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ABSTRACT 

 

The present study aims to use microwave pow-

er to facilitate the extraction of pectin from dried 

mango peels, and also to explore the effect of 

power on some quality parameters of the resultant 

pectin. Chemical composition of dried mango 

peels ascertained a high percent of total pectin, 

being 16.01 % (on dry weight basis). With respect 

to microwave heating, the optimal experimented 

power was 600W, and 6 minutes as the best short 

holding time, which gave 12.80 % yield, 86.54% 

recovery and 77.20% anhydrogalacturonic acid  

(AGA) of extracted pectin. Comparing to the 

commercial pectin, the results of some physico–

chemical characterstics of isolated pectin, revealed 

that the pectin isolated by microwave heating from 

mango peels, being to some extent analogous to 

the commercial pectin with respect to its qualities, 

such as high methoxyl pectin, high degree of estri-

fication (DE), and high percent of AGA besides its 

high viscosity, followed by the pectin isolated 

using the conventional method. Statistical analysis 

of organoleptic data showed no significant differ-

ences between strawberry jam prepared by using 

commercial pectin and that treated with pectin 

isolated by microwave heating as affecting their 

texture, color, taste and preference. Besides, high 

significant differences were detected between var-

ious concentrations of added pectin, with respect 

to the texture alone. Generally, the utilization of 

pectin isolated from mango peels using microwave 

heating in jam processing gave high quality attrib-

utes resembling that of the commercial pectin 

when added to strawberry jam and this would also 

lead to gain economical benefits. 

  

INTRODUCTION 

 

Mango peels are considered as one of the im-

portant wastes in fruit juice industry. These wastes 

usually cause environmental pollution, so techno-

logical attempts would be of value to produce val-

uable nutritional and economical by- products 

from the discarded peels. The total annual produc-

tion of mango fruits are 375461 tons produced 

from 81375 fed of fruitful trees. Ismailia alone 

produces 33.3% of the total Egyptian production 

followed by El-Sharkia Governorate which pro-

duces about 29.8% (Ministry of Agricultural 

and Land Reclamation, 2004). 

Mango peels and stones represent 35 to 60% of 

the total fruit weight depending upon the cultivars 

and the product made therefrom (Larrauri and 

Cerezal, 1993 and Larrauri et al 1996). 
Pectin has become a highly valuable by-

product of fruit juice industry. Pectin, being a nat-

ural plant component, has its value not only in 

food processing, but also in the nutritional and 

medicinal applications with the great advantage of 

being legally acceptable. In recent decades, with 

the increasing emphasis on the favourable func-

tions of pectin in human metabolism, its economi-

cal value has increased considerably (Cohn and 

Cohn, 1996). 

Pectin is mainly a linear polymer composed of 

residues of esterfied galacturonic acid which are 

linked  – (1-4)axial-axial glycosidic bonds. The 

precise molecular weight, like that of other poly-

saccharides, is unknown and there may be as 

many as 1000 monosaccharide residues per mole-

cule. The amount of esterification of the carboxyl 

groups of the uronic acid residues, present as me-

thyl ester (Robinson, 1987). 
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Pectins are used as gelling agents in jams, and 

jellies and as a filler or stabilizer in confections, 

dairy products, fruit preparations, bakery fillings, 

icings and frostings. Development of pectin-based 

fat replacers has resulted in a wide range of appli-

cations in products such as spread, salad dressing, 

ice cream (Kalapathy and Proctor, 2001). 

The use of suitable method of extraction is of 

importance during pectin production in order to 

obtain a good yield of pectin having stable proper-

ties. Pectin polysaccharides are of high molecular 

weight and closely connected with the other pol-

ymer components in the cell walls which inhibit 

their release from the cell matrix. Therefore, pro-

cessing of the plant material is often applied to 

facilitate pectin extraction (Kratchanova et al 

2004). 

Pectins are commercially produced by acid ex-

traction from citrus peel or apple pomace, fol-

lowed by filteration and perciptation by 2- propa-

nol (Whistler and BeMiller, 1997). The pH val-

ue, temperature and extraction time have an effect 

on the yield and quality of pectin. Conventionally, 

pectin is extracted in acidic solution at about 90°C 

for at least 1 hour, and it was normally a time con-

suming process. (May, 1990 and  

Pagan et al 2001) 

Sudhakar and Maini (2000) reported that the 

method for manufacturing pectin from mango 

peels was standardized by studying various factors 

that would govern the recovery and quality of pec-

tin. 0.05M HCl was found to be the best method of 

extraction for pectin recovery, giving an optimum 

pectin yield of  about 20.8% dry wt, bases.  

Fishman et al (2006) stated that lime peel pec-

tin extracted by microwave heating was character-

ized by having high methoxyl pectin with a wide 

range of molar mass. Panchev et al (1988) used 

ultrasonic technology to extract apple pectin, and 

reported that the yield was superior to that ob-

tained by traditional heating extraction. 

Wang et al (2005) summarized that micro-

wave power reduced the extraction time and dis-

played a significantly quardatic effect on the yield 

of pectin, extracted from dried apple pomace, and 

the greater yield was obtained when about 499.4 

W of microwave power was selected. 

The aim of this work was to study the effect of 

using microwave heating to extract the pectin from 

dried mango peels; moreover the effect of addition 

of the pectin on some properties of processed 

strawberry jam would be of value. 

 

 

MATERIALS AND METHODS 
 

 Materials  
 

Mango (Mangifera indica, L.) peels as by 

product, were obtained from the production line of 

Juhayna factories group, 6th October City, Egypt. 

Commercial pectin MRS-150 SAG (Cesalpinia 

Food SPA Co.), as citrus pectin, was obtained 

from the fruit juice factory of Food Tech. Res. 

Inst., Agric. Res. Center, Egypt. Strawberry fruits 

and sucrose were purchased from the local market. 

Citric acid (Sigma Chemical Company) was pur-

chased from El-Gomhoria Medicine and Chemical 

Company, Egypt.   
 

Methods 
 

Drying of mango peels: Mango peels were dried 

in a drying oven at 60°C until the moisture content 

reached to~ 7. 5%. 
 

Extraction of pectin 

 

Pectin was extracted from mango peels using 

two methods. The first one is the conventional 

method which was carried out according to the 

method of Sudhakar and Maini (2000), where 

the ratios of dry peel to 0.05N HCl were 1: 10, 1: 

15, 1: 20, 1:25 and 1: 30 w/v. The extraction tem-

perature was 90°C in which heating period was 

30, 60, 90 and 120 min respectively, with continu-

ous stirring whereas the slurry was filtered 

through cheese cloth. Pectin was precipitated us-

ing an equal volume of ethanol 95% and left for an 

hour. The precipitated pectin was washed with 

acidified ethanol 70% (0.05N HCl), then with 

95%ethanol. The resulted pectin was dried at 60°C 

in a drying oven and pulverized well. 

The second method was carried out using mul-

tiwave MS-191 MC microwave oven for pectin 

isolation according to the method of Fishman and 

Chau, (2000).Mango dry peels were placed in a 

closed vessel with 0.05N HCL at ratio of the most 

efficient method of pectin extraction of the previ-

ous conventionally used at frequency of 2 – 450 

MHZ with varying intensities of microwave pow-

er, which were 90, 180, 360, 600 and 800 W of 

power to study the effect of microwave power on 

pectin extraction. Different heating time periods 

2,4,6,8 and 10 min were used to study the effect of 

microwave heating period on pectin extrac-

tion.The preciptation process and washing were as 

the previous described in the conventional method 

. 
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Manufacturing of strawberry jam 

 

Approximately 1 kg of strawberry fruits were 

mixed with 1.12 kg sucrose in an open stainless 

steel pan, then heated and manual stirring were 

performed. Pectin extracted from mango dry peels 

with concentrations of 0.1, 0.3 and 0.5% (pectin 

/fruit, wt/wt) and 0.35% commercial pectin (con-

trol) were dissolved in a sufficient quantity of dis-

tilled water to ensure the complete solubility, then 

added to the mixture when the total soluble solids 

reaches 62 – 65 Brix. Citric acid was added to the 

mixture maintaining the pH value of 3.0 ± 1. The 

mixture was heated till the total soluble solids 

reached about 68 – 70 Brix, and the hot jam was 

filled into glass jars (volume of 450 ml), then 

closed, cooled and stored at room temperature  

according to the method described by Sulieman 

(2000).  

 

Analytical Methods 

 

Moisture content, pH value, fiber, reducing 

and total sugars and ash contents were determined 

according to the methods of A.O.A.C. (2000). 

Pectin was determined by the method of Lees 

(1975). Anhydrogalacturonic acid (AGA) was 

determined by the method of Ranganna (1977). 

Methoxyl content was determined as described by 

Owens et al (1952). Degree of estrification (DE), 

Jelly grade and setting time were determined ac-

cording to the method of Srirangarajan and 

Sharikhande (1977).Viscosity was determined 

using Brookfield viscometer DV3 Ultra program-

mable Rheometer at 25°C ± 1°C, developed by 

Andon (1987). Yield and recovery of pectin were 

determined according to Minkov et al (1996) as 

follows:  

 

   wt. of produced pectin 

Yield =                                                   × 100 

     wt. of raw material (used) 

 

wt. of produced pectin 

Recovery =                                                     × 100 

Pectin wt. of raw material (used) 

 

Organoleptic evaluation was determined ac-

cording to the methods described by Hyvonen 

and Torma (1983). Texture, color, taste and pref-

erence of strawberry jam were evaluated after 24 

hr of processing. Organoleptic evaluation was 

statistically analyzed by ANOVA procedure of the 

SPSS statistical package (SPSS, 1990).   

 

RESULTS AND DISCUSSION 
 

Physico- chemical constituents of dried mango 

peel 
 

Some constituents of dried mango peel such as 

total and reducing sugars, ash, fiber and pectin 

contents are presented in Table (1). They were 

25.80, 17.61, 3.12, 14.44 and 16.01% (on dry 

weight basis), respectively. It is clear that dried 

mango peel had a high percent of total pectin. 

Some of these results are in agreement with those 

reported by Mohamed (2006). 

 

Table 1. Some physio-chemical composition 

of dried mango peels (on dry wt. 

basis) 

 

Properties (%) 

Moisture content 

Ash 

Fiber 

Pectin 

Total sugars 

Reducing sugars 

Non-reducing sugars 

7.65 

3.12 

14.44 

16.01 

25.80 

17.61 

8.19 

 

Effect of the ratio of solid: liquid and various 

times on some parameters of pectin isolated by 

conventional method 
 

Yield, recovery and anhydrogalacturonic acid 

(AGA) being the main characteristics of pectin 

isolated from dried mango peel, when using con-

ventional method are shown in Figs. (1 and 2). 

The varying ratios of solid: liquid w/v, per-

formed during extraction, affected the yield, re-

covery and AGA are shown in Fig. (1). With in-

creasing the ratio, the increasing of yield, recovery 

and AGA occurred. From the aforementioned re-

sults in the same Fig. (1), it could be seen that the 

ratio of 1: 20 w/v solid: liquid and 90 min could 

be recommended as holding time and are consid-

ered as the optimum conditions to produce quanti-

tative and qualitative mango peel pectin.  

Yield of pectin varied between 8.4% to 

11.31%, when 30 min and 90 min at 90°C of hold-

ing time were carried out, using the ratio of 1 : 20 

w/v of solid : liquid during the extraction process. 

Whereas, after 120 min of extraction time, slight 
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Fig. 1. Effect of varying ratios of solid: liquid on some parameters of pectin extracted at 90C for 90 min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Effect of varying time at 90C on some parameters of pectin extracted at the ratio of 1: 20 w/v 

solid: liquid. 
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decrease of yield, recovery and AGA occurred as a 

result of prolonged time (Fig. 2). These results are 

in accordance with those found by Fahmy (1999), 

who reported that, with the increase of extraction 

time, the reduction of AGA occurred. This means 

that the optimum time recorded during extraction 

was 90 min and that gave a high percent of yield, 

recovery and AGA respectively. Srirangarajan 

and Sharikhande (1977) found that the pectin 

yield 13.0%, AGA 61.12%, methoxyl content 

8.25% and DE 76% were in mango peel pectin, 

extracted at 95°C. This is in agreement with that 

mentioned by Kalapathy and Proctor (2001). On 

the other hand, the results obtained by El-Zoghbi 

et al (1998) declared that the pectin yield of dried 

mango peel extracted by 0.02N HCl at 90°C for 2 

hrs was 25.0%. 

 

Effect of microwave power and holding time on 

some parameters of isolated pectin 

 

Concerning microwave heating, varying inten-

sity of microwave power and holding time during 

extraction of mango peel pectin, as estimated con-

ditions of the resulted pectin, are illustrated in 

Tables (2 and 3). 
As shown in Table (2), the optimal power 

through the experimented multipower procedure 

was 600W, which possessed 12.44% yield, 

84.11% recovery and 77.21% AGA of the ob-

tained pectin. These results coincided with the 

results of Wang et al (2005) and Fishman et al 

(2001). Microwave holding time ranged between 2 

to 10 min within 2 min intervals. With the increase 

of holding time, there was an increase in yield, 

recovery and AGA till 8 min holding time. When 

10 min of microwave holding time was conducted, 

the decrease of yield, recovery and AGA occurred. 

From the data obtained in Table (3), it could be 

noticed that the 6 min holding time was the best 

short time giving a maximum yield, recovery and 

AGA of isolated pectin. These findings are in 

agreement with those found by Kratchanova et al 

(1994) and Kratchanova et al (2004), who 

demonstrated that the pretreatment of the fruit 

material by microwave heating led to a considera-

ble increase in the yield and the quality of resulted 

pectin. 
       
 Physicho-chemical properties of isolated pectin  
         

Anhydrogalacturonic acid (AGA) represents 

73.04% and 77.20 of pectin isolated by conven-

tional and microwave heating method compared 

with the commercial pectin as control which rec-

orded 80.21%  (Table 4). Concerning the methox-

yl content, the pectin isolated by microwave heat-

ing was 9.14%, whereas it was 8.23% in the tradi-

tional one. The data revealed that, the pectin iso-

lated by microwave heating of mango peel, being 

to some extent analogous to the commercial pec-

tin.  

The advantages gained of pectin properties 

may be resulted from the short holding time and 

low temperature as low intensity of power during 

the extraction of mango peel pectin by microwave 

heating. These results are in accordance with those 

reported by El-Atawy (1984), who mentioned that 

methoxyl content of pectin, extracted from beet 

pulp decreased with increasing the temperature 

which led to slight decarboxylation of AGA as a 

result of breaking the ester bond during the extrac-

tion process. Concerning the methoxyl content, 

high methoxyl pectin contains more than 7% to 

12% methoxyl content Kertesz (1951). This 

means that the pectin extracted by microwave 

heating method was classified as high methoxyl 

pectin.  

  Table (4) also shows the pectin isolated by 

microwave heating containing the matter in which 

the DE was more than the two other pectins, and 

was higher in its viscosity, which reflects the high 

quality attributes. From results in Table (4) 

showed that jelly grade of the extracted pectin 

using microwave heating, conventional method 

and commercial pectin were 150, 135 and 150, 

respectively, and also the setting time (min)were 

18, 23 and 17, respectively. These results are in 

accordance with those of Srirangarajan and 

Sharickhande (1977), EL-Zoghbi et al (1998) 

and Abdou (2001). The setting time of jelly was 

<25 min indicating it to be a rapid set pectin 

(Ranganna, 1977). 

 

Role of isolated mango peel pectin on some or-

ganoleptic properties of strawberry jam 

 

Consistency of texture is the main impressive 

factor of processed strawberry jam, as affected by 

the addition of some thickening agents such as 

pectin 

Data in Table (5) show that the score of jam 

texture treated with 0.3 % of conventionally iso-

lated mango peel pectin was 4.01 ± 0.59, while it 

was 4.43 ± 0.29 in the case of microwave extract-

ed pectin. When 0.35% of commercial pectin was 

added to strawberry jam as control, the texture was 

4.53 ± 0.28. It is evident that the addition of 0.3% 

of both isolated pectins to strawberry jam, 
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Table 2. Effect of varying intensity of microwave power of dried mango peel on some  

parameters of pectin extracted for 4 min. at the ratio of 1: 20 w/v solid: liquid 

 

       Properties    

 

Microwave power 

Yield  

% 

Recovery  

% 

Anhydrogalacturonic 

acid % (AGA) 

90 

180 

360 

600 

800 

9.22 

10.16 

11.22 

12.44 

11.53 

62.34 

86.70 

75.86 

84.11 

77.95 

76.93 

77.25 

77.42 

77.21 

75.27 

 

 

 
Table 3. Effect of varying time at 600 W of microwave power on some parameters of pectin  

extracted at the ratio of 1: 20 w/v solid: liquid 

 

       Properties 

 

Microwave holding 

      time (min)                   

Yield  

% 

Recovery  

% 

Anhydrogalacturonic  

acid %  (AGA) 

2 

4 

6 

8 

10 

9.57 

12.44 

12.80 

13.03 

12.72 

64.71 

84.11 

86.54 

88.10 

86.00 

76.05 

77.21 

77.20 

77.00 

76.85 

 
 

Table 4. Some physico-chemical constituents of mango peel pectin. 

 

 

Constituents 

Extracted by 
Commercial 

pectin Conventional 

method 

Microwave  

heating 

Moisture content % 

pH  value 

Viscosity (cp) 

Ash  % 

Anhydrogalacturonic acid % 

Methoxyl content % 

Degree of estrification% 

Gelly grade 

 Setting time (min) 

8.32 

3.33 

150 

3.12 

73.04 

8.23 

63.97 

135 

23 

7.84 

3.28 

165 

3.22 

77.20 

9.14 

67.21 

150 

18 

9.63 

3.15 

168 

2.58 

80.21 

9.42 

66.84 

150 

17 
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Table 5. Sensory evaluation of strawberry jam containing various concentrations of pectin. 

 

                 Parameters 

 

 

Treatments 

(5) 

Texture 

Mean ± S.D. 

(5) 

Taste 

Mean ± S.D. 

(5) 

Color 

Mean ± S.D. 

(5) 

Preference 

Mean ± S.D. 

Commercial pectin     

0.35% 4.53 ± 0.28a 4.69 ± 0.25a 4.62 ± 0.21ab 4.60 ± 0.24a 

Pectin extracted by 

Conventional method 
    

0. 1% 3.58 ± 0.44c 4.30 ± 0.47b 4.33 ± 0.41b 4.03 ± 0.52b 

0.3% 4.01 ± 0.59a 4.52 ± 0.44ab 4.51 ± 0.17ab 4.18 ± 0.31ab 

0.5% 4.51 ± 0.28a 4.57 ± 0.22a 4.56 ± 0.33ab 4.55 ± 0.33a 

Pectin extracted by 

Microwave heating 
    

0.1% 3.73 ± 0.43bc 4.53 ± 0.26ab 4.40 ± 0.33ab 4.25 ± 0.59ab 

0.3% 4.43 ± 0.29a 4.67 ± 0.20a 4.57 ± 0.28ab 4.56 ± 0.47a 

0.5% 4.52 ± 0.29a 4.73 ± 0.19a 4.65 ± 0.34a 4.59 ± 0.36a 

F. value 10.92** 2.47* 1.89 NS 3.14* 
 

 

S.D = Standard Deviation   p*  >  0.05  , p**  >  0.01 

N.S = Non Significant 

 

 
gave an accepted texture, color, taste and prefer-

ence, and that being in accordance with the stand-

ard additives of commercial pectin.  

Statistical analysis ascertained no significant 

differences between strawberry jam prepared by 

using commercial pectin and that treated with pec-

tin isolated by microwave heating in their texture, 

color, taste and preference, especially at the con-

centration of 0.3% added pectin. On the other 

hand, there were significant differences existing 

between the jam prepared by 0.1% of both added 

pectin and that prepared by the addition of 0.3% of 

both isolated pectin, and also the commercial one. 

Highly significant differences were found between 

various concentrations of added pectin, with re-

spect to the texture alone. 

From the aforementioned results, it could be 

concluded that the pectin isolated from mango 

peel by the microwave heating method surpassed 

in its quality over the already conventional meth-

od. Utilization of this pectin in jam processing, 

gave high quality attributes resembling that found 

when commercial pectin was used, and also 

achieved economical benefits. 
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