism boosting. C 

aurantium peel extract is classed as a biological product and is used as a miscellaneous skin-conditioning 

agent as well as fragrance ingredient.   

Value added products from citrus peel: 

Kinnow citrus peel has assumed special economic importance and export demand being acknowledged 

for its higher juice contents, special flavor, delicious taste and being rich source of vitamin C. It is widely 

used for juices, squashes, jam, jellies and marmalade. It also provides some micronutrients such as 

calcium, phosphorus and iron. Essential oils are volatile oils obtained from citrus fruits peels sacks. They 

are used by food industry to give flavor to drinks and food. Some limonoids compounds, called limonoids 

glycosides, are stable at high temperatures; new products incorporating these compounds could include 

juices, cakes, bread and cookies.  Citrus pulp and pellets are the result of the conversion of peels and pulps 

that have been left behind once the juice have been extracted. They are used for animal feeding. 

 

Reference: 

1. Anonymous (2011); http://midh.gov.in/technology/State-Wise-Horticulture- Status.pdf. Date   of 

acess 25/11/2016 

2. Anonymous (2011); http://midh.gov.in/technology/State-Wise-Horticulture- Status.pdf. Date   of 

acess 25/11/2016 

3. Anagnostopoulou, M.A., Kefalas, P., Papageorgiou, V.p., Assimopouloulou,  A.N., Boskou, D., 2006. 

Radical scavenging activity of various extraxts and fractions  of sweet orange flavedo (Citrus 

senensis). Food Chem. 94, 19-25 

4. Anwar, F., Naseer, R., Bhanger, M.I., Ashraf. S., Talpur. F.N., Aladededune,  F.A., 2008. 

Physicochemical characteristic of citrus seeds and oil  from Pakistan. J. Am. Oil Chem. Soc. 85, 321-

330. 

5. Aruoma , O.I., 2003. Landes, B., Ramful-Baboolall, D., 2012. Fuctional  benefits of citrus fruits in the 

management of diabetes.Prev. Medi. 54, 12-16. 

6. Anderson, J.W. 1990.Dietary fibre in human health.HortSci 25:1488- 1495. 

7. Assini, J.M., Mulvihi, E.E., Sutherland , B.G., 2013. Naringenie prevent   cholostterol-induceed 

syntemic inflammation, metabolic dysregulation, and atherosclerosis in Ldlr/mice. J. Lip. Res. 54, 

711-724. 

8. Alos, E., Cercos, M., Rodrigo, M.J.,Gentile, A., Zacarias, L.,2012. Delayed  color break in Tardivo, a 

late ripining mandarin mutant,is related to a defective ethylene response. Proceeding International 

Society Citriculture 1, 138. 

https://www.ijfmr.com/
http://midh.gov.in/technology/State-Wise-Horticulture-
http://midh.gov.in/technology/State-Wise-Horticulture-


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240424379 Volume 6, Issue 4, July-August 2024 10 

 

9. Alquezar, B., Rodrigo, M.J., Zacarias, L.,2008a. Regulation of carotenoide biosyintheses during fruit 

maturation in the red-fleshed orange mutant Cara Cara. Pjytochemistry 69,1997-2007. 

10. Alquezar, B., Rodrigo, M.J., Zacarias, L.,2008b. Caritenoid biosynthesis and their regulation in citrus 

fruit.Tree and forestry science and biotechnology 2,23-35. 

11. Bampidis VA Robinson PH (2006) Citrus by-products as ruminant feeds: A review. Animal Feed 

Science and Technology 128, 175-217. 

12. Benavenet-Garcia, O., Castillo, J.,m 2008. Update on use and properties of citrus flavonides ; new 

finding in anti-cancer, cardiovascular and anti-inflammantory activity. J.agri. Food Chem. 56, 6185- 

6205. 

13. Bor, A., Borrego, F., Banavente, O., Castillo. J., DelRio. J.A., 1990.  

14. Neohesperidindihydrochalcone: properties and application. LWT- Food Sci. Technol. 46, 371-376. 

15. Braddock, R.J. 1995. By-products of citrus fruits. Food Technol. 49, 74–77. 

16. Braddock, R.J. 1999. In Handbook of Citrus By-Products and Processing Technology. John Wiley and 

Sons, New York. 

17. Braddock, R.J. 1999. D-limonene.In Handbook of Citrus By-Products and Processing Technology. 

John Wiley and Sons, New York. 

18. Bocco, A., Cuveliar, M.E., Richard, H. and Bereset, C. 1998. Antioxidant activity and phenolic 

composition of citrus peel and seed extracts. J. Agric. Food Chem. 46, 2123–2129. 

19. Belitz,  H.D. and Grosch, W. 1999. In Burghagen, M.M., Hadziyev, D.,  Hessel, P., Jorden, S. and 

Sprinz, C. (eds). Food Chemistry. 2nd edn, (translated), Springer-Verlag, Berlin, Heidelberg, New 

York. 

20. Britton, G.,1998.Overview of carotenoid biosynthesis. In: Britton, G.,liaaen  Jeasen, 

S.,Pfender.H.(Eds.), Biosynthesis and Metabolism. Vol.3. Birkhauser verlag Basel, pp. 13-148 

21. Carmona, L., Zacarias, L., Rodrigo, M.J., 2012. Stimulation of coloration  and carotenoid biosynthesis 

during postharvest storage of  ‘Navelina’ orange fruit at 12 C. Postharvest Biology and Technology 

74, 108-117. 

22. Cotroneo.P.S., Russo, M.P., Ciuni, M., Reforgiato Recupero, G., Lo Piero,  A, R., 2006.Quantitative  

real timereverse transcriptase PCR profiling of anthocyanins biosynthesis gebes during orange fruit 

ripning, Journal of the American Society for Horticulture Science 13,537-543. 

23. Crifo, T., Puglisi, I., Petrone, G.,Recupero, G.R., Lo piero, A.R., 2011.  Expression analysis in 

response to low temperature stress in blood oranges: implication of the flavonoid biosynthetic pathway 

. Gene 476,1-9. 

24. Cultrone, A., Cotroneo, P.D., Reforgiato Recupero, G., 2010. Cloniing and  molecular characterization 

of R2R2-MYB and bHLH-MYC transcriprion factors from citrus sinensis. Tree Genetics and 

Genomes 6,101-112. 

25. Curl, A.L., Bayley, G.F., 1961. The carotenoids of Navel oranges, Journal of  Food Science 26,442-

447. 

26. Charracterization of antioxidation compound in Jaffa sweeties and white  grapefruits. Food Chem. 84, 

503-510. 

27. Devatkal, S.K., Narsaiah, K., Borah,A ., 2010. Anti-oxidant effect of  extracts of kinnow rind, 

pomegranate rind and seed powders in cooked goat meat patties. Meat Sci. 8591), 155-159. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240424379 Volume 6, Issue 4, July-August 2024 11 

 

28. Delia-Gabriela, D., Camelia, M., Diana-Picoleta, R. and Mirela-Viorica, P.  2012. Comparative 

analysis of vitamin C content and antioxidant activity of some fruits extracts. J. Agroalimentary 

Processes Technol. 18, 223–228. 

29. Eilati, S,K., Goldschmidt, E.E., Monselise, S.P., 1969. Harmonal control of  colour changes in orange 

peel. Experientia 25. 209-210. 

30. Ensminger ME, Oldfield JE, Heinemann WW (1990) Feeds and Nutrition      (2nd Edn), The ENsminger 

Publishing Company, Clovis, CA,USA. 

31. Fernandez, J., Perej-Alvarez, J.A., Fernandez-Lopez, J.A.,  1997.Thiobarbituric acid test for 

monitoring lipid oxidation in meat. Food Chem. 59, 345-353. 

32. Fernandez-Gines, J.M., Fernandez-Lopez, J., Sayas-Barbera, E., Sendra, E.,  Perez Alvarez. J.A., 

2003. Effect of storage conditions on quality characteristics of bologna sausages made with citrus 

fibre. J. Food Sci.68.710-715. 

33. Figuerola, F., Hurtado. M.L., Estevez, A.M., Chiffelle. I., Asenjo, F., 2005.  Fibre concentrates from 

apple pomace and citrus peel as a potential fibre sources for food enrichment. Food Chem. 91, 395-

401. 

34. Food and Nutritional Board, Institute of Medicine, 2001. Dietary reference  intakes. 

35. Fuentes-Zaragoza, E., Riquolme- Navarrete. M.J., Sanehez-Zapata, E.,  Perez-Alvaraz. J.A., 2010. 

Resistant starch as functional ingreadent: a review, Food Res Int. 43(4), 932-942 

36. Fernandez-Lopez, J., sendra-Nadal, E., Navarro, C., Sayas, E., Viuda- Martos, M., and perezAlvarez, 

J, A. P. (2009).Storage stability of a high dietary fibre powder from orange by products. International 

Journal of Food Science and Techology, 44, 748-756. 

37. Gross, J., 1987. Pigments in Fruits. Food Science and Technology: A Seeries  of Monographs, London, 

England. 

38. Garcia, M.I.,++ Dotmugne. R., Galvez, M., Gavlez, D., Casas. C., Selges,  M.D., 2002. Utilization of 

cereal and fruit libres in low fat dry fermented sausages. Meat Sci. 60, 227-236. 

39. Gorinstein, S., Cvikrova. M., Machackova, I., Harucukit, R., Park., Y.  S.,Jung. S.T., Yamamotm, K., 

Ayala. A..L.M., Katrich, E.,Trakhtenberg. S., 2004.                                                 

40. Guimaracs. R., Barros. L., Barrera. J.C.M., Sousa, M.J., Carvalho. A.M.,  Ferreira, I.C.F.R. 2009. 

Targeting excessive free redicals with peel and juices of citrus fruits; grapefruit, lemon, lime and 

orange. Food. Chem, Toxicol. 48(1) 99-106. 

41. Ghasemi, K., Ghasemi, Y. 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. 

42. Huet, r., 1982. Constituants des agrumesa effetpharmacodynamique: 1982.   

43. Les citroflavonoides (Constituents of citrus fruits with pharmocodynamic effect;p citroflavonoids). 

Fruits. 37, 267-271. 

44. Hegazy, A.E. and Ibrahium, M.I. 2012. Antioxidant activities of orange peel  extracts. World Appl. 

Sci. J. 18, 684–688. 

45. Jayprakash, G.K. and Patil, B.S. 2007. In vitro evaluation of the antioxidant  activities in fruit extracts 

from citron and blood orange. Food Chem. 101, 410–418 

46. Kato, M., lkoma, Y.m Matsumoto, H., Sugiura, M., Hyodo, H., Yano,  M.,2004. Accumulation of 

carotenoids and expression of carotenoids biosynthesis genes during maturation in citrus fruits. Plant 

Physiology 134,824-837. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240424379 Volume 6, Issue 4, July-August 2024 12 

 

47. Kew, T.J. and Berry, R.E. 1970. Citrus product colour enhancement using ex tract of different variety. 

J. Food Sci. 35:436-439 Knights, J. 2002.Flavour legislation. In Kumar, B. 2010.Indian Horticulture  

Database 2009. National Horticulture Board, Ministry of  Agriculture, Government of India, Gurgaon, 

India, pp. 1-275. 

48. Kong, K.W., Ismail, A.R., Tyug, T.S., Prasad, K.N. and Ismail, A. 2010. Res ponse surface 

optimisation of extraction of phenolics and flavonoids from pink guava puree industry by-product. Int. 

J. Food Sci. and Tech. 45, 1739–1745.  

49. Licciardello, C., Russo, M.P., Vale, G., Recupero, R.G.,2008.  Identification of differentially 

expressed genes in the flash of blood and common oranges. Tree genitics and genomes 4,315-331. 

50. Liu, Q., Xu, J. Liu, Y., Zhao, X., Deng, X., Guo, L., Gu. J., 2007. A novel bud mutation that confers 

abnormal patterns of  lycopene accumulation in sweet orange fruit ( Citurs sinensis  L.Osbeck). Journal 

of Experimental Botany 58,4161-4171. 

51. Lo Piero, A.R., Puglisi, I., Rapisarda, P., Petrone, G., 2005. Anthocyanins ac umulation and releated 

genes expression in red orange fruit induced by low temperature. Journal of Agriculture and Food 

Chemistry 53,9083-9088. 

52. Madrid J, Hernandez F, Pulgar MA, Cid JM  (1996)  Dried lemon as energet ic supplement of diet 

based on urea- treated barley straw: effects on intake and digestibility in goats. Animal Feed Science 

and Technology 63,89-98. 

53. Martinez-Pascual J, Fernandez- Carmona J (1980) Composition of citrus pul p. Animal Feed Science 

and Technology 5,1-10. 

54. Matsumoto. H., Ikoma, Y., Kato, M., Kuniga, T., Nakajima, N., Yoshida, T., 2007. Quantification of 

carotenoids in citrus fruit by LC-MS and comparison of patterns of seasonal changes for carotenoids 

among  Citrus varieties. Journal of Agriculture and Food Chemistry 55,2356-2368. 

55. Meiyanto, E., Hermawan, A., 2012, Natural product of cancer targeted thera py: citrus flavonoids as 

potent chemopreventive agents Asian Pacific J.  Canc. Prevent, 13 (2), 427-436. 

56. Middleton, E., Kandaswami. C., 1994. Potentral health – promating property es of citrus flavonoids. 

Food Technol. 11, 115-119. 

57. Montanuria, A., Chen, Widmer, W., 1998. Citrus flavonoidss: a review of pa st biological  activity 

against diseases. In: Manthey, J.A., Bualing, B.S. (Eds),  Flavonoids in the living system. Plenum 

Press, New York, pp., 103-113. 

58. Mulvihill, E.E., Huff, M.w.,2012. Citrus flavonoids and prevention of  ather osclerosis. Cardiovase. 

Hematol. Disord. Drug Targets12c(2), 84-91. 

59. Morton, J.F. 1987. Sweet orange. In Fruits of Warm Climates. USA Medial I nc., Miami. 

60. Oberholster, R., Cowan, A. K., Molnar, P., Toth, G., 2001. Biochemical  basis of  color as an aesthetic 

quality in Citrus sinensis. Journal of Agriculture and Food Chemistry 49, 303-307. 

61. Ochoa-Velasco, C.E. and Guerrero-Beltran, J.A. 2014. Postharvest quality of                 

peeled prickly pear fruit treated with acetic acid and chitosan. Posthar vest Biol. Technol. 92, 139–

145. 

62. Park, E., Pezzuto, J.M., 2012. Flavonodies in the cancer prevention. Anti- cancer agens. Med. Chem. 

12(8), 836-851. 

63. Proteggente, A.R., Saija, A., De Pasquale, A., Rice-Evans, C.A., 2003.The compositional 

characterisational and antioxidant activity of fresh juices from Sicilian sweet orange (Citrus sinensis 

L.Osbeek) varities. Free Radic. Res. 37, 681-687. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240424379 Volume 6, Issue 4, July-August 2024 13 

 

64. Rapisarda, P., Toaino, A., Lo Cascio, R., Bonina, F., De Pasquale, A., Saija, A., 1999. Antioxidant 

effectiveness as influence by phenolic contents of fresh orange juices. Journal of Agriculture and Food 

Chemistry 47,4718-4723. 

65. Rodrige, M.J., Marcos, J.F., Zacarias, L., 2004. Biochemical and molecular analysis of carotenoid 

biosynthesis in flavedo of orange (Citrus sinesis L.,)during fruit development and maturation. Journal 

of Agriculture of Food Chemistry 52,6724-6731. 

66. Rafiq, S., Kaul R, Sofi. S.A., Nadia B., Fiza N., Gulzar A.N., Citrus peel as asource of functional 

ingredient: A review. Journal of the Saudi Society of Agricultural Sciences (2016) Ramful, D., 

Bahorum, E., Tarnus, E., Auroma, O.I., 2010. Bioactive Phenolic and antioxidant property of 

flavonoids extracts of Mauritian citrus fruits: potential prophylactic ingreadents for functional foods 

application. Toxicology 278, 75-87. 

67. Romagnolo, D.F., Selmin. O.I., 2012. Flavonoids and cancer preventions : a review of the evedience. 

J. Nutr. Geront. Geriet. 31 (3), 206-238 Rodrigo M. J. , Alquezar B., Alos E., Lado J., L. Zacarias., 

(2013) Biochemical bases and molecular regulation of pigmentation in the peel of citrus fruit. 

68. Sinclair WB (1984) Some soluble and insoluble constituents of citrus fruits In: Sinclair WB (Ed) The 

Biochemistry and Physiology of the lemon and other citrus fruits, Division of Agriculture and Natural 

Resources, University of California, Oakland,CA,USA, pp 79-109Saunt, J., 2000. Citrus varieties of 

the world : An Illustrated Guide. Sinclair International Limited, Norwich. 

69. Srilaong, V.,Aiamla-Or, S., Soontornwat, A., Shigyo, M., Yamauchi, N.,2011. UV-B irradiation 

retards chlorophyll degradation in lime (Citrus latifolia Tan) Fruit. Post harvest Biology and 

Technology 59,110-112. 

70. Stewart, I., Wheaton, T. A., 1973. Conversion of β-apo-δ-carotenal to citran axanthin during the 

isolation of carotenoids from Citrus. Phytochemistry 12,2947-2951. 

71. Saenz, C., Estevez, A.M. and Sanhueza, S. 2007.Utilización de residuos de la industria de jugos de 

naranjacomofuente de fibradietética en la elaboración de alimentos. ArchivosLatinoamericanos de 

Nutrición 57, 186–191. 

72. Samman, S., Wall, P.M.L., Cook, N.C., 1996. Flavonoids and coronary heart diseases: dietary 

perpestative . In:Manthey, J.A., Buslig, B.S. (Eds.), Flavonoids in the living system, Plenum Press, 

New York, pp. 469-481. 

73. Shahidi, F., 1997. Natural Antioxidants AOCS Press. Pp 1-11. 

74. Su-Chen, H., Chun-Ting, K., 2014. Hesperidin, Nobiletin, and tangeretin ane collectively responsible 

for the anti-neuroinflammatory capacity of tangerine peel Citrus reticulate pericarpium). Food Chem. 

Toxicol. 71, 176-182. 

75. Suryawanshi J.A.,2011 An overview of Citrus aurantium used in treatment of various diseases. African 

Journal of Plant Science Vol.5(7),pp. 390-395. 

76. Terpstra, A.H., Lapre, J.A., Vries. H.t., Beynen, A.C., 2002. The hyphochole sterolemic effect of 

lemon peels, lemon pectin, and the waste steam material of lemon peels in hybrid, FIB hamsters. Eur. 

J.Nutr.41(1), 19 26. 

77. Tripoli, Ee., Guardia, M.L., Giammanoco. S., Majo, D.D , Giammanco m., 2007. Citrus flavonoids 

molecules structure, biological activity and nutritional properties: a review. Food Chem. 104 (2), 466-

479. 

78. Taylor, A.J. (ed.). Food Flavour Technology. Academic Press Ltd, UK, Shef 

1. field. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240424379 Volume 6, Issue 4, July-August 2024 14 

 

79. United States Department of Agriculture Foreign Agricultural Service, (2014) Citrus; World markets 

and trade, http://www.fas.usda.gov/data/citrus-world-markets-and-trade Accessed 14.09.25. 

80. Uhl, S.R. 2000.Emerging contributors.In Handbook of Spices, Seasoning and Flavouring.Technomic 

Publishing Company Inc., U.S.A. 

81. Xu,C.J., Fraser, P.D., Wang, W.J., Bramley, P., 2006. Differences in the carotenoid content of ordinary 

citrus and lycopene- accumulating mutant. Journal of Agriculture and Food Chemistry. 54,5474-5481. 

82. Yamauchi, N., Akiyama, Y., Kato, S., Hashinaga, F., 1997. Chlorophyll degradation in Wase Satsuma 

mandarin ( Citrus unshiu Marc.) fruiteiyh on-tree maturation and ethylene treatment. Scientia 

Horticulture 71,35-42. 

83. Youdim, K.A., Shukitt-Hale, B. Joseph. J.A., 2004. Flavonoids and the brain: interactions at the blood-

barrier and their physiological effects of the central nervous system. Free Radic. Biol. Med. 37, 1683-

1693. 

 

 

 

. 

https://www.ijfmr.com/
http://www.fas.usda.gov/data/citrus-world-markets-and-trade%20Accessed%2014.09.25

