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Abstract: The physicochemical composition of sugar apple (Annona squamosa L.) fruits from Kibaha, Coast Region 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 8th day. The 
results showed that fresh sugar apple fruits had high moisture content range of (64% - 73%), low titratable acidity (<0.28% ca), 
low crude fat (0.51 g/100 g-fw), high ash content (1.44 g/100 g-fw), low crude fibre content (0.185 g/100 g-fw), high ascorbic 
acid content (51-34 mg/100 g-fw), high total sugars content (49.7% - 31.1%), moderate reducing sugar content (43.17% -18.57%) 
and sucrose content (11.8% - 0.9%). Of the mineral elements (K, Ca and Na) determined, the highest content was of Ca (2838.82 
mg/100 g-fw.). Heavy metals (Fe, Zn, Cu, Pb and Cd) content was very low in the sugar apple fruits, ranging between <0.0015 
mg/100 g-fw for Cd and 1.27 mg/100 g-fw for Fe. Except for acidity and ascorbic acid contents which were decreasing during 
storage ripening, the moisture content, total sugar content, reducing sugar content and sucrose were all increasing 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

Sugar apple (Annona squamosa L.) a well-branched tree or 
shrub from the family Annonaceae that bears edible fruits has 
several common names such as custard apple (Indian) anon 
(Spanish) and sweetsop (English). In Tanzania (Swahili) it is 
known as “topetope” widely distributed throughout the 
regions but mostly grows in wet lowland savannah by the 
coast, in the Usambara area and in Lake Victoria basin. 

Generally the fruit of sugar apple looks round in shape, but 
pine cone like having 2.5-4 cm in diameter. The flesh sugar 
apple fruit is very sweet to taste and pleasant, white to light 
yellow, and tastes like custard. It has a very discrete, 
sweet-smelling fragrance. Due to its high respiration rate, 
sugar apple has an extremely limited post-harvest shelf life, 
making handling, storage and distribution, key issues for 
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growers [1]. It softens very rapidly during ripening and 
becomes difficult to consume fresh [2]. Lately, sugar apple 
fruit has been widely used by industry due to its flavor and 
high concentrations of titratable acidity, which is particularly 
important for fruit processing reducing the addiction of 
artificial acid components [3]. 

Sugar-apple fruits are important fruits in nutrition because 
they are of great benefit to the human diet as they are high in 
energy, excellent source of manganese; contain anti-oxidants 
like vitamin C which helps to fight free radicals in our body, 
good source of thiamine and vitamin B6, and provide vitamin 
B2, B3 B5, B9, iron and phosphorus in fair quantities. These 
fruits are also high in potassium and magnesium that protect 
our hearts from cardiac disease and control blood pressure. 
They are also known to be great for eyes, and cures indigestion 
problems [4]. The unripe green fruit has been used to treat 
diarrhea and dysentery while the ripe fruits are reported to 
treat tumors [5]. 

Because of the importance of these fruits, scientific studies 
that characterize these species in relation to quality and 
maturation of fruits have to be undertaken. In this sense, the 
determination of physicochemical characteristics of fruits 
constitutes an important reference for studies about the 
maturation and quality of fruits, with the ultimate aim of 
determining consumer acceptance requirements. As such this 
study was undertaken. 

Several research studies which have been undertaken on the 
physicochemical composition of Tanzanian fruits include 
those on mangoes [6], papaya [7], pineapples [8], soursop [9], 
pomegranate [10] and oranges [11]. So far little attention has 
been paid to sugar apples grown in Tanzania and there is no 
reliable information about physicochemical characteristics of 
these fruits in scientific literature, including books and 
manuscripts. Mineral elements and heavy metal toxicity has 
provoked considerable research in the analysis of food and 
food products [12]. Although, macro- and microelements are 
valuable for diseases and disorders control in man, they could 
however, produce harmful effects in excessive amounts [13]. 
Some heavy 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 [14]. 

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 sugar apple fruits of Coast Region, 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), 
sulfuric 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 sulfate (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. 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°C) was obtained from the Central Drug House 
Ltd. of India. Deionized distilled water was used for all needed 
dilutions. 

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 sugar apple fruits were collected from Kibaha 
farms in Coast Region. Fully matured fruits that had no signs 
of wound or damage were picked directly from trees and were 
transported to the Chemistry Department laboratory, 
University of Dar es Salaam, for open-air, room temperature 
storage ripening experiments and for further preparations and 
analysis. 

2.4. Analysis 

The following determinations were done in triplicate 
immediately after arrival of the fresh fruits at the laboratory 
and thereafter at intervals of two days from the day of harvest 
to the 8th day. 

2.4.1. 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 [15]. 
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2.4.2. 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 [15]. All determinations were done in triplicate and the 
average values were recorded. 

2.4.3. 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°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) [15]. 
The determination was done in triplicate and the average value 
was recorded. 

2.4.4. 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 [15]. 

2.4.5. 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 sulfuric 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 Ranganna [15] was followed. 

2.4.6. 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 sugar apple fruits were determined following the 
procedures of method 932.12 of AOAC [16]. 

2.4.7. 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 [16]. 

2.5. Mineral Elements and Heavy Metals 

2.5.1. Sample Preparation 

1.0 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 hours 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 dilutions were done for 
elements present at high concentrations. 

2.5.2. Atomic Absorption Spectrophotometry (AAS) 

All determinations of metals were performed with the iCE 
3000 v1.3 AAS instrument. 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 sugar apple (Annona squamosa 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. The comparative data of 
physicochemical studies of sugar apple reported by other 
researchers is presented in Table 2. 

3.1. Moisture Content 

Sugar apple fruits from Kibaha in the Coast Region showed 
an increase in moisture content from 64% at harvest to 73% by 
the 8th day of storage ripening (Table 1). A sharp increase in 
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moisture was noted from the day of harvest to the 2nd day then 
a gradual increase followed. The high moisture content (64% 
to 73%) observed in these fruits implies that the fruits have a 
short shelf life [17]. The fruits would need to be stored in a 
cool condition if they are to be kept for a long period or would 
be needed to be processed as quickly as possible to avoid 
microbial spoilage [17]. An increase in moisture content 
during storage ripening has been reported in other Tanzanian 
fruits like mangoes [6] and papaya [7]. Increase in moisture 

content during ripening could be accounted for the loss of dry 
matter which is a decrease in total carbohydrate. During 
ripening there is an enzymatic breakdown of the 
polysaccharides in the fruits, the breakdown of these natural 
polymers to mostly sugars is then the cause of the decrease in 
firmness of the fruit and the increase in moisture content [18].  
However, the moisture content of sugar apple fruits observed 
in this study is lower than that of Hawaii sugar apple fruits 
75.97% reported by Carey and Nao [19]. 

Table 1. Proximate composition (moisture, acidity, reducing sugars, total sugars, sucrose) and ascorbic acid content of sugar apple (Annona squamosa L.) fruits 

of Coast Region, Tanzania. 

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

Moisture (%) 64.0 ±2.1 68.3 ± 2.2 70.2 ± 1.1 71.6 ± 3.2 73.1 ± 3.1 
Titratable acidity (%) 0.28 ± 0.03 0.23 ± 0.01 0.19 ± 0.02 0.15 ± 0.02 0.12 ± 0.02 
Reducing sugars (%) 18.6 ± 1. 6 24.4 ± 1.9 37.5 ± 2.3 40.0 ± 3.8 43.2 ± 4.2 
Total sugars (%) 31.1 ± 2.0 35.9 ± 3.7 42.2 ± 4.8 46.3 ± 2.9 49.7 ± 2.8 
Sucrose (%) 0.9 ± 0.1 4.3 ± 0.4 6.2 ± 0.8 8.7 ± 1.2 11.8 ± 2.4 
Ascorbic acid (mg/100 g –fw) 51.1 ± 3.1 50.7 ± 1.1 43.0 ± 2.3  39.3 ± 2.2 34.1 ± 3. 3 

 

3.2. Titratable Acidity 

In sugar apple fruits a decrease in titratable acidity 0.28 – 
0.12% was observed during storage ripening of the fruits 
(Table 1). This reduction of acidity might be due to utilization 
of constituent acids in the respiratory process [20]. This 
behaviour has also been reported by Vishnu et al. [21] for 
sugar apple, Maiman and Ahmad [22] and Lugwisha et al. [10] 
for pomegranate fruits. At the time of picking, the sugar apple 
fruits had 0.28% malic acid (ma) while by the 8th day of 
storage they had 0.12% ma (Table 1). These values are 
comparable to the value of 0.25% ma for sugar apple fruits of 
China reported by Tien et al. [1]. However, these values of 
acidity in sugar apple, are lower than the values of 0.51% for 
Indian sugar apples [23], 0.95 – 1.5% citric acid for Tanzanian 
pineapple fruits [8] and Tanzanian soursop values of 0.192 - 
1.248% [9] but higher than the values of 0.08 -0.18% ca for 
Tanzanian papaya fruits [7]. 

3.3. Sugars 

An increase in the content of all three types of sugars was 
observed during storage ripening of sugar apple fruits (Figure. 
1). Similar observations were noted for Tanzanian soursop 
fruits [9]. Since the two fruits are in the same family, the 
reason for the increase in their sugar content may also be the 
same which could be due to the enzymatic break down of 
polysaccharides into sugars. Such observation has also been 
reported by Juceliandy et al. [24] for Brazilian sugar apple 
fruits. The sugar apple fruits in this study had an initial total 
sugars content of 31.05% at harvest and this increased to 49.70% 
by the 8th day of storage ripening (Table 1). These values are 
higher than the value 32% for Asian sugar apple fruits 
reported by Trang et al. [25]. Reducing sugars content ranged 
from 18.57% - 43.17 (Table 1). These values are high 
compared to the value 8.6% for United Kingdom’s annona 
species fruits reported by Pinto et al. [26]. 

Sucrose content in fully ripened sugar apple fruits was 
11.81% (Table 1). This value is higher than the value of 7.82% 

reported for Columbia sugar apple fruits [27]. 

 

Figure 1. Sugar content in sugar apple fruits during storage ripening. 

3.4. Ascorbic Acid 

In the studied sugar apple fruits ascorbic acid content 
decreased from 51 mg/100 g to 34 mg/100 g-fw (Table 1). 
Similar observations were noted for Tanzanian soursop fruits 
[9] and pomegranate fruits [10]. The range in the studied sugar 
apple fruits is lower than the values of 50 - 60 mg/100 g for 
Indian sugar apple fruits reported by Pareek et al. [28]. 
However, the ascorbic acid level is also lower than the 
recommended nutrient intake (RNI) of 75 mg per day given by 
FAO/WHO [29]. 

Ascorbic acid is the least stable of the water soluble 
vitamins. It is readily oxidized to dehydro-l-ascorbic acid by 
the enzyme ascorbic acid oxidase [30] found in fruits. This 
oxidation reaction is a function of temperature, pH, presence 
of metal ions such as copper and iron and oxygen content in 
fruits thus the decrease in the content of the ascorbic acid 
observed in these fruits during storage ripening might be due 
to this reaction. 

A comparative look at the results of physicochemical 
studies of sugar apple 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 
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different soils, climates and geographical locations. The 
percent moisture content ranges between 3.96 (Mumbai) [35] 
to 75.97 (Hawaii) [19], the percent acidity varies from 0.055 
(Vietnam) [36] to 0.51 (India) [23], the percent total sugars 
content varies from 6.25 (Vietnam) [36] to 32 (Asia) [25], the 
reducing sugars from 5.36 (Vietnam) [36] to 20.75 (India) [23], 
sucrose varies from 0.93 (Tanzania) [this study] to 7.82 
(Columbia) [27], and ascorbic acid content varies from 9.22 
(India) [23] to 60 mg/100 g-fw (India) [28]. 

3.5. Ash 

The ash content of sugar apple fruits measured in this study 
was 1.44 g/100 g-fw (Table 3). This value is high when 
compared to the value of 0.7 g/100 g-fw obtained for Florida 
sugar apple fruits reported by Leal et al. [38] and also higher 
than 0.87 mg/100 g-fw and 0.35 g/100 g-fw reported for 
Tanzanian soursop [9] and pomegranate [10], respectively. 
This is probably due to the high mineral element content such 
as reported in Table 4. The main purpose of ash determination 
is to assess the quality of the food materials. High total ash 
content in a food material signifies the presence of adulterants 
[15]. The ash content is a measure of the total amount of 
minerals such as sodium, potassium and iron present within 
food. Although annona fruits are relatively poor sources of 
proteins and vitamins, their high mineral content makes them 
ideal dietary sources of electrolytes. 

Table 2. Comparative data on proximate composition and ascorbic acid 

content of sugar apple (Annona squamosa L.) fruits. 

Attribute This study Literature 

Moisture (%) 64.01 ±2.1 
70.8 [4], 75.97 [19], 75.66 [31], 70 
[32], 6.4 [33], 6.7 [34], 3.73-3.96 
[35] 

Titratable acidity (%) 0.28 ±0.03 0.25 [1], 0.51 [23], 0.055 [36], 

Reducing sugars (%) 18.57±1.56 20.75 [23], 8.6 [26], 5.36 [36], 

Total sugars (%) 31.05±1.96 21.42 [23], 32 [25], 6.25 [36], 

Sucrose (%) 0.93 ±0.12 7.82 [27] 
Ascorbic acid 
(mg/100 g –fw) 

51.1 ±3.12 9.22 [23], 50–60 [28], 

Table 3. Ash, crude fat and crude fiber content in sugar apple (Annona 

squamosa L.) fruits of Coast Region, Tanzania. 

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

This study n=3 Literature 

Ash 1.44 ± 0.23 
0.57 [4], 0.25 [31], 7.47 [32], 1.77 [33], 
2.2 [34], 3.94 [35], 0.7 [38] 

Crude fat 0.51 ± 0.14 
0.067 [4], 0.57 [19], 1.56 [31], 11.5 
[32], 28.3 [33], 27.8 [34], 1.56 [37], 
0.31 [39] 

Crude fiber 0.18 ± 0.09 
2.78 [4], 7.53 [31], 46.30 [32], 17.6 
[33], 16.8 [34], 3.4 [37], 2.2 [41], 

fw-fresh weight 

3.6. Crude Fat 

The crude fat content of sugar apple fruits was 0.51 ± 0.14 
g/100 g (Table 3). This value is almost similar to the value of 
0.57 g/100 g reported for Hawaii sugar apple fruits by Carey 
and Nao [19] and higher than 0.31 g/100 g reported for 

Brazilian carambola fruits by Narian et al. [39]. However, this 
value is much lower than the values reported by other 
researchers [31-34, 37] The low crude fat content in fruits in 
the present study shows that fats are mobilized and stored in 
seeds and agrees with the observation that these fruits are not 
good source of energy [40]. These fruits are recommended for 
loss or maintaining of weight and are known to improve blood 
lipids and pressure [4]. 

3.7. Crude Fiber 

The average crude fiber content in the sugar apple fruits 
observed in this study was 0.185 ± 0.09 g/100 g (Table 3). This 
value is less compared to values of sugar apple fruits reported 
by [4, 31-34, 37, 41] and also less than 0.98 g/100 g of 
Brazilian carambola fruits reported by Narian et al. [39]. 

Fiber helps to maintain the health of the gastrointestinal tract 
and is used in weight regulation [42] but in excess it may bind 
trace elements, leading to deficiency of some of the micro 
nutrients in the body like iron and zinc [43]. High fibre content 
makes fruits ideal food that could be harnessed in the control of 
cholesterol absorption hence protect against coronary heart 
disease risks. The high fibre content could also be harnessed in 
the control of blood glucose levels in normal and diabetic 
individuals thereby protecting man against excessive weight 
gain and obesity and its associated diseases [43]. 

3.8. Macro-elements 

Mineral elements are vital for the maintenance of our body 
health. Those that are required in our diet in large amounts 
(>100 mg/day) are known as macro elements and those that 
are required in small amount (<100 mg/day) are known as 
trace or micro-elements. Macro elements which include Na, K, 
Ca, Mg and P have multiple roles within the body such as 
initiation of hormone production and speed up of the 
metabolic processes. Trace elements which include Fe, I2, Cu, 
Zn, Cr and Mn interact with vitamins and macro elements to 
enhance their effects on the body. However, the presence of 
these elements above permissible levels can cause various 
consequences. 

The levels of sodium, potassium and calcium in the fruits 
observed are summarized in (Table 4). The variation of levels 
of these minerals could be due to differences in the levels of 
the elements present in the soil and the different rates of 
absorption of these elements by plants which in turn is 
influenced by the pH of the soil, interactions with soil colloids, 
microbial activity and soil physical conditions such as aeration, 
compaction, temperature, moisture and the organic matter 
content [44]. 

The average calcium content in sugar apple fruits of Coast 
Region was 2838.82 ± 98.99 mg/100 g-fw (Table 4) a value 
that is much higher than 60.25 mg/100 g-fw for Indian sugar 
apple fruits reported by Bhardwaj et al. [4] and 450 mg/100 
g-fw for Nigerian sugar apple reported by Hassan et al. [32]. 
This high value of calcium compares well with the body 
requirements for the dietary calcium which is 2500 mg/day 
[45] thus 100 g of Coast sugar apple fruits may suffice for this 
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need in a day. The high value of calcium in these fruits can be 
attributed to many factors. Probably the calcium content in the 
soil of the sampling area was high such as the amount 
available for absorption in this fruits was also high and may 
also be due to addition of fertilizers especially for maize 
cultivation in the Kibaha farms where the fruits were 
collected. 

The average potassium content in the sugar apple fruits was 
873 ± 203.63 mg/100 g-fw (Table 4). This value is higher than 
the value of 45 ±0.49 mg/100 g –fw for Nigeria sugar apple 
fruits [32] but much lower than the value of 8280 mg/100 g-fw 
reported for Nigerian custard apple fruits [31]. However, the 
amount of potassium in the fruits in this study can be said to be 
low since they can contribute very little to the recommended 
daily allowance (RDA) for potassium which is 2000 mg/day 
for an adult [45]. 

The highest level of sodium found in sugar apple fruits was 
1384.56 ± 73.68 mg/100 g-fw. The concentration of sodium in 
sugar apple is very high compared to the level 10.00 g/100 g 
found in sugar apple fruits of Nigeria reported by Hassan et al. 
[32] and 675.79 ± 436.88 mg/100 g-fw found in pomegranate 
fruits [10]. However, this value is less compared to 7310 
mg/100 g-fw for Nigerian custard apple fruits reported by 
Amoo et al. [31]. These fruits can contribute in a large 
quantity the amount of sodium needed in the body since RDA 
value for sodium for an adult is 500 mg [45]. On the other side, 
high sodium content makes them not to be ideal food material 
for prevention and management of hypertension. 

Table 4. Mineral element and heavy metal content in sugar apple (Annona 

squamosa L.) fruits of Coast Region, Tanzania. 

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

This study n=3 Literature 

Macro element   
Calcium 2838.82 ± 98.99 60.25 [4], 4130 [31], 450 [32] 
Sodium 1384.56 ± 73.68 7310 [31], 10 [32], 
Potassium 873.25 ± 203.63 8280 [31], 45 [32], 
Heavy metals 
Iron 1.27 ± 0.54 4.808 [4], 1.70 [32], 
Zinc 0.51 ± 0.10 2.868 [4], 300 [31], 0.30 [32] 
Copper 0.12 ± 0.07 0.95[4], 0.02[32], 
Lead 0.13 ± 0.03 ND [32] 
Cadmium ND* <0.0017 [4] 

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

3.9. Heavy Metal Content 

Heavy metals such as Fe, Co, Cu, Mn, Mo and Zn are 
required by our bodies in varying amounts. However, in 
higher levels they are toxic and can be damaging to the 
organism. Other heavy metals such as Pb, Hg and U have no 
known vital or beneficial effect in living organisms’ bodies, 
and their accumulation over time in our bodies can cause 
serious adverse health effect.  

The iron content in sugar apple was 1.27 ± 0.54 mg/100 
g-fw a value less than the level 4.81 mg/100 g-fw for Indian 
sugar apple fruits [4].and the level of 1.70 ± 0.05 mg/100 g for 
Nigerian sugar apple fruits [32]. The contribution of iron by 
this fruits in the diet is poor as the range obtained in this study 

is less than the range for the RDA of 8.0-20 mg/day [45]. Iron 
is an essential element for almost all living organisms as it 
participates in a wide variety of metabolic processes, 
including oxygen transport, deoxyribonucleic acid (DNA) 
synthesis, and electron transport. However, in excessive 
amounts, it can lead to tissue damage [46] 

The average copper content in sugar apple was 0.12 ± 0.07 
mg/100 g-fw. The level of copper measured in this study can 
be compared to the level of copper in sugar apple from other 
countries such as India 0.95 mg/100 g, fw [4] and Nigeria 0.02 
±0.00 mg/100 g-fw [32]. When the level of copper was 
compared to the RDA level of 1.2 - 3.2 mg/100 g for copper in 
foods, sugar apple fruits had levels below this value.  

The level of zinc content in sugar apple fruits was 0.51 ± 
0.10 mg/100 g-fw slightly higher when compared to other 
Tanzanian fruits studied such as soursop 0.32 ± 0.09 mg/100 
g-fw [9] and pomegranate 0.45 ± 0.10 mg/100 g-fw [10]. 
Since there were no major existing industries in Kibaha, it is 
assumed that the sources contributing zinc were probably 
from motor vehicles tire rubber exacerbated by poor road 
surfaces and the lubricating oils in which Zn is found as part of 
many additives such as zinc dithiophosphates [47]. However, 
the levels of zinc in these fruits compares well to the level of 
zinc in sugar apple fruits from Nigeria 0.30 ± 0.02 mg/100 
g-fw [32] but less than the value 2.868 mg/100 g-fw reported 
for Indian sugar apple fruits [4] and 300 mg/100 g-fw reported 
by Amoo et al. [31]. When the zinc levels found were 
compared to the FAO and WHO permissible level of zinc in 
foods (6 mg/100 g-fw) [48] these fruits had levels well below 
this permissible level. 

Cadmium was below the detected limit, an observation 
similar to that reported by Othman et al. [9] for soursop from 
Coast Region and Lugwisha et al. [10] for pomegranate from 
Dar es salaam, Tanzania. Bhardwaj et al. [4] reported a value 
<0.0017 mg/100 g-fw for Indian sugar apple fruits which is a 
very low value. The low amount of cadmium in these fruits 
can probably be due to the sampling area being away from non 
ferrous metal production, fossil fuel combustion, waste 
incineration and iron and steel production which are the main 
sources of cadmium to the soil. 

The average concentration of lead in sugar apple was 0.13 ± 
0.03mg/100 g-fw. This level cannot lead to any health hazard 
to consumers since it is lower than the maximum permissible 
limit of 3 mg/100 g-fw lead and thus falls within safe limits for 
consumption stated by FAO/WHO [48]. 

4. Conclusion 

The physicochemical composition of sugar apple (Annona 

squamosa L.) fruits from Kibaha, Coast Region during open 
air storage ripening process 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 soursop fruits had high 
moisture content (64% - 73%), low titratable acidity (<0.28% 
ca), low crude fat (0.51 g/100 g-fw), high ash content (1.44 
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g/100 g-fw), low crude fibre content (0.185 g/100 g-fw), high 
ascorbic acid content (51 - 34 mg/100 g-fw), high total sugars 
content (49.7% - 31.1%), moderate reducing sugar content 
(43.17% -18.57%) and sucrose content (11.8% - 0.9%). Of the 
macro-elements K, Ca and Na determined, the highest level 
was of Ca i.e. 2838.82 mg/100 g-fw. Heavy metal 
concentrations in the sugar apple fruits were very low 
indicating insignificant pollution of the fruits. The moisture 
content, total sugar content, reducing sugar content and 
sucrose increased during the storage ripening period. The 
titratable acidity and ascorbic acid content decreased as the 
fruit was ripening while in storage. Comparison of our results 
and FAO/WHO standards reveals that this fruit from Coast, 
Region, Tanzania can play the valuable role of fulfilling daily 
human diet needs as well as a health nutrient supplement. 
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