
 

Journal of Food and Nutrition Sciences 
2014; 2(6): 277-284 

Published online November 18, 2014 (http://www.sciencepublishinggroup.com/j/jfns) 

doi: 10.11648/j.jfns.20140206.16 

ISSN: 2330-7285 (Print); ISSN: 2330-7293 (Online)  

 

Determination of physico-chemical properties of 
pomegranate (punica granatum L.) fruits of Dar es Salaam 
Tanzania  

Lugwisha Esther Hellen
1, *

, Fabian Christina
2
, Othman Chande Othman

1
 

1University of Dar es Salaam, Chemistry Department, P. O. Box 35061, Dar es Salaam, Tanzania 
2Mkwawa University College of Education, Chemistry Department, P. O. Box Private Bag, Iringa, Tanzania 

Email address: 
elugwisha@gmail.com (L. E. Hellen), tina84f@yahoo.com (F. Christina), o_chande@yahoo.co.uk (O. C. Othman) 

To cite this article: 
Lugwisha Esther Hellen, Fabian Christina, Othman Chande Othman. Determination of Physico-Chemical Properties of Pomegranate (punica 

granatum L.) Fruits of Dar es Salaam Tanzania. Journal of Food and Nutrition Sciences. Vol. 2, No. 6, 2014, pp. 277-284.  

doi: 10.11648/j.jfns.20140206.16 

 

Abstract: The physicochemical composition of pomegranate (Punica granatum L.) fruits from Kimara, Dar es Salaam during 

open air storage ripening process were determined. The ash, titratable acidity, crude fat, crude fiber, moisture and sugars content 

were determined by proximate analysis. Ascorbic acid contents were determined using the 2,6-dichlorophenol-indophenol dye 

method while mineral elements and heavy metals were determined by Flame Atomic Absorption Spectrophotometry (FAAS). 

The fruits were always harvested at the mature stage and allowed to ripen during open air storage. The determinations were done 

immediately after arrival at the laboratory and thereafter at intervals of two days from the day of harvest to the 8
th

 day. The results 

showed that fresh pomegranate fruits had high moisture content range of (89.6%-77.5%), low titratable acidity (<0.86% ca), low 

crude fat (0.30 g/100 g-fw), low ash content (0.35 g/100 g-fw), moderate crude fibre content (4.20 g/100 g-fw), high ascorbic 

acid content (53.7 - 20.4 mg/100 g-fw), high total sugars content (48.9% - 29.1%), moderate reducing sugar content (42.0% - 

25.5%) and sucrose content (5.7% - 2.0%). Of the mineral elements (K, Ca and Na) determined, the highest content was of Ca 

(1086 mg/100 g-fw.). Heavy metals (Fe, Zn, Cu, Pb and Cd) content was very low in the pomegranate fruits, ranging between 

<0.0015 mg/100 g-fw for Cd and 0.84 mg/100 g-fw for Fe. Except for sucrose which was increasing during storage ripening, the 

moisture content, acidity content, ascorbic acid content, total sugar content and reducing sugar content were all decreasing as the 

fruit was ripening while in storage. There were no significant changes during storage ripening for levels of crude fat, ash, 

minerals and heavy metals. The results of this study suggest that these fruits could highly contribute in the improvement of the 

nutrition of consumers. 
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1. Introduction

Knowledge on the nutrient composition of locally available 

foods has become of greater importance because of the need to 

supply food according to their nutritive value to the increasing 

population of the world. Dietary supplementation using 

different fruits, vegetables and also herbs is now a major route 

towards curative as well as preventive approach to combating 

diseases and poor health. For Tanzania, as it is for other 

developing countries, there exists very little information on 

the nutritive value of its natural foods especially fruits so that 

these may be used for such purposes. Pomegranate (Punica 

granatum L.) fruits are important fruits in Tanzania as they are 

a good source of vitamins, dietary fiber and minerals and 

provide flavor, aroma and texture to the pleasures of eating. 

The pomegranate fruits are normally eaten fresh or as fresh 

pomegranate juice. There is growing interest in this fruit 

because it is considered to be a functional product of great 

benefit in the human diet as it contains several groups of 

substances that have anti-cancer [1] and antioxidant properties 

[2-3] that are useful in disease risk reduction.  

Since fresh fruits have living respiring tissues, 
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physiological processes between harvesting and consumption 

can result in the loss of quality of fruits. Postharvest 

physiology studies seek to understand the basic physiological 

changes that occur in a detached fruit during ripening and 

storage [4]. Thus in recognition of the importance of fruits as 

valuable food resources, more research is required in order to 

understand the physical and chemical composition, and 

physiological changes that occur during storage and ripening 

of locally available fruits in the community such as 

pomegranate, so that quality, physicochemical characteristics 

and storage ripening changes of the properties of fruits should 

be established. As such this study was undertaken. 

Several research studies have been undertaken on the 

physico-chemical composition of Tanzanian fruits and a few 

documented studies include those on mangoes [3], pineapples 

[5], papaya [6] and oranges [7]. So far little attention has been 

paid to less popular fruits such as pomegranates. Heavy metal 

pollution has provoked considerable research in the analysis 

of food and food products [8]. Heavy metals have been 

reported to have positive and negative roles in human life [9 - 

11]. Some metals like cadmium, lead and mercury are major 

contaminants of food supply and may be considered the most 

dangerous elements to our environment while others like iron, 

zinc and copper are essential for biochemical reactions in the 

body [12].  

This study therefore reports on the proximate composition 

(moisture, acidity, sugars, ash, crude fibers and crude fat 

content), ascorbic acid content, mineral elements and heavy 

metals content in pomegranate fruits of Kimara, Dar es 

Salaam, Tanzania. 

2. Material and Methods 

2.1. Reagents 

The following analytical grade reagents were used in this 

study: hydrochloric acid (assay 37 w/v, specific gravity 1.2), 

sulphuric acid (assay 95-98 w/v, specific gravity 1.840) and 

standard ascorbic acid (assay 99.7%) as supplied by Aldrich 

Chemical Company Ltd, England. Copper sulphate (99%) was 

obtained from Lab Tech chemicals Ltd and sodium hydroxide 

pellets (assay 97%) were obtained from Techno Pharmchem 

India. 2,6-dichlorophenol-indophenol A.C.S. reagent and 

phenolphthalein indicator used were supplied by LOBAL 

Chemie Company. Potassium and sodium tartrate (assay 99%) 

and citric acid (monohydrate) assay 99.8% were supplied by 

Riedel-de Haen AG and ethanol (assay 95% pure) was 

supplied by CARLO ERBA Reagents of Italy. Deionized 

distilled water was used for all needed dilutions. 

The following analytical grade reagents were also used in 

the reaction processes within this study: acetic acid (glacial 

assay 99.5%), nitric acid, perchloric acid, metaphosphoric 

acid (assay 88% w/w) and methylene blue indicator as 

obtained from B.D.H Ltd, England, Lead acetate (assay < 

99%), potassium oxalate (assay 99.5%) and phenolphthalein 

indicator (pH range 8.3-10) were obtained from May & Baker 

Ltd. Dagenham, England. Petroleum–ether (bp 60-80 
o
C) was 

obtained from the Central Drug House Ltd. of India. 

2.2. Instruments and Equipment 

An electronic balance Mettler Toledo model B 303-S, a 

Genlab oven supplied by Wideness Cheshire Ltd. having a 

temperature range of 0 to 250 °C and a muffle furnace, 

Gallenkamp Rapid Model, from Gallenkamp Ltd, having a 

heating temperature range up to 1000 °C were used. The 

Gallenkamp Centrifuge model 200 with frequency of 50 Hz 

from Gallenkamp Ltd, Osterizer blendor model 867-66A, an 

IKAMAG-RET type hot plate, a HANNA waterproof 

pH-meter, a heating mantle of one litre, a soxhlet apparatus 

and the Flame Atomic Absorption Spectrophotometer, model 

iCE 3000 v1.3 instrument were also used. 

2.3. Fruit sample Collection 

Samples of pomegranate fruits were collected from Kimara 

farms in Dar es Salaam. Fully matured fruits were picked 

directly from trees and were transported to the Chemistry 

Department laboratory, University of Dar es Salaam, for room 

temperature storage ripening experiments and for further 

preparations and analysis. 

2.4. Analysis 

The following determinations were done immediately after 

arrival at the laboratory and thereafter at intervals of two days 

from the day of harvest to the 8
th

 day. 

2.5. Moisture Content 

A clean porcelain crucible was dried in an oven at 110 °C 

for 1 h, cooled in a desiccator and weighed. About 20 g of 

fresh fruit sample were spread in the crucible, weighed as 

quickly as possible to determine its exact weight and dried in a 

hot air oven at 70°C for 16 h. This was then followed by 

cooling in a desiccator and weighing until a constant weight 

was attained. The moisture determination for each sample was 

done in triplicate and the average value recorded as percent 

moisture [13]. 

2.6. Titratable Acidity 

10 g of the minced fresh fruit sample were mixed with 200 

mL of distilled water and boiled for 1 h. The mixture was 

cooled, filtered and the filtrate transferred to a 250 mL 

volumetric flask and made up to the mark. 10 mL of the filtrate 

was titrated with 0.1 M NaOH using 1% phenolphthalein 

solution as indicator. The results were expressed as % citric 

acid [14]. All determinations was done in triplicate and the 

average values were recorded. 

2.7. Ash Content 

5.0 g of the sample were placed in a dry porcelain crucible, 

dried in a hot air oven for 16 h. The dried sample was placed in 

a muffle furnace and ashed at temperature of around 525 
o
C 

for 6 h. The ash was then cooled in a desiccator and weighed. 

The weight was recorded as g per 100 g fresh weight (g-fw) 
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[14]. The determination was done in triplicate and the average 

value was recorded. 

2.8. Crude Fat 

The weighed dried fruit sample was put into a thimble and 

covered with fat free cotton. The thimble was then put into the 

soxhlet apparatus. The flask was filled with 150 mL petroleum 

ether and extraction was done for 16 h. At the end the sample 

was dried at 100 °C in an oven for 1 h, then cooled to room 

temperature and re-weighed. The difference in the weights 

gave the fat-soluble material present in the sample. 

Determinations were done in triplicate and the average value 

was recorded [14]. 

2.9. Crude Fibers 

2 g of residue remaining from the crude fat determination 

was poured in a digestion flask followed by 200 mL of boiling 

0.1275 M sulphuric acid. The mixture in the flask was 

immediately connected to a condenser and the mixture heated 

for 30 min. The material was then filtered and washed 

thoroughly with boiling distilled water until the washings 

were no longer acidic. A 0.313 M NaOH solution was boiled 

under reflux and the washed material added to it. The content 

in the flask were connected to the reflux condenser and boiled 

for 30 min. The material was then filtered in a filtering cloth in 

a fluted funnel and washed thoroughly with distilled water 

followed by 15 mL of alcohol. The contents were finally dried 

at 110 °C to a constant weight, cooled in a dessicator and 

weighed. The material was then ashed. The loss in weight 

represents the crude fiber amount of the fruit. The procedure 

of Mbogo et al. [8] and Ranganna [14] was followed. 

2.10. Sugars 

The reducing sugar in the fruits were determined by 

titration method where clarified fruit solution was titrated 

against mixed Fehling’s solution using methylene blue as an 

indicator. Total sugar was also determined by titration but 

before titration there was an addition of citric acid and the 

solution was boiled in order to complete the inversion of 

sucrose. Total sugars, reducing sugars and sucrose content in 

the pomegranate fruits were determined following the 

procedures of method 932.12 of AOAC [15]. 

2.11. Ascorbic Acid 

5 g of fresh fruit sample were blended with 25 mL of 5% 

metaphosphoric acid solution. The mixture was filtered 

through a Whatman No. 42 filter paper. The residue was then 

washed with 5% metaphosphoric acid until the total volume of 

the collected filtrate was 50 mL. The filtrate was then 

centrifuged at 2000 r.p.m for 20 min. 10 mL of the clear filtrate 

was pipetted in to a conical flask and titrated against a 0.025% 

2,6-dichlorophenol-indophenol reagent. The titration was 

done in triplicate and the average titre value was recorded. The 

0.025% 2,6- dichlorophenol- indophenol reagent was 

standardized using standard ascorbic acid solution as 

described by AOAC [15]. 

2.12. Minerals and Heavy Metals 

1 g of a well dried and powdered fruit sample was placed in 

a digestion bottle followed by addition of 8 mL conc. nitric 

acid and 2 mL
 
perchloric acid. The solution was then heated 

for about 4 h with slow addition of drops of perchloric acid 

until a clear solution was obtained. The solution was then 

transferred to a 50 mL volumetric flask and made up to the 

mark by distilled water. Appropriate dilution was done for 

elements present at high concentrations. 

2.13. Atomic Absorption Spectrophotometry (AAS) 

All determinations of metals were performed with the iCE 

3000 v1.3 AAS instrument equipped with Zeeman background 

correction. Hollow cathode lamps of the different metals were 

used as radiation sources for the instrument. The instruction 

manual of the instrument was used as guide for all 

measurements. Calibration standards were first aspirated into 

the AAS to calibrate the instrument and check its linearity 

response. After all necessary set up, standardization and 

calibration procedures had been completed then the above 

treated fruit juice sample solutions were aspirated into the AAS 

instrument for precise measurement of metal concentration. All 

determinations, in triplicate, were performed at the laboratory 

of the Chemistry Department, University of Dar es Salaam. 

3. Results and Discussion 

The experimental results on proximate compositions 

(moisture, acidity, reducing sugars, total sugars, sucrose) and 

ascorbic acid content of pomegranate (Punica granatum L.) 

fruit are reported in Table 1. The results on determinations of 

ash, crude fat and crude fibre content are reported in Table 3. 

The results of determinations of mineral elements and heavy 

metals are reported in Table 4. All results are average results 

of triplicate determinations. 

3.1. Moisture Content 

Moisture content is the quantity of water contained in a 

material, such as a fruit. Different studies have shown the 

variations in moisture contents in different fruits during 

ripening and storage periods [16, 17, 18, 19]. According to 

Mitchel et al. [20] increase in moisture content reduces the 

proximate principles such as fat, protein and carbohydrate 

thereby decreasing the energy value. During storage ripening 

of the pomegranate fruits a decrease in moisture content from 

89.6% when harvested to 77.5% on 8
th

 day of storage was 

observed (Table 1). This decrease in moisture has also been 

reported by Al-Maiman and Ahmad [21] for Saudi Arabian 

pomegranate fruits and Othman [5] for Tanzanian pineapple 

fruits. The decrease is due to the evaporation of moisture from 

the surface of the fruit during the storage ripening period [16].
  

Nazarudeen [17] reported a decrease in value from 86% to 

78% moisture content of pomegranate fruits and Ajay et al. 

[22] reported a value of 78% moisture content for wild Indian 

pomegranate fruits. These reports compare well to the values 

obtained in this study. 
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Table 1. Proximate composition (moisture, acidity, reducing sugars, total sugars, sucrose) and ascorbic acid content of pomegranate (punica granatum L.) fruits 

of Dar es Salaam 

Storage-ripening days Parameter (n=3) 0 2 4 6 8 

Moisture (%) 89.6 ± 3.3 87.3 ± 2.1 86.2 ± 4.2 84.0 ± 1.1 77.5 ± 2.2 

Titratable acidity (%) 0.86 ± 0.03 0.77 ± 0.05 0.51 ± 0.04 0.43 ± 0.02 0.38 ± 0.06 

Reducing sugars (%) 42.0 ± 3.5 38.9 ± 2.4 35.1 ± 4.4 29.4 ± 3.2 25.5 ± 1.6 

Total sugars (%) 48.9 ± 1.5 46.1 ± 2.5 42.7 ± 2.6 34.7 ± 1.5 29.1 ± 3.6 

Sucrose (%) 2.0 ± 0.8 2.3 ± 0.4 5.4 ± 2.6 5.5 ± 1.9 5.7 ± 1.4 

Ascorbic acid (mg/100 g-fw) 53.7 ± 1.4 50.1 ± 2.1 32.2 ± 2.6 23.3 ± 3.1 20.4 ± 1.9 

 

3.2. Titratable Acidity 

Acidity in fruits is an important factor in determining 

maturity. Many fruits have high acidity early in the season, 

making them unacceptable to consumers even though they 

meet minimum sugar standards. So acidity plays a significant 

role in taste, color, and microbial stability of the fruit juice. 

Decrease in titratable acidity (a measure of the amount of 

acid present in a solution) was observed during storage 

ripening of pomegranate fruits. This reduction of acidity 

might be due to utilization of constituent acids in the 

respiratory processes [28]. This behavior has also been 

reported by Al-Maiman and Ahmad [21] for Saudi Arabian 

pomegranate fruits. The observed titratable acidity values for 

pomegranate fruit during storage-ripening are presented in 

Table 1. At the time of picking, the pomegranate fruits had 

0.86% citric acid while by the 8
th

 day of storage the level had 

changed to 0.38% ca. These values are within the range of 

0.35% to 3.36% ca for Iranian pomegranate fruits reported by 

Zarei et al. [26]. However these values are lower than the 

values of 0.95 - 1.5% citric acid in pineapple fruits of Tanzania 

reported by Othman [5]. The values of titratable acidity in this 

study make these fruits acceptable to consumers. 

3.3. Sugars 

During storage ripening of a pomegranate fruits, there was a 

decrease of total sugar and reducing sugar with an increase of 

sucrose. Pomegranate had an initial total sugar content of 

48.9% at harvest and 29.1 % by the 8
th

 day of storage (Table 1). 

This value is high compared to a value of 16.6% for Indian 

pomegranate fruits reported by Ajay et al. [22] and a value of 

14.1% for Saudi Arabian pomegranate fruits reported by 

Al-Maiman and Ahmad [21]. Both added sugar and naturally 

occurring sugar have the same amount of calories.When 

sugars are consumed in large amounts they can easily lead to 

weight gain and other sugar-related health problems. Fruits 

have high amounts of vitamins and minerals, so even though 

pomegranate fruits have high amount of sugar they can still be 

consumed due to the other advantages. The reducing sugar 

content of pomegranate fruits at harvest was 42.0% and by the 

8
th

 day of storage this had reduced to 25.5%. These values are 

higher than the values of 13.9% to 29.8% for Iranian 

pomegranate reported by Vahid et al. [29]. The sucrose 

content of the fruit at harvest was 1.9% and by the 8
th

 day of 

storage this had increased to 7%. The increase in sucrose 

might be due to enzymatic break down of polysaccharides into 

sugars [30]. This increase in sucrose is very important as it 

improves the sweetness of the fruit, a very important factor for 

the fruit consumers. 

3.4. Ascorbic Acid 

Ascorbic acid is a water soluble, crystalline compound with 

strong reducing property [23]. Ascorbic acid contains many of 

the same health benefits as naturally occurring vitamin C. The 

richest sources of ascorbic acid (vitamin C) are fruits and 

vegetables. 

Ascorbic acid content of the studied pomegranate fruits 

decreased during storage ripening (Table 1). A similar 

observation has been reported by Al-Maiman and Ahmad [21] 

for Saudi Arabian pomegranate fruits. The highest value of 

ascorbic acid in the pomegranate fruits was 53.7 mg/100 g-fw 

at day 0 and decreased to 20.4 mg/100 g-fw at day 8 (Table 1). 

The high values of ascorbic acid in pomegranate signify the 

potential use of the fruit as a good antioxidant and can help 

ward off a variety of health problems such as lowering the risk 

of heart disease, blood pressure, and carcinogens. It is also 

generally used for protein metabolism and collagen synthesis. 

However, such ascorbic acid levels for Tanzanian 

pomegranate are comparable to the value of 51.8 mg/100 g-fw 

for Hawaii papaya fruits reported by Wall [24] but is lower 

than the value of 84.5 mg/100 g-fw for Eastern Tanzanian 

papaya fruits reported by Othman [6]. The recommended 

daily intake (RDI) of ascorbic acid is about 30 mg/day for 

adults and 17 mg/day for children. Therefore, these fruits 

could be considered as good sources of ascorbic acid for 

purposes of human nutrition. 

A comparative look at the results of physicochemical 

studies of pomegranates reported by other researchers is 

presented in Table 2. The results show a wide variation of the 

values for the different parameters as the fruits are grown in 

different soils, climates and geographical   locations. The 

percent moisture content is similar in the fruits, the percent 

acidity varies from 0.32 (India) [25] to 1.35 (Iran) [26], the 

percent total sugars content varies from 7.8 (Iran) [26] to 48.9 

(Tanzania) [this study], the reducing sugars from 4.9 (Iran) [26] 

to 42 (Tanzania) [this study], sucrose varies from 1.4 (Tunisia) 

[25] to 2.0 (Tanzania) [this study], and ascorbic acid content 

varies from 9.5 (India) [27] to 67 mg/100 g-fw (South Africa) 

[3]. 

3.5. Ash 

The ash content is a measure of the total amount of minerals 

such as sodium, potassium and iron present within food. The 

main purpose of ash determination is to assess the quality of 
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the food materials. Although such minerals constitute only a 

small portion (ca. 4.0%) of the body tissue, they are essential 

as structural components for carrying out many vital processes 

in the body (17). A high total ash content for a food material 

signifies the presence of adulterants [21]. The pomegranate 

fruits from Kimara, Dar es Salaam, had an average ash content 

of 0.35 ± 0.09 g/100 g-fw (Table 3). This value compares well 

to the value of 0.33 g/100 g-fw for Saudi Arabian 

pomegranates [21] but is however lower than the value of the 

ash content found for Indian pomegranates [25]. This value is 

also less than the value of 0.68 - 0.78 g/100 g-fw for Tanzanian 

oranges as reported by Mbogo et al. [8]. Thus this study 

suggests that the Kimara pomegranate fruits have moderate 

deposits of mineral elements. 

Table 2. Comparative data on proximate composition and ascorbic acid 

content of pomegranate (punica granatum L.) fruits 

Attribute This study Literature 

Moisture (%) 89.6 80.5 [25] 

Titratable acidity (%) 0.86 
1.35 [26], 0.405 [26], 0.35 [27], 

0.32 [25] 

Reducing sugars (%) 42.0 4.9 [26], 12.3 [25] 

Total sugars (%) 48.9 7.8 [26], 17.8 [24], 13.5 [25] 

Sucrose (%) 2.0 1.7 [25], 1.4 [41] 

Ascorbic acid 

(mg/100 g-fw) 
53.7 

67.0 [3], 11.9 [26], 25.8 [24], 9.5 

[27] 

Table 3. Ash, crude fat and crude fiber content in pomegranate (punica 

granatum L.) fruit of Dar es Salaam, Tanzania 

Attribute 
Concentration (mean ± SD in g/100 g-fw) 

This study n=3 Literature 

Ash 0.35 ± 0.09 0.33 [21], 0.80 [25] 

Crude fat 0.30 ± 0.12 0.2 [17], 0.25 [25] 

Crude fiber 4.2 ± 0.9 2.1 [49], 0.82 [25] 

fw-fresh weight 

3.6. Crude Fat 

Crude fat represents the true fat and other materials such as 

phospholipids, sterols, essential oils and fat soluble pigments 

in the fruit. Generally fruits have low levels of fat content and 

this suggests that they are not good sources of energy. The 

average crude fat in pomegranate fruits obtained in this study 

was 0.30 ± 0.12 g/100 g-fw (Table 3), a bit higher than the 

0.25 g/100g values recommended by EU/WHO for fruit 

groups. However, the value reported in this study is higher 

than the value of 0.2 g/100 g-fw for Indian pomegranate fruits 

as reported by Nazarudeen [17] and 0.22 g/100 g-fw for 

Tanzanian mangoes reported by Othman and Mbogo [5]. The 

low level of fat in the fruits means that these fruits are not 

good source of energy [24] and are recommended for loss or 

maintaining of weight, supply of nutrients and lowering of 

blood pressure [31; 32].  

3.7. Crude Fiber 

Crude fiber includes only those components that remain 

after chemical extraction of plant materials with solvents 

followed by digestion with dilute acid and alkali and it 

comprises only a small fraction of dietary fibers 10% - 50% 

[33] 

In pomegranate fruits the crude fiber content observed in 

this study was 4.20 ± 0.94 g/100 g-fw (Table 3) which is 

relatively higher than the EU/WHO recommended limit of 2.5 

g/100 g for fruits. The value in this study is also higher than 

the values of 2.1 and 0.82 g/100 g-fw for Indian pomegranate 

fruits reported by Punna and Paruchuri [34] and Priyanka et al. 

[25] respectively. Fiber is essential to the human body as it 

helps to maintain the health of the gastrointestinal tract and in 

weight regulation [34 - 37] but if consumed in excess it may 

bind trace elements, leading to deficiency of iron and zinc in 

the body [38]. The observed level of crude fiber in Tanzanian 

pomegranates is moderate and thus good for body 

maintenance. 

3.8. Macroelements 

Mineral elements are inorganic elements which are 

regarded as absolutely essential to all of life’s processes. 

Mineral requirement of the body has placed minerals in two 

groups; the macro minerals (macroelements or macronutrients) 

which are required in large quantities; they include calcium, 

magnesium, potassium, sodium, chlorine, phosphorus and 

sulphur and the micro minerals (microelements or 

micronutrients or trace elements), those elements which are 

required in small quantities; consisting of cobalt, copper, 

iodine, iron, manganese, selenium, zinc, chromium, fluorine 

and molybdenum [39]. 

The contents of selected macroelements in the pomegranate 

fruits studied are summarized in Table 4. Calcium was the 

predominant mineral element present in the fruit. The average 

calcium level in pomegranate fruits was 1086 ± 49 mg/100 

g-fw, a level that is much higher than the values of 43 and 5 

mg/100 g-fw reported for Saudi Arabian [21] and Indian [25] 

pomegranate fruits respectively. This high value of calcium in 

the Tanzanian pomegranate fruits suggests that these fruits can 

be used to contribute significantly to the daily dietary calcium 

body requirement of 2500 mg/day [40]. Thus the pomegranate 

fruits may be useful for the strengthening of bones in the body. 

The average amount of potassium in pomegranate fruits 

was 538 ± 96 mg/100 g-fw (Table 4). This value is high when 

compared to the values of 236 mg/100 g-fw for Indian 

pomegranate fruits [22], 253 mg/100 g-fw for Saudi Arabia 

pomegranate fruits and 132 mg/100 g-fw also for 

pomegranates from India [25]. The amount of potassium in the 

Tanzanian pomegranate fruits studied can be considered low 

since the level contributes very little to the recommended 

daily allowance (RDA) for potassium which is 2000 mg/day 

for an adult [40]. 

The average sodium content in the pomegranate fruits was 

675 mg/100 g-fw (Table 4), a value higher than the values of 

76 and 6.7 mg/100 g-fw for Saudi Arabian [21] and Tunisian 

[26] pomegranate fruits respectively. The pomegranate fruits 

can contribute significantly to the daily amount of sodium 

needed by the body since the RDA value for sodium for adults 

is 500 mg/day [40] and are therefore recommended for this. 
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Table 4. Macroelements and heavy metals content in pomegranate (Punica 

granatum L.) fruits of Kimara, Dar es Salaam.  

Minerals 
Concentration (mean ± SD in mg/100 g-fw) 

This study n=3 Literature 

Macroelements 

Calcium 
1086 ± 49 43 [21], 5 [25] 

Sodium 675 ± 43 76 [21]; 6.7 [41] 

Potassium 538 ± 96 
236 [17]; 218 [41], 132 [25], 253 

[21] 

Heavy metals  

Iron 0.84 ± 0.31 2.19 [21], 0.11[43], 1.3 [25] 

Zinc 0.45 ± 0.10 0.25 [21], 0.35 [22], 0.8 [25] 

Copper 0.29 ± 0.08 0.07 [21], 0.15 [17], 0.32 [25] 

Lead 0.19 ± 0.03 ND* [21] 

Cadmium ND*  

*ND: Not Detected i.e. <0.0015 mg/100 g-fw 

3.9. Heavy Metal Content 

Heavy metal is a general collective term which applies to 

the group of metals and metalloids with specific gravity that is 

at least 4 - 5 times the specific gravity of water. The specific 

gravity of water is 1 at 4 °C (39 °F) [41]. Repeated intake of 

these metals may cause very serious problem in human beings 

as well as in other animals. This is because, heavy metals are 

not biodegradable hence they accumulate in the body. The 

adverse effect will usually only be known years later. Example 

of heavy metal toxicity due to lead is the mental impairment in 

children and in adults it affects the nervous system and 

kidneys [42]. 

The heavy metal levels observed in the pomegranate fruits 

are summarized in Table 4. The iron content in pomegranate 

was 0.84 ± 0.31 mg/100 g-fw, a value less than the values of 

2.19 mg/100 g-fw reported for Saudi Arabia pomegranate 

fruits [21] and 1.3 mg/100 g-fw reported for Indian 

pomegranate fruits [25] and higher than the value of 0.11 

mg/100 g-fw reported for Botswana fruits by Amarteifio [43]. 

The contribution of iron by this fruit to the normal dietary 

requirement is poor as the range obtained in this study is very 

much less than the range of the RDA for iron which is 8.0 - 20 

mg/day [40].  

The copper content in the pomegranate fruits was 0.29 ± 

0.08 mg/100 g-fw. This value is higher than 0.07 mg/100 g-fw 

reported for Saudi Arabian pomegranate fruits [21] and 0.15 

mg/100 g-fw reported for Indian pomegranate fruits [18] but 

less than the value of 0.32 mg/100 g-fw reported for Indian 

fruits reported by Priyanka et al. [25].  The level of copper 

obtained in this study compares very well to the level of 

copper reported for mangoes by Othman and Mbogo [5] i.e. 

0.16 - 0.21 mg/100 g-fw. When these levels of copper are 

compared to the copper RDA level in foods of 1.2 - 3.2 

mg/100 g-fw, these fruits can be considered as poor 

contibuters to the RDA. 

The level of zinc in pomegranate fruits was 0.45 ± 0.10 

mg/100 g-fw which was higher than the value of 0.25 mg/100 

g-fw reported for Saudi Arabian pomegranate fruits [21] and 

0.35 mg/100 g-fw reported for Indian pomegranate fruits [22]. 

However, the level of zinc in these Tanzanian fruits compares 

well to the level of zinc in pineapple fruits from Tanzania [6]. 

This level is less than the value reported by Ishola et al. [44] 

for Nigerian tamarind fruits. The zinc levels found were well 

below the FAO and WHO permissible level of 6 mg/100 g-fw 

[37]. 

Cadmium content was below the detection limit of the 

measurement, an observation similar to that reported for 

pineapple fruits from Dar es salaam, Tanzania and for 

mangoes fruits from Tanga, Tanzania by Othman [6] and 

Othman and Mbogo [5] respectively. The very low amount of 

cadmium in this fruits can probably be due to the fact that the 

fruits are grown in the country side well away from any 

industrial production, fossil fuel combustion, waste 

incineration or any iron and steel production which are the 

main sources of cadmium to the soil. 

The average concentration of lead in the pomegranate fruits 

was 0.19 ± 0.03 mg/100 g-fw, a level that is much lower than 

the maximum permissible limit of 3 mg/100 g-fw for lead in 

vegetables and thus falls within the safe limits for 

consumption as stated by FAO/WHO [45]. This lead level in 

pomegranate fruits can be attributed to the high traffic of 

vehicles along the Morogoro road which is near the area of 

sampling. High lead levels have been reported in soils close to 

the major roads of Dar es Salaam, Tanzania, [46] and in other 

countries e.g. Ethiopia [48]. However, this level of lead is 

generally safe and cannot lead to any health hazard for 

consumers. 

4. Conclusion 

The physicochemical composition of pomegranate (Punica 

granatum L.) fruits from Kimara, Dar es Salaam, Tanzania 

during open air storage-ripening were determined. Changes in 

proximate composition (ash, titratable acidity, crude fat, crude 

fibre, moisture and sugars content), ascorbic acid level, 

macro-nutrients and heavy metals contents during the storage 

ripening process were obtained. The pomegranate fruits had 

high moisture content (>77.5%), low acidity (<0.86% ca), low 

crude fat (0.30 g/100 g-fw), low ash content (0.35 g/100 g-fw), 

moderate crude fibre content (4.2 g/100 g-fw), high ascorbic 

acid content (>20.4 mg/100 g-fw), high total sugar content 

(>29.7%), moderate reducing sugar content (25.5%) and 

sucrose content (5.7%). Of the macroelements K, Ca and Na 

determined, the highest level was of Ca i.e. 1086 mg/100 g-fw. 

Heavy metals content was very low in the pomegranate fruits 

signifying that these fruits were free from such pollution. The 

compositional information of this fruit provided by this study 

emphasizes that pomegranate fruits can be a good source and 

supplement of nutrients. Comparison of our results and 

FAO/WHO standards reveals that this fruit from Kimara, Dar 

es Salaam, cannot present any health problems but can play 

the valuable role of fulfilling daily human diet needs as well as 

a health nutrient supplement. 

More studies of the same properties as well as other 

properties on this fruit from other areas where the fruit is 

cultivated in Tanzania need to be undertaken as this study 

serves as baseline information for future studies on 

pomegranate fruits. 
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