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ABSTRACT  

This research determined the effects of processing methods on the functional properties and mineral composition of cashew 
kernel flour. Three varieties of cashew nut were processed to flour using three methods. The oven-dried, hot oil bathed and roasted 
cashew nuts were cracked using a wooden mallet to obtain whole cashew kernel. The covering testa was removed by hand and 
winnowed to obtain whole cashew nuts. The samples were then milled separately using a manually operated attrition mill machine 
and sieved through a 200 μm aperture mesh screen to obtain flours with uniform particle sizes. The processed samples of flour were 
taken to the laboratory where functional properties and mineral composition were determined. The result showed that the functional 
properties of cashew flour processed with a hot oil bath, oven-dried, and roasted varied significantly at (p>0.05). Foaming capacity, 
emulsification capacity and foaming stability for a hot oil bath, oven-dried and roasted samples respectively were found to be higher 
in the roasted samples. Water absorption capacity and oil absorption capacity for a hot oil bath, oven-dried and roasted were found 
to be higher in hot oil bath samples. Swelling capacity and solubility for a hot oil bath, oven-dried and roasted samples respectively, 
were observed to be higher in oven-dried samples. The mineral composition of cashew flour samples processed using a hot oil bath, 
oven-dried and roasting were varied significantly at (p>0.05) across the varieties and processing methods. Phosphorus, Ca, Mg, K, 
Mn, Cu, Zn for hot oil bath, Oven-dried and roasted samples respectively, were significant in hot oil bath samples while Na and iron 
for hot oil bath, Oven-dried and roasted samples respectively were dominant in oven-dried flour samples. Generally, it was observed 
that the processing methods adopted significantly influenced mineral and functional properties of cashew kernel flour at (p>0.05). 
The cashew kernel flour displayed good characteristics of functional and mineral properties. Therefore, flour can serve as a 
functional ingredient in the formulation of snack products as an alternative to legumes/wheat flour. 

Keywords: cashew kernel flour, functional properties, mineral composition, processing methods 

REZIME 

Ovim istraživanjem utvrđeni su uticaji metoda prerade na funkcionalna svojstva i mineralni sastav brašna zrna indijskog oraha. 
Tri vrste indijskog oraha prerađene su u brašno pomoću tri metode. Osušeni u pećnici, prženi vrelim uljem i pečeni indijski oraščići 
izlupani drvenim čekićem da bi se dobilo celo jezgro indijskog oraščića. Uzorci su mleveni odvojeno pomoću mašine za mlevenje sa 
ručnom rukovanjem i prosejani kroz sito sa otvorom od 200 mm da bi se dobilo brašno ujednačene veličine čestica spremno za 
analize. Rezultat je pokazao da su funkcionalna svojstva brašna od indijskog oraha tretiranog vrelim uljem, sušenog i pečenog 
značajno varirala na (p>0,05). Kapacitet pene, kapacitet emulgovanja i stabilnost pene bili su najveći u prženim uzorcima. Kapacitet 
upijanja vode i kapacitet apsorpcije ulja pokazalo se da su najveći u uzorcima tretiranim vrelim uljem. Kapacitet bubrenja i 
rastvorljivost najveći su bili u uzorcima osušenim u pećnici. Mineralni sastav uzoraka brašna od indijskog oraha značajno je varirao 
(p>0,05) u različitim sortama i metodama prerade. Fosfor, Ca, Mg, K, Mn, Cu, Zn bili su značajno veći u uzorcima u prženim u ulju, 
dok su Na i Fe za dominant bili veći u uzorcima brašna sušenog u pećnici. Generalno, uočeno je da su usvojene metode prerade 
značajno uticale na mineralna i funkcionalna svojstva brašna zrna indijskog oraha (p>0,05). Brašno zrna indijskog oraha ima dobre 
karakteristike funkcionalnih i mineralnih svojstava. Stoga, brašno može poslužiti kao funkcionalni sastojak u formulaciji grickalica 
kao alternativa mahunarkama/pšeničnom brašnu. 

Ključne reči: brašno zrna indijskog oraha, funkcionalna svojstva, mineralni sastav, metode prerade 
 

INTRODUCTION  

Cashew (Anacardium occidental Linn) belongs to the 
Anacardiaceae family and is an extremely hardy tree that grows 
on poor soil under various climate conditions (Adepoju et al., 
2019). Cashew nut (Anacardium Occidentale Linn) is one of the 
most important edible tree nuts of the world that comprises an 
outer shell (Epicarp), honeycombed structure (Mesocarp), inner 
shell (Endocarp), Testa and kernel (Kilank et al., 2018). The 
mesocarp contains a natural resin known as cashew nut shell 
liquid (CNSL) which is blister to human skin and the endocarp is 
hard and it protects the kernel from the natural resin (Adepoju et 
al., 2019; Bambang, 2000). It originated in Brazil and is 
extensively grown in India, East Africa and Vietnam (Chaudhari 
et al., 2013). Country Nigeria, is among the main producers of 

cashew nut in the world (Honorato et al., 2007). Economically, 
it is one of the most important plantation crops that have 
attracted a huge amount of foreign exchange through its kernel 
and cashew nut shell liquid. The production of cashew has 
gained economic growth for Africa as most of the nuts produced 
are exported to the United State of America, the Netherlands and 
European countries unprocessed (Esrif and Halil, 2007). 
Nutritionally nuts are healthy foods, its consumption reduces the 
risk of cardiovascular disease and diabetes (Mukuddem-petersen 
et al., 2005). It contains unsaturated fatty acids, fiber, minerals 
and proteins (Heinig 2006; Chen et al., 2006; Ogunwolu et al., 
2009; Nascimento et al., 2010). 

The recent trend in the supply of human nutrition is the 
consumption of functional food products that are not only 
enriched with basic nutrients but also help to limit certain 
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diseases due to varied health-related problems associated with 
imported wheat flour consumption (Ide et al., 2019 and Emelike 
et al., 2015). The most apparent role is to provide the basis for 
dietary assessment and the formulation of healthier diets (Ndife 
et al., 2014). This situation has created the need for the 
consumption of low-carbohydrate diets, slowly digested starchy 
foods, and also increase the intake of functional foods (Emelike 
et al., 2015 and Hurs and Martins, 2005). Ready meals and food 
served in canteens are increasingly included in this approach 
considering their contribution to daily nutrition (Anthony et al., 
2018 and Ehimen et al., 2017). For the general population, food-
based dietary guidelines are considered the best means to convey 
more understandable recommendations for food choice (Walter 
et al., 2016). Nutrition and health claims have to be supported by 
sound scientific evidence, including data on the food's nutrient 
content (Walter et al., 2016). The latter is even more important 
when one or a group of specific nutrients have to be avoided or 
controlled for a pathological reason (Walter et al., 2016; 
Cemaluk et al., 2014 and Owuka, 2005). Therapeutic nutrition 
may require additional data that are not widely available (Walter 
et al., 2016).  

Functional properties of food products such as swelling 
index, solubility, oil and water absorption capacity, gelation, 
emulsification, bulk density, foaming capacity are the food 
parameters that measure food application and its end use (Ide 
et al., 2019). They usually show the materials under test will 
respond to other food components either directly or 
indirectly affecting food quality, processing applications and 
ultimate acceptance. (Ide et al., 2019 and Ehimen et al., 
2017). This study narrowed its interest to some functional 
properties like swelling index, solubility, bulk density, 
foaming capacity, oil and water absorption capacity, and 
emulsification and gelatinization capacity (Ide et al., 2019 
and Ugwuanyi Nnadi et al., 2020). Food mineral 
compositions such as calcium, magnesium, potassium, 
sodium, manganese, iron, copper, zinc are of great 
importance for scientists and practitioners working in the 
fields of nutrition and public health (Chinedu et al., 2017 and 
Walter et al., 2016). Some authors (Amusa et al., 2012; 
Rahman et al., 2016; Adebowale and Leal, 2003; Afoakwa et 
al., 2001; Ide et al., 2019, Ugwunyi-Nnad et al., 2019; Kiin-
Kabari and Giami, 2015; Hussain et al., 2008; Amandikwa et 
al., 2015; Asif-Ul et al., 2014; Olualana et al., 2011; Adeleke 
and Odedeji, 2010; Supaluk et al., 2017; Anthony et al., 
2014; Toyin, 2001; Akpata and Miachi, 2001; Akpata and 
Miachi,2001; Nwosu, 2011; Iwe et al., 2016; Owuamana et 
al., 2016) reported on functional properties and mineral 
compositions of different food products. This research 
focused on the effects of processing methods on functional 
properties and mineral compositions of cashew varieties 
kernel flour which will aid the provision of required human 
nutrients and also enhance the development of new food 
products. The concern in processing cashew nuts is to shell 
them and extract the kernel ‘whole’ nut without cracking or 
damaging them, to improve its palatability and reduce 
toxicity, to develop new food products and finally to extend 
their shelf life and storability.  
Therefore, the aim of this research determined the functional 
properties and mineral compositions of processed cashew 
flour varieties for enhancement of the cashew flour qualities 
and the development of new bio-products.  

MATERIALS AND METHODS. 

The matured red, yellow and light-red cashew apple fruits 
with nuts were harvested early in the morning from a well-

managed cashew plantation located at Umulumgbe, in Udi Local 
Government Area of Enugu State, Nigeria in early April 2021. 
The separated nuts from the apple were properly cleaned to 
remove unwanted materials. The cleaned nuts were stored at a 
temperature of 4˚C for 12 hours until they were moved to a 
laboratory where the sample preparation was done. 

 
 a) b) c) 

Fig. 1. Showing pictorial representative of cashew apple and 
nuts varieties studied. 

a) Red Cashew Variety, b) Yellow Cashew Variety, c) Light-red 
Cashew Variety 

Three kilograms (3kg) of cashew nut samples were collected 
and then sundried at 50 -700C drying temperature for two days to 
prevent deterioration during storage. They were conditioned 
(mild spraying with water in a sieve) to increase flexibility and 
prevent scorching during the roasting process. They were then 
divided into three batches of 900g each. The batches were 
introduced to different processing methods (roasting, oven 
drying and hot oil bating) using the methods reported by Emelike 
and Ebere, (2015) and Emelike et al., (2017) on the 
physiochemical properties of defatted and Undefatted Cashew 
flour. The cashew nuts were poured out after 1 minute and 
allowed to cool for 1 hour and the brittle shell was broken with a 
wooden mallet and the kernel extracted. The testa on the cashew 
kernel was removed and thereafter milled into flour using a 
locally fabricated disc attrition mill with Gx200, Nigeria and 
sieved with American Standard Sieve with 435 ppm aperture to 
obtain fine flour. The processed flour was packaged in an 
airtight plastic container with proper labeling and then moved to 
the laboratory where mineral composition and functional 
properties were carried out. All reagents used were of analytical 
grade and obtained from the Department of Agricultural and 
Bioresource Engineering, in the Bioprocess Laboratory, Enugu 
State University of Science and Technology, Enugu State, 
Nigeria.  

The functional properties such as the swelling index, water 
absorption capacity, oil absorption capacity, foam stability and 
capacity, solubility and emulsion capacities were all determined 
using the methods described by Ide et al., (2019); Hannington et 
al.,(2020); Mora et al., (2013) and Ugwuanyi-Nnadi et al., 
(2020). 

The mineral compositions of cashew kernel flour such as 
Calcium, sodium, potassium, magnesium and iron were 
determined according to the method of Ogbuji et al., (2017) and 
Dogo et al., (2018). 

The experiment was carried out in a completely random 
design. The results obtained were submitted to analysis of 
variance (ANOVA), with the means compared by Duncan's test 
at 5% of significance. All results were expressed as the mean 
value standard error (SE). Statistical analyses were performed 
using SPSS for Windows 8.0. 

 

RESULTS AND DISCUSSION   

The result of the mineral composition of hot oil bath, oven-dried 
and roasted cashew sample flour was presented in table 1. The 
phosphorus was found to be more pronounced in the samples 
(HOCS, HRCS and HYCS) processed with a hot oil bath at 
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0.72%, 0.69% and 0.68% respectively than in samples (OOCS, 
ORCS and OYCS) processed with oven dry method with their 
values which ranged from 0.65%, 0.32% and 0.26%.  

 

Table.1. Effect of Processing Method on Mineral 
Composition of Cashew Nut Varieties. 

Note: RRCS=Roasted red cashew sample, HRCS=Hot oil 
bath red cashew sample, ORCS=Oven dried red cashew sample, 
RYCS=Roasted yellow cashew sample, HYCS=Hot oil bath 
yellow cashew sample, OYCS=Oven dried yellow cashew 
sample, ROCS= Roasted Light-red cashew sample, HOCS= Hot 
oil bath cashew sample, OOCS=Oven dried Light-red cashew 
sample. The values in brackets represent the standard deviation 
of the replicated treatments. 

 

The sample that recorded the lowest values of phosphorus 
was roasted cashew flour with values that ranged from 0.26%, 
0.25% and 0.30% for ROCS, RRCS and RYCS respectively. 
This report is significantly lower than the report of Emelike et 
al., (2015) on the mineral composition of defatted and raw 
cashew flour. The values are not enough to contribute 
significantly to the Nigerian diet and thus mitigate the prevalent 
micronutrient deficiency disease. Calcium (Ca) showed a better 
result in samples prepared with a hot oil bath at 0.30% for 
HOCS, 0.37% for HRCS and 0.39 for HYCS than in Oven-dried 
sample with values of 0.30%, 0.09% and 0.12% for OOCS, 
ORCS and OYCS while the least values of Ca was found in 
ROCS (0.09%), RRCS (0.12%) and RYCS(0.09). The Ca 
content of this study completely disagreed with Aremu et al., 
(2006) and Omosuli et al., (2009) on the mineral composition of 
cashew flour. Calcium which is responsible for bone formation 
in conjunction with phosphorus was statistically lower to 
compare the required nutritional approved calcium consumption 
of an individual per diet.  

The magnesium content of the processed cashew flour 
samples was 0.23%, 0.26% and 0.25% for HOCS, HRCS and 
HYCS. The oven-dried sample showed lower values (0.23%, 
0.03% and 0.03) to compare with hot oil bath samples while 
roasted samples were found to be lowest with 0.03%, 0.02% and 
0.02% for Light-red, red and yellow cashew flour. The 
magnesium content was found to be more dominant in hot oil 
bath samples than in oven and roasted samples. It is, therefore, 
concluded that when the magnesium content of cashew flour 
under this treatment is concerned, the hot oil bath method is 
preferred over others. Potassium (k) was found to be higher with 
values ranging from 0.66%, 0.68% and 0.68% for HOCS, HRCS 

and HYCS respectively. Oven-dried samples had values of 
0.64%, 0.17% and 0.12% for Light-red, red and yellow cashew 
varieties while roasted samples recorded the lowest values 
(0.08%, 0.10% and 0.16%) for Light-red, red and yellow cashew 
varieties. It is known that potassium is the most important 

mineral in the human body as it helps to regulate fluid 
balance, muscle contractions and nerve signals. It also 
helps to reduce blood pressure and water retention, 
protect against stroke and prevent osteoporosis and 
kidney stones in the human body (Ephraim et al., 2020).  
The sodium content of the processed cashew sample 
flour was 34.54 ppm, 28.22 ppm, 37.41 ppm, 28.17 
ppm, 34.75 ppm, 44.07 ppm, 31.26 ppm, 28.22 ppm and 
40.72 ppm for HOCS, HRCS, HYCS, OOCS, ORCS, 
OYCS, ROCS, RRCS and RYCS respectively. Sodium 
was found to be dominant in oven-dried samples 
(28.17ppm, 34.75ppm, 44.07ppm) but there is no 
significant difference at (p>0.05) in hot oil bath and 
roasted samples. Above all, the study showed that the 
cashew flour varieties investigated recorded low sodium 
content compared to the Recommended Daily 
Allowance of 70 mg/100 g (Ephraim et al., 2020). It is 
therefore recommended that among the pretreatment, 
the oven-dried samples should be adopted when the 
sodium content is paramount. Manganese content for 
HOCS, HRCS and HYCS were 17.66ppm, 26.30ppm 

and 24.37ppm. Oven-dried samples had manganese content as 
21.07ppm, 12.57ppm and 20.24ppm for Light-red, red and 
yellow cashew varieties while 11.59ppm, 9.92ppm and 5.62ppm 
was found in ROCS, RRCS and RYCS respectively. Manganese 
contributes to the proper functioning of the body, including the 
metabolism of amino acids, cholesterol, glucose and 
carbohydrates. It also plays a role in bone formation, blood 
clotting and reduces inflammations. Based on this reveal, it is 
recommended that the hot oil bath method is the best.  Iron 
content was 86.40ppm, 83.9ppm and 82.02ppm for HOCS, 
HRCS and HYCS. Oven dries samples had 89.97ppm, 
131.66ppm and 52.0ppm for OOCS, ORCS and OYCS whiles 
roasted samples recorded 62.70ppm, 42.37ppm and 117.53ppm 
for ROCS, RRCS and RYCS respectively. The highest value of 
iron was found ORCS (131.66PPM) followed by RYCS 
(117.53PPM) while the lowest value (42.37ppm) was found in 
RRCS. From this result, oven-dried cashew sample flour should 
adopt when the iron content of cashew flour is concerned. Iron 
content in food flour is required for proper growth and 
development of the human body and it also helps to preserve 
some vital functioning in the body. The copper content of hot oil 
processed sample cashew flour was 22.63ppm, 25.04ppm and 
24.84ppm for Light-red, red and yellow cashew varieties 
respectively. The lowest value (5.59ppm, 7.25ppm and 
4.78ppm) was found in the roasted sample followed by the oven-
dried sample which recorded 22.59ppm, 4.00ppm and 5.16ppm 
for Light-red, red and yellow cashew varieties respectively. 
Among all the processing methods adopted, the hot oil bath had 
the highest values (22.63ppm, 25.04ppm, 24.84). Copper is an 
essential nutrient for the as it enables the body to form red blood 
cell and help to maintain health bones, blood vessels, nerves, 
iron absorption and immune functioning ( Ephraim et al., 2020). 
The zinc content of the processed cashew flour ranged from 
141.29ppm, 139.45ppm, 141.10ppm, 136.42ppm, 26.52ppm, 
33.75ppm, 36.34ppm, 49.89ppm and 6.64ppm for HOCS, 
HRCS, HYCS, OOCS, ORCS, OYCS, ROCS, RRCS and RYCS 
respectively. The values (141.29ppm, 139.45ppm, 141.10ppm) 
of zinc content in the hot oil bath processed cashew flour varied 
significantly at (p>0.05) compare to the oven (136.42ppm, 

Properties HOCS HRCS HYCS OOCS ORCS OYCS ROCS RRCS RYCS

P (%) 
0.72 
(0.01) 

0.69 
(0.01) 

0.68 
(1.52) 

0.65 
(0.21) 

0.32 
(1.11) 

0.29 
(1.20)

0.26 
(0.45)

0.25 
(1.23)

0.30 
(0.29)

Ca (%) 
0.30 
(0.07) 

0.37 
(1.23) 

0.39 
(2.72) 

0.30 
(0.55) 

0.09 
(0.20) 

0.12 
(1.24)

0.09 
(1.31)

0.12 
(5.01)

0.09 
(3.00)

Mg (%) 
0.23 
(0.12) 

0.26 
(0.83) 

0.25 
(1.12) 

0.23 
(0.32) 

0.03 
(0.44) 

0.03 
(2.93)

0.03 
(1.12)

0.02 
(011)

0.02 
(2.03)

K(%) 
0.66 
(0.15) 

0.68 
(1.03) 

0.68 
(5.64) 

0.64 
(4.42) 

0.17 
(1.72) 

0.12 
(6.82)

0.08 
(2.45)

0.10 
(0.91)

0.16 
(1.23)

Na (ppm) 
34.54 
(0.93) 

28.22 
(3.40) 

37.41 
(0.92) 

28.17 
(2.91) 

34.75 
(0.12) 

44.07 
(4.91)

31.26 
(1.63)

28.22
(0.09)

40.72
(1.03)

Mn 
(ppm) 

17.66 
(0.93) 

26.30 
(1.18) 

24.37 
(2.04) 

21.07 
(0.42) 

12.57 
(1.90) 

20.24 
()0.88

11.59 
(1.03)

9.92 
(2.04)

5.62 
(1.32)

Fe (ppm) 
86.40 
(2.30) 

83.91 
(2.01) 

82.02 
(0.29) 

89.97 
(0.63) 

131.66 
(2.01) 

52.00 
(1.19)

62.70 
(0.57)

42.37
()1.02

117.53
(1.99)

Cu (ppm) 
22.63 
(0.93) 

25.04 
(3.93) 

24.84 
(2.03) 

22.59 
(0.67) 

4.00 
(2.03) 

5.61 
(1.82)

5.59 
(0.71)

7.25 
(2.03)

4.78 
(3.01)

Zn (ppm) 
141.29 
(2.09) 

139.45 
(0.45) 

141.10 
(0.83) 

136.42 
(2.06) 

26.52 
(1.34) 

33.75 
(2.93)

36.34 
(1.06)

49.89
(3.04)

6.64 
(1.62)
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26.52ppm, 33.75ppm) and roasted (36.34ppm, 49.89ppm, 
6.64ppm) samples. Zinc is essential for cell growth and division, 
immune function, enzyme reactions, DNA synthesis and protein 
production in the human body (Ephraim et al., 2020).  

The functional properties of cashew flour processed using 
three different methods were presented in table 2. 
 

Table.2. Effect of processing method on functional properties 
of cashew nut varieties. 

Note: RRCS=Roasted red cashew sample, HRCS=Hot oil 
bath red cashew sample, ORCS=Oven dried red cashew sample, 
RYCS=Roasted yellow cashew sample, HYCS=Hot oil bath 
yellow cashew sample, OYCS=Oven dried yellow cashew 
sample, ROCS= Roasted Light-red cashew sample, HOCS= Hot 
oil bath cashew sample, OOCS=Oven dried Light-red cashew 
sample. The values in brackets represent the standard deviation 
of the replicated treatments. 

The foaming capacity of the processed samples was 2.00%, 
2.30% and 2.00% for hot oil bath samples. The roasted cashew 
which recorded the highest values of foaming capacity had 
8.00%, 6.00% and 4.00% for ROCS, RRCS and RYCS 
respectively. These results were in disagreement with the report 
of Kasaye et al.. (2018) on yam flour and inversely related to the 
report of Hussain et al., (2008) who reported a decrease in 
roasted as compared to non-roasted flaxseed flours. The higher 
foaming capacity observed in roasted samples indicated the 
manifestation of an increase in the percentage of protein content 
in samples while the samples with low foaming capacity showed 
that the protein content in it has been denatured irreversibly 
(Kasaye et al., 2018). The oven-dried samples showed 2.00, 3.00 
and 2.00 of foaming capacity for OOCS, ORCS and OYCS 
respectively. From the result presented above, it was observed 
that there was no significant difference between the hot oil bath 
and oven-dried sample at (p>0.05) confidence interval. The 
lowest values of foaming capacity found in hot oil bath and 
oven-dried samples may be attributed to the low protein content 
of the flour since foam ability is related to the amount of 
solubilized protein and the amount of polar and non-polar lipids 
in a sample (Kasaye et al., 2018). 

 The foaming stability of the processed flour samples varied 
from 1.00%, 1.50%, 2.00%, 1.00%, 1.00%, 2.00%. 1.00%, 
2.00% and 4.00% for HOCS, HRCS, HYCS, OOCS, ORCS, 
OYCS, ROCS, RRCS and RYCS respectively. The highest 
values of foaming stability were observed for roasted flour 
(1.00%, 2.00%, 4.00%) followed by hot oil bath processed flour 
(1.00%, 1.50%, 2.00%) and the lowest was found in oven-dried 
(1.00%, 1.00%, 2.00%). These results were not in the range of 
the report of Suresh et al., (2015) on composite flour of biscuits. 
The foaming stability which is the ability of the protein to 
stabilize against gravitational and mechanical stresses (Suresh et 
al., (2015) was found to be more in the roasted cashew sample. 

Flour with high foaming ability could form large air bubbles 
surrounded by thinner less flexible protein film and the bubble 
might collapse easily consequently lowering the foaming 
stability (Jitingarmkusol et al., 2008). 

Water absorption capacity (WAC) of the processed cashew 
flour samples for HOCS, HRCS, HYCS, OOCS, ORCS, OYCS, 
ROCS, RRCS and RYCS were  92.54%, 172.32%, 116.42%, 
35.57%,137.32%, 80.92%, 110.11%, 74.85% and 58.60% 

respectively. The water absorption capacity was found to be 
highest in hot oil bath samples (92.54%, 172.32%,116.42%) 
followed by oven-dried samples (35.57%, 137.32%, 80.92%) 
while the lowest values were found in roasted cashew flour 
samples (110.11%, 74.85%, 58.60%) respectively. The lower 
WAC in roasted cashew flour may be due to less availability 
of polar amino acid in the flour samples while the higher 
values of WAC observed in a hot oil bath may be due to an 
increase in the amylose leaching and solubility and loss of 
starch crystalline structure (Suresh et al., 2015). 

The oil absorption capacity (OAC) ranged from 88.55%, 
85.80%, 73.64%, 70.16%, 67.82%, 63.34%, 75.42%, 68.83% 
and 67.56% for HOCS, HRCS, HYCS, OOCS, ORCS, 
OYCS, ROCS, RRCS and RYCS respectively. Hot oil bath 
flour samples had the highest values of oil absorption 

capacity (88.55%, 85.80%, 73.64%) followed by roasted 
samples (75.42%, 68.83%, 67.56%) while the lowest was found 
in oven-dried samples (70.16%, 67.82%, 63.34%) this could be 
due to the presence of large proportion of hydrophilic groups and 
polar amino acids on the surface of the protein molecules 
(Daramola and Aina, 2007). The highest values of OAC noticed 
in hot oil bath samples could be attributed to the variations in the 
presence of a non-polar side chain, which might bind the 
hydrocarbon side chain of the oil among the flours. The result of 
this experiment showed that processed flour is potentially useful 
in structural interaction in food especially in flavor retention, 
improvement of palatability and extension of shelf life, 
particularly in bakery or meet products where fat absorption is 
desired (Suresh et al., 2015 and Aremu et al., 2007). 

Swelling capacity of different processed flours ranged from 
7.89%, 10.98%, 7.02% for HOCS, HRCS, HYCS, 8.21%, 
8.35%, 11.00% for OOCS, ORCS, OYCS, 7.58%, 6.95%, 9.28% 
for ROCS, RRCS, RYCS respectively. From table 1, it was clear 
that the lowest values of swelling capacity were found in roasted 
flour samples (7.58%, 6.95%, 9.28%) whereas the maximum 
values were found in oven-dried samples 
(8.21%,8.35%,11.00%). The value swelling capacity was found 
for hot oil bath samples (7.89%, 10.98%, 7.02%). Swelling 
capacity depends on the size of particles, types of variety and 
type of processing methods or unit operations. Therefore, oven 
dried method is perhaps adopted when the swelling capacity of 
cashew flour is concerned (Ide et al., 2019). 

Solubility of the processed flour sample was 9.66%, 10.42% 
10.94% for HOCS, HRCS, HYCS respectively. The highest 
values were found in oven-dried flour samples (16.64%, 14.70%, 
20.91%) for OOCS, ORCS, OYCS respectively and this could 
be attributed to the fact that the samples with higher solubility 
index showed how sticky and adhesive the food products is 
(Ehimen et al., 2017). Hot oil bath sample flours which had the 
lowest values (9.66%, 10.42%, 10.94%) of solubility was due to 
the presence of protein and lipid in the flour as it reduces the 
solubility of the starch molecules (Ide et al., 2019). The roasted 
cashew flour samples had 10.92%, 14.30% and 14.44% for 
ROCS, RRCS and RYCS respectively. The findings showed that 
the processed flour samples had good solubility that can be 
adopted in binding and blending for food products.  

Properties HOCS HRCS HYCS OOCS ORCS OYCS ROCS RRCS RYCS
Foaming 
capacity 

2.00 
(0.02) 

2.30 
(0.02) 

2.00 
(1.00) 

2.00 
(0.30) 

3.00 
(0.31) 

2.00 
(0.94)

8.00 
(1.03)

6.00 
(1.21)

4.00 
(4.02)

Foaming  
Stability 

1.00 
(0.82) 

1.50 
(4.02) 

2.00 
(2.22) 

1.00 
(2.04) 

1.00 
(1.03) 

2.00 
(0.34)

1.00 
(2.01)

2.00 
(0.23)

4.00 
(0.34)

Water 
absorption 
capacity 

92.54 
(2.11) 

172.32 
(0.43) 

116.42 
(1.02) 

35.57 
(1.95) 

137.32 
(2.03) 

80.92
(0.31)

110.11
(0.31)

74.85
(0.34)

58.60
(0.45)

Oil absorption
capacity 

88.55 
(0.21) 

85.80 
(0.23) 

73.64 
(0.43) 

70.16 
(3.03) 

67.82 
(2.00) 

63.34
(0.32)

75.42 
(3.02)

68.83
(3.05)

67.56
(0.21)

Swelling 
power 

7.89 
(0.23) 

10.98 
(2.03) 

7.02 
(0.43) 

8.21 
(0.23) 

8.35 
(2.01) 

11.00
(1.22)

7.58 
(0.32)

6.95 
(1.03)

9.28 
(1.91)

Solubility 
ndex (%) 

9.66 
(0.32) 

10.42 
(1.90) 

10.94 
(1.03) 

16.64 
(1.32) 

14.70 
(0.48) 

20.91
(0.33)

10.92 
(0.31)

14.30
(0.21)

14.44
(3.02)

Emulsification 
capacity 

2.50 
(0.21) 

2.50 
(1.04) 

2.00 
(0.32) 

1.50 
(0.31) 

2.00 
(0.32) 

2.50 
(1.03)

2.00 
(2.01)

2.50 
(0.32)

4.50 
(1.32)
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Emulsification capacity(EC) of the processed flour samples 
were 2.50%, 2.50%, 2.00%, 1.50%, 2.00%, 2.50%, 2.00, 2.50% 
and 4.50% for HOCS, HRCS, HYCS, OOCS, ORCS, OYCS, 
ROCS, RRCS and RYCS respectively. EC measures the 
maximum amount of oil emulsified by protein in a given amount 
of flour was found to be higher in roasted cashew flour (2.00%, 
2.50%, 4.50%). The samples with higher emulsification capacity 
indicated that they have a higher chance to emulsify during 
baking because of the globular nature of the protein present in 
the flour samples (Ide et al., 2019). Hot oil bath and oven dries 
samples were slightly difference by a 1% fraction and 
significantly different from the roasted cashew sample with a 4% 
fractional difference at (p>0.05) level. 

CONCLUSION  

Functional properties of cashew flour processed with hot oil 
bath, oven-dry and roasting varied significantly at (p>0.05). 
Foaming capacity (8.00%, 6.00% and 4.00%), emulsification 
capacity (2.00%, 2.50%, and 4.50%) and foaming stability 
(1.00%, 2.00%, and 4.00%) were found to be higher in the 
roasted samples. Water absorption capacity (92.54%, 172.32%, 
116.42%) and oil absorption capacity (88.55%, 85.80%, 
73.64%) were found to be higher in hot oil bath samples. 
Swelling capacity (8.21%, 8.35%, 11.00%) and solubility 
(16.64%, 14.70%, 20.91%) were observed to be higher in oven-
dried samples. All the tested cashew flour samples displayed 
good characteristics of functional properties and this indicates 
that the flour can serve as a functional ingredient in the 
formulation of snack products and compares very well with 
those of legumes/wheat flours and in turn reduce the importation 
of wheat flour into Nigeria. The mineral composition of nine 
cashew flour samples processed using a hot oil bath, oven-dried 
and roasting varied significantly at (p>0.05) across the varieties 
and processing methods. Phosphorus (0.72%, 0.69% and 
0.68%), Ca (0.30%, 0.37%  and 0.39%), Mg (0.23%, 0.26% and 
0.25%), K (0.66%, 0.68% and 0.68%), Mn (17.66ppm, 
26.30ppm and 24.37ppm), Cu (22.63ppm, 25.04ppm and 
24.84ppm), Zn (141.29ppm, 139.45ppm, 141.10ppm) were 
significant in hot oil bath samples while Na (28.17ppm, 
34.75ppm, 44.07ppm)  and iron (131.66ppm, 
117.53ppm,42.37ppm) were dominant in oven-dried flour 
samples. Generally, it was observed that all the proximate 
content, minerals and functional properties were significantly 
high (p>0.05). 

REFERENCES  

Adebowale K.O. and O.S Leal. 2003. Functional properties and 
Regtrogradation behavior nature and chemically 
modified Starch of Mucuna Bean (Mucuna Pruriens). Journal 
of Science of Food and Agriculture 83(15). 1541-1546. 

Adeleke R. and J. Odedeji, "Functional properties of wheat and 
sweet potato flour blends," Pakistan Journal of Nutrition, vol. 
9, pp. 535-538, 2010.Available at: 
https://doi.org/10.3923/pjn.2010.535.538.  

Adepoju, A. B, Coker, O. J and Adetula, O. A (2019). Effects of 
Processing Methods on the Proximate and Physicochemical 
Properties of Flour and Oil of Cashew Nut. Nigerian Journal 
of Nutritional Sciences Vol. 40 No. 1.  

Afoakwa E.O, Sefa-Dedeh S. 2001. Chemical composition and 
quality changes occurring in 

Akpata A. O. and E. U. Miachi,( 2001) "Chemical composition 
and selected functional properties of sweet orange and 
legumes," Flours Plant Foods Humam Nutritions, vol. 54, pp. 
353-362,.  

 Akpata M. and O. Miachi,( 2001.) "Proximate composition and 
selected functional properties of detarium microcarpum," 
Plant Foods for Human Nutrition, vol. 56, pp. 297-302,  

Amandikwa, C., Iwe, M., Uzomah, A. and Olawuni, A. 2015. 
Physico-chemical properties of  wheat-yam flour composite 
bread. Nigerian Food Journal. 33:12-17. 

Amusa N.A, Ashaya O.E, Oladapo, M.O. 2012. Biodeterioration 
of the African star apple (Chrysophyllum albiddum) and the 
effect on its food value. Afri. J.  Biotechnol.11 (3):59. 

Anthony Cemaluk C. Egbuonu. and Daniel C. Nzewi. 2018. 
Influence of Blanching on Some Nutrient and Anti-nutrient 
Compositions of Bitter Yam (Dioscorea dumetorum). British 

Anthony N., M. Sawi, O. Aiyelaagbe, A. Taiwo, T. Winnebah, 
and S. Fomba, (2014)"Proximate characteristics and 
complementary assessment of five organic sweetpotatoes 
cultivars and cowpea varieties," The International Journal of 
Engineering Science, vol. 3, pp. 38-42,.  

Aremu M. O, Olonisakin A. Bako D. A and Madu P. C (2006). 
Compositional studies and physicochemical characteristics 
of cashew nut flour. Pakistan Journal of Nutrition, 5: 328-
333. 

Aremu MO, Olaofe O, Akintayo ET (2007). Functional 
properties of some Nigerian varieties of legume seed flour 
concentration effect on foaming and gelation properties.J. 
Food Technol. 5(2): 109-115. 

Asif-Ul-Alam S., M. Islam, M. Hoque, and K. Monalisa,( 2014) 
"Effects of drying on the physicochemical and functional 
properties of green banana (Musa sapientum) flour and 
development of baked product," American Journal of Food 
Science and Technology, vol. 2, pp. 128-133,.Available at: 
https://doi.org/10.12691/ajfst-2-4-4. 

Bambang S. (2000). Roasting experiment of cashew nut in 
traditional industry. Journal of Agricultural Technology, 
December 2000. Vol. 1, Issue 3, p 64-69. 

Cemaluk E.A.C, Daniel NC, Nkiru E.O.C. 2014 Effect of 
Soaking Prior to Oven-Drying on 

Chaudhari, A.P., Thakor, N.J., Sonawane, S.P. and Sawant, A.A. 
(2013). Physical properties of cashew nut shells. Internat. J. 
Agric. Engg., 6(1): 254-260. 

Chen C. Y, Lapsley K and Blumberg, J. B (2006). A nutrition 
and health perspective on almonds. Journal of the Science of 
Food and Agriculture, 86(14): 2245-2250. 

Chinedu N. Ogbuji and Onuh Marshall Udoh Ekaiko 2017. 
Evaluation of Antinutrients and Mineral Composition of 
Trifoliate Yam (Dioscorea Dumentorum) and White 
Cocoyam(Xanthosoms Atroviren).ResearchJournal of 
Applied Sciences, Engineering and Technology Vol. 3, (9). 
pp.36-43. 

Daramola B, Aina JO (2007) Effects of Alum on Pasting and 
Some Physicochemical Properties of Cassava (Manihot 
esculentum) Starch. World J Dairy Food Sci 2: 18-222. 

Dogo Sylvain BADJE, Doudjo SORO, Mohamed Anderson 
YEO,  Ernest Kouadio KOFFI (2018) Physico-Chemical, 
Functional and Sensory Properties of Composite Bread 
prepared from Wheat and defatted Cashew (Anacardium 
occidentale L.) Kernel Flour.International Journal of 
Environmental & Agriculture Research (IJOEAR) 
ISSN:[2454-1850] [Vol-4, Issue-4. 

Ehimen R. Ohizua and Abiodun A.(2017).On nutrient 
composition, functional and Pasting properties  of 
Unripe cooking banana,pigeon pea and sweet potato flour 
blends .5(3): 750 -762. 

Ehimen R. Ohizua, Abiodun A. Adeola, Micheal A. Idowu, 
Olajide P. Sobukola, T. Adeniyi Afolabi, Raphael O. Ishola, 
Simeon O. Ayansina, Tolulope O. Oyekale, Ayorinde 



Uche, O.,N., et al. / Effects of Processing Methods on the Functional Properties and Mineral Composition of Cashew Kernel Flour 

88 Journal on Processing and Energy in Agriculture 26 (2022) 3-4 

Falomo. (2017). Nutrient composition, functional, and 
pasting properties of unripe cooking banana, pigeon pea, and 
sweetpotato flour blends. Food Science & Nutrition. 5:750-
762. 

Emelike N.J.T, Barber L.I, Ebere C.O (2015) Proximate, 
Mineral and Functional Properties of Defatted and 
Undefatted Cashew (anacardium occidentale linn.) kernel 
flour. European Journal of Food Science and Technology 
vol.3, no.4, pp.11-19. 

Emelike N.J.T, Barber L.I, Ebere C.O (2015) proximate, mineral 
and functional properties of defatted and undefatted cashew 
(anacardium occidentale linn.) kernel flour. European 
Journal of Food Science and Technology Vol.3, No.4, pp.11-
19. 

Ephraim Vunain, Frank Chirambo, Samson Sajidu &Timothy 
Tywell Mguntha (2020) (Proximate Composition, Mineral 
Composition and Phytic Acid in Three Common Malawian 
White Rice Grains. Malawi Journal of Science and 
Technology, Volume 12.issue 1. 

Esref, I. and Halil, Ü. (2007) Moisture-dependent physical 
properties of white speckled red kidney bean grains”, Journal 
of Food Engineering 82, pp.209-216.  

Hannington Twinomuhwezi, Chinaza Godswill Awuchi, Mihigo 
Rachael. Comparative Study of the Proximate Composition 
and Functional Properties of Composite Flours of Amaranth, 
Rice, Millet, and Soybean. American Journal of Food 
Science and Nutrition. Vol. 6, No. 1, 2020, pp.6-19. 

Heinig, R. E (2006). The patient with diabetes: preventing 
cardiovascular complications. Clinical Cardiology, 29 (10): 
13-20.  

Honorato T. L, Rabelo M. C, Goncalve L. R. B, Pinto G. A. S 
and Rodrigue S. (2007). Fermentation of cashew apple juice 
to produce high added value products. World Journal of 
Microbial Biotechnology, 23: 1409 – 1415.  

Hussain S, Anjun F.M, Butt M.S and Sheikh M.A (2008). 
Chemical compositions and functional properties of flaxseed 
flour. Sarhad Journal of Agriculture, 24(4), 649 – 653. 

Hussain S, Anjun F.M, Butt M.S and Sheikh M.A (2008). 
Chemical compositions and functional properties of flaxseed 
flour. Sarhad Journal of Agriculture, 24(4), 649 – 653. 

Ide, P. E., Eze, P. C and Eze, C. N (2019) Comparative Studies 
On The Proximate Composition And Functional Properties 
Of Mucuna Sloanei Bean Flour Varieties. Journal of Asian 
Scientific Research. Vol. 9, No. 11, 185-192. 

 Iwe M., U. Onyeukwu, and A. Agiriga, "Proximate, functional 
and pasting properties of FARO 44 rice, African yam bean 
and brown cowpea seeds composite flour," Cogent Food & 
Agriculture, vol. 2, pp. 1-10, 2016.Available at: 
https://doi.org/10.1080/23311932.2016.1142409. 

Jitngarmkusol S, Hongsuwankul J, Tananuwong K (2008) 
Evaluation of Functional properties of compositeflours and 
sensorial attributes of composite flour biscuit. J. Food 
Sci.Technol. 52(6): 3681 -3688.Journal of Applied Science 
& Technology. 16(2): 1-8. 

Kasaye , Melese , Amare and Hailaye (2018) Effect of 
Fermentation and Boiling on Functional and Physico 
Chemical Properties of Yam and Cassava Flours. Journal of 
Agricultural Science and Food Research Kasaye, et al., J 
Agri Sci Food Res 2018, 9:4. 

Kiin-Kabari D.B & Giami S.Y (2015). Physico-chemical 
properties and in-vitro protein digestibility of non-wheat 
cookies prepared from Plantain flour and Bambara 
Groundnut Protein concentrate. Journal of food research, 
4(20), 78 – 86. 

Kilanko Oluwaseun, Ojolo Sunday Joshua, Inegbenebor 
Anthony Omieraokholen, Ilori Titus Adeyinka, Leramo 
Richard Oluwafemi1, Babalola Philip Olufemi, Onwordi 
Patrick Nwanne (2018) Effect of Pre-Shelling Treatment on 
Physical and Mechanical Properties of Cashew Nut. IOP 
Conf. Series: Materials Science and Engineering 413 (2018) 
012038 doi:10.1088/1757-899X/413/1/012038. 

Mora, Y. N.; Contreras, J.; Aguilar, C.; Melendez, P.; Ileana De 
la Garza, and Raul, R. (2013). Chemical Composition & 
Functional Properties from Different Sources of Dietary 
Fiber. American Journal of Food and Nutrition, Vol. 1, No. 
3, 27-33. 

Mukuddem-petersen, J., Oosthuizen, W., Jerling, J.C.A., (2005). 
Systematic review of the effects of nuts on blood lipid 
profiles in humans. Journal of Nutrition, 135 (9): 2082-2089.  

Nascimento, A.N., Naozuka, J., Oliveira, P.V., (2010) In vitro 
evaluation of Cu and Fe bioavailability in cashew nuts by 
off-line coupled SEC-UV and SIMAAS. Microchemical 
Journal,96, 58-63.  

Ndife J, Kida F and Fagbemi S. (2014). Production and quality 
assessment of enriched cookies from whole wheat and full 
fat soya. European Journal of Food Science and Technology, 
2(1), 19 – 28 

Nwosu J., "The effect of storage condition on the 
rheological/functional properties of Soup  thickener Mucuna 
sloanei (Ukpo)," Researcher, vol. 3, pp. 6-10, 2011.  

Ogbuji C. A., Ndulaka J.C., Ekaiko, M. U And Onuh, E. 
F.(2017).Evauluation Of Antinutrients And Mineral 
Composition Of Trifoliate Yam (Dioscorea Dumentorum) 
And White Cocoyam (Xanthosoms Atroviren). North Asian 
International Research Journal of Sciences, Engineering & 
I.T. Issn: 2454 - 7514 Vol. 3, Issue 9. 

Ogunwolu, S.O., Henshaw, F.O., Mock, H.P., Santros, A., 
Awonorin, S.O., (2009). Functional properties of protein 
concentrates and isolates produced from cashew 
(Anacardium occidentale L.) nut. Food Chemistry, 115, 852-
858.  

Oluwalana I., M. Oluwamukomi, T. Fagbemi, and G. 
Oluwafemi,( 2011) "Effects of temperature and period of 
blanching on the pasting and functional properties of plantain 
(Musa Parasidiaca) flour," Journal of Stored Products and 
Postharvest Research, vol. 2, pp. 164-169.  

Omosuli Segun Vincent, Ibrahim Tesleem Adewale and Oloye 
Dare, Agbaje Racheal and Jude-Ojei Bolanle (2009) 
Proximate and Mineral Composition Of Roasted and 
Defatted Cashew Nut (Anarcadium occidentale) Flour. 
Pakistan Journal of Nutrition 8 (10) 1649-1651. 

Onwuka G.I. 2005. Food analysis and instrumentation: theory 
and practice. Lagos; Napthali prints. Nigeria. pp. 95-96. 

Owuamanam C., S. Obeleagu, C. Ogueke, J. Iwouno, A. 
Nwakaudu, and I. Nwachukwu, "Functional properties of 
seed flours of Detarium microcarpum and Mucuna Sloanei as 
affected by sodium chloride and palm oil: A response surface 
methodology approach," Futo Journal of Ser, vol. 2, pp. 361-
378, 2016. 

Rahman A., Olatoye K., Ogunyele O. 2016. Potentials of 
Trifoliate Yam (Dioscorea dumetorum)in Noodles 
Production. J.Food Process Technol. 7 (8):609. DOI: 
10.4172/2157-7110.100060. 

Some Nutrient and Anti-Nutrient Properties of Bitter Yam 
(Dioscorea dumetorum). Journal Nutrition Food Sci. 4: 280. 
doi: 10.4172/2155-9600.1000280. 

Supaluck K, R. Saroat, and L. Suyong, Physicochemical and 
functional properties of Thai organic rice flour. Journal of 



Uche, O.,N., et al. / Effects of Processing Methods on the Functional Properties and Mineral Composition of Cashew Kernel Flour 

Journal on Processing and Energy in Agriculture 26 (2022) 2 89 

Cereal Science, vol. 79, pp. 259-266, 2017.Available at: 
https://doi.org/10.1016/j.jcs.2017.10.015.  

Suresh, C., Samsher, S. and Durvesh, K. (2015). Evaluation of 
functional properties of composite flours and sensorial 
attributes of composite flour biscuits. Journal of Food 
Science and  Technology, 52(6), 3681–3688. 

Ugwuanyi Nnadi, O., Eze Paul C., Ide Patrick E (2020) 
Comparative studies on proximate compositions and 
functional properties of trifoliate yam flour .varieties. agr. 
eng.8-20 

Walter N.L. Dos Santos, Maria Celeste S. Sauthier1, Dannuza D. 
Cavalcante, Clícia M.J. Benevides, Fábio S. Dias and 
Daniele C.M.B. Santos (2016). Mineral Composition, 
Nutritional Properties, Total Phenolics and Flavonoids 
Compounds of the Atemoya Fruit (Annona Squamosa L. X 
Annona Cherimola Mill.) And Evaluation Using Multivariate 
Analysis Techniques. 

 
Received:15.04.2022. Accepted:15.12.0222.

 
 

 


