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Abstract: The aim of this study was to investigate intra-specific variability among three geographical sources in 
fruit morphology and seed chemical composition. Morphological traits of various fruit layers (epicarp, mesocarp, 
endocarp and kernel) were measured. Seed kernel was analyzed for oil, saponin, protein, macro (Ca, Mg, Na, K, P) 
and micro (Fe, Mn, Zn, Co, Cu) nutrients. Endocarp wood was characterized for (specific gravity, gross heat of 
combustion, ash content and biocarbon yield). Biocarbon volatile matter, fixed carbon and ash contents were 
determined. The seed kernel contained high oil, saponin and minerals that were significantly differed among 
sources. The protein was not significantly different among sources Endocarp revealed good properties and relatively 
high biocarbon yield. There was observed relationship between sources with morphological and chemical properties. 
Damazin source (dark cracking clay) showed higher saponin, woody portion and biocarbon yield, while Hada 
Alsham source (lighter soil) had higher pulp content. The high contents in most of seed kernel constituent's 
highlights the suitability of Balanites for very wide range of products and the remaining woody part can be used for 
potential biocarbon products. Whereas the high variability observed among sources, indicates the importance of 
considering suitable sources for domestication. 
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1. Introduction 

The genus Balanites is composed of nine species 
and 11 intra-specific taxa (Sands, 2001). Balanites 
aegyptiaca is one of most drought resistance tree 
species widely distributed in Africa, Arabian peninsula 
and other Asian countries (Arbonnier, 2004). Adopt 
many adaptive mechanisms to grow in arid saline soil 
(Elfeel et al., 2013). The wide range under which this 
species is found was reflected in a very wide variability 
in its morphology and products (Abasse et al., 2011). 
For any successful domestication, conservation or 
transfer of seeds between sites, it is important to know 
the extend and magnitude of variation among different 
geographical sources (Zobel and Talbert, 2003). 

Balanites was known to be an all purpose tree 
with various uses and values. However, the most 
important valued part is its fruits (National Research 
Council, 2008). Fruit from Balanites, known as desert 
date (common) and lalobe (Arabic) is widely used for 
food, fodder and traditional medicine (Elfeel and 
Warrag, 2011). The fruit is a drupe, pubescent when 
green, becoming yellow and glabrous, after ripening 
(Arbonnier, 2004). It contains four layers (the outer 
skin called epicarp, the fleshy pulp called mesocarp, 
the woody shell called endocarp and the inner seed 
called kernel). The fleshy pulp of the fruit contains a 
large amount of carbohydrates. The kernel produces a 
high quality oil that can be used in human food 

(Obidah et al., 2009), medicine (Hanan et al., 2010) or 
biodiesel production (Gutti et al., 2012, Chapagain et 
al, 2009). The kernel is also rich in protein and 
minerals contents (Elfeel, 2010). The hardy wood shell 
is used for fuel. However, one of the most valued 
products of the pulp and kernel is the saponin, a source 
of many pharmaceutical products (Farid et al., 2002). 
Recently saponin proved to have wide range of uses, 
including protection of crops from mealy bugs (Patil et 
al., 2010), antitumor effects (Gnoula et al., 2008), 
effective antischistosomal remedy (Koko et al., 2005) 
and mosquito control (Wiesman and Chapagain, 2003). 
Despite all these products Balanites is considered as 
one of the underutilized, neglected arid zone tree 
species need to be domesticated (Wiesman, 2007). 
Schmidt and Joker ( 2000) reviewed high variability in 
fruits and seeds of Balanites between and within 
geographical sources. Determination of such variation 
is very important for successful utilization or 
conservation plans (Zobel and Talbert, 2003). 

The Objective of this study was to investigate 
variation between three sources of B. aegyptiaca in 
seed morphological and chemical properties and to 
highlight their suitability for industrial utilization. 
2. Materials and Methods 
Seed Sources 

Fruits of Balanites aegyptiaca were collected in 
2011 season from three sources. The first sources 
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(Code SA) is Hada Al-sham Experimental Research 
Station, King Abdulaziz University, Saudi Arabia. 
Sources two (Code SD1) was Damazin area, Blue Nile 
state, Sudan. The fruits were collected from natural 
forest on dark cracking clay soils in one of the largest 
mechanized rainfed farming areas in low rainfall 
savannah of the Sudan. Sources three (Code SD2) is 
Umbeir area, South Kordofan State, Sudan. In this area 
the trees were found in gardud soil (red hard compact 
soil) on Nuba Mountains vegetation zone. The tree is 
found associated with Acacia seyal, Acacia Senegal 
and some Combretum species. Locations and site 
description of the sources is shown in Table 1. 
Weights of different fruit layers 

For determination of different fruit layers weight, 
a sample of 30 fruits were drawn per each source and 
weighed on individual fruit basis with electronic 
balance (0.00 g). After that the epicarp (outer shell) 
were removed by hand and weighed. Then the 
remaining fruits were soaked in water for 24 hours and 
thoroughly cleaned by washing with water and sun 
dried for 72 hours, after which the whole seed weight 
was obtained. The weight of the mesocarp (fleshy pulp) 
was determined by subtraction (weight of whole from – 
weight of epicarp – weight of the seed). The hard 
woody shell (endocarp) was then broken using small 
electrical power saw and the kernel was removed out. 
The endocarp and kernels were then weighed 
separately. The corresponding percentages of epicarp, 
mesocarp, endocarp and kernel were determined 
(weight of layer/weight of fruit * 100). Also, fruit and 
seed number per kilogram was calculated by the 
general equation: number of (fruits) or (seeds) in 
sample * 1000/weight of sample in gram. 
Fruit length, diameter and size index 

Fruit length and diameter were measured with 
digital verneir caliper (Digmatic caliper, Model CD-6"-
CX,2011, Mitutoya Corporation). Fruit size index was 
calculated as fruit length divided by fruit diameter. 
Seed kernel mineral contents 

Seed kernel was analyzed for macro (P, Ca, Na, 
K, Mg), and micro elements (Co, Cu, Mn, Zn, Fe). Ca, 
Na, K, Mg, Co, Cu, Mn, Zn and Fe were analyzed 
using atomic absorption spectrophotometery according 
to the method described by (Hanlon, 1998). While P 
was determined according to (Bhargava and 
Raghupalhi, 1993). 
Protein content 

Protein content was determined as N content 
multiplied by 6.25. N was analyzed by micro-Kjeldahl 
method (Horneck and Miller, 1998), 
Oil content 

Kernel oil content was extracted by soxhlet 
apparatus for 6 hours using Petroleum ether. The 
percentage of ether extract (E.E.) was calculated as: 
weight of E.E. * 100/ weight of sample. 

Saponin content 
Crude saponin content was determined according 

to the methods described by Wiesman (2007). In brief 
the kernel left after the oil extraction (defatted kernel) 
was used for saponin determination. Four samples of 
defatted kernel per each source was weighed in tube 
and methanol was added (at ratio of 1 : 10) to each tube 
and kept in the high speed electric shaker overnight 
followed by centrifugation at 3500 rpm for 20 minutes. 
The supernatant of the methanol extract was collected 
and evaporated using a rotary evaporator to obtain 
crude saponin. 
Endocarp (wood shell) properties 
Samples Preparation for Wood Properties 
Determinations 

To prepare the samples for the different tests 30 g 
of wood from each source was converted into meal by 
frequent crosscut using a disc saw machine. The 
produced wood meal was screened using different 
sieves depending on the standard methods for each test. 
Specific Gravity (SG) 

Air-dried wood samples were saturated by water 
under vacuum and saturated volume was determined 
following Pycnometric displacement of water (ASTM, 
D 2395-84, 1989). The samples were then oven-dried 
to a constant weight at 1032C, and weighed. The 
specific gravity of wood was calculated based on oven-
dry weight and saturated volume, which considered as 
a green volume in this study. 
Determination of wood biocarbon yield 

Wood samples for biocarbon yield were placed in 
the heated chamber of the muffle e which was 
connected to the carbon dioxide source in a pre-
determined sequence. Digital thermometer was 
positioned in the muffle sample chamber through the 
ceiling hole together with the copper pipe connected to 
the CO2-source. The inert gas flow used was 354 
ml/minute until a steady gas flow was obtained. Then 
increased to 825 ml/minutes for 10 minutes. The 
temperature program was set to maximum final 
temperature (MFT) OF 500ºC and heating rate (HR) of 
25ºC/min. After the desired MFT was reached, the 
samples were pyrolyzed during the duration of 45 min 
residence time (RT), before the heating system was 
shut off. The samples were allowed to cool to 100C 
with maintenance of CO2 flow at 354 ml/minute. The 
charcoal yield (CY) was calculated according to the 
following equation: CY, % = (Oven-dry weight of 
charcoal sample, g / Oven-dry weight of wood sample, 
g ) * 100. 
Ash Content 

Ash content of wood was determined according to 
the ASTM, D 1102-84 (2007) standard method. In 
brief, 2 g of prepared wood meal sample was put in a 
porcelain crucible. The sample in an uncovered 
crucible was heated gradually, and then ignited at 
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600C using tube furnace until all carbon was 
eliminated. Alternate heating for 30 minutes and 
weighing was done frequently until constant weight 
was obtained. Ash content was calculated as a 
percentage of residues based on the oven-dry wood 
meal weight. For biocarbon the sample was heated at 
500C for 6 hours and burning repeated until 
succeeding heating results in a loss of less than 0.0005 
g. 
Gross Heat of Combustion 

The gross heat of combustion was determined by 
adiabatic oxygen bomb calorimeter, following the 
procedure described in ASTM, D2015-85, (1987) 
standard test. About one gram sample was used without 
grinding and subsequent pressing into a pellet, oven-
dried and weighed. The sample was then placed in a 
capsule and combusted in the oxygen bomb, Parr 1108 
under controlled conditions. The temperature was 
recorded before, during, and after combustion. The heat 
produced due to the combustion was estimated and 
converted into calories per g on a moisture free basis. 
Correction factors for the combustion of fusing wire 
and thermometer were included in the gross heat of 
combustion calculations. On the other hand, the 
correction factors for nitric and sulfuric acids formation 
were not considered as they are too small (Neenan and 
Steinback 1979). 
Determination of Moisture Content 

For moisture content determination about 0.8g 
meal sample was placed in a small crucible and oven-
dried at 1032C for 2 hours. The moisture content 
(MC %) was calculated [ ( W1 - W2 ) / W1 ] X 100. 
Where: W1 = The air-dry weight of the sample. and W2 

= The oven-dry weight of the meal sample. 
Determination of Volatile Matter 

For biocarbon volatile matter (VM), the same 
crucibles containing moisture content samples were 
used. The sample was preheated in the tube furnace for 
2 minutes at 300C, followed by 3 minutes at 500C 
and 6 minutes at 950C. Volatile matter content (VM) 
was calculated as follow: VM = [ ( W2 - W3 ) / W2 ] X 
100. Where: W2 = The oven-dry weight of the meal 
sample and W3 = Weight of the sample after the three 
steps of heating, g. 
Determination of Fixed Carbon Content 

Biocarbon fixed carbon content (FC %) was 
calculated as [100 - (moisture content + volatile matter 
+ ash content ) ]. 
Statistical Analysis: 

All the data were subjected to analysis of variance 
(ANOVA) to test the significance of the main 
treatments and the means were separated by Duncan's 
multiple range test. The data were analyzed by SAS 
Statistical Analysis Software (SAS System, Version 
9.1, 2008). 

 

3. Results 
Fruit morphology: 

ANOVA results showed a very high significant 
differences between sources in fruit morphology (p= < 
0.01) (Table 2). It seems that soil has a great effect in 
seed morphology, as fruits collected from dark 
cracking clay soil (SD1), had higher values in most of 
the traits studied (Table 2). However, most of this 
additional weight came as the results of epicarp and 
endocarp weights (the woody parts). For mesocarp (the 
pulp), SA has a remarkably higher weight followed by 
SD2. The seed kernel showed no significant differences 
between sources. Figures 1, 2 and 3, showed the 
content of the different fruit layers as percent of total 
fruit weight. Where in SA the mesocarp represents the 
higher percent, in SD1 and SD2 the endocarp 
represents the highest percent. SD1 and SD2 are from 
natural stands where SA is from irrigated planted trees. 
Fruits obtained from SD1 are longer, but with shorter 
diameter. While those obtained from SA has longer 
diameter, but shorter in length, indicating that SD1 are 
more elongate while SA fruits are ovate (Table 2). 
Seed kernel mineral contents 

Analysis of variance revealed a very high affect of 
sources on seed kernel mineral contents (p = < 
0.01)(Table 3), except N whereas the sources were not 
differed significantly. 
Oil and protein content 

The oil content was significantly differed between 
the three sources studied (Table 3). The oil content 
ranged from 49% of SD1 to 47% SD2.The protein 
content showed no significant differences among 
sources. The range of protein was relatively higher in 
the three sources (Table 3). 
Saponin 

The seed kernel crude saponin content was 
significantly differed among the three sources (Table 
3). The highest content of saponin was recorded in SD1 
sources, whereas the lowest content in SA. 
Endocarp wood properties 

Table 4 revealed significant differences between 
sources in ash content whereas the other parameters 
showed no significant differences between sources. 
However, comparison of means using Duncan multiple 
range test showed that specific gravity was 
significantly affected by the geographical sources 
(Table 4). Also, there was strong relationship between 
specific gravity and biocarbon production of the three 
sources. Sources with higher specific gravity had 
higher biocarbon production (Table 4). The highest 
biocarbon yield of 27.9% was recorded by SD1, while 
the lowest was SD2 (26.3%). Similar to biocarbon SD1 
wood had the highest ash content. The cross heat of 
combustion showed no significant differences among 
the three sources. 
 



 Life Science Journal 2014;11(7)       http://www.lifesciencesite.com 

 

163 

4. Discussion 
Balanites fruit is considered as the most important 

part of the tree (Elfeel and Warrag, 2011). All three of 
the four layers of the fruit, except the epicarp has a 
diversified products. Between source variations in fruit 
characterization is very important for successful 
domestication and conservation of the species. Without 
this variation, any attempt for domestication or 
conservation programs is unsuccessful (Zobel and 
Talbert, 2003).The present study showed a 
considerable variation in seed morphology between 
different sources. This variation, may suggests genetic 
variation among sources. SD1 and SA sources had 
higher fruits and seed weights, hence less number of 
fruits and seeds per kilogram. However, when the fruits 
were partitioned into four layers (epicarp, mesocarp, 
endocarp and kernel), there was a difference between 
SD1 and SA in some layers (Figure 1, 2, 3). Where in 
SA the mesocarp represents the higher percent, in SD2 
the endocarp represents the highest percent. This may 
indicates that soil has a great effect in seed 
morphology. SD2 fruits were collected from natural 
forests with dark cracking clay soil, while SA was 
collected from light soils with supplementary irrigation 
SD2 from hard compact soil had least values in most of 
the traits. The seed kernel contains very high contents 
of oil, protein and minerals. The almost, similar 
amount of seed kernel as percentage of total fruit 
weight between the three sources, reflects that same 
quantities can be obtained from different sources. 
However, the composition was differed among sources. 

The seed kernel had moderately higher contents 
of oil in the three sources. Many studies revealed the 
high value of Balanites oil. The oil can be used in food 
with no any serious safety concern (Obidah et al, 
2009). Also, the oil can be used for medicinal purposes 
(Hanan et al., 2010), or as source of biodiesel 
production (Chapagain et al., 2009). The remaining 
cake had very high protein and minerals contents, 
which make the kernel cake useful nutrient source. 
Therefore the kernel cake can used for animal feed 
supplement as it contains high saponin or can be used 
as fertilizer. The variability observed among the three 
sources in oil and minerals, indicate that the tree can be 
improved by selection of best seed sources or 
provenances 

The seed kernel crude saponin content was 
significantly differed among the three sources. The 

importance of the saponins in plants came as the results 
of their biological activity, which led to saponins 
commercially significant compounds with many 
applications in food, cosmetics, and pharmaceutical 
(Sparg et. al., 2004; Vincken et. al., 2007). This will 
highlight the importance of Balanites as a source of 
saponin. Recently many studies revealed the 
application of Balanites saponin in many fields such as 
botanical insecticides for the protection of crops from 
mealy bugs (Patil et al, 2010), anti-tumor activity in 
vitro and in vivo (Gnoula et al., 2008), effective 
antischistosomal remedy (Koko et al, 2005) and are 
efficient in mosquito control (Wiesman and Chapagain, 
2003). 

The good properties observed in seed endocarp 
reflect that no waste product can be lost from the seeds. 
The seed which have high proportion of woody 
endocarp (ranged from (29% to 37% in this study) can 
be a good source of biocarbon that can be used for 
heating or further be converted to activated charcoal 
that has wide industrial applications. Specific gravity 
differed according to the different sources studied. The 
high specific gravity value indicates that more cell wall 
materials can be used industrially. This was apparently 
reflected in high biocarbon yield. Damazin source has 
high specific gravity (0.75) and high charcoal yield 
(27.9). In addition to the morphological data which 
revealed that Damazin has a high percent of endocarp 
as percentage of total fruit weight. 

This study revealed that different layers of 
Balanites fruit have important products with potential 
industrial applications. Thus value addition by 
processing of the different fruit products or by 
conversion of the fruits to different products will help 
in domestication of this underutilized and neglected 
arid zone tree species. 
5. Conclusion 

The study showed very high variation among the 
three sources that were associated with the original soil 
of the sources. The high oil content and the high 
protein and minerals in the remaining cake, may 
suggests that the kernel can be used for oil production 
and the cake as nutrient. The saponin can be applied for 
medicinal uses. The woody endocarp can be used for 
biocarbon production. The variation among sources 
suggests that for domestication and conservation of this 
species among source variation must be taken into 
account. 

 
Table 1. Locations and site description of the three sources of Balanites aegyptiaca from which fruits were 

collected. 
Location Lat.oN Long.oE Soil Rainfall mm Elevation Masl 
Umbeir 11.7330 30.8000 Gardud 800 615 

Ad Damazin 11.7670 34.3500 Clay 700 493 
Hada Alsham 21.4830 39.4325 Salty silt ˂ 100 240 
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Table 2. Differences in Balanites aegyptica fruits and seed morphology among three sources (Hada Alsham (SA), Damazin 

(SD1) and Umbeir (SD2). 
Source Fruit wt (g) Fruit No./kg Seed wt (g) Seed No./kg Fruit length cm Fruit Diameter cm Fruit size index 

SA 8.87a 113b 3.45b 290a 3.61b 2.23a 1.63b 
SD1 9.67a 104b 4.55a 220b 4.11a 2.06b 2.02a 
SD2 6.57b 153a 3.02b 339a 3.39b 1.90c 1.81b 

Significance ** ** ** ** ** ** ** 

* ≤ 0.05;  ** ≤ 0.01;  ns = not significant 
Means with different letters are significantly different at 0.05 using Duncan's Multiple Range Test 

 
 

Table 3. Differences in seed kernel minerals, protein, oil and saponin contents among three sources of Balanites aegyptiaca 
(Hada Alsham (SA), Damazin (SD1) and Umbeir (SD2)). 

Source 
Co 

(Mg/L) 
Cu 

(Mg/L) 
Mn 

(Mg/L) 
Zn 

(Mg/L) 
Fe 

(Mg/L) 
Ca 

(Mg/L) 
Mg 

(Mg/L) 
Na 

(Mg/L) 
K 

(Mg/L) 
P 

(%) 
Protein 

% 
Oil % 

Saponin 
% 

N % 

SA 0.038a 0.425a 0.056b 0.478a 0.352b 2.55a 112.43b 178b 484b 0.91a 25.20a 48.57b 12.05c 4.03a 
SD1 0.033ab 0.234c 0.079a 0.431b 0.490a 0.901b 119.05a 196a 454c 0.81b 25.38a 49.32a 14.45a 4.06a 
SD2 0.028b 0.319b 0.050b 0.410c 0.522a 2.07a 108.50b 178b 493a 0.85b 24.50a 46.93c 13.34b 3.92a 

P * ** ** ** ** ** ** ** ** ** ns ** ** ns 

* ≤ 0.05; ** ≤  0.01;  ns = not significant 
Means with different letters are significantly different at 0.05 using Duncan's Multiple Range Test 
 
 
Table 4. Endocarp wood properties (specific gravity, wood biocarbon yield, gross heat of combustion, ash content) and 
biocarbon volatile matter, fixed carbon, moisture content and as content among three sources of Balanites aegyptiaca (Hada 
Alsham (SA), Damazin (SD1) and Umbeir (SD2)). 

Source 
Endocarp wood properties Biocarbon properties 

Specific 
gravity g cm-3 

Biocarbon 
yield % 

Gross heat of 
combustion cal g-1 

Ash 
content % 

Volatile 
matter 

Fixed 
carbon 

Moisture 
content % 

Ash 
content % 

SA 0.625b 26.42b 4700.1a 2.051b 40.02b 53.23a 3.55a 3.311b 
SD1 0.754a 27.89a 4649.8a 3.625a 43.01a 48.70b 3.40a 4.881a 
SD2 0.689b 26.33b 4633.3a 1.888b 39.31b 53.49a 3.67a 3.538b 

Significance ns * ns ** ** ** ns ** 

* ≤ 0.05;  ** ≤ 0.01; ns = not significant 
Means with different letters are significantly different at 0.05 using Duncan's Multiple Range Test 

 
 
 

 
Fig. 1. Composition of different fruit layers (epicarp, 
mesocarp, endocarp and kernel) as percent of fruit 
weight of Balanites aegyptiaca from Hada Alsham 
source (SA) 

 
Fig. 2. Composition of different fruit layers (epicarp, 
mesocarp, endocarp and kernel) as percent of fruit 
weight of Balanites aegyptiaca from Damazin source 
(SD1) 
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Fig. 3. Composition of different fruit layers (epicarp, 
mesocarp, endocarp and kernel) as percent of fruit 
weight of Balanites aegyptiaca from Umbeir sources 
(SD2) 
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