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Abstract 

This study aimed to extract pectin from citron fruits whole parts (the edible and the peel parts) 

and its utilization in the production of (citron and pumpkin) blended jams. Pectin was extracted 

from citron using conventional and non-conventional (microwave extraction) methods. In 

conventional method, maximum yield of 24.55% of pectin was obtained with at temperature 

90◦C, 2hour extraction, and 350ml solvent volume. Whereas in microwave extraction method, 

was used for different time interval maximum yield of 39.22% of pectin was obtained by 1M 

citric acid solvent and 6min. Quality of microwave extracted pectin was determined in respect of 

methoxyl and galacturonic acid contents, degree of esterification, equivalent weight, solubility 

and  color. The equivalent weight of pectin isolated from citron fruit using citric acid and 

acidified distilled water with 10% nitric acid as reagents contained 158.35 and 897.1 

respectively. The percent methoxyl content of isolated pectin showed higher by using acidified 

distilled water. The percent galacturonic acid of isolated pectin was found to be higher by using 

acidified distilled water as compared to citric acid as reagents. The pectin extracted using 

acidified distilled water with nitric acid in this study can be categorized as high methoxyl pectin 

because it has more than 50%of degree of esterification. Microwave extracted pectin’s and 

commercial pectin was used for jam’s preparation. Physicochemical, microbiological and 

sensory evaluation of developed jam was observed.  

Keywords: Pectin, Extraction method, Citron fruit, jams 
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Chapter 1 

INTRODUCTION 

1.1Background 

Citron is a small, evergreen tree which grows to about 2-5 meters in height. The citron is a big 

fragrant citrus fruit 15-25cmin length; its shape is similar to papaya or pineapple. Its color is 

yellow or yellow-green outside and white inside, it have a thick and rough peel and the taste is 

acidic but also sweet and bitter like  a grape fruit or eating the peel of lime (Bairagi et al,.2011). 

Citron probably originated in the sub- Himalayan region of north-eastern India and upper Burma 

from where it has been taken to most tropical countries. Commercial planting of citron is limited 

to the Mediterranean region and to Puerto Rico. In Ethiopia, it is commonly cultivated in 

irrigated areas of Moist and Dry, Moist and Wet Weyna Dega agro climatic zones, and 1,100—

1,600 m (Azene B, 2007). It is very sensitive to frost but does well in frost- free valley plains. It 

is also found in Tigray, Amhara, Oromia and Harari regions. 

In Ethiopia Citron is use for religion purpose, medicinal application and one of celebration part 

in New Year in some place of Amhara regions. The fruits can be made into marmalade, jelly and 

widely used as candied sweets. The most important part of the citron is the peel which is a fairly 

important article for flavor, flavoring for carbonated soft-drinks, wine plus peel is popular as a 

dessert and make perfumes (Z. Fleisher and A. Fleisher, 1996). Citron contains many useful 

components which can be extracted and utilized in different products one of these components is 

pectin (Qiu, et al., 2009). 

 

Pectin is usually considered as a complex polysaccharide which consists of a-1, 4-linked 

Dgalacuronic acid, which is partly methyl esterifies, and the side chain contains various neutral 

sugars, such as L-rhamnose, L-arabinose, and Dgalactose. Pectin properties include 

gelatinization, thickening and stabilization, giving it widespread use in food, medical, chemical, 

textile and other industrial fields. It is also reported that pectin had several biological and 

physiological functions, such as reduction of serum cholesterol (Brown et al., 1999), delay of 

gastric emptying immune-modulation and inducing apoptosis of colon cancer cells. Raw 
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materials of pectin’s presently employed in industrial practice are apple pomace and Citrus peel 

from juice manufacture (Voragen et al., 1995).Citrus fruits, especially their albedo tissue, are 

largely studied because they are rich sources of pectic substances (Prabasari et al., 

2011).Industrial pectin are a specific group of carbohydrate polymers composed largely of 

galacturonic acid units, part of the wider class of plant pectic substances. The normal raw 

materials are apple pomace and citrus peels; from waste of juice factory pectin is obtained by 

acid extraction and precipitation using alcohols or aluminum salts (ColinD., et al 1988). 

The extraction of pectin usually uses two kinds of solvents: inorganic acid solvent such as 

hydrochloric, sulfuric or nitric acid and organic acid solvent such as oxalic, tartaric or acetic 

acid. The most commonly method for pectin extraction is direct boiling in hot, acidified water 

followed by isolation of the pectin from the ensuing solution. It takes approximately two hours to 

obtain good yield of pectin. Due to relatively long period of direct heating, pectin undergoes 

thermal degradation (Mandal V et al., 2007). However, it is proved that Microwave assisted 

extraction MAE is a potential method that can be applied in the pectin production. MAE is 

generally more effective in term of pectin yield and gives better quality product. Usually MAE 

takes shorter period than the direct boiling (Mandal V et al., 2009).Utilizing the microwave to 

aid the heating process and tartaric acid as solvent to extract pectin from orange peel (Liang et 

al., 2011) and passion fruit (Seixas et al., 2014). The extracted pectin from both studies is proved 

to have high yield, also time and energy saving. 

The purpose of the present study was to investigate the influence of process parameter of the 

conventional extraction and microwave extraction method of pectin from Citron fruit. This study 

also reports the qualitative and quantitative characteristics of Citron pectin, extracted using citric 

acid and inorganic acids solvents. 
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1.2 Statement of the problem 

Ethiopia is home land of different variety of fruits. Fruits are full of nature’s rich essential 

nutrients, antioxidants and health benefits for ready use by humans and other animals. 

Production of fruit is an important economic activity, ranging from smallholder farming to large 

commercial scale. Many Ethiopian fruits growth in the farmer garden not farm in the large scale 

and the selling also in the local market. The composition and its potential bioactive source as raw 

material for the industry has not been studied however the fruit is sold seldom on market. 

One of the problems and challenge of Ethiopia food security is poor utilization of wild and 

cultivated plants, Citron or Tiringo in Amharic is the local endemic fruit which has been growing 

at moderate temperature in many parts of the Ethiopia region, such as Debresina, Debrelibanos, 

western Ethiopia (Harer, Hirna), southern Ethiopia, some Oromia region and little part in 

northern Ethiopia. The production of this fruits is not widely spread, so the fruit plant is getting 

disappear from time to time. Citron hasn’t given attention for the proper management and 

conservation of edible plants in Ethiopia. Citrus medica (Citron) is an underutilized fruit plant 

having various bioactive components in all parts of the plant. The major bioactive compounds present 

are iso-limonene, citral, limonene, phenolics, flavonones, vitamin C, pectin, linalool, decanal, and 

nonanal, accounting for several health benefits. Pectin and heteropolysachharides also play a major 

role as dietary fibers (Navnidhi Chhikara, 2018). 

Citron fruit is not comparable like other citrus fruit for the reason that its pulp is dry or little 

juicy, the taste is modest sweet and many Ethiopian people not well known the fruit but citron 

has more value for food industry for a flavor to develop beverage industry, it also use for 

production of candy and highly medicinal application. Citron is a rich source of pectin and not 

yet tested for extract and value added citron based products thus, citron fruit can be important for 

obtaining a value added products and in helping to contract citron for house hold jam making, 

potential food medicine and industrial application. Therefore, the present research focus on study 

the potential of Citron fruit as a raw material for production of pectin in addition to developed 

citron fruit based value added product. 

 

 

https://pubs.rsc.org/-/results?searchtext=Author%3ANavnidhi%20Chhikara
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1.3. Objective 

1.3.1 General Objective 

The general objective of the study is to extract pectin from Citron using conventional and 

microwave extraction techniques and its utilization in jam making.  

1.3.2 The Specific objectives are: 

➢ Evaluation the biochemical composition of citron fruits. 

➢ Study the effect of extraction process correlated to quality and yield. 

➢ Characterization of the physicochemical properties (Moisture content, ash content, 

equivalent weight, methoxyl content, and degree of esterification, solubility and color) of 

pectin extracted.  

➢ To study the effect and interaction parameter on the extraction of pectin.  

➢ To develop citron and pumpkin blended jams utilize extracted pectin.  

➢ Evaluate of chemical, microbiological and sensory quality of jam products.  
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1.4. Significance of study 

Citron (citrus medica) belonging to the family Rutaceae has originated in India and has been 

worldwide spread to other regions following the paths of civilization. Citron is one genus of the 

economically and medicinally important, which has shown extensive biological and 

pharmacological activities, including (antitumor ant allergic antioxidant, ant platelet aggregation, 

anti-microbial, and anti-inflammatory), cosmetics and raw material of food industry however 

cannot utilize inadequate amount like other fruits. Citron peel is a rich source of pectin and is 

discarded as a by-product. So, using this waste can be important for obtaining a value added 

product (Shen et al., 2013) The significance of this study is information generation of the 

potential of edible fruit of citron (Tringo) in Ethiopia and resource maximization, value addition 

and income generation rural farmer and women suggest a few food applications by producing 

pectin and to distinguish the export pectin products decrease by using our natural recourses. 
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Chapter 2 

Literature Review 

2.1 Over view of citron fruit 

The citron is a large fragrant citrus fruit with a thick rind, botanically classified as Citrus 

medica (Chisholm, Hugh, ed. 1911) by both the Swingle and Tanaka botanical name systems. It 

is among the four original citrus fruits (the others being pomelo, mandarin and papeda), from 

which most other citrus types developed through natural hybrid speciation or artificial 

hybridization belonging to the Rutaceae or Rue family, sub –family Aurantioideae. Citrus 

medica is found in the base region of Himalaya from Gadwall to Sikkim at the height of 4000 

feet. It is also seen in Assam, central India and Western Ghats of India. It is more commonly 

present in the Mediterranean region and central southern parts of America.  

Botanical Characters of citron is a shrub or small tree, thorny tree 3-4.5m high with thorny 

branches, leaves 55-110 x 30-75 mm, ovate elliptic, crenate, apex obtuse. Leaf perfectly jointed 

to the petiole; petiole narrowly winged. Flowers are one or few, scented, white tinged or purple, 

in racemes, bisexual or male. Petals are fleshy; stamens numbering 25-40. Fruit 6-10 cm in 

diameter, elliptical or oblong or oblong in shape, frequently necked or somewhat collared, with a 

nipple-shaped (mamillate) extremity. It has a leathery rind and abundant acid pulp. Citron trees 

are grown readily from cuttings taken from branches 2 to 4 years old and quickly buried deeply 

in soil without defoliation. The citon doesnot fall from the the tree and can reach 4-5kg if not 

picked when ripe or even early.however ,they should be picked before the winter as the branches 

might break,or bend to the ground and may cause mumerous fungal diseases for the tree by these 

problem its difficalt to cultivite citron or the plant easly dead. 

 

https://www.healthbenefitstimes.com/health-benefits-of-pomelos/
https://www.healthbenefitstimes.com/health-benefits-of-mandarin-oranges/
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Figure 2.1 citron plants 

2.1.1 Variety of citron 

Varieties of citron are mainly of two types: 

1) Those with pinkish new growth, purple flower buds and purple-tinted petals, acid pulp and 

dark inner seed coat and chalazas spot; Acidic citrons are those with a high acid content. 

Varieties include the Balady, Greek, Diamante and Florentine citrons. 

2) Those with no pink or purple tint in the new growth or the flowers, with non-acid pulp, 

colorless inner seed coat, and pale-yellow spot. Among the better-known cultivars are there are 

three varieties of citron: sweet, acidic and bitter. Sweet citrons have a lower acidic content and 

are thus sweeter; Varieties include the Moroccan and the Corsican citrons. Among the better-

known cultivars are (Morton and Julia F, 1987) 

Corsican: origin unknown but the leading citron of Corsica; introduced into the United States 

around 1891 and apparently the cultivar grown in California; ellipsoid or faintly obovate, 

furrowed at base; large; peel yellow, rough, lumpy, very thick, fleshy; pulp crisp, non-juicy, non-

acid, seedy.  

Diamant : unknown origin but the leading cultivar in Italy and preferred by processor's 

elsewhere; long-oval or ellipsoid, furrowed at base, broadly nippled at apex; peel yellow, smooth 

or faintly ribbed; very thick, fleshy; pulp crisp, non-juicy, acid; seedy.  
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Etrog: The leading cultivar in Israel; ellipsoid, spindle-shaped or lemon-like with moderate neck 

and often with persistent style at base; usually with prominent nipple at apex; medium-small as 

harvested. 

Fingered Citron: (Buddha's Hand  or Buddha's Fingers)  The fruit is corrugated, wholly or 

partly split into about 5 finger-like segments, with little or no flesh; seedless or with loose seeds. 

The fruit is highly fragrant and is placed as an offering on temple altars. It is commonly grown in 

China and Japan; is candied in China. 

Bajoura: small, with thin peel, much acid juice. 

Chhangura: believed to be the wild form and commonly found in a natural state; fruit rough, 

small, without pulp. 

Madhankri:   fruit large with sweetish pulp. 

Turunj:  fruit large, with thick peel, the white inner part sweet and edible; pulp scant, dry, acid. 

Leaves are oblong and distinctly notched at the apex  

 

Figure2.2 Different Variety of citron 

 

 

 

http://2.bp.blogspot.com/-2OO9-G5IxIM/TaFCIASgYjI/AAAAAAAABZQ/-ZSBKqp60_M/s1600/citron+fingered.jpg
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2.1.1 Chemical composition of citron 

Citrons, like other citrus fruits, contain an excess of essential vitamins and minerals and rich 

in potassium and vitamin C, two compounds that help regulate blood circulation by reducing the 

strain on blood vessels. The high antioxidant and vitamin C content in citron may help protect 

you from free radicals that can cause a barrage of chronic diseases. the peel extract of citron is an 

effective antibacterial and antiviral agent. It has potential in fighting off staph, E.coli and 

Pseudomonas aeruginosa. 

Table 2.1 Food Value per 100 g of Edible Portion of citron fruit 

Moisture 87.1 g 

Protein 0.081 g 

Fat 0.04 g 

Fiber 1.1 g 

Ash 0.41 g 

Calcium 36.5 mg 

Phosphorus 16.0 mg 

Iron 0.55 mg 

Carotene 0.009 mg 

Thiamine 0.052 mg 

Riboflavin 0.029 mg 

Niacin 0.125 mg 

Ascorbic Acid 368 mg 

                                Source :( Morton and Julia F, 1987) 

2.1.3 Phytochemistry of citron 

Bioactive constituent of plant are non‐nutritive possess specific chemicals structure help in their 

disease preventive and antimicrobial activities and work with different mechanism of action 

(Panda and Bandyopadhyay, 2013).citron is relevant to treatment of diabetes and Alzheimer’s 

disease (Filomena, 2007). The plant is reported to possess anthelmintic Activity (Bairagi et al., 

2011), antioxidant activity (Al yahya et al., 2013), antimicrobial activity (Kabra et al., 2012), 

anti-inflammatory and pain reducing activity in rats (Sood et al., 2009). The fruit juice exerts 

antimutagenicity and anticancer effect (Entezari et al., 2009). 

 

https://articles.mercola.com/foods-high-in-potassium.aspx
https://articles.mercola.com/sites/articles/archive/2015/09/21/vitamin-c-heart-health.aspx
https://articles.mercola.com/antioxidants.aspx
https://articles.mercola.com/staph-infection.aspx
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The phytochemical characteristics of peel extracts and juice of citron studied were summarized 

in (table 2.1) the results revealed presence of carbohydrates, flavonoids, phenols, tannins, 

steroids, cardio active glycosides in peel extracts and juice, while saponins, terpenoids, and 

anthraquinones absent in all fraction of citron. The presence of bioactive constituents in peel and 

juice of citron including phenols, tannins, flavonoids, cardio active glycosides, alkaloids, 

steroids, and coumarins. 

Table 2.2 Total phenolic, flavonoid and tannin content in peel  

and juice of citron (Aveen, 2015). 

 

 

 

 

2.2 Citron use as medicine and food 

Citrons are widely used as candied sweets, preferably while green and unripe. Some pickle the 

fruit, while others use the peel to flavor all sorts of dishes and eat fresh (Marius, 2017). If there is 

sufficient juice in the better cultivars, it is utilized for beverages and to make desserts. In 

Guatemala, it is used as flavoring for carbonated soft-drinks. In Malaya, citron juice is used as a 

substitute for the juice of imported, expensive lemons. A product called "citron water" is made in 

Barbados and shipped to France for flavoring wine and vermouth. In order to expand the market 

for citron, Puerto Rican workers have established that the green-mature fruits can be peeled by 

immersing in a boiling lye solution to save the labor of hand-peeling and then the fruits can be 

made into marmalade, jelly, and fruit bars that are crusty on the outside, soft 

within(Morton,1987).In Iran, the citron’s thick white rind is utilized to help make jam; in 

Pakistan the fruit is utilized to create jam but is additionally pickled; in South Indian cuisine, the 

citron is traditionally used in pickles and preserves. In Korea, citron (called yujacha) is utilized 

to make tea that supposedly helps you to suppress coughing, reduce hangovers, and is also great 

at treating indigestion. In Italy and preferred elsewhere, because it furnishes the best candied 

peel, for food industry (Galiano, 2005). 

 

Phytochemicals Peel Juice 

Total phenolic content (mg/g of dry extract) 21.18 9.38 

Total flavonoid content (mg/g of dry extract) 4.59 1.44 

Total tannin content (mg/g of dry extract) 32.20 8.30 

https://www.healthbenefitstimes.com/fruit-jam/
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2.3 Over view of Pectin 

The term pectin (derived from Greek pektikos, dense, thick, curdled) refers to the most 

structurally and functionally complex family of polysaccharides in nature (Mohnen, 2008). 

Pectin is a complex mixture of polysaccharides that makes up about one third of the cell wall dry 

substance of higher plants. The highest concentrations of pectin are found in the middle lamella 

of cell wall, with a gradual decrease as one passes through the primary wall toward the plasma 

membrane (Kertesz, 1951).  

The structure of pectin is very difficult to determine, not only because it can change 

during its isolation, storage and processing (Novosel'skaya et al., 2000) because it can be 

extremely heterogeneous between plants and tissues, and even within a single cell wall. The 

basic structure of pectin polysaccharides consists of linear chains of 300-1,000 residues of 

Dgalacturonic acid (GalA) (comprising around 70% of total pectin), some of them methylated 

and covalently α-1, 4-linked (Ridley et al., 2001) 

 

 

Figure 2.3 Basic structure of pectin, composed by residues of galacturonic acid kinked by 

glyosidic α-1, 4 bonds 

The French chemist and pharmacist, Henri Braconnot was firstly isolated and described pectin in 

1825 finding that supposed the starting point for the subsequent industrial use of these 

compounds. Today, there is an industry dedicated to the extraction and processing of these 

fibers, mainly from orange peel and apple, for its use as a gelling agent in many foodstuffs and 

for the stabilization of acidified milk drinks and yogurt (Willats, 2006).In food industry, pectin 

has been widely applied as thickening, gelling, and emulsifying agent for jams, soft drinks, fish 
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and meat products, fruit juice, desserts and dairy products. Pectin it also applied in medicine of 

drinks since it helps in lowering serum cholesterol level, removing heavy metal ions from the 

body, stabilized blood pressure and restoring intestinal functions and weight reductions. Pectin 

also has been used potentially as a carrier for drug to the gastrointestinal tract, such as matrix 

tables gel beads, film-coated dose form. 

2.3.1 Source of pectin 

Pectin may be found in many different sources, among them fruits and their wastes. The residues 

from the juice industry and the processing of other raw materials supply pectin that is suitable for 

specific applications. Commercial pectin extraction is mainly from citrus peel and apple pomace, 

Apple pomace contains 10-15% of pectin on a dry matter basis and Citrus peel contains of 20-

30% (May, 1990). Currently, many works have been done in order to discover, improve and 

optimize the extraction of pectin from traditional and new sources. Cocoa husk (Mollea et al., 

2008), soy hull (Kalapathy and Proctor, 2001), mango and amberalla peels (Koubala, 2012). 

Extraction of pectin from sweet potato residues using citric acid obtained the highest yield of 

65.8 % of pectin (Hamidon and Abang, 2016).The passion fruit peel is a rich source of pectin, 

which extracted pectin in acidic medium (using three different acids: nitric, acetic and tartaric the 

aid of microwave heating. The use of tartaric acid presented the highest pectin yield (15.32-

30.29%) (Pinheiro et al., 2008; Seixas et al., 2014).Sugar palm is one of the most versatile palm 

species because almost all parts of the tree can be used (Siregar, 2005). (Yujaoren et al., 2008) 

evaluated the extraction of young, ripened sugar palm meat pectin by microwave and compared 

it to the conventional heating process. By traditional method, the ripened sugar palm resulted in 

20% yield (pH 2 and 80 ºC), therefore, the optimum conditions used for microwave extraction 

was 800 W, pH 2 and 3minutes, resulting in 19.6-23.5% of pectin. 
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Table 2.3 source of pectin from plants 

Plant material Pectin (%) 

Potato 2.5 

Tomato 3 

Apple 5-7 

Apple pomace 15-20 

Carrot 10 

Sunflower heads 25 

Sugar beet pulp 15-20 

Citrus albedo 30-35 

Source: May, (1990) 

 

Citron is one of the sources of pectin production, the white pulp part and the peel is rich source 

of pectin. Citrus medica peel is a rich source of pectin and is discarded as a by-product of food 

industries. So, using this waste can be important for obtaining a value–added product and in 

helping to protect the environment (Shen et al., 2013). 

2.4 Extraction of Pectin 

Extraction techniques used for vegetal compounds are distillation, solvent extraction 

(maceration, digestion, infusion, decoction, percolation and hot continuous extraction), counter-

current extraction, cold compression, and non-conventional methods extraction techniques have 

included physical extraction using subcritical water, microwaves or ultrasound energy in addition 

to enzymatic and water-acid extraction supercritical fluid extraction. Pectin extraction is a 

multiple stage physicochemical process which involves hydrolysis and extraction of pectin 

macromolecules from plant tissue, purification of the liquid extract and isolation of the extracted 

pectin from the liquid. These processes are influenced by various factors, mainly temperature, 

pH and time. The most commonly used methods for extraction of pectin are direct boiling and 

microwave heating extraction. The direct boiling extraction of pectin includes treatment of raw 

material with hot dilute mineral acid (sulfuric, hydrochloride or phosphoric acid) at pH about 2 

(May, C, D. 1990). The operated temperature is in the range of 60-100 ◦C, while duration of 

process may vary between 2-10h. Thereafter, pectin is precipitated using ethanol or isopropyl 

alcohol. The yield and degree of esterification of pectin depends on extraction temperature and 
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operating time. This process produces HM pectin with approximately value of degree 

esterification 70%. To produce other types of pectin, some of the ester groups must be 

hydrolyzed by addition of acid, either before or during a prolonged extraction, in the 

concentrated liquid, or in alcoholic slurry before separation and drying. This process can produce 

a range of low methoxyl pectin, while hydrolysis using ammonia results in the conversion of 

some of the ester groups into amide groups, producing amidated low methoxyl pectin.  

2.4.1 Microwave assisted extraction of pectin 

Microwave assisted extraction (MAE) is an alternative pectin method of extraction with more 

benefits than a traditional method of extraction: shorter time, less solvent and lower costs 

(Prakash Maran et al., 2013). This technique has also shown favorable yield results, even better 

than traditional pectin extraction (Gong and Yang, 2004; Bélafi-Bakó et al., 2011; Jiang et al., 

2012). The explanation is based on the technological features. The electromagnetic microwave 

energy is mainly converted into high water molecules vibration, heating the whole material 

(Kratchanova et al., 2004).Plant cells ‘temperature increase and consequently, the internal 

pressure increases as well, leading to the collapse of the cell and the release of pectin and other 

constituents (Zhongdong et al., 2006). As a result, the MAE process ensures greater and faster 

permeability of the extracting agent in the matrix, increasing the recovery of this compound. 

Microwave power and exposure time are studied regarding their influence in quantitative (yield 

of extraction) and qualitative (degree of esterification, galacturonic acid content, molar weight) 

characteristic of pectin extraction (Wu et al., 2009). Bagherian et al., 2011), showed that for the 

pectin extraction of grapefruit, higher microwave power and heating-time produce higher yield, 

degree of esterification (DE) and galacturonic acid content (GalA). However, long heating-time 

started pectin degradation and decreased yield extraction. In another study, microwave power, 

extraction time and type of organic acid, significantly affected the characteristics of pectin from 

passion fruit and the yield of extraction. Higher yields were obtained in higher microwave power 

(628W) and heating-time (9 min). Passion fruit pectin extracted by the micro-wave process 

exhibits medium to high DE (50.00% to 64.56%) (Seixas et al., 2014). 
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2.4.2 Conventional pectin extraction 

The production of pectin was initiated and developed during the twentieth century in Europe and 

the United States, mainly using the raw material of apple pomace (Kertesz, 1951).The extraction 

of pectin can be accomplished by aqueous acidic, with chelating agents or by the action of 

enzymes. The industrial production of commercial pectin may be considered a chemical hot 

extraction by hydrolysis with dilute acid, and the conditions vary depending on the feedstock and 

the desired characteristics from the extracted pectin (Sakai et al., 1993; Thakur 1997). 

Industrially, the method used to obtain pectin from agro-industrial waste of fruit juices is 

performed in acidic aqueous medium under heating (Thibault and Ralet, 2003), and the 

conditions are dependent upon the raw material. The hot extraction in acid medium is the method 

used industrially for the extraction of pectin from agro-industrial waste of fruit juices. Mineral 

acids are usually added to hot water, but organic acids can be used as alternatives such as 

tartaric, citric or lactic.  

The parameters of the extraction process and varying factors like temperature, pH, time, and the 

type of acid can influence not only the yield of pectin, but also the chemical structure of the final 

product. They usually have pH in the range of 1.0-3.0 for 30 minutes to 6 hours with a range of 

temperatures of 80 - 90 ºC (Pagan et al., 2001; Levigne et al., 2002). The ratio of liquid and solid 

fraction dehydrated extraction is usually 1:18, with about 1:15 to 1:35 apple pomace and bagasse 

for citrus fruits. 

The viscosity increases with the concentration of pectin and the molecular weight. Industrially, 

extracted pectin is typically separated from the pomace using hydraulic presses or a 

centrifugation process; afterwards the extract is filtered and concentrated (Sakaiet al., 1993; 

Sundar et al., 2012). Pectin with fast gelation, a greater degree of methylation of 70%, are 

normally extracted at pH 2.5 at 100 °C for 45 minutes When preparing the pectin powder, 

concentrated liquid extract is treated with organic solvents or certain metallic salts to precipitate 

the polymers (Sakai et al., 1993).The pectin is precipitated in alcohol concentrations higher than 

45% (w/v). To minimize the volume of alcohol, the clarified extract can be concentrated up to 3-

4% of pectin content. The precipitate obtained by the addition of alcohol is subsequently washed 

to remove contaminants in the form of sugars, phenolic compounds, pigments, heavy metals, 

residues of pesticides, acids, and other materials insoluble in alcohol (Voragen et al., 1995). The 
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precipitated pectin is collected, dried and milled. In general, the stored pectin may have some 

depolymerizations and demethylations, a self-hydrolysis process, especially if the acid form is in 

pectin and the moisture content is above 5%. The pH stability is between 3.5 and 4.5 (Sundar et 

al., 2012) 

2.4.3 Ultrasonic assisted extraction 

Ultrasonic assisted extraction is highly efficient in terms of time energy and cost saving, yield 

quantity and higher purity of the final product. It can act with various independent or combined 

mechanisms such as fragmentation, erosion, capillarity, detexturation, and sonoporation. The 

most important factor to increasing extraction yield is the fragmentation mechanism that results 

in reducing particle size; thus increasing the surface area of the solid and the mass transfer 

(Chemat et al., 2017). 

Ultrasonic assisted extraction involves whether the probe system or the ultrasonic bath. The latter 

is a tank with one or more ultrasonic transducers. It operates at a fixed frequency and is equipped 

with a temperature control device. It is less efficient than the probe device, but it is commonly 

used due to its simplicity and the possibility for handling more than one sample at the same time 

(Chemat et al., 2017).Ultrasound characteristics like frequency, wavelength and amplitude in 

addition to the power input and reactor design have a significant effect on extraction. Ultra-

sonication has been reported to reduce the extraction period, thus preventing pectin degradation 

and improving both quantity and quality of the recovered pectin (Bagherian et al., 2011). 

In the last years, efforts have been oriented to exploiting new extraction methods, such as the 

Ultrasonic assisted extraction, on an industrial scale. Therefore, an optimization of process 

factors is of great interest in order to improve the process efficiency and overcome, essentially, 

the high cost (Adetunji et al., 2017).  

2.5 pectin characterization 

2.5.1 Degree of Esterification 

An important factor characterizing pectin chains is the degree of esterification (DE) of the 

uronide carboxyl groups with methyl alcohol. Pectin might be formed initially in a highly 

esterifies form, undergoing some DE esterification after they have been inserted into the cell wall 

or middle lamella. There can be a wide range of DEs dependent on species, tissue, and maturity. 
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In general, tissue pectin ranges from 60 to 90% DE. Water-soluble pectin and protopectin have 

slightly higher DEs than do chelator-soluble pectin. It seems that the distribution of free carboxyl 

groups along the pectin chains is somewhat regular, and the free carboxyl groups are largely 

isolated from one another (DeVries et  al., 1986).The DE has a bearing on the firmness and 

cohesion of plant tissues. Reductions in DE result in greater cohesion, which is particularly 

apparent in heated tissues. The pectin methyl esterase enzyme, present in most tissues, can 

slowly bring about demethoxylation. This enzyme has a rather low activity in normal tissue, but 

it becomes much more active when tissue is damaged (Robinson et al., 1949) by procedures such 

as heating to 50 to 80°C, bruising, chilling, or freezing. These conditions are often experienced 

during processing (Robinson, 1988). 

The degree of esterification (DE) of pectin, which corresponds to the ratio of esterifies 

galacturonic acid units to total galacturonic acid units, has an expressive influence on their 

properties. Depending on the DE, pectin can be divided into two major groups: high methoxyl 

pectin (HMP) and low methoxyl pectin (LMP). Most pectin have degrees of esterification of 

about 50–80% (high methoxyl pectin, DE > 50%).HMP has a relatively high quantity of 

carboxyl groups, which occur as methyl esters, and a low proportion of carboxylic acid groups, 

which are present as the free acid or as ammonium, potassium, calcium or sodium salts. If the 

degree of esterification is lower than 50% (low-methoxyl pectin, DE < 50%), these compounds 

behave like a completely new family of polymers.LMP has less than 50% carboxyl groups that 

are present as methyl esters.  

2.5.2 Gelation of Pectin 

Pectin gelation characteristics can be divided into two main types: high methoxy gelation and 

low methoxy gelation. Gelation of high methoxy pectin usually takes at a pH of below 3.5 and 

total solids (Sucrose) content of above 55%. This is the typical gel formed during jam making. 

High methoxy pectin’s are characterized by their setting time and the gel strength. Setting time is 

usually categorized as rapid set, medium set and slow set. High methoxy pectin gel slower as 

more of the methoxy groups are removed during processing.  

Low methoxy pectin is gelled with calcium ions and hence is not dependent on the presence of 

acid or high solids content. In these systems gelation is due to the formation of intermolecular 

junction zones between homogalacturonic smooth regions of different chains the less ester 
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groups present the more sensitive the pectin becomes to pectin and hence rapid set, low methoxy 

pectin has the lowest level of esterification. The affinity of pectin chains towards calcium is 

known to increase with decreasing degree of esterification or ionic strength, and with increasing 

polymer concentration. Besides the influence of the charge density of the polygalacturonate 

chain, the distribution pattern of free and esterifies carboxyl groups has an important effect on 

the strength of calcium binding. Molecular weight of pectin can be expected to vary with plant 

source, raw material and extraction conditions but molecular weight determination is a challenge 

because of the extra problems of heterogeneity and aggregation which can obscure data 

gathering. 

2.5.3 Solubility of pectin 

Pectin are soluble in pure water, but they are in soluble in aqueous solutions in which they would 

gel at the same temperature if dissolve data higher temperature. Monovalent cation (alkali 

metal) salts of pectinic and pectic acids are usually soluble in water; di - and trivalent cation salts 

are weakly soluble or insoluble. Dry powdered pectin, when added to water, has a tendency to 

hydrate very rapidly, forming clumps. These clumps consist of semidry packets of pectin 

contained in an envelope of highly hydrated outer coating. Clump formation can be prevented by 

dry mixing pectin powder with water-soluble carrier material or by the use of pectin having 

improved dispersibility through special treatment during manufacturing (Rolin et al., 1993) and 

(Hercules Incorporated, 1999).Solubility increases with decreasing molecular weight and 

increases in the esterified carboxyl groups, although solution pH, temperature, and the nature and 

concentration of the solute present have a marked effect on solubility. 

2.5.4 Effect of different acids on the yield of pectin  

Pectin has been extracted using chemical methods in order to examine the structural features and 

functional properties of pectin. The chemical agents used for pectin extraction are divided into 

four groups. They are water and buffers, calcium-ion chelators, acids and bases. Acids are the 

strongest extracting agents of pectin as they facilitate extraction of insoluble pectin that is tightly 

bound to the cell matrix of the plant material and result in higher yields (Maria B el at, 2015). 

Most commonly used acids are acetic, citric, lactic, malic, tartaric (organic), hydrochloric, nitric, 

oxalic, phosphoric and sulfuric acids (Min B el at, 2011) It has found that an increase in acid 
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strength (that is, decreasing pH) plays an important role in increasing the galacturonic acid 

content. Moreover, acid type and concentration affect the yield, physiochemical and functional 

properties of pectin. In contrast, some of the results of studies are contradictory (Yapo B and 

Koffi K, 2013). 

Hydrochloric acid shown to be the highest yield of pectin among hydrochloric, nitric and citric 

acid extracted from guava peel, citrus fruits, banana and cocoa pods pH and temperature ranged 

from 1 to 3 and 60°C-85°C sequently (Bhavya DK and Suraksha R, 2015).Presence of high 

concentration of hydrogen ions, stimulate the hydrolysis of pectin from proto pectin. Higher 

ionic strength acids have an improved capability to precipitate pectin due to their higher affinity 

for cations such as Ca2+which stabilizes the pectin molecule. However, hydrochloric acid 

produced pectin with a smaller DM range in which LM pectin (Chan SY and Choo WS, 2013). 

In hot acid media pectin can be degraded rapidly due to high lability and sensitivity for acid. 

Therefore, Pectin extracted using hot acid is low methoxylated due to demethylation and 

fragmentation of the polygalacturonic chain. Moreover, Nitric acid is also used commonly to 

acidify hot water in order to extract pectin. The pectin yield increased with increasing extractant 

strength of nitric acid. 

 Lowest yield were reported for the citric acid. Some studies had reported that acid type strongly 

influenced the macromolecular and gelling properties of isolated pectin. It also reported that 

citric acid is the least pectin degrading (depolymerizing and de esterifying) extracting agent. 

Citric acid can be used to isolate pectin with better gelling properties. However, some studies 

suggested the use of citric acid because of its higher yield and better quality than other acids 

(Liew SQ el at, 2014 and Canteri-Schemin el at, 2005 ). 

2.6 Industrial scale production of pectin 

Today pectin is mostly (85%) produced from citrus peels (56% from lemons, 30% from limes, 

and 13% from oranges), and from apple pomace (14%), with a minor fraction being obtained 

from sugar beet. Pectin for use in food is defined as a polymer containing at least 65% 

galacturonic acid units. After juice extraction, essential oil and dissolved sugars are removed 

from the peel prior to drying. Prior to pectin extraction with dilute mineral acids, the citrus peel 

must be dried from the starting level of about 82% moisture, down to 10 to 12% moisture to 

http://www.imedpub.com/scholarly/macromolecular-science-journals-articles-ppts-list.php
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avoid fermentation. Because of the high water content and the perishable nature of the waste, 

drying is only economically viable on-site or nearby to the citrus processing plant, and only 

where large amounts of waste accumulate. In detail, after pressing the citrus fruit to extract the 

juice, citrus processors wash the peel to remove essential oil and dissolved sugars, and gently dry 

the peel at temperature not exceeding 110°C G (Licandro and C. E. Odio ,2002). Rotary or direct 

fire dryers are normally used, avoiding direct contact between the flame and peel.  

The world’s largest producers of dried citrus peel are in Argentina and Mexico but producers are 

located also in Peru, Spain and Bolivia. In South America and in Sicily pectin is often extracted 

directly from the wet citrus peel, immediately after juicing. Brazil and Mexico use orange and 

lime peel as the main pectin’s raw material. While current production in Germany mainly relies 

on apple pomace. Regardless of the type of raw material, however, the current manufacturing 

process is based on extraction via acid hydrolysis in hot water. In order to control polymeric 

degradation, both the pH and hydrolysis time need to be checked carefully. Protopectin in the 

washed and dried citrus peel is solubilized with a dilute mineral acid (HCI or HNO3 or H2SO4) 

at pH 2-3, for several hours at 50-100ºC. Following separation from the spent peel, the pectin 

extract is filtered and precipitated with alcohol (isopropyl alcohol). The alcohol is recovered by 

distillation while pectin is washed, dried and sold in powder from.  

2.7 Pectin and their Use in the food Processing Industry 

Pectin is widely used in the food industry due to its gelling properties being applied in jams, 

jellies, fruit preparations for yogurts, drinks and fruit juice concentrates, fruit desserts and milk, 

jellied milk products, confectionery, as well as stabilizers or fermented acidified milk products 

and yogurt (Willats et al., 2006). The natural pectic polysaccharides act as thickeners, promoting 

increased viscosity solutions, gelling agents, and stabilizers as well as in foods and beverages. 

The pectic substances act in preventing flotation in fruit preparations, stability of bakery products 

in protein stabilization, texture improving the softness of the product, increasing the volume and 

the prevention and control of syneresis (Voragen et al., 2009). 

In dairy products, the interaction of proteins with the dispersing medium has some instability, but 

when the generation of multilayer emulsions is favored, an effect of stabilizing might be reached. 

Pectin may interact with β-lacto globulin by the hydrogen bond between the carboxyl groups of 

pectin and peptide linkage of protein, therefore their interaction might be affected by pH, ionic 
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strength and the structural features of the pectin (Tolstoguzov, 1997). At the industrial level, 

pectin is used as an emulsifying agent, gelling, thickener and texture and due to the economic 

importance of these quality parameters, the control and manipulation of the macromolecular 

interactions are key factors in the sensorial quality (Tolstoguzov, 1997; Sawyer, 2003). 

2.8 Pectin consumption in Ethiopia 

Ethiopia has been importing pectin for its uses in food processing and pharmaceutical industries 

with a hard currency from in a foreign country. According to the data obtained from the Central 

Statistical Agency of Ethiopia (from 2015 up to December 2017), there was a rapid increase of 

the amount imported in each year (Table 2.3). The local demand for fruit jam, jellies and 

marmalade is growing rapidly and the consumption of pectin also increases but pectin not 

produces indoor the country. In Ethiopia many kinds of raw material are available to 

manufacture pectin and similar products. Waste of citrus peel and other fruit peel are a major 

source of pectin raw materials to find for marmalade and juice factories  

Table 2.3 Pectin imported to Ethiopia in the year 2015-2017 

Year(G.C) 
 

Import volume 

 (kg)  

Value,USD($) 

2015 2457.36 41,986.77 

2016 450.00 7701.301 

2017 7907.3 115,706.3 

(CSA, 2018) 

 

 

 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjmieCmspXfAhXBLVAKHSciBUIQFjAAegQIDRAB&url=http%3A%2F%2Fwww.csa.gov.et%2Findex.php%3Foption%3Dcom_phocadownload%26view%3Dcategory%26id%3D270%26Itemid%3D270&usg=AOvVaw0lvea_NFTm6GA5RXNGGlK6
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjmieCmspXfAhXBLVAKHSciBUIQFjAAegQIDRAB&url=http%3A%2F%2Fwww.csa.gov.et%2Findex.php%3Foption%3Dcom_phocadownload%26view%3Dcategory%26id%3D270%26Itemid%3D270&usg=AOvVaw0lvea_NFTm6GA5RXNGGlK6
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Chapter 3 

Material and Methods 

Citron fruits samples preparation, conventional extraction and Analysis of pectin were performed 

at the Addis Ababa Institute of Technology at the School of Chemical and Bio-engineering 

laboratory. Microwave extractions were done in collage of Natural science, post graduate center 

of environmental science. The experiment on Citron fruits phytochemical and mineral analysis 

result was analyzed at the College of Natural Science, post graduate center of food and nutrition 

and the Department of Chemistry. Laboratory analysis of proximate composition of the citron fruit 

was conducted at the Ethiopia public health institute. The chemical, microbiological and sensory 

analyses for the developed jam were done at Addis Ababa Institute of Technology at the School of 

Chemical and Bio-engineering laboratory.  

3.1 Sample collection, Preparation and storage 

A citrus fruit of citron (C. medica) was collected from Debresina and Shewarobet worda of 

Amhara region from the market and farmer gardens and transported to the school of chemicals 

and bio engineering laboratory. All the samples were cleaned manually to remove foreign 

matters, Slices the whole part of 1570 g of citron dried at 50ºC until the weight was constant. 

The yield of dried material obtained was 320 g and was grounded into powder (Particles size was 

under 1mm) stored in plastic bag at 20ºC until further use. 

3.1.1 Chemicals and equipment used 

The following analytical grade chemicals were used for extraction and characterization of pectin; 

these include citric acid, nitric acid (HNO3), phenolphthalein indicator, hydrochloric acid (HCl), 

sodium hydroxide (NaOH), distilled water, sodium chloride (NaCl) and ethanol (97%), 

commercial pectin and food grade citric acid. All the chemicals and reagents were purchased from 

chemical stores in Addis Ababa. 

The major equipment required for analysis of citron powder, extraction and characterization of 

pectin were oven, muffle furnace, atomic absorption spectroscopy ,kejeldah apparatus ,soxlite fat 

analyzer ,crude fiber analyzer, microwave, vacuum filtration, refrigerator, heaters, refractometer, 

biuret, thermometer, measuring cylinder, beakers, funnel, micro pipette. 
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3.2 Experimental frame work of the research 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Experimental frame work of the research 
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3.3Extraction Methods 

3.3.1 Experimental Design 

Bokbenken Design of Response Surface Methodology was used to investigate the effects of three 

independent process variables namely, temperature (Y1), extraction time (Y2) and solvent (Y3) 

on the response, pectin yields (Y). The variable ranges were selected based on the literature 

(Table 3.1) (May, C, D. 1990). The experiment at the center point of the design was repeated to 

get a good estimate of experimental error. All the experiments were carried out at random in 

order to minimize the effect of unexplained variability in the observed responses due to 

systematic errors. 

Table 3.1 Independent variables and their levels applied in the Box-Behnken design 

Factors Coded symbols Levels 

  -1 0 1 

Extraction temperature(°C) Y1 70 80 90 

Extraction time (hr.) Y2 1 2 3 

Solvent (ml) Y3 150 250 350 

3.3.2 Conventional pectin extraction 

The extraction procedure was based on method (khodaiyan et al., 2017).5g of Citron powder was 

mixed with 1M citric acid in various liquid/solid ratios (150:5, 250:5 and 350:5 v/w)and the pH 

was adjusted to 1.5 with concentrated citric acid. Then, the aqueous extraction was performed at 

different temperatures (70, 80 and 90 °C) and extraction time (1, 2and 3hrs). After extraction, the 

mixture was filter used cheese cloth. The next step, the mixture was mixed with the same volume 

of ethanol (97%) and kept at 4 °C for 12 h. Then, the supernatant was separated dried 12 hours in 

open air and dried in oven at 50 °C until constant weight was achieved. The ground powder was 

kept in airtight container. 

The yield of pectin (YP) was calculated from following equation (Prakash Maran et al., 2014) 

𝑌(%) = 100 ×
p

Ci
                                                                                               (Eq.1) 

Y is the extracted pectin yield in percent (%), 

P is the amount of extracted pectin in g and Ci is the initial amount of ground citron (5g). 
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3.3.3. Microwave assisted extraction of pectin from dried citron 

Extraction of pectin was performed with the help of assisted  microwave extractors (SN 134417 

Ethos One, US), at working frequency input 50 Hz and maximum power input 3300W, with 

adjustable Microwave power and irradiation time under different conditions. Pectin was 

extracted at different solvent and for different irradiation periods. Citron powder (1g) measured 

on an analytical balance was mixed with 50 ml distilled water and acidified with 10% nitric acid 

and 50ml 1M solution of citric acid used 1liter beaker and the pH wasconsidered1.5. The 

solution was placed in the middle of the microwave equipment over a rotating disc and exposed 

to microwave power level at 540 Watt and irradiation time (3, 4, 5and 6min). After microwave 

heating, the mixture was cooled down to room temperature and filtered using cheese cloth. Then 

97% (v/v) ethanol solution was used to precipitate pectin (the pectin solution/alcohol ratio was 

1:1) for 12hour sited in refrigerator at 4◦c.The extracted pectin was filtered and purified through 

washing with ethanol, the resulting pectin was dried 12 hours in open air and then at 50◦c dry in 

the oven the weight was constant. The yield of pectin was calculated. 

𝑌(%) = 100 ×
𝑃

𝐶𝑖
                                                                                                                (Eq.2)  

Y is the extracted pectin yield in percent (%), 

P is the amount of extracted pectin in g and  

Ci is the initial amount of ground citron (1g). 

 

Table 3.2 Extraction condition of pectin 

solvent Time(min) Power(watt) PH 

ADW 3 4 5 6 540 1.5 

CA 3 4 5 6 540 1.5 

ADW: acidified distilled water with 10% nitric acid; CA, 1m citric acid 
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3.4 Citron based product development 

Jam was produced according to the traditional method used pumpkin and citron as a raw 

material. The formula consisted of ratio of pumpkin and citron (200g), sugar (250g), citric acid 

(1.1.g) and pectin (1.6 g). The prepare fruits and 55% sugar were placed in a cooker and mixed 

well. The mixture was cooked under continuous stirring for 12-15 minutes during which the 

remaining sugar added. When the total soluble solids reached 60 Brix, then 1.1g citric acid and 

1.6 grams of the extracted pectin were added. Then the mixture was cooked until the total soluble 

solids reached 67 Brix. After that, the processed hot jam was transferred to clean dry sterilized 

jars, cooled and sealed with sterilized lid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 flow of preparation of jam 

Cleaning and Separation of peel 

Addition of sugar  

 

Citron fruit and pumpkin 

25:75 and 50:50 

Cooking 

Filling hot Jam using sterilized 

bottle 

Cooling, Capping and storage 

Addition of citric 

acid and pectin 
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3.5 Analysis Methods 

3.5.1 Physicochemical analysis of citron 

The citron powder was subjected to proximate analysis by following the standard procedures. 

The nutrients analyzed were moisture, protein, crude fiber, fat, carbohydrate and vitamin C. 

Minerals such as calcium, potassium, sodium, magnesium, iron and zinc was estimated from the 

acidic ash solution using Atomic Absorption Spectrometer. 

3.5.1.1 Moisture content determination 

Moisture of the citron was determined according to (AOAC 930.15,2016).Moisture was 

determined by taking about 2 g of sample in a container (Petridis) and dried in an oven at 105ºC 

for 3h.Eachtime before weighing, the container was cooled in desiccators. Moisture content of 

the sample was expressed in g/100g of sample. Sample was done in dry basis 

 

  Moisture Content (%) =
Initial weight (g)− Final weight (g)×100%

weight of sample(𝑔)
                            (Eq.3)                       

3.5.1.2 Crude protein determination 

Crude protein of the citron was determined according to (AOAC 991.20, 2005).Total nitrogen 

was determined by Kjeildahl method. All organic nitrogen was converted into Ammonium ion 

by digestion with a mixture of concentrated Sulfuric Acid and concentrated Orthophosphoric 

Acid containing Potassium or Sodium sulfate as boiling point rising in the presence of catalyst 

such as Selenium or Copper sulfate. The digests was made alkaline with Sodium hydroxide and 

Ammonium ion (NH4
+) released by steam distillation of Ammonia into Boric Acid and titrated 

with Sulfuric acid. Protein percent was calculated by multiplying the percent nitrogen by the 

factor 6.25. 

 

Protein (%) =
  Titer value×Normality of H2SO4×14.001×6.25×100

sample weight(g)×1000
                                (Eq.4)               
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3.5.1.3 Crude fat 

Crude fat of the citron was determined according to (AOAC 2003.06, 2016).Five gram of dried 

sample was extracted with petroleum ether in Soxhlet extraction apparatus for 6 hr. The ether 

extract was faltered in pre-weighed beakers, petroleum ether was evaporated completely from 

the beakers and the increase in weight of beaker represented the fat   content. 

Fat (%) =
weight of ether extract(g)

weight of sample used(g)
× 100                                                                                (Eq.5) 

3.5.1.4 Ash content determination 

Ash content of the citron  was determined according to (AOAC  923.03,2016).The ash content of 

the sample was obtained by decarbonizing of the dry fruit powder over flame or hot plate  and 

the ash sample completely ignited in muffle furnace at 550 ºC for 3hr.  

 

Ash % = (
Weight of ash

weight of the sample
) ×100                                                                                         (Eq.6) 

3.5.1.5 Crude fiber 

Crude fiber of the citron was determined according to (AOAC 962.09,2016).Fat-free or low fat 

content sample is treated with boiling sulfuric acid and subsequently with boiling potassium 

hydroxide or sodium hydroxide, Digest the contents for half an hour, filter and wash free of 

alkali using hot distilled water. The residue was transferred to crucibles, weighed, dried in an 

oven overnight at105°C, and then placed in the muffle-furnace at 600°C for 3 hrs.  The residue 

after subtraction of the ash is regarded as fiber. 

Crude fiber (%) = 
[100−(mosture+fat)×(w1−w2)

wt.of sample taking 
                                         (Eq.7)  

 
 
W 1 - Weight of dried residue after acid and alkali digestion 

W 2 -Weight of the dish after ash 
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3.5.1.6 Total carbohydrates 

The total carbohydrate content of citron fruit was determined by difference. 

3.5.1.7 Vitamin C determination 

To determine content of total vitamin c in food samples, a well- established method is the 2, 4-

dinitrophenyl hydrazine methods (DNPH).This is a simplified method foe the simultaneous 

determination of the total vitamin c employed coupling reaction of 2, 4 dintrophenylhydrazine 

dye with vitamin c and followed by spectrophotometric determination(Appendix II). 

3.5.2 Determination of mineral content of citron fruits 

The mineral solution was digested with HNO3and H2O2 under pressure in a closed vessel heated 

by microwaves (MDS-2000, USA) then Solution was diluted with water. Determination of 

Calcium, Magnesium, Potassium, Sodium and Zinc Mineral solution prepared from dilute 

solution of citron fruit and was fed to the flame atomic absorption spectrophotometer (FAAS) 

having appropriate hallow cathode lamps. 

3.5.3 Phytochemical analysis of citron 

3.5.3.1 Extract of samples 

The phytochemical present in the sample 5g was extracted with50ml of methanol at 25°c at 150 

rpm using incubator shaker for 24 hours and filtered and the solution concentrated using water 

bath. The concentrated solution was determined by measuring the absorbance of the 

phytochemical using spectrophotometer at different wavelength. 

3.5.3.2 Estimation of total phenol content 

The total phenolic content was determined by the spectrophotometric method (Kim et al., 2003) 

with slight modification. In brief a 1 ml of methanol 80% fruit extract was mixed with 1 ml of 

Folin-Ciocalteu’s phenol reagent and incubated 5min at room temperature. After 5 min, 10 ml of 

a 7% Na2CO3 solution was added to the mixture and adjust the mixture to 13ml with distilled 

water and mix. The mixture was kept in the dark for 90 min, after which the absorbance was read 

at 750 nm. The total phenolic content was determined from extrapolation of calibration curve 

which was made by preparing Gallic acid solution (20-100 μg/ GA and expressed as (μg GA/ g) 

of dried extract.  
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3.5.3.3 Estimation of total flavonoids content 

The total flavonoids content of citron powder was estimated by method described by (Zhishen et 

al., 1999).A volume of (1ml) of methanol 80% extract and was mixed with 4ml of distilled water 

and subsequently with 0.30ml of a NaNO2 solution (10 %). After 5 min, 0.30 ml AlCl3 solution 

(10 %) was added fallowed by 2.0ml of NaOH solution (5 %) to the mixture. Immediately, the 

mixture was thoroughly mixed and absorbance was then determined at 510 nm versus the blank. 

Standard curve of quercetin was prepared (10-500 μg/ml) and the results expressed as quercetin 

equivalents (μg quercetin/g dried extract).  

3.5.3.4 Estimation of total tannins content 

The tannin content was determined using (burns, 1963) with slight modification. 1gram of 

sample in a screw cap test tube added 10ml 1% HCL in methanol to the tube containing sample, 

lid put the tube on mechanical shaker for 24 hour at room temperature centrifuge the tube at 

1000 rpm for 5min.A volume of 1ml supernatant and mix with 5ml of vanillin-HCL reagent in 

another test Tube.Waited for 20min to complete the reaction read the absorbance at 500 nm 

using spectrophotometer. The total tannins content was calculated from the prepared standard 

curve with 20 - 100 μg/ GA and expressed as (μg GA/ g) dry extract. 

3.5.3.5 Estimation of total phytate content 

The phytate content was determined using (Latta &Eskin, 1980).0.5g of dried sample was 

extracted with 10ml of 0.2N HCL for 1hr at an ambient temperature and centrifuge 

(3000rpm/30min) the clear supernatant was used for the phytate estimation. 2ml of wade reagent 

was added to 3ml of the supernatant sample solution then homogenized and centrifuge the 

solution (3000rpm/10min).The absorbance at 500nm was measured using uv-vis 

spectrophotometer. The phytate concentration was calculated from the difference between the 

absorbance of the blank (3ml of 0.2N HCL +2ml of wade reagent) and that of assayed sample. 

The amount of phytic acid was calculated using phytic acid standard curve and result was 

expresses as phytic acid in𝜇g/g fresh weighted 
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3.5.3.6 Determination of Saponin 

Saponin quantitative was determination using the method reported by (Ejikeme et al., 2014) and 

Obadoni & Ochuko, 2002). 100 cm3 of 20% aqueous ethanol was added to 5 grams of citrus 

medica powder sample in a 250 cm3 conical flask. The mixture was heated over a hot water bath 

for 4 hours with continuous stirring at a temperature of 55∘C. The residue of the mixture was re 

extracted with another 100 cm3 of 20%aqueous ethanol after filtration and heated for 4 hours at a 

constant temperature of 55∘C with constant stirring. The combined extract was evaporated to 40 

cm3 over water bath at 90∘C. 20 cm3 of diethyl ether was added to the concentrate in a 250 cm3 

separator funnel and vigorously agitated from which the aqueous layer was recovered while the 

ether layer was discarded. This purification process was repeated twice.60 cm3 of n-butanol was 

added and extracted twice with10 cm3 of 5% sodium chloride. After discarding the sodium 

chloride layer the remaining solution was heated in a water bath for 30 minutes, after which the 

solution was transferred into a crucible and was dried in an oven to a constant weight. 

The saponin content was calculated as a percentage:  

% Saponin =
Weight of saponin

Weight of sample
× 100                                                                    (Eq.8) 

3.5.4 Pectin characterization 

3.5.4.1 Percentage yield 

Yield percent of pectin is based on the gram of peel sample taken, and was calculated by formula 

as given below  

Extracted pectin yield (%) = 
dry pectin in g 

initial amount of citron in gram
× 100                            (Eq.9) 

3.5.4.2 Moisture content 

Moisture of the pectin was determined according to AOAC (2000). A clean dried dish was 

weighed, and 5g of the sample was transferred to the dish. The dish was then placed in the oven 

at 105 °C for3h and cooled in desiccators and re-weighed. Then, the moisture content was 

estimated by the formula 

 

Moisture content % = 
W2−W3  

W2−W1
× 100                                                               (Eq.10) 
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W1 = weight of crucible (g) W2 = weight of fresh sample and crucible (g) W3 = weight of dry 

sample and crucible (g) 

3.5.4.3 Ash 

Ash content of the pectin was determined according to (AOAC 923.03, 2016).2g of ground 

pectin substance was weighed into a ceramic crucible. Carbonized slowly, and then ignited for 4 

hour at 550℃. After cooling the crucible to room temperature in a desiccators and it was 

weighed again. 

Ash (%) = 
Weight of ash

weight of pectin
× 100                                                                 (Eq.11) 

 

3.5.4.4 Equivalent weight determination 

Equivalent weight was determine by slightly modified from titrimetric method of (Owens et 

al.,1952) and (Pinheiro et al., 2008).Pectin (0.5 g) was added in 250 ml flask and dissolved in 5 

ml ethanol, 1 g NaCl and some drops of phenolphthalein. Adding 100 ml of warm deionized 

water dissolved pectin. The solutions were titrated with 0.1 N NaOH and the result were 

recorded until the color was change. 

Equivalent Weight=
Weight of Sample ×1000

ml of alkali×Normality of alkali
                                                (Eq.12) 

3.5.6.5 Methoxy content 

Methoxyl Content is an important factor in controlling the setting time of pectin’s, the sensitivity 

to polyvalent cations and their usefulness in the preparation of low solid gels and fibers. 

Methoxyl content was determined using the neutralized solution obtained during the equivalent 

weight determination, containing 0.5 g of pectin substance, 25 mL of 0.5N NaOH will be added 

to the neutralized solution use in the equivalent weight determination. The mixture was stirred 

thoroughly and allowed to stand for 30 min at ambient temperature. Then 25 mL of 0.5NHCl 

will be added and titrate against 0.1N NaOH until the color was changed. The percentage content 

is calculated using the equation below: 

 

Methoxyl content%=
ml of NaOH∗Normality of NaOH∗31

Weightofpectinsample(Mg)∗1000
∗ 100                               (Eq.13) 

Where 31 is the molecular weight of methoxyl (CH3O) 
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3.5.4.6 Degree of etherification 

The degree of esterification (DE) is defined as the ratio of esterifies galacturonic acid groups to 

the galacturonic acid groups present. The degree of esterification of extracted pectin is calculated 

from methoxyl and anhydrouronic acid content using the following expression: 

 

 Degree of etherification(%) =
V2×100

𝑉2+𝑉1
                                                                         (Eq.14) 

V1: volume of NaOH first titration (Equivalent weight determination) 

V2: volume of NaOH after methoxy content determination 

3.5.4.7 Solubility of pectin powder in water and alkali 

A) Solubility in hot and cold water (dry pectin) 

0.03g of the pectin samples were taken indifferent conical flasks with 10 ml of 95% ethanol 

added followed by 50 ml distilled water. The mixture obtained was shaken vigorously and a 

suspension was formed which was then heated at85-95°C for 15 min using magnetic stirrer. 

B) Solubility in hot and cold alkali (NaOH) 

To 1ml of 0.1N NaOH in two different conical flasks, 5ml of pectin solution was added and the 

second flasks was heated at 85-90◦C for 15min Initially, 10 ml of 0.1N NaOH taken in a conical 

flask, 0.1g of dry pectin was added and was heated at 85-90 °C for 10- 15 minutes using 

magnetic stirrer (Prashansa et al., 2017). 

3.5.4.8 Color evaluation 

Color parameters are measured on pectin samples (powder form) and color was determined using 

by a Konica Minota CM-600d, japan. Values are recorded as lightness (L*, ranging from 0 to 

100, corresponding to black to white, respectively), chroma (C*, representing color intensity or 

saturation), and hue angle (h*, representing by degrees of the angle) (Cook, 2000) 
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3.5.5 Physicochemical analysis of Jams 

Jam was produced from citric acid extracted pectin, nitric acid extracted pectin and commercial 

pectin samples were analyzed chemically, microbiologically and sensory evaluation. The 

chemical methods included determination of the pH, the contents of total soluble solids (TSS), 

moisture, and ash according to the AOAC methods. 

3.5.5.1 pH and titratable acidity 

Five gram of fruit tissue was homogenized with 25 ml of distilled water. The pH of fruit was 

measured by using a digital pH meter (Hanna Woonsocket RI). The mixture was titrated with 0.1 

M NaOH to pH 8.3 and the results were expressed in % citric acid (Rangana, 1977). 

3.5.5.2 Total soluble solids 

The refractive index of the sample was measured at 20°c using RF M960 type refractometer for 

TSS. The refractive index was correlated with the amount of soluble solids expressed as sucrose 

concentration. 

3.6 Microbial Analysis 

Using Pour Plate Method, a 25g of sample taken and serially diluted to 1:10, 1:100 and1:1000 

for yeast and mold and total plate count, one ml diluted taken from each and Put on sterile 

Petridis, pour potato dextrea agar and mix with the sample, then incubated at 35◦C for 48hr 

finally count the colony (APHA, 1976).For coli form count, from each serious one ml of diluents 

being inoculated into a separate tube of an all-purpose broth medium. Incubated for 48hr at 35oC 

and after incubation, the pattern of positive and negative tubes is noted, and a standardized MPN 

Most Probable Number Method (MPN) (APHA, 2001). 
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3.7 Sensory Evaluation 

The score card on nine point hedonic scale was developed for organoleptic evaluation, it was 

based mainly on the appearance and color, sweetness, taste, texture/consistency, aroma and 

overall acceptability of sensory evaluation was carried out by a panel of 9 judges made up of 

staff and students of the school of chemical and bioengineering, AAiT University of Technology 

Addis Ababa, Ethiopia. The samples were ranked on a 9-point Hedonic scale with 1 representing 

dislike strongly and 9 like strongly. The samples were presented in a random pattern and judged 

in terms of texture, sweetness, flavor, taste, appearance and general acceptability. A glass of 

water was presented to rinse mouth in between each determination 

3.8 Statistical Data analysis 

Finally after completion of the experiment the data was analyzed by using analysis of variance 

(ANOVA) at significance level α ≤ 0.05 and α ≤ 0.01, to determine differences among the 

treatment parameters. All statistical calculations and graphics for extraction and optimization 

processes of the solutes were analyzed by using Design Expert 6.0.8 software and min tab 

software. In the analysis, the regression coefficients for the response variable terms were 

determined by using multiple linear regressions, and tested for significance using student’s t-test 

at a significance level of p< 0.05. The estimated regression was then tested for the adequacy of 

fit using the F-test at a significance level of P<0.05. 
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Chapter 4 

Results and Discussion 

4.1 Citron fruit analysis 

4.1.1 Proximate composition of citron 

Citron are species of citrus fruits, most varieties of citron contain white pulp and a smaller 

amount of juice but the fruit can also be eaten (freshly) in desserts, savory dishes and alcoholic 

beverages(such as vodka) or candied as a sweet and other values. Citron pulp, juice, its high 

vitamin C content, the scientific explanation for this is that vitamin C contributes to maintaining 

skin and blood vessel integrity and thus helps skin heal and prevents hemorrhoids, which are 

essentially swollen blood vessels, from bleeding. US food industry it also produces a soluble 

fiber for citron which there is a growing market in the US. 

The proximate composition of raw Citron is presented in Table (4.1) shows that the Powder 

citron contained high vitamin C (33.81mg/100g), 5.55%moisture content (on dry weight basis) 

and 17.41% crude fiber. The crude protein in dry weight basis was 2.88%, while mineral content 

represented by total ash content was 4.53% and crude fat content 0.83%.Thus, citron was found 

to be rich source of minerals and fiber. 

Table 4.1 Chemical composition of citron fruits 

Proximate compositions (%) Mean result 

Ash  4.5292±0.1631 

Moisture content  5.362±0.205 

Crude Fiber  17.413±0.194 

Fat  0.83±0.208 

Protein  2.88±0.0954 

Carbohydrate  68.98±0.157 

Vitamin C (mg/100g) 33.81±1.061 

 
All Values are means ± SD of the triplicate 
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The chemical composition of citron per mg/100g of edible portion of the result of the analysis 

showed that protein (1g), fat (0.9g), crude fiber (1.7g) and vitamin C 0.38mg/100g (Gopalan et 

al, 1996). These values are lower compared to the findings of present research. It was found that 

Citron contained protein2.88 (%), fat0.8 (%), ash 4.5 (%) and crude fiber 17.4(%) and vitamin C 

33.4mg/100g. These variations may be due to soil fertility, genetic variation, season, etc. 

4.1.2 Mineral content of citron 

The mineral solution was digested with HNO3and H2O2 under pressure in a closed vessel heated 

by microwaves then Solution was diluted with water. The mineral solution so obtained was 

analyzed for sodium, potassium, calcium, magnesium and zinc using flame atomic absorption 

spectrometer (FAAS).Result of analysis for minerals tells that Citron are rich in calcium and 

magnesium, potassium and also rich source of micronutrients such as zinc .The mineral contents 

(mg/100g) of citron was presented in Table (4.2). The content of sodium and potassium was 

78.91, 4459.9mg/100g respectively. While the content of magnesium, potassium and calcium 

was 649.83mg/100g,1.262g/100g and 4.4599g/100g. And the contents of zinc were 2.42 

mg/100g. 

Table 4.2Mineral analysis of citron fruits in (mg/100g) 

Sodium 78.91 

Potassium 1262.58 

Calcium 4459.9 

Magnesium 649.83 

Zinc 2.42 

 

The proximate composition, minerals contents of edible portion of citron per 100g. The result of 

the analysis showed that the moisture content (87.1g ) wet base, ash (0.41g), fat (0.04g), calcium 

(36.5mg), phosphorus (16mg), iron (0.55mg ), crude fiber (1.1g), protein (0.081g) and ascorbic 

acid (368mg).The citron is good sources of protein, mineral content (ash) and crude 

fiber(Morton, J. 1987). This study the results showed Vitamin C content is low the reason of 

these the sample is dried base and Vitamin C decreases because it is heat sensitive compound 

and easily decomposes.  
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4.1.3 Phytochemicals content of Citron 

Citron is an important medicinal plant of the family Rutaceae qualitative and quantitative 

screenings are performed for evaluation bioactive constituents in Citron fruit. The phytochemical 

characteristics of peel extracts and juice of Citron studied by (Aveen N, 2015) the results 

revealed presence of carbohydrates, flavonoids, phenols, tannins, steroids, cardio active 

glycosides in peel extracts and juice, while saponins, terpenoids, and anthraquinones absent in all 

fraction of Citron. Alkaloids only present in juice, amino acids in juice and 80% ethanol fraction 

of peel, coumarin present in ethyl acetate and 80 % ethanol fraction of peel. The results of 

quantitative screening are expressed as mg/g of dry extract revealed that different amount of 

bioactive constituents present in peel and juice of Citron. Total phenol content of Citron peel and 

juice varied from 21.18 to 9.38 mg/g in dry extract, total tannin content varied between 32.2 to 

8.3 mg/g and total flavonoid 32.2mg/g in the peel and 8.3 present in juice is reported by (Aveen 

N, 2014). It was observed that generally oven dried samples contained less carotenes and more 

tannin. 

Table 4.3 Phytochemical analysis of citron fruits in (mg/l of dry extract) 

phytochemical            Mean+SD 

phenol content  15.93±0.560  

flavonoid content  23.44±0.421 

tannin content  47.01± 0.252 

Phytate content 113.14± 1.92 

Saponin  50± 5.29 

  

The quantitative determination of plant bioactive constituents in this study the results showed in 

(table 4.3) revealed that phenolic content (15.93 mg/g dry extract) in Citron was higher than 

flavonoid content (23.44 mg/g dry extract) in Citron powder are in accordance with those carried 

out in Riyadh, Saudi Arabia in which Citron fruits showed high total phenol content (192.4 mg 

GA /100 g) than flavonoid values (74.1 mg quercetin /100 g) (Al-Yahya et al., 2013). while their 

levels in this study are much higher than those measured in Citron from Riyadh indicating that 

the contents can be influenced by several factors like extraction methods, harvest time, genotypic 

differences, geographical and climatic conditions and cultural practices (Vander et al., 2001). 
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Citron in agreement with previously recorded data (Kabra et al., 2012; Chan et al., 2010), while 

presence of tannins, cardioactive glycosides in peel and juice and absence of alkaloids in peel of 

Iraqi species in contrast to the same study (Kabra et al., 2012) 

The ethyl acetate, ethanol 80% peel extracts and juice of Citron were analyzed for presence of 

carbohydrates, alkaloids, flavonoids, phenols, tannins, saponins, steroids, terpenoids, 

aminoacids, coumarin, anthraquinones, and cardioactive glycosides by standard procedures 

(Tiwari et al., 2011; Sofowra, 1993). 

Qualitative phytochemical analysis for identifying the various compounds present in the Citron 

peel extract and studied the effect of various parameters on the extraction yield of flavonoids 

(quercetin, rutin, and kaempferol)( M.Parvathi ,2015). 

4.2 Extraction of pectin from citron 

4.2.1 Conventional extraction of pectin 

The experimental design selected for this study is Box–Behnken design and the response 

variable is % yield. Box–Behnken design with three factors was chosen. Citron fruit, the Box-

Behnken design with three independent variables (Temperature, time and solvent ratio) in three 

levels and three replications at the center point was used. The predicted values and experimental 

results are shown in Table 4.4.The laboratory results of the experiment have been collected 

depending on the run order recommended by the Design Expert software 8.0.0 software and the 

result of the three replicate was taken. 
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Table 4.4 shows average laboratory result of citron pectin 

Run Y1 Y2 Y3 Measuring 

response (%)  

Predicted 

responses (%) 

1 70 1 250 11.622 10.44 

2 90 1 250 16.578 20.00 

3 70 3 250 14.11 14.31 

4 90 3 250 22.18 23.88 

5 70 2 150 9.2 12.13 

6 90 2 150 20.14 21.69 

7 70 2 350 10.27 12.63 

8 90 2 350 24.55 22.19 

9 80 1 150 18.256 14.98 

10 80 3 150 22.07 18.85 

11 80 1 350 16.622 15.47 

12 80 3 350 20.2 19.34 

13 80 2 250 19.338 17.16 

14 80 2 250 18.038 17.16 

15 80 2 250 15.874 17.16 

16 80 2 250 16.318 17.16 

17 80 2 250 16.338 17.16 

 

Citron powder, the Box-Behnken design with three independent variables (Temperature, time 

and solvent ratio) in three levels and three replications at the center point was used. The 

predicted values and experimental results are shown in Table 4.4. 

The analysis of variance (ANOVA), result of the linear regression model selected, for citron 

pectin demonstrates that the model are significant with its F-value of 71.1.The main output from 

an analysis of variance study arranged in a table 4.5.Lists the sources of variation, their degrees 

of freedom, the total sum of squares, and the mean squares. The analysis of variance table also 

includes the F-statistics and p-values. Use these to determine whether the predictors or factors 

are significantly related to the response. 
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Table 4.5 Analysis of variance table [Partial sum of squares] 
 

Source Sum of 

squares 

DF Mean 

square 

F value Prob>F 

Model 213.29 3 71.1 13.22 0.0003 

Y1 182.84 1 182.84 33.99 <0.0001 

Y2 29.96 1 29.96 5.57 0.0346 

Y3 0.49 1 0.49 0.091 0.7680 

Residual 69.94 13 5.38   

Lack of Fit 61.39 9 6.82 3.19 0.1380 

 

Y1:Temperture,y2:Timeandy3:Solvent 
 

The Model F-value of 13.22 implies the model was significant.  There was only a 0.03% chance 

that a "Model F-Value" this large could occur due to noise. Values of "Prob > F" less than 

0.0500 indicate model terms are significant.  In this case Temp, time are significant model terms.  

Values greater than 0.1000 indicate the model terms was not significant.   If there are many 

insignificant model terms (not counting those required to support hierarchy),   model reduction 

may improve your model. The "Lack of Fit F-value" of 3.19 implies the Lack of Fit is not 

significant relative to the pure error.  There was a 13.80% chance that a "Lack of Fit F-value" 

this large could occur due to noise. Non-significant lack of fit was good -- we want the model to 

fit. 

Final equation in terms of coded factors: 

Yield=17.16+4.78y1+1.94y2+0.25y3 

Table 4.6 Model adequacy measure for Citron pectin 

Std.Dev. 2.32 R-squared 0.7531 

Mean 17.16 Adj R-squared 0.6961 

C.V. 13.52 Pred R-squared 0.5122 

PRESS 138.15 Adeq precision 11.939 
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Percentage of response variable variation that is explained by its relationship with one or more 

predictor variables. In general, the higher the R-square the better the model fits the data. R-

square is always between 0 and 100%. It is also known as the coefficient of determination or 

multiple determinations (in multiple regressions). The Pred R-Squared of 0.5122 is in reasonable 

agreement with the  Adj R-Squared of 0.6961.Adeq Precision  measures the signal to noise ratio.  

A ratio greater than 4 is desirable.  Your  ratio of 11.939 indicates an adequate signal.  This 

model can be used to navigate the design space. 

4.2.1.1 Variables and the effect of extraction conditions on the yield 

Table 4.4 represents that the yield of pectin was between 9.2 and 24.55%. The optimum 

conditions were resulted by solving models of Eq. (1). The conditions that obtained the highest 

yield (22.18%) were an extraction temperature of 90 °C, a time of 2 hour and 250ml of solvent. 

The validation experiments indicated the highest yield of pectin obtained was 22.18± 0.73%, 

which represents that there is a high degree of fit between the values observed in the experiments 

and the predicted values by the model. 

(Anjali, 2015) it was found that for lime and lemon peels 0.05M citric acid yielded higher 

amount of pectin when extracted at 80 ºC for 1.30hr with 15.07(%) and 21.15(%) respectively. 

(Bahare P et al., 2017) the results of citron peel showed that the yield and DE were ranged from 

5.94 to 20% and 57.39–89.58%, respectively. Also, the extraction yield of pectin at optimal 

conditions (temperature of90 °C, time of 180 min and solid liquid ratio of 40 v/w) was 21.85 ± 

0.35%, which was nearly close to the predicted values (24.13%) and demonstrated the validation 

of the optimized conditions. In this research Citron the whole parts was the optimum condition is 

90°c, 2hr and 22.18%yield of pectin equivalent to (Bahare P et al., 2017) studies. 

4.2.1.2 Effects of Temperature on Pectin Extraction 

The temperature selection in pectin extraction is an important parameter, because it usually has 

strong effect on the process yield.As the results showed the yield of pectin extraction increases 

with increasing of temperature from 70 to 90 °C. This increasing yield could be due to increasing 

solubility and diffusivity of pectin from the plant tissues into solvent with increase in 

temperature (Zhongdong et al., 2006). At lower temperature, the lower viscosity of pectin might 

cause poor diffusion between the phases that will lead to slower rate of extraction. However, 

high temperature encourages energy lost through vaporization and increases the cost of 
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extraction process from the industrial point of view. 

 

Figure 4.1Effect of temperature on pectin extraction 

4.2.1.3 Effects of Time on Pectin Extraction 

Another factor affecting on yield extraction of pectin is extraction time. Many researchers 

reported that the extraction time is directly related to the yield extraction, so that the extraction 

yield increase by increasing time (Yin et al., 2014) in this study, the extraction yield was 

significantly increased, when the process time from 1to 3 hour increased (Fig 4.2). This is 

probably due to providing more time for pectin mass transfer from solid particles into solution 

(Wai &Easa, 2010). 

 

Figure 4.2 Effects of Time on Pectin Extraction 
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4.2.1.4 Effects of solvent on Pectin Extraction 

Figure 4.3 showed that the solvent quantity is also an important factor that affects the yield of 

pectin. The effect of solvent is non-significant on pectin yield which can be seen from Table 4.3 

In their research, pectin was extracted from citron using 1M citric acid as a solvent and 

conventional heating. As can be seen, the extraction yield was increased with increasing solvent 

ratio up to 350ml, and this may have attributed to increasing the contact area between plant 

tissue and solvent and thereby increase the extraction yield of pectin (Prakash &Priya, 2015). 

The use of large amounts of solvent would reduce the viscosity of the solution, so extraction 

process was more efficient. In addition, the high concentration gradient of solvent/powder can 

impulse the extraction speed. These research the solvent amount increases the value of pectin in 

the extraction solution was also slightly increases. The solvent in solution increased, thus the 

alcohol volume for precipitating pectin also increases dramatically and this would not be 

effective economy.  

 

 

Figure 4.3 Effects of solvent on Pectin Extraction 
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4.2.1.5 Effect of interactive parameters between process variables 

 

 

Figure 4.4 Interaction effects of process variables 

A) Interaction effect of temperature and time 

Three- curves were plotted in order to understand the interactions between the variables and the 

optimum levels of each variable for maximum yield of pectin. Each line graph presents the effect 

of two variables on the pectin yield holding the third variable at constant level.The interaction 

between two variables namely, temperature and time. Non-Significance of interaction between 

the corresponding variable is indicated by main effect plot. The interaction effects of temperature 

and time on the yield are show, in figure4.4. The extraction time increase and high temperature 

the pectin yield are increased but at high temperature and the time increases the yield of pectin 

have constant. 
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Figure 4.5 Interaction effects of temperature and time 

B) Interaction effect of temperature and solvent 

There are non-significant differences at p value = 0.53 from temperature correlated to solvents. 

Increase amount of solvent and temperature, the extraction yield value rises in small extents 

showed in Figure 4.6.  

 

Figure 4.6 Interaction effects of temperature and solvent 

C) Interaction effect of solvent and time 

For all design points (Figure 4.7), the total mass of solutes in the solvent at equilibrium were 

significantly increased for the volume of solvent used in the range150 to 350ml. however ,for the 

volume of solvent used in the range 350ml and 3hr the changes was insignificant compared to 

the preceding changes. Therefore, approximations for the total solutes in the solvents right after 



47 

 

the 250ml volume of solvent used were negligible. This was basically the given mass of powder 

had obtained the appropriate amount of solvent to leach its soluble constituents at max. 

Therefore, this assumption was used to select the approximate volume of solvent used to extract 

dissolved solutes from a given mass of powder. 

 

 

Figure 4.7 Interaction effects of solvent and time 

4.2.2 Microwave extraction of pectin 

4.2.2.1Interpretation of the results using experimental design software 

The most commonly method for pectin extraction is direct boiling in hot, acidified water 

followed by isolation of the pectin from the ensuring solution. It takes approximately two hours 

to obtain good yield of pectin. Due to relatively long period of direct heating, pectin undergoes 

thermal degradation. Microwave assisted extraction (MAE) is a potential method that can be 

applied in the pectin production. Microwave is generally more effective in term of pectin yield 

and give better quality product. Usually MAE takes shorter period than the direct boiling  

(Mandal et al., 2009).  

The experimental design selected for this study is general factorial and the response variable is 

%yield and DE value. General factorial with different-level-two-factor was chosen the solvent 

type and time. The laboratory results of the experiment have been collected depending on the run 
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order recommended by the Design Expert software 8.0.0 software, Min tab and the result of the 

three replicate was taken and tabulated in the table (4.7). 

Table 4.7 Microwave extraction of pectin average laboratory result. General factorial method 
 

 

All Values are means ± SD of the triplicate   

Response: Degree of esterification (DE) ANOVA for Selected Factorial Model  

Two different acids of 1 M strength citric acid and acidified distilled water with (10%) nitric acid 

were used for extraction of pectin from the citron powder for four different durations of 3, 4, 5 

and 6 min. Citric acid was found to be better extract of pectin with high value of 39.22% when 

extracted for 6 min and using acidified distilled water on 6min the highest yield 25.82%.The two 

acids varied significantly with each other in the amount of pectin yield. The value of Degree of 

esterfication (DE) was highest 75% table 4.7 using acidified distilled water using nitric acid and 

irradiated at 4min.  

run Solvent (ml) Time (min) %Yield DE% 

1 Acidified Distill water 3 13.78 ± 0.580 69.56 

2 Acidified Distill water 3 18.35 ± 0.377 66.67 

3 1M citric acid 3 28.76 ± 0.551 18.75 

4 1M citric acid 3 22.62 ± 1.646 19.4 

5 Acidified Distill water 4 12.54 ±0.667 73.19 

6 Acidified Distill water 4 12.64 ±1.274 75.0 

7 1M citric acid 4 25.86 ±1.386 13.68 

8 1M citric acid 4 28.72 ± 1.362 15.48 

9 Acidified Distill water 5 15.94 ±0.598 61.76 

10 Acidified Distill water 5 17.09 ±0.320 74.47 

11 1M citric acid 5 32.54 ±0.488 11.25 

12 1M citric acid 5 35.64 ±0.745 18.32 

13 Acidified Distill water 6 16.89 ±0.581 65.0 

14 Acidified Distill water 6 25.82 ±1.008 72.34 

15 1M citric acid 6 35.43 ± 0.470 12.87 

16 1M citric acid 6 39.22 ±0.401 12.258 
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4.2.2.2 Model fitting and statistical analysis on yield 

The Model F-value of 31.42 implies the model is significant.  There is only a 0.01% chance that 

a "Model F-Value" this large could occur due to noise.Values of "Prob > F" less than 0.0500 

indicate model terms are significant.  In this case A, B are significant model terms.  Values 

greater than 0.1000 indicate the model terms are not significant.  If there are many insignificant 

model terms (not counting those required to support hierarchy),  model reduction may improve 

your model.The "Lack of Fit F-value" of 1.11 implies the Lack of Fit is not significant relative to 

the pure error.  There is a 41.42% chance that a "Lack of Fit F-value" this large could occur due 

to noise.Non-significant lack of fit is good we want the model to fit. 

 

Table 4.8 Analysis of variance (ANOVA) for regression model equation and coefficients for 

citron pectin 

Source Sum of 

squares 

DF Meansqr Fvalue Prob>F  

Model 1050.35 3 350.12 31.42 <0.0001 significant 

A 837.23 1 837.23 75.14 < 0.0001  

B 189.11 1 189.11 16.97 0.0014  

AB 24 1 24.00 2.15 0.1679  

Residual 133.7 12 11.14    

Lack of fit 47.79 4 11.95 1.11 0.4142 not significant 

A:Solvent types     B:Time 

Table 4.9 Model adequacy measure of pectin yield 

Std. Dev. 3.34 R-squared 0.8871 

Mean 23.86 Adj R-squared 0.8589 

C.V. 13.99 Pred R-squared 0. 7645 

PRESS 278.90 Adeq Precision 14.196 
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The "Pred R-Squared" of 0.7645 is in reasonable agreement with the "Adj R-Squared" of 

0.8589."Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  

Your ratio of 14.196 indicates an adequate signal.  This model can be used to navigate the design 

space. 

Final Equation in Terms of Coded Factors: 

 

 yeild =+23.86-7.23* A+4.61* B-1.64 * A * B 

 

A:Solvent types     B:Time 

4.2.2.3 Model fitting and statistical analysis of DE value 

 

Table 4.10 Analysis of variance table [Partial sum of squares] DE vaule 

ANOVA for Response Surface Linear Model 

Source Sum of 

squares 

DF Meansqr Fvalue Prob>F  

Model 11907.97 2 5953.98 371.43 <0.0001 significant 

A 11880.02 1 11880.02 741.11 0.0001  

B 27.95 1 27.95 1.74 0.2095  

Residual 208.39 13 16.03    

Lack of Fit 67.85 5 13.57 0.77 0.5953 not significant 

Pure Error 140.53 8 17.57    

Cor Total 12116.36 15     

A: solvent type  B: Time 

 

The Model F-value of 371.43 implies the model is significant.  There is only  a 0.01% chance 

that a "Model F-Value" this large could occur due to noise.Values of "Prob > F" less than 0.0500 

indicate model terms are significant.  In this case A are significant model terms.  Values greater 

than 0.1000 indicate the model terms are not significant.  If there are many insignificant model 

terms (not counting those required to support hierarchy),  model reduction may improve your 

model.The "Lack of Fit F-value" of 0.77 implies the Lack of Fit is not significant relative to the 

pureerror.  There is a 59.53% chance that a "Lack of Fit F-value" this large could occur due 

to noise.  Non-significant lack of fit is good -- we want the model to fit. 
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Table 4.11 Model adequacy measure of Degree of esterification (DE) 

Std. Dev. 4.00 R-squared 0.9828 

Mean 42.5 Adj R-squared 0.9802 

C.V. 9.42 Pred R-squared 0.9748 

PRESS 304.84 Adeq Precision 33.48 

  

 

The "Pred R-Squared" of 0.9748 is in reasonable agreement with the "Adj R-Squared" of 

0.9802."Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  

Your ratio of 33.480 indicates an adequate signal.  This model can be used to navigate the design 

space. "Pred R-Squared" of 0.9748 is in reasonable agreement with the "Adj R-Squared" of 

0.9802. 

Final Equation in Terms of Coded Factors: 

 

 DE =+42.50+27.25* A-1.7* B 

 

 

 

Figure 4.8 Normal plots of residuals yield and DE of citron pectin 
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4.2.3 Effect of process variables of microwave extraction 

4.2.3.1 Effect of irradiation time on the extraction yield of pectin and DE value 

Period of heating in the microwave assisted extraction is one of important factor to be 

considered. Compared to conventional techniques, extraction times in microwave assisted 

extraction are very short. Conventional extraction of pectin by direct boiling in hot, acidified 

water is time-consuming which commonly takes more than one hour to obtain a certain amount 

of pectin. While microwave assisted extraction of pectin usually vary from a few minutes to a 

half-hour (Veggi et al., 2015) on the microwave assisted extraction, irradiation time is also 

influenced by the dielectric properties of the solvent and the power level of the microwave 

(Maran et al.,2014). Microwave power is directly related to the quantity of sample and the 

extraction time required. However, the power provides localized heating in the sample, which 

acts as a driving force for MAE to destroy the plant matrix so that the solute can diffuse out and 

dissolve in the solvent. Therefore, increasing the power will generally improve the extraction 

yield and result in shorter extraction time (Maran et al., 2014).There are significant differences at 

p value = 0.05 from irradiation time, the highest pectin content was 39.22% at 6 minutes and the 

lowest pectin content was 12.54% at 6 minutes.). Extraction time was very important to extract 

pectin; if the extraction process was extended, the pectin content was increase. Thus, A DE value 

wasn’t difference show in Figure 4.9the irradiation time has not affected the value of DE. 

 

 
 

Figure 4.9 Effect of irradiation time on the extraction yield of pectin and DE value 
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4.2.3.2 Effect of solvent type on the extraction of pectin yield 

High concentrations of strong acid solution are reported could cause a partial hydrolysis of the 

pectin. Thus it would produce smaller pectin particles which then lead to the increasing of its 

solubility to the point that no precipitate was formed by the addition of alcohol. Hence, this could 

be the reason why the use of a high concentration of strong acid resulted in a lower pectin yield. 

Acidified distilled water with nitric acid was contributed a smaller amount of yields the reason of 

these nitric acid strong acid and  it cause the hydrolysis of the pectin but citric acid is good 

solvent for extraction of pectin. 

Pectin was extracted from Orange peel powder using two different acids (citric and nitric)  

and at three different temperatures (60, 70 and 80 ºC), time (30, 45 and 60min) and pH  

(1.5, 2 and 2.5). Pectin yield extracted by using citric and nitric acid as reagents medium 

varied from 15.5 per cent to 67.3 per cent and 10.6 per cent to 44.4 per cent respectively. 

The best extraction condition by both the extraction reagents showed higher in yield by 

using citric acid at 80 ºC, 60min, and 1.5 PH (Devi et al., 2014).In this research the yield of 

pectin was citric acid extraction (22.62-39.22%) and ADW with nitric acid (12.54-25.82%).The 

best extraction condition by both the extraction reagents showed higher in yield by 

using citric acid. 

The highest yield was 65% that obtained from dried at 130◦C using citric acid and heated at 

100◦C but for sun dried peel the highest yield 40% using citric acid at 100◦C citric acid was best 

for extraction of pectin (Dalia A. Abdul, 2014). The acid type strongly influences the 

macromolecular and gelling properties of isolated pectin, with citric acid being the least pectin 

degrading( depolymerizing and deesterifing) extracting agent it mean the pectin isolates with the 

best gelling properties(Virk and Sogi, 2008). 

 



54 

 

 

Figure 4.10 Effect of solvent and time on the extraction of pectin yield 

4.2.3.3 Effect of solvent on Degree of esterification 

Table 4.9a enlists the values of the degree of esterification (DE) of pectin isolated from citron 

fruit which were in the range of 11.25-75%. The DE values were influenced by the kind of acid 

used in the extraction. The highest DE was observed for pectin obtained in nitric acid (61.76-

75%) whiles the extraction with citric acid pectin with the lowest DE (11.25-19). The DE values 

for pectin extracted with nitric acid were close to that found for commercially available citrus 

pectin (70%). (Pinheiro et al. 2008) extracted pectin from citrus fruit using citric acid at different 

concentrations and extraction times. They obtained pectin with DE ranging from 27.52% to 

78.59%.Percent of contribution of solvent in DE is very high (98.05%) show in Table 4.11 but 

the extraction time had not significance effect on the degree of esterification(DE) value. 

 

 

Figure 4.11 Interaction effects of factors on the DE value 
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4.2.4 Effect of extraction methods on pectin yields 

The percentage yields of purified pectin from citron using different extraction methods are shows 

in table 4.4 and 4.6. The % yield of pectin extracted by using conventional method from citron 

ranged from 9.2% to 24.55%. The % yield of pectin Extracted by microwave from citron fruit 

ranged from 12.54% to 39.22%. The %yield was maximum (39.22%) for citron fruit using citric 

acid.  The above results show microwave extraction within short time and similar solvents the 

yield increases. 

It was proved that the microwave extraction shortens the pectin extraction time, also reduces the 

solvent consumption and higher yields than the conventional method did Utilizing the 

microwave to aid the heating process and tartaric acid as solvent to extract pectin from orange 

peel (Liang et al., 2011) and passion fruit (Seixas et al., 2014). The extracted pectin from both 

studies were proved to have high yield, also time and energy saving. 

Tartaric acid and microwave heating affected strongly to the pectin extraction and its properties. 

The optimum condition to extract pectin were at pH (1.5), rate of material/solvent (1/40), 

irradiation time (9 minutes), irradiation power (660W), the pure pectin peaked 23.83%. The 

obtained pectin was high methoxyl pectin (DE value was over 90%) and low viscosity (Quoc, L. 

P. T., et al 2015). 

 

Fig 4.12 Effect of extraction methods on pectin yields verses No of run 
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4.3 Physicochemical Characterization of Pectin 

Pectin was extracted from the citron fruit using optimum conditions identified in the 

investigation and characterized by the properties like moisture content, ash, methoxyl content, 

Galacturonic acid (%w/w), equivalent weight, color and PH. Characterizations of extracted 

pectin were carried out for various parameters to evaluate its suitability in food systems. The 

physicochemical characterizations of pectin depend mainly on the raw material source and 

conditions of extraction and purification of pectin. Table (4.9) summarizes the chemical and 

physical quality characteristics of citron pectin. The pectin was produced from citron had a 

molecular weight of 158.35 to 897.1, galacturonic acid of 14.79 to 69.75 % and methoxyl 

content of 3.4 to 8.2 %.The maximum value of equivalent weight of ADW pectin is higher than 

citric acid extraction pectin. Pectin is characterized as high methoxyl pectin if it contains more 

than 50 percent esterified galacturonic acid residues. As high methoxyl pectin, it is capable of 

forming gels in aqueous system with high contents of soluble solids and low pH value. In 

addition, high methoxyl pectin has the advantage of delivering very clean flavor release (Cargill 

Food Ingredients, 2012). The maximum value of equivalent weight of ADE pectin is higher than 

citric acid pectin. The produced pectin has a total ash content of 1.3 and 1.4 percent; basically the 

inorganic impurities in pectin were indicated by the ash content. Lower ash content indicates 

good quality of pectin. The ash content of extracted pectin was close to the reported values. 

Moisture content was determined at 11.8 and 5.15 percent.  
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Table 4.12 Chemical composition and physical properties of microwave extracted pectin from 

citron 

Characterized extracted  pectin 

Analysis ADW CA 

Moisture(%w/w) 5.15± 2.27c 11.803 ±1.059b 

Ash(%w/w) 1.3±0.0872c 1.412±0.0196c 

Methoxy content 8.191±0.543a 3.42± 0.259b 

Equivalent weight 897.1±58a 158.35±24.44b 

Galacturonic acid(%w/w) 69.75±4.84a 14.79±3.43b 

Physical properties 

color L     78.88±1.76a 

a      1.103±0.199b 

b      14.343±0.524c 

L    81.243±1.358a 

a     0.523± 0.216b 

b     12.370± 1.412c 

PH 3.1±0.252c 4.513±0.201c 

Solubility in cold water  insoluble  insoluble  

Solubility in hot water 85 90°C  The mixture dissolve  The mixture dissolve  

Solubility of pectin in cold alkali  insoluble insoluble 

Solubility of pectin in hot alkali  The pectin dissolved(3-5min) 

and changed into yellow color  

The pectin dissolved (10-

15min)and changed into 

yellow color 

 
ADW: acidified distilled water (69% Nitric acid) solvent 

CA: 1M citric acid solvent 

A-c Means that do not share a letter are significantly different. 

 

Sweet lemon peels were used for obtaining pectin was extracted by hot water both method using 

citric acid and nitric acid. The equivalent weight of pectin isolated from sweet lemon peel 

powder using citric acid contained 312.5and the pectin extracted from nitric acid contained 

833.33. The percent methoxyl content (6.2 %) and anhydrouronic acid (91.52 %) of isolated 
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pectin showed higher by using citric acid as compared to nitric acid (methoxyl content is 5.27 % 

and anhydrouronic acid content is 51.04 % (Elizabeth et al., 2014). 

Methoxyl content or degree of esterification is an important factor in controlling 

the setting time of pectin, the sensitivity to polyvalent cations, and their usefulness in the 

preparation of low solid gels, films and fibres. It is determined by saponification of the 

pectin and titration of the liberated carboxyl groups, Ranganna, (2013). The isolated pectin was 

used citric acid and (ADW) nitric acid as reagents 158.35 And 897.1 equivalent weight, 3.42 and 

8.19 % methoxyl content, respectively. The extracted pectin showed related result from the 

privies research. Extracted pectin was soluble in hot alkali and water but, in cold alkali and water 

insoluble. 

4.3.1 Color measurement 

Color spectrophotometer uses s light source to light the specimen being measured. The light 

reflected by the object then passes to a grating which breaks it into the spectrum. The spectrum 

falls onto a diode array which measures the amount of light at each wave length. This spectral 

data is then sent to the processor where it is multiplied together with data table values for the 

selected CiE illuminant and the 2◦ or 10◦ standard observer functions to obtain the X, Y, Z 

values. L, a, b color space is a 3-dimensional rectangular color space based on the opponent –

colors theory. L-(lightness)axis-0 is black,100 is white ,a(red-green)axis-positive values are red; 

negative values are green and 0 is neutral and b-(blue-yellow)axis –positive values are yellow 

;negative are blue and 0 is neutral. Color differences are always calculated as sample –standard 

values. If L*is positive, than the sample is lighter than the standard. If negative, it would be 

darker than the standard. a* is positive, than the sample is more red (or less green) than the 

standard. If negative, it would be more green (or less red). b* is positive, then the sample is more 

yellow (or less blue) than the standard .if negative, it would be more blue (or less yellow). 

 

This study investigated the effect of time and acid condition on the extraction of pectin from fruit 

of citron, the color of it is important the pectin. There are significantly differences (p value < 

0.05) from L, a and b between the three kind’s pectin (extracted pectin using ADW with nitric 

acid and extracted pectin using citric acid show in table 4.9. The L* value of received pectin 

(81.24) was higher than pectin extraction by ADW (78.88). Conversely, the b* value of CA 

pectin was the lowest value (12.37) and ADW was (14.34) show (Table 4.10).  Pectin products 
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was more white and little yellow colors. Yellow color was found in peel parts. Dalia A. Abdul. 

(2014) investigated the effect of temperature and acid condition on the extraction of pectin from 

fruit peel of citron , the color of it is important the pectin was dried by sun has light brown but 

the pectin dried at 130◦C was deep brown that is effects of the gel produced. This research done 

by peel of citron and the color was brown.  

4.4 Citron based Jam products and quality analysis 

Pumpkin (Cucurbita moschata or Cucurbita maxima) is a vegetable from tropical and 

subtropical zones (Bisognin, 2002), which can be used to obtain different food products, such as 

syrups, jams, jellies and purees. With respect to nutrients composition it is a good source of 

carotenoids, potassium, vitamins (B2, C and E), and it has a large quantity of fiber (Escalada et 

al., 2007). Furthermore it has a low energetic content, being a good food from the nutritional 

point of view. Beta-carotene, for instance, helps preventing certain types of cancer 

cardiovascular diseases and macular degeneration, and it is pro-vitamin A (Gliemmo et al., 

2009). In addition, beta-carotene has antioxidant properties, through singlet oxygen quenching 

and deactivation of free radicals (Rodriguez-Amaya, 2001). Pumpkin jam is obtained using 

thermal treatment, one of the most important methods of preservation of vegetables. Nowadays 

citron also is used for food application in different countries but the most important part is still 

the inner rind (albedo), which is a fairly important article in international trade and is widely 

employed in the food industry. In Iran, the citron's thick white rind is used to make jam; in 

Pakistan the fruit is used to make jam but is also pickled; in South Indian cuisine, the citron is 

widely used in pickles and preserves. Citron is not like other citrus fruit less juicy but it is rich 

flavor, good source of minerals and medicinal values, the combination of pumpkin and citron is 

good source of nutritional food and new product development. 

 

 

 

 

           

http://en.wikipedia.org/wiki/Fruit_anatomy#Mesocarp
http://en.wikipedia.org/wiki/International_trade
http://en.wikipedia.org/wiki/Pakistan
http://en.wikipedia.org/wiki/South_Indian_cuisine
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 Table 4.13 Utilization of citron pectin in the preparation of citron and pumpkin blended jams 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ADW: Acidified distilled water with 10% Nitric acid extracted pectin, citric acid extracted pectin and 

commercial pectin 

4.4.1 Chemical Characteristics of jam 

The data presented in Table 4.11shows the results of the chemical composition of jam products 

by using extracted pectin. Titrable acidity values expressed as citric acid (%) of CAJ, ADWJ and 

CPJ were (0.58,0.49)%, (0.39,0.76)% and (0.44,0.46)%, respectively. These results were within 

the range required for jam manufacture, and were similar to the standard jam which was made by 

the standard pectin. The moisture contents of CAJ, ADWJ and CPJ (Table 4.14) were (22.99, 

22.79), (23.57, 23.69) and (23.06, 28.51) respectively. These results was not similar to the 

standard of the jam moisture  made by the standard pectin the limit is around(31 to 34% (Joseph, 

Z. B. 1986)),the cause of this the raw material was lower water amount than other fruits specially 

pumpkin. The variation of pectin pH contents slight difference due to extracted solvents and 

chemical strengths.  

On the other hand, total soluble solids (TSS) of CAJ, ADWJ, and CPJ were 66.6, 66.3 and 67.98 

degree of Brix, respectively. These values were similar to the standard TSS values which range 

between (65– 70) Brix. The relatively TSS contents in comparison with the standard values 

could be attributed to the sufficient amount of sugar used, which also affected 33study conform 

to values recommended for jam to hinder microbial growth and maintain keeping quality (Aina 

and Adesina 1999). 

Run Ratio of raw material Pectin type Degree  

Brix 

1 50:50(citron: pumpkin) ADW 68.9 

2 25:75(citron: pumpkin) citric 67.4 

3 25:75(citron: pumpkin) commercial 68.4 

4 50:50(citron: pumpkin) commercial 68.1 

5 50:50(citron: pumpkin) citric 67.8 

6 25:75(citron: pumpkin) ADW 68 

7 50:50(citron: pumpkin) Control(no pectin) 64.7 

8 25:75(citron: pumpkin) Control(no pectin) 61.9 
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Table 4.14 Chemical composition of acidified distilled water extracted pectin: citric acid 

extracted pectin and commercial pectin jam 

 PH Moisture (%) Titrable Acidity TSS 

 

S1 (50:50::citron 

:pumpkin)control 

4.3±0.17a 20.98±1.3a 0.4825±0.185b 64±0.87b 

S2 (25:75::citron 

:pumpkin)CA 

4.1±0.15b 22.99±0.91a 0.4969±0.177b 68.4±2.14a 

S3 (50:50::citron 

:pumpkin)ADE 

3±0.22a 23.69±1.77a 0.7169a±0.0 67.9± 2.78a 

S4 (25:75::citron 

:pumpkin)ADE  

3.2±0.33a 23.57±2.55a 0.7559±0.145a 68.0±0.611a 

S5 (50:50::citron 

:pumpkin)CP 

4.2±0.21a 23.06±1.78a 0.4226±0.23b 68.4±1.87a 

S6 (25:75::citron 

:pumpkin)CP 

4.16±0.32a 24.51±2.22a 0.4583±0.04b 68.2±2.2a 

S7 (50:50::citron 

:pumpkin)CA 

4.0±0.22b 22.79±2.5a 0.5057±0.12b 68.0±0.05a 

S8 (25:75::citron 

:pumpkin)control 

4.1±0.1a 24.54±1.5a 0.48464±0.09b 63.75±1.1b 

P-Value 0.001 

 

0.150 

 

0.000 

 

0.000 

 

TSS: Total soluble solid 

Titrable acidity determined weight 10gram jam sample dissolved in distilled water titrated with 

standardized 0.093N NaOH solution. 

ADW: acidified distilled water (10% Nitric acid) solvent            

CA: 1M citric acid solvent 

TSS: Total soluble solid 

A-d letters Means that do not share a letter are significantly different. 
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4.4.2 Microbiology Test 

Table 4.15 microbiological quality of jams 

 Micro result within 

3 days 

Micro result 

within 7 days 

Micro result 

within 10 days 

Micro result 

within 15 days 

Sample ID AC Y M AC Y M AC Y M AC Y M 

S2 (25:75 Citric) Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

S7 (50:50 Citric) Nil Nil Nil Nil Nil 1 Nil Nil 26 Nil Nil 55 

S4 (25:75 ADW) Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

S3 (50:50 ADW) Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

S6(25:75Commer) Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

S5(50:50Commer) Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

AC: Acidulate bacteria, Y: yeast and M: mold 

The microbial analysis shows in table 4.15 that there was no growth of any kind of bacteria or 

fungi in the plates of citron: pumpkin jam till the 15th day. Sample s7 was see little number mold 

but within a limit. This shows that the products are very safe for consumption and the shelf life 

of the product. 

4.4.3 Sensory test 

Sensory evaluation is considered to be valuable tool in solving problems involving food 

acceptability. It is useful in product improvement, quality maintenance and more important in a 

new products development. The results of analysis of variance in consistency, homogeneity in 

color, intensity of odor, intensity of taste, sweetness of the jam and overall acceptability of the 

jam made from pumpkin and citron pulps are shown in table. The results indicated significant 

differences in all sensory attributes among jam samples. Eight jam samples were developed from 

the mixture of citron fruit and pumpkin, using extracted pectin’s and commercial pectin. 

Controlled jam samples was developed without addition of pectin and compared the rest six 

samples with the controlled sample in terms of color, taste, aroma, flavor, texture, appearance 

and overall acceptability. Organoleptic score was taken from the 9 panelist using 9-Point 

Hedonic Scale sensory evaluation card. 
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Table 4.16 Mean sensory scores of citron and pumpkin jam using extracted pectin’s 

 Appearance Smell Taste Color sweetness Thickness 

S1 (50:50::citron 

:pumpkin)control 

6.44±1.59e 6.3± 1.5bc 6.89±1.27ab 6.67±  1.3c 4.2± 1.39b 4.1± 1.97bc 

S2 (25:75::citron 

:pumpkin)CA 

7.11±1.23cd 6.4± 1.42b 

 

  6.3± 1.8c 

 

7.4±  0.88ab 

 

4.0±1.23bc 4.2± 2.54bc 

S3 (50:50::citron 

:pumpkin)NA 

7.33±.707cd 7.0 ±  1.0a 

 

7.0± 1.12a 

 

7.3±  1.0b 

 

4.0± 1.32bc 

 

3.89±1.62cd 

 

S4 (25:75::citron 

:pumpkin)NA 

7.53±1.38bc 6.7±1.25ab 

 

7.24±0.66a 

 

7.89±1.05a 

 

4.2± 1.2b 4.2± 2.54bc 

 

S5 (50:50::citron 

:pumpkin)CP 

6.900±1.45de 6.5±1.18ab 

 

7.2± 0.79a 6.56±2.01c 

 

3.67±1.12cd 

 

5.0± 2.0a 

 

S6 (25:75::citron 

:pumpkin)CP 

8.00±1.00a 5.89±2.09c 

 

6.4± 1.8bc 

 

7.4±  1.13ab 

 

3.78±0.97bcd 

 

4.1± 2.57bc 

 

S7 (50:50::citron 

:pumpkin)CA 

7.78±1.09ab 6.4± 1.4b 

 

5.78±1.97d 7.3±1.58b 

 

3.3± 1.23d 

 

4.3± 2.12b 

 

S8 (25:75::citron 

:pumpkin)control 

7.78±1.2ab 7.1± 2.03a 

 

6.89±1.77ab 

 

7.4± 1.51ab 5.0± 1.3a 

 

3.44± 2.6d 

 

p-value 0.000 

 

0.000 0.000 0.000 0.000 0.000 

 

Results are expressed as mean ± standard deviation. Scale: 1=dislike extremely, 2=dislike very much, 

3=dislike moderately, 4=dislike slightly, 5=neither like nor dislike, 6=like slightly, 7=like moderately, 

8=like very much, and 9=like extremely. Mean scores in the same column followed by the same 

superscript letter are significantly different from each other (P< 0.05) 

 

*Means having different superscripts within the column are significantly different at p < 0.05 

CA: citric acid extracted pectin, NA: ADW with nitric acid pectin and CP: commercial pectin 
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Result showed in table 4.16 Advances in color mean values for color of jam samples were s1 

(6.89), s2 (7.4), s3 (7.3), s4 (7.89), s5 (6.56) and s6 (7.4). Maximum mean score for color was 

obtained by s4 (7.89) and minimum by s5 (6.56).Statistical analysis showed that ratio of pulp and 

pectin effect on all the samples were not significant because p-value greater than 0.05 (p>0.05). 

The mean values for taste of jam samples were s1 (6.89), s2 (6.3), s3 (7.0), s4 (7.24), s5 (7.2) and 

s6 (6.4). Maximum mean score were obtained bys4 (7.24) and minimum bys2 (6.3). Statistical 

analysis showed that ratio of pulp and pectin effects on all the samples were significant. The 

sweetness mean values of jam samples were s1 (4.2), s2 (4.0s3 (4.0), s4 (4.2), s5 (3.57) and s6 

(3.67).Statistical analysis showed that pectin and ratio of pulp on all the samples were significant 

(P<0.05).This jam gave a slightly sweetness somewhat citric acid taste, this may be due to 

addition of pectin extracted from using citric acid, so the sourness of citric acid from pectin 

might be influenced on the jam. The mean values for overall acceptability of samples were s1 

(6.44), s2 (7.11), s3 (7.33), s4 (7.53) and s5 (6.9) and s6 (8.0).  Maximum mean score were 

obtained by s4 (7.53) and minimum by s1 (6.4). Statistical analysis revealed that ratio of pulp 

and pectin effect on all the samples were significant (p<0.05) the control sample was good 

overall appearance (7.78) than the sample. The smell of statistical analysis shown the ratio of 

pulp and pectin effect on the entire sample were significant (p<0.05).The jams result shows good 

acceptance for smell because Citron fruits by nature have sweet-smelling. The thickness of all 

jam samples slightly soft than commercial jams the reason of this the raw material of the pulps 

was less juicy. 

For all the other characters like appearance, color, smell and taste, of jams from extracted pectin 

from citron fruit  and commercial pectin’s were found to be good, scored in 9 point hedonic 

scale., indicating their suitability for jam preparation but thickness and sweetness can get less 

score shows in figure 4.13 it can modified by another standard jam recipes. It was concluded that 

blended (citron and pumpkin) jam pulp can actually produce jam which is acceptable to the 

consumers and the two pectin products also functional for jam making and other food 

application. 
 

 

 



65 

 

 

 

 

 

Figure 4.13 sensory quality analyses of jam products 
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Chapter 5 

Conclusions and Recommendations 

5.1 Conclusions 

Citron is one of underutilized fruits in Ethiopia, Citron fruits have very little juice but their thick, 

oil-rich skins are important role in the food, pharmaceutical and perfume industry. Pectin is a 

polysaccharide with applications in foods, pharmaceuticals, and a number of other industries. In 

food industry is used as a gelling agent in a wide range of fruit-based products, such as jams, 

marmalades, jellies and fruit filling for bakery products.  

This research emphasized on pectin extraction and characterizations from Citron fruit. In general, 

the research had been divided into four parts namely effect of extraction technology on pectin 

yield, effect on pectin yield by different parameters and reagents, characterization of pectin and 

preparation and sensory evaluation of jam. Conventional extraction method done by, the Box-

Behnken design for three variables in three levels was used to study the effects of temperature 

(70–90 °C), extraction time (1–3 hrs) and solvent amount (150–350 ml) on the yield of Citron 

pectin. The results showed that the yield was ranged from 9.2 to 24.55%. Also, the extraction 

yield of pectin at optimal conditions (temperature of 90 °C, time of 3hr and 250ml) was 24.55%, 

which was nearly close to the predicted values (22.19%) and demonstrated the validation of the 

optimized conditions.  

Microwave extraction best condition was used citric acid solvents at 6 min the pectin yield was 

39.22%. The obtained pectin was low methoxyl pectin (DE value was below 50%) but the DE 

value of ADW pectin was high methoxy pectin. Economically, microwave assisted extraction 

was the most effective extraction condition among the different time interval for extracting 

pectin from citron fruits due to its efficiency to extract pectin with similar yield relative to a 

conventional extraction. The results obtained, Citron gives a significant amount of pectin 

whereby it can be considered in commercial production of pectin the same as other citrus sources 

and it had given also good flavor to make a jam with other fruits ingredients the sensory analysis 

indicated that all types of jams were accepted by panelists. It is recommended to encourage 

production of jam at home level using local raw materials (citron: pumpkin) as well as the using 

of natural pectin from local fruits for the production of jams. 
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5.2 Recommendation 

➢ Citron highly significant value for nutritionally, medically and raw material for food 

industries but the plant production are decreases and disappears. Thus increase and work 

the agronomy of plant agriculture and it gives attention for the fruits and study 

biodiversity (Varity) of citrus medica plant in Ethiopia 

➢ Citron have different application and obtained valuable bio compounds but have no any 

research done for this area  suggest the research focus on area of the fruits, medicinal 

applications, food flavor, valuable product etc. 

➢ Citron rich in nutrients and minerals so develop different products like candy, flavor for 

beverage industry, perfume and others 

➢ Many researchers say the peel of Citron is rich source of essential oil, these area also not 

studied in Ethiopia 

➢ Studies on source of pectin in other fruit obtainable from processing industries of 

Ethiopia  needs to be taken up as it helps in commercial production of pectin the 

requirement of which is steadily increasing in the country. 
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Appendix 

Appendix I: Phytochemical determination 

Determination of total phenol 

Absorbance (nm) =Slope×gallic acid (mM) +intercept 

Y=a + bx 

absorbance  

                                                                    Concentration 

Calibration curve of standard total phenol  

Determination of Tannin 

Tannin in mg/g=
 [(As−Ab)−intercept]×10

𝑆𝑙𝑜𝑝𝑒 ×𝑑×𝑊
 

As=sample absorbance 

Ab=blank absorbance 

D=density of solution 90.791g/ml) 

W=weight of sample in gram 

 

Calibration curve of standard tannin 

 

y = 0.0048x + 0.044
R² = 0.9812
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Determination of flavinode 

Absorbance (nm) =Slope×Quercetin (𝜇𝑔/𝑚𝑙+intercept) 

Y=a + bx 

 

 

Calibration curve of standard total flavinode 

Appendix II: Determination of vitamin C 

Vitamin helps the human to maintain a healthy diet. They serve as essential components of the 

specific coenzyme participating in metabolism and other specialized activities. Among the 

vitamins, vitamin C (ascorbic acid) is an essential micronutrient required for normal metabolic 

function of the body (Jeff, 1884). Vitamin C plays an important role as a component of enzymes 

involved in the synthesis of collagens and camitine .vitamin c is the major water-soluble 

antioxidant within the body (sies&Wilhlm, 1995; Levine el al., 1986 and Levine et al., 

1995).This vitamin is especially plentiful in fresh fruit, in particular citrus fruit, and 

vegetables(Bendich,1997). Vitamin C levels in fruits vary considerably due to factors, which 

include species, maturity, portion, soil, climate, season, and handling. Method of preparation and 

consumption (Alam, 1996). 

Instrument 

Spectrophotometer 

 

 

 

y = 0.06x - 0.0213
R² = 0.9953
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Reagents required 

1- 10% Acetic acid 

2- 10% Thiourea 

3- 2, 4-Dinitrophenyl Hydrazine 

4- 85% Sulphuric acid  

5- Bromine Water 

Standard Vitamin C (ascorbic acid) solution 

0.05g standard crystalline ascorbic acid was dissolved in 100ml distilled water to prepare500 

ppm standard stock solution. 

Sample Preparation 

10g blended sample was homogenized with about 50ml of acetic acid solution. Then it was 

quantitatively transferred into 100ml volumetric flask and was gently until a homogeneous 

dispersion was obtained. Then it was diluted up to the mark by acetic acid solution. 

Estimation of vitamin C 

Procedure: To the filtrated sample solution a few drops of bromine water were added until the 

solution became colored (to confirm the completion of the oxidation of ascorbic acid to dehydro 

ascorbic acid). Then a few drops of thiourea solution were added to it to remove the excess 

bromine and thus the clear solution was obtained. Then 2, 4-Dinitrophenylhydrazine solution 

was added thoroughly with all standards and also with the oxidized ascorbic acid. Total vitamin 

C employing coupling reaction of 2, 4-Dinitrophenyl hydrazine dye with vitamin C and followed 

by spectrophotometric determination. Final result determined by calibration curve of standard. 

Calibration curve: After determining λ max of the colored complex (280nm) the absorbance of 

all standards (converted to colored complex) was taken to construct a calibration curve. The 

calibration curve was constructed by plotting the concentration versus the corresponding 

absorbance. 
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Appendix III: Lab experimental works 

 

 

Appendix A: Sample collection from the farmer and the Debresina (Amhara region) market 

.Citron fruit sell in Ethiopian local market (Azene Bekele, 2007) 

 

 

AppendixB: sample preparation size reduction to drying and milling 
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Appendix C: Conventional extraction technique and Assisted Microwave extractor 
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Appendix D: precipitation and filtration of pectin 

 

Appendix E: citric acid and ADW with nitric acid  extracted dry pectin 
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Appendix F: Prepared citron and pumpkin jam  
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Appendix IV: Score card for the sensory evaluation 

Remember to rinse your mouth with water in between the samples. 

In front of you is a coded sample. Taste the sample and tick how much you like or dislike it.  

 

Rating scale Appearance Smell/aroma Taste Texture 

(9)Like extremely     

(8)Like very much     

(7)Like moderately     

(6)Like slightly     

(5)Neither like nor  dislike     

(4)Dislike slightly     

(3)Dislike moderately     

(2)Dislike very much     

(1)Dislike extremely       

 

Sweetness       Thickness 

Very much too sweet□  □ thinness touch texture                      

Too sweet□  □mouths feel brittle  

Slightly too sweet□ □ rubbery 

Just about right□      □gritty 

Slightly not sweet enough□  □ bubbly  

Not sweet enough□  □Tender        

Very much not sweet enough□    □sandy                                                                                                                                       

        □soft 

                                                       Yes                 No 

Do you in general like........? □  □ 

Comments: 
Please give your comments on the tasting session, the questionnaires etc. In that way  

Improvements can be made.  

________________________________________________________________________ 
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