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Abstract 

Terminalia catappa oilseeds (almond oilseeds) were studied for their physicochemical properties, proximate 

composition, elemental content and their fatty acid profile. The study showed that an almond seed is a good source 

rich in protein, carbohydrate, minerals, oil for human and animal consumption. Proximate analyses showed that the 

oilseeds contained 27.82%carbohydrate, crude protein, 20.42%, ash content2.85% and crude fibre 6.5%. The 

oilseeds were found to be good sources of minerals, The dominant elements are K, 11620 μg/g, Ca, 3789 μg/g, Mg, 

668.90 μg/g, Fe, 564.10 μg/g, Cr, 126.00 μg/g, Rb, 108.00 μg/g. Cu, 97.00 μg/g, and Ni, 45.00.From the Box-

behnken design employed in this work, the maximum oilseeds yield of 62.31% (w/w)was established at the optimal 

condition of extraction time, 23.68 min, particle size, 0.15 cm and sample weight, 26.02 g. The optimized condition 

was validated with the actual seed oil yield of 61. 98% (w/w).This work demonstrated Response Surface 

Methodology is a good tool for determining the optimal condition for the solvent extraction of oil from Terminalia 

catappa seeds.  

The results of fatty acids indicated that the oil is highly unsaturated (59.48%). The dominant fatty acids were 

palmitic (36.72%), oleic (31.56%), linoleic (27.92%), and stearic (3.10%). Physicochemical analysis of the oilseeds 

suggests it could serve as a good candidate for food purposes and as a feedstock in many food and chemical 

industries. 

 

Keywords: Terminalia catappa, proximate composition, elemental content, fatty acid profile, response surface 

methodology. 
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1. Introduction 
Terminalia catappa L. also known as almond in Africa 
is an important oilseed crop cultivated in many parts 
of the World. Its seeds composed of 47.82-56.71% 
oil, 17-18.39% Crude protein, 2.97% Crude fibre and 
25.61% carbohydrate (Akanni et al., 2005). The nuts 
may be consumed fresh after extraction from the 
shell or preserved by drying or smoking and 
consumed up to a year later. In some local markets 
in Nigeria the fresh kernels are sold in bundles or 
skewered on sticks (palm frond spines). In other 
areas almond nuts were highly regarded as a human 
food source. Kernels are easily damaged during 
extraction and start to mold within 1–2 days at 
ambient temperatures (Lex et al., 2006). The 
sundried kernels yield 38–54% of bland, yellow oil 
that is edible but becomes turbid on standing (Lex et 
al., 2006). Almond oil is odourless and has a pleasant 
taste.  
The leaves have many medicinal uses including 
diaphoretic, antiindigestion, and antidysentery. An 
infusion of the young leaves or scraped bark is 
occasionally taken as a potion for treating mouth 
infections and is used to bathe fractures. Young 
leaves are used to cure headache and colic. The bark 
is used as an astringent in dysentery and thrush 
(Cambie and Ash, 1994). The best quality of the 
Almond oil is comparable to native pear, mucuna 
bean, avocado and wild mango oil (Cambie and Ash, 
1994). Fatty acids compositions of the oil are mostly 
oleic (up to 31.489%), linoleic (up to 28.93%), 
palmitic (up to 35.96%) and stearic (up to 4.13%) 
acids (Matol et al., 2009). However, the fatty acid 
composition of this oil varies considerably among 
the different varieties worldwide (Walter and Sam, 
1993).  
Several methods exist in oil separation from oilseeds 
and these include grinding the seeds in a wooden 
mortar, extractions with expeller and solvent 
extraction method. Domestically, pounding almond 
seeds in a wooden mortar and obtaining the product 
by hard pressing is the most widely used but oil 
produced with this method is usually of a slow 
process, laborious, low oil yield, the unpleasant 
odour and bitter taste UNIFEM (1987).  Extraction of 
oil from almond oilseeds using expeller is not 
without challenges. The method requires high 
operating and man-power usage, and the oil obtain 
is of low value. Extraction with solvent has 
advantages, which include higher yield and less 

turbidity as well as relatively low operating cost. 
Literature materials exist on the use of this method 
for almond oil extraction (Akanni et al., 2005; Matol 
et al., 2009). Maximum almond seed filtered oil 
recovery reported was 56.71% (Omeje et al., 2008). 
Oil separation by supercritical CO2 has also been 
exploited at large extraction times that were closed 
to the values obtained by Soxhlet extraction without 
optimization (Marrone et al., 1998). Marrone et 
al.(1998) successfully extractedalmond oilseed using 
this method. Despite the high purity oil extracted, 
high operating and investment cost pose a great 
challenge. Although recovery of almond oilseed 
using solvent extraction method has been reported 
(Akanni et al., 2005; Omeje et al., 2008;Matol et al., 
2009) but they were not optimized. 
Response Surface Methodology (RSM), a useful 
optimization tool has been applied in research to 
study the effect of individual variables and their 
interactions on response variables. It has been used 
extensively in the optimization of extractions of 
edible and non-edible oils from different oil sources 
such as pumpkin, palm oil, Sesamum indicum, 
Hibiscus sabdariffa, among others (Mohammed et 
al., 2008; Mitra et al., 2009; Njoku et al., 2009; Tan 
et al., 2009). The main advantage of RSM is the 
ability to reduced number of experimental runs 
needed to provide sufficient information for 
statistically acceptable results. Physicochemical 
properties of oils such as colour, refractive index, 
acid value, saponification value, iodine value, higher 
heating value, etc. and other properties for example 
cetane number, API, etc. as well as the fatty acid 
profile are important quality characteristics used in 
determining their potential use. This work focused 
on oil separation from almond oilseeds via 
application of solvent extraction method. To 
optimize the extraction conditions for the process, 
RSM was applied to determine the effects of three-
level-three factors and their reciprocal interactions 
on the oil extracted. In addition, the quality of oil 
extracted was evaluated by carrying out 
physicochemical and fatty acid analysis with a view 
to determining its potential applications.   
2. Materials and methods 
2.1 Materials  
Superior nut morphotypes samples were collected 
from Omu Aran, Kwara State, Nigeria. Chaffs were 
separated from the seeds by winnowing. The 
cleaned seeds were milled to powder by grinding 
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with grinding machine. All chemicals and reagents 
used for this extraction work were of analytical 
grades.  
 2.2 Methods  
2.2.1 Experimental design  
Box-behnken experimental design was employed in 
order to optimize oil extraction from the almond 
seed. A three-level-three-factors design was applied, 
which generated 17experimental runs. This included 
6 factorial points, 6 axial points and 5 central points 
to provide information regarding the interior of the 
experimental region, making it possible to evaluate 
the curvature effect. Selected extraction variables 
for the oil separation from the almond seed samples 
were sample weight (g), extraction time (min) and 
solvent volume (ml). The coded independent 
variables levels are displayed in Table 1 while Table 2 
showed the 17 experimental runs generated with 
the oil yields, the predicted oil yields and the 
residual values. The effects of unexplained variability 
in the observed response due to extraneous factors 
were minimized by randomizing the order of 
experiments.  
2.2.2. Oil extraction description  
A 500-ml Soxhlet apparatus and n-hexane as solvent 
were used for this work. Initially, theapparatus was 
charged with a known weight of the oilseed powder 
in a muslin cloth placed in a thimble of the 
apparatus. A round bottom flask containing known 
volume of n-hexane was fixed to the end of the 
apparatus and a condenser was tightly fixed at the 
bottom end of theextractor. The whole set up was 
heated up in a heating mantle at a temperature of 
70

o
C of the excess solvent in the oil was recycled by 

heating. Quantity of oil extracted was determined 
gravimetrically. The oil yield was calculated as the 
ratio of the weight of the extracted oil to the weight 
of the almond seed powder sample used (Eq.1). The 
oil obtained was stored appropriately for further 
processing.   

                  
                    

                                
⁄              

 
2.2.3 Physicochemical analysisand Proximate of the 
crude almond oilseed 
The proximate composition (carbohydrate, crude 
fibre, ash and crude protein) and other 
physicochemical properties of the crude seed oil 
namely, refractive index, moisture content, relative 
density, viscosity, acid value, saponification value, 
peroxide value, specific gravity, % FFA (oleic) and 
cetane number were determined by AOAC methods. 
Higher heating value (HHV) and iodine value were 

calculated using the methods of cited by Demirbas 
(1998) and Wijs, respectively.  
2.2.5 Elemental Contents of the crude almond 
oilseed 
The elemental contents of the oilseed was 
determined by using Atomic Absorption 
Spectrometry (AAS) for Magnesium, Flame 
photometer for Sodium and XRF spectrometry for 
other elements (potassium, calcium, zinc, iron, 
copper, chromium, manganese, nickel etc.) 
2.2.6 Fatty acid compositions analysis of crude 
almond oilseed 
Fatty acid composition of the crude seed oil was 
determined using gas chromatography (HP6890 
powered with HP ChemStation Rev. A 09.01 [1206] 
Software). Oil sample (50 mg) was esterified for five 
minutes at 95

o
C with 3.4 ml of the 0.5 M KOH in dry 

methanol. Themixture was neutralized using 0.7 M 
HCl and 3 ml of 14% boron triflouride in methanol 
was added. The mixture was heated for 5 min at 
90

o
C to achieve complete methylation process. The 

fatty acids were extracted in triplicate from the 
mixture with redistilled n-hexane. The content was 
concentrated to 1 µl for gas chromatography 
analysis which was injected into the injection port of 
GC.  
2.3 Statistical data analysis  
The data obtained from the extracted oil 
experiments were analyzed statistically using RSM, 
so as to fit the quadratic polynomial equation 
generated by the Design-Expert software version 
8.0.3.1 (Stat-Ease Inc., Minneapolis, USA). To 
correlate the response variable to the independent 
variables, multiple regressions was used to fit the 
coefficient of the polynomial model of the response. 
The quality of the fit of the model was evaluated 
using test of significance and analysis of variance 
(ANOVA). The fitted polynomial equation is as 
follows:  
 

    ∑  

 

   

   ∑   

 

   

  
  ∑   

 

   

    

                                                                                    

 
Y is response factor (Oil yield), bois the intercept 
value, bi (i= 1, 2,…… k) is the first order model 
coefficient, bij is the interaction effect, and bii 
represents the quadratic coefficients of Xi, and e is 
the random error.  
3. Results and discussion  
3.1 Optimization of almond oil extraction   
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This work investigated the optimization of oil 
extraction from Terminal catappa L. oil seeds. The 
coded variables as well as the experimental and 
predicted values obtained for the oil extraction are 
depicted in Table 2 while Table 3a shows the results 
of test of significance for every regression 
coefficient. The results showed that the p-values of 
the model terms were significant, i.e. p<0.05. The 
three linear terms (X1, X2, X3), three cross-products 

(X1X2, X1X3, X2X3) and the two quadratic terms (X1

2
, 

X3

2
) were all found to be remarkably significant 

model terms at 95% confidence level. Based on the 
large Fisher F-test (i.e. F-value) and low 
corresponding probability values (p-values), all the 
linear terms, the cross products (X1X2, X1X3)and the 

quadratic terms (X1

2
) have very strong effects on the 

oil yield. But the interaction between sample particle 
size and extraction time, X1X2 (F-value = 823.32) was 
the most significant model term. In order to 
minimize error, all the coefficients were considered 
in the design. The results of the second-order 
response surface model fitting in the form of ANOVA 
are shown in Table 3b. The model F-value of 541.37 
with p<0.0001 implied a high significance for the 
regression model (Yuan et al., 2008). The goodness 
of fit of the model was checked by the coefficient of 
determination (R

2
). In this work, the R

2
 value of 

0.9974 indicated the sample variation of 99.74% for 
oil extraction was attributed to the independent 
variables and only 0.26% of the total variations were 
not explained by the model. The value of the 
adjusted determination coefficient (Adj. R

2
 of 

0.9941) was also very high, supporting a high 
significance of the model Khuri and Cornell (1987) 
and all p-values were less than 0.0001, which 
suggested the model proved suitable for the 
adequate representation of the actual relationship 
among the selected variables. The lack-of-fit term of 
0.0862 was not significant relative to the pure error. 
In this case, a non-significant lack of fit is good. Table 
4 shows the coefficient of estimate for the variable 

and their interactions,X1, X2, X3, X1

2 
and X3

2
have 

negative effects on the oil yield at 95% confidence 
level (CI). Hence, the model could be used in 
theoretical prediction of the oil extraction. The final 
equation in terms of coded variables for the Box-
behnken response surface second-order model is 
expressed in Eq (3).  
                                              

                
        

 

       
                                         

The graphical representations of the regression 
equation for the optimization of almond oilseed 
extracted are displayed as contour and 3-D 
dimensional surfaces plot in Fig. 1(a-c). Fig. 1a 
showed the response surface plot representing the 
effect of extraction time, particle size and their 
reciprocal interaction on oil yield while keeping 
sample weight constant at zero level. The results 
showed that low extraction time and low particle 
size favoured oil yield while increasing both factors 
led to low oil yield. Particle size seemed to have 
more influence on the oil yield than the extraction 
time. The response surface plot representing the 
effect of extraction time, sample weight and their 
reciprocal interaction on oil yield while keeping 
particle size constant at zero level is depicted in Fig. 
1b. The combination of high sample weight and low 
extraction time gave high oil yield. The curvatures 
nature of the three dimensional surfaces in Fig. 1b 
signifies mutual interaction of sample weight, 
extraction time and particle size. Fig. 1c gives the 
response surface plot representing the effect of 
particle size, sample weight and their reciprocal 
interaction on oil yield while extraction time 
constant at zero level. High oil yield was recorded at 
the high sample weight and low particle size. While, 
high particle size interacting with low sample weigh 
treduced the yield of the oil. 
The optimal values of the independent variables 
selected for the almond oilseed extraction were 
obtained by solving the regression equation (Eq. (3)) 
using the Design-Expert software. The optimal 
condition for this process was established at X1= 
23.68, X2 = 0.15 cm and X3= 26.08 g. The predicted 
almond oilseed yield under this optimal condition 
was Y =62.31 % (w/w). Using these optimal condition 
values for three independent replicates, a mean of 
61. 98 % (w/w) almond oilseed yield was achieved, 
which was within the range predicted by the model. 
It is noteworthy that previously reported yields were 
below the result obtained in this work. The results of 
this work demonstrated that RSM with appropriate 
experimental design can be effectively applied to the 
optimization of the process variables in oil extraction 
from oilseeds. This may provide useful information 
regarding the development of economic and 
efficient processes using solvent extraction method.  
3.2 Quality characterization of the crude seed oil  
3.2.1 Physical properties of the crude seed oil  
In order to evaluate the quality of the crude almond 
oilseed, the content and compositions of the oil was 
subjected to physicochemical analysis and the 
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results obtained are shown in Table 5. At room 
temperature, the oilwas liquid/light yellowish in 
colour with refractive index and moisture content of 
1.4672 and 2.45%, respectively. Observations on the 
colour, moisture content and refractive index of the 
oil agreed with previously published report Akanni et 
al, (2005). Omeje et al, (2008), observed the same 
value of refractive index for the almond oilseed. The 
specific gravity of the seed oil obtained in this study 
was 0.9015. The viscosity, which is a measure of the 
resistance of oil to shear, was 41.75mPa.s. Although 
Besbes et al. (2005) reported mean value of 50-
100mPa.s for most vegetable oils, Omeje et al. 
(2008) reported a lower value (40.79cP) for almond 
oilseed. This higher value obtained in this present 
work may be explained by the polymerization and 
formation of high-molecular-weight compounds 
Guillén and Ruiz (2004).  
3.2.2 Chemical properties of the crude seed oil   
Table 5 contains results obtained for the chemical 
properties of crude almond oilseed. Low FFAcontent 
(1.16%) of the seed oil indicated good resistance to 
hydrolysis. The low acid value (3.32 mg KOH/g oil) of 
the seed oil showed that it is not only edible but 
could also have a long shelf life. A high 
saponification value of 170.25 (mg of KOH/g of oil) 
and Un-saponifiable matter (1.634%) was obtained 
for the seed oil, suggesting high concentration of 
triglycerides. The iodine value of the seed oil was 
high (135.50 g of I2/100g oil), which signified the oil 
contained a substantial level of unsaturation. This 
observation is supported by the high level of 
unsaturated fatty acids present in the seed oil 
(Elleuch et al., 2007).  Peroxide value measures the 
content of hydroperoxides in the oil and its low 
value indicates high resistance to oxidation. The 
value obtained for the seed oil in this work was 
2.76milli-equivalent of peroxide/kg of oil, which is 
within the limitstipulated for vegetable oils. The 
combination of high iodine value and low peroxide 
value suggests that the oil could also be stored for a 
long period without deterioration. These also 
demonstrate that the oil possesses the desirable 
qualities of edible oils. The HHV determined for the 
oil was 40.417 MJ/kg and it is within the range 
earlier reported by Demirbas (1998) for vegetable 
oils (37.47 – 40.62 MJ/kg). The almond oilseed could 
therefore be used for food purposes and as a 
feedstock in the industries.  
3.2.3 Other properties of the crude oilseed 
Additional fuel property such as cetane number was 
determined (Table 5). Cetane number is a measure 

of the fuel’s ignition delay and combustion quality. 
Standard specification of cetane number for 
biodiesel is minimum of 40 (Ramos, 2009). The 
cetane number of the seed oil (47.830) showed that 
it has high fuel potential. The cetane number 
reported for most vegetable oils range from 27.6 to 
52.9 (Demirbas, 1998; Njoku, 2009). The 
transesterification of the oil may improve its fuel 
properties. 
 
3.2.4 Proximate composition of the crude almond 
oilseed 
Table 6 shows the results of the proximate 
composition of the crude almond oilseed. The 
carbohydrate composition is high (27.82%), followed 
by crude protein (20.42%). The ash content which is 
thorough estimation of minerals and the crude fibre 
were found to be 6.5% and 2.85%, respectively. 
 
3.2.5 Elemental Contents of the crude almond oilseed 
Major minerals are considered major because they 
are required by the body in doses of 100 mg/day or 
greater; i.e. greater than 0.01% of body weight. 
Calcium and phosphorous are the greatest amounts 
of elements in the body. Minor minerals are 
required by the body in amounts of less than 100 
mg/day; i.e. less than 0.01% of body weight and are 
also called trace minerals or trace elements. 
Minerals, made of metals and other inorganic 
compounds, are as essential to bodily functions as 
vitamins. They form the structure of our bodies and 
help our systems work. Major minerals are: calcium, 
phosphorus, potassium, sodium, 
chloride, magnesium, and sulfur. Minor minerals are: 
chromium, cobalt, flouride, zinc, selenium, silicon, 
boron, iron, copper, iodine, manganese, 
molybdenum, nickel, arsenic and vanadium. The 
elemental compositions of the almond oilseed are 
shown in Table 7. The dominant elements are K, 
11620 μg/g, Ca, 3789 μg/g, Mg, 668.90μg/g, Fe, 
564.10 μg/g, Cr, 126.00 μg/g, Rb, 108.00 μg/g. Cu, 
97.00 μg/g, and Ni, 45.00. 
3.2.6 Fatty acid profile of the crude seed oil  
Gas chromatography analysis of fatty acids present 
in the seed oil is shown in Table 8. The results 
indicated that the oil is highly unsaturated (59.48%). 
The dominant fatty acids were palmitic (36.72%), 
oleic (31.56%), linoleic (27.92%), and stearic (3.10%). 
The observed values in this work are in agreement 
with what earlier reported by Matos et al. (2009). 
They can be classified in the oleic-linoleic group. 
4.  Conclusions 
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The study showed that the Terminalia catappa seed 
is a good source rich in protein, carbohydrate, 
minerals and oil. This work demonstrated Response 
Surface Methodology is a good tool for determining 
the optimal condition for the solvent extraction of oil 
from Terminalia catappa seeds. From the Box 
behnken design employed in this work, the 
maximum seed oil yield of 62.31% (w/w)was 
established at the optimal condition of extraction 
time, 23.68 min, particle size, 0.15 cm and sample 
weight, 26.02 g. The optimized condition was 
validated with the actual seed oil yield of 61. 98% 
(w/w). The fatty acid profile of the seed oil showed it 
is highly unsaturated (59.48%). Physicochemical 
analysis of the seed oil suggests it could serve as a 
good candidate for food purposes and as a feedstock 
in many food and chemical industries.  
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Table 1: Factors and their levels for Box-behnken 
design 

Factor Symbol Coded factor levels 

    -1 0 +1 

Extraction time (min) X1 

20 30 40 
Particle size (cm) X2 

0.15 0.20 0.25 
Sample weight (g) X3 

20 30 40 

 
Table 2: Experimental design matrix by Box-
behnken for three-level-three-factors response 
surface study 

Std. 
run 

X1 X2 X3 OY  
% 
(w/w) 

POY % 
(w/w)  

R 

1 -1 -1 0 60.21 59.75 

0.46 
2 1 -1 0 40.89 40.88 

0.005 
3 -1 1 0 38.57 38.56 

0.005 
4 1 1 0 45.00 45.45 

-0.45 
5 -1 0 -1 53.00 53.05 

-0.047 
6 1 0 -1 40.27 39.86 

0.41 
7 -1 0 1 41.32 41.73 

-0.41 
8 1 0 1 43.00 42.95 

0.047 
9 0 -1 -1 55.61 56.02 

 -0.41 
10 0 1 -1 45.30 45.26 

0.043 
11 0 -1 1 49.42 49.46 

-0.042 
12 0 1 1 44.00 43.59 

0.41 

13 0 0 0 49.45 49.69 

-0.24 
14 0 0 0 50.00 49.69 

0.31 
15 0 0 0 50.00 49.49 

0.31 
16 0 0 0 49.50 49.69 

-0.19 
17 0 0 0 49.52 49.69 

-0.17 

OY= Oil yield, POY = Predicted oil yield, R= Residual 
 
Table 3a: Test of significance for all regression 
coefficient terms 

S SS df Mean  
Square 

F-value p-value  
 

X1

  
71.64 1 71.64 355.82 <0.0001 

X2

  
138.28 1 138.28 686.80 <0.0001 

X3

  
33.78 1 33.78 167.80 <0.0001 

X1X2 165.77 1 165.77 823.32 <0.0001 

X1X3 51.91 1 51.91 257.83 <0.0001 

X2X3 5.98 1 5.98 29.69 0.0010 

X1

2

 
 

62.60 1 62.60 310.90 <0.0001 

X2

2

 
 

0.46 1 0.46 2.27 0.1759 

X3

2

 
 

8.74 1 8.74 43.41 0.0003 

S= Source, SS= Sum of square 
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Table 3b: Analysis of variance (ANOVA) of 
regression equation 

Source SS df Mean  
Square 

F-value p-value  
 

Model 541.37 9 60.15 298.76 <0.0001 

Residual    1.41 7 0.20   

Lack of fit 1.09 3 0.36 4.64 0.0862 

Pure error 0.31 4 0.079   

Cor total 542.78 16    

R
2
 =  99.74%,         R

2 
(adj) = 99.41%, 

SS = Sum of square 
 
Table 4: Regression coefficients and significance of 
response surface quadratic 

Factor  CE df
  

SE           95%CI 
low 

95%CI 
high 

VIF 

Intercept 49.69 1 0.20 49.22 50.17 - 

X1 -2.99 1 0.16 -3.37 -2.62 1.00 

X2 -4.16 1 0.16 -4.53 -3.78 1.00 

X3 -2.06 1 0.16 -2.43 -1.68 1.00 

X1X2 6.44 1 0.22 5.91 6.97 1.00 

X1X3 3.60 1 0.22 3.07 4.13 1.00 

X2X3 1.22 1 0.22 0.69 1.75 1.00 

X1

2
 -3.86 1 0.22 -4.37 -3.34 1.01 

X2

2
 0.33 1 0.22 -0.19 0.85 1.01 

X3

2
 -1.44 1 0.22 -1.96 -0.92 1.01 

CE= Coefficient of estimate, SE = Standard error of 
mean 

 
Table 5: Physicochemical and other characteristics 
of almond oilseed 

Parameters Mean values 

Physical properties  

Physical state at room 
temperature 

o
C 

Liquid/Yellowish in 
colour 

Refractive index at 25
o
C 1.4672 

Moisture content (%) 2.45 

Specific gravity 0.9015 

Viscosity (mPa.s) at 38 
o
C 41.75 

Chemical properties  

%FFA (as oleic acid) 1.16 

Acid value (mg KOH/g oil) 3.32 

Saponification value (mg 
KOH/g oil) 

170.25 

Unsaponifiable matter (%) 1.6340 

Iodine value (g I2/100g oil) 135.50 

Peroxide value (meq O2/kg 
oil) 

2.760 

Higher heating value 
(MJ/kg) 

40.417 

Other properties  

Cetane number 47.830 

 
Table 6: Proximate compositions of the almond 
oilseed  

Proximate Compositions % 

Carbohydrate 27.82 

Crude fibre 2.85 

Ash 6.50 

Crude protein 20.42 
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Table 7: Elemental compositions of the almond 
oilseed 

Elements Compositions 
(μg/g) 

K 11620 
Ca 3789 
Mg 668.90 
Na 140.30 
Zn 162.20 
Fe 564.10 
Cu 97.00 
Cr 126.00 
Mn 0.05 
Ni 45.00 
Ti 0.02 
Rb 108.00 

 
 
 
 
 
 
 
 
Table 8: Fatty acids compositions of the almond 
oilseed 

Parameters Compositions % 

Palmitic acid (C16:0) 36.72 

Stearic acids (C18:0) 3.10 

Oleic acids (C18:1) 31.56 

Linoleic acids (C18:2) 27.92 

Linolenic acid (C18:3) 0.60 

Other 0.10 

Total 100  
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Fig. 1b 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1c 
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