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Abstract 
In Africa, the number of undernourished people is increasing at an alarming 
rate. However, fruits play an important role in humans, especially as a source 
of vitamins and minerals. In Senegal, there is research on the nut, but no at-
tention given to the cashew apple. The present study contributes to the evalu-
ation of the physicochemical and biochemical properties of cashew apple 
juice from the eco-geographical area of Casamance, in southern Senegal. The 
plant material consists of cashew apples collected in June 2021 from 120 ca-
shew trees. Three batches were constituted for this purpose, taking into ac-
count the colour of the apples (red, yellow, and orange). AFNOR standar-
dised methods were used for the physicochemical and biochemical characte-
risation of cashew apple juice. The dry extract, dry matter, and ash content of 
the red, yellow, and orange varieties ranged from 14 to 14.70 ˚Brix; 12.96% to 
14.17%, and 0.24 to 0.35 g/100g respectively. The multivariate analysis of va-
riance by permutation allowed us to identify two groups of cashew apples. 
The first group, consisting of orange cashew apples, had the best nutritional 
quality and was very rich in total minerals (0.35 g/100g) and reducing sugars 
(18.69 mg/100g). The second group, made up of red and yellow apples, is 
particularly rich in protein (0.52 g/100ml) and antioxidants (43.28% in IP). 
Antioxidant power is positively correlated with total phenolic content (r = 
0.99). Cashew co-products have a high nutritional value and a considerable 
economic issue. 
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1. Introduction 

The cashew tree (Anacardium occidentale L.) is a tree of the Anacardiaceae fam-
ily whose exploitation is focused on its nut.  

Cashew nuts occupy a prominent place in the world market, particularly as a 
major source of foreign exchange for many producing countries. Global demand 
for cashew nuts is growing rapidly.  

In Africa, the sector is at the heart of public policies in all nut-producing 
countries such as Ivory Coast, Guinea, Guinea Bissau, Burkina Faso, Nigeria, 
Tanzania, Mozambique, Benin, Kenya, Senegal, and Gambia [1]. In Senegal, the 
cashew nut sector plays a very important economic role in the two major cashew 
nut agro-ecological poles of the natural region of Casamance and Fatick in terms 
of income generation and job creation, particularly for rural women [2]. In Ca-
samance, particularly in Ziguinchor and Sédhiou, cashew nuts are of excellent 
quality, with KOR (Kernel Output Ratio) values close to WAEMU standards (> 
or = 50 lbs) [1]. 

The average annual national production is estimated at 28,900 tonnes in 2018 
[3], 97% of which is destined for export [4]. The economic dimension of cashew 
was introduced into environmental management from the 1980s onwards in or-
der to better take into account the concerns of the population and take full ad-
vantage of the opportunities offered by the sector. This marked the beginning of 
the emergence of major forestry projects, notably the Senegalese-German Ca-
shew Project (PASA) and the Cashew Nut Shelling Company of Senegal 
(SODENAS). During this same period, nut processing took off, as producers be-
gan to see other possibilities for making their crops profitable. Another link in 
the value chain was added, namely the processor. Initially, small-scale processing 
units were created. The work is laborious and the finished product is not very 
standardized in relation to international quality requirements. 

From the 2000s onwards, the processing technique was gradually modernised 
with the acquisition of imported equipment allowing for a denser production of 
finished products.  

The products of cashew nut processing are roasted almonds. Despite the in-
tervention of several projects or programs to improve the productivity of cashew 
plantations, the cashew sector still suffers from numerous difficulties due to low 
yields, poor conservation of the almonds, and marketing difficulties. It seems 
important to valorise the cashew apple, a by-product of the nut's exploitation, to 
propel the cashew value chain and thus raise the standard of living of the poor. 

Apart from cashew nuts, apples are not very highly valued, except in India and 
Brazil where they are used for the production of fruit juice [5] or liqueur [6]. In 

https://doi.org/10.4236/fns.2022.134032


L. Ndiaye et al. 
 

 

DOI: 10.4236/fns.2022.134032 441 Food and Nutrition Sciences 
 

Senegal, cashew apples were abandoned and rot at the expense of the nuts, espe-
cially because of their astringent taste [7] [8]. Currently, they are being used ti-
midly for juice in Casamance, the area where they are most commonly grown in 
Senegal. Several studies have been carried out on the evaluation of the resource, 
the morphological and phenotypic characterisation of cashew trees [9], which 
describes the red, yellow, and orange apple varieties. Some studies have ad-
dressed production potential, extension techniques, marketing, processing [10], 
production [11] [12] [13] [14] [15], ecological, environmental and socio-economic 
impact of cashew [16], and assessment of nutrient content of raw nuts [17]. 
However, studies on the evaluation of cashew apple characteristics according to 
the top sequence of the major agro-ecological production zones of Casamance 
are inexistent to our knowledge. The present study focuses on the evaluation of 
the physicochemical and biochemical characteristics, the antioxidant power, and 
the energy value of the juice of cashew apple varieties. This work will promote 
the development of the cashew industry through the diversification of cashew 
apple products.  

2. Material and Methods 
2.1. Plant Material 

Cashew apples were collected in June 2021 in Casamance, south of Senegal, from 
one hundred and twenty (120) cashew trees selected among the 411 characte-
rized. From each tree and following the four cardinal points, two (2) cashew ap-
ple samples were collected in the eastern and northern orientations. The cashew 
apples from each region were divided according to the colour of the peel into 
three batches (red, yellow, and orange). These samples were then separated from 
their nuts. They were soaked in tap water, chilled in coolers, and transported to 
the Laboratory (LE3PI) of Polytechnic Superior School (ESP) in Dakar. The 
hypertrophied peduncle of the cashew nut was drained in the laboratory using a 
sieve fitted with a soft water-sucking cloth at the bottom, sliced, and ground us-
ing a blender to ensure a rapid extraction rate. The raw juice extracted from each 
batch was transferred to 100 ml bottles and stored in a freezer at −20˚C for the 
various analyses. Extracts (cashew juice) of the same colour from the different 
regions (Ziguinchor, Sédhiou, and Kolda) were then mixed to form the proven-
ances (red, yellow, and orange) of Casamance (Figure 1).  

2.2. Physicochemical and Biochemical Analyzes 

Titratable acidity, pH, soluble solids content, reducing and total sugars, proteins, 
lipids, ash content, and energetic value were evaluated according to standard 
AFNOR methods [18]. 

Total phenolic content (TPC) was the Folin-Ciocalteu method as described 
elsewhere slightly modified [19]. TPC was determined as gallic acid equivalents 
(GAE) and values were expressed as mg GAE/g dry matter (DM) of extract. The 
flavonoid content, expressed as milligram catechin equivalent (mg CE) per gram of  

https://doi.org/10.4236/fns.2022.134032


L. Ndiaye et al. 
 

 

DOI: 10.4236/fns.2022.134032 442 Food and Nutrition Sciences 
 

 
Figure 1. Yellow cashew (A1); yellow apple juice (A2); Orange cashew (B1); orange apple 
juice (B2); Red cashew (C1); red apple juice (C2). 
 
dry matter, was determined using the colorimetric method described by Kim [20]. 
Tannins were determined by the colorimetric method of Folin Denis. The result is 
expressed as the milligram equivalent of gallic acid (mg GAE) per gram of dry 
matter [21]. The antioxidant activity was evaluated according to the percentage 
inhibition of honey-based extracts on the DPPH radical (2, 2-diphenyl-1-picrylhy- 
drazyl, Sigma, chemical company, USA) by making some modifications to the 
method [22]. The determination of minerals was carried out by atomic absorption 
spectrophotometer (SAA NOVAA-350, ZEENIT 700P). The results are expressed 
in milligrams per gram of dry matter. 

2.3. Statistical Analysis  

The analytical results obtained from three independent trials were presented as 
mean ± standard deviation. They were subjected to multivariate analysis of va-
riance by permutation (PERMANOVA) with one factor using the vegan package 
of STATISTICS R software version 4.1.1 at the 5% significance level. The 
non-parametric statistical method (Wilcoxon test) was used for significance 
testing. The ascending hierarchical classification based on physicochemical and 
biochemical characteristics was carried out according to the Euclidean distance 
dissimilarity of the Bray method [23]. 

3. Results and Discussion 
3.1. Physicochemical, Biochemical Characterisation, and  

Antioxidant Activity 

The physicochemical, biochemical, and antioxidant power results of raw juices 
from different cashew apple varieties are presented in Table 1. The analysis of 
the table shows that the juice from the red and yellow apple varieties have the 
same density, whether (1.03), each. These results corroborate those of Gbohaïda  
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Table 1. Physicochemical, biochemical characteristics and antioxidant power of the juice 
of three varieties of Anacardium occidentale. 

Parameters CAR CAY CAO 

Density 1.03 a 1.03 a 1.03 a 

pH value 4.62 ± 0.00 a 4.61 ± 0.00 a 4.52 ± 0.02 b 

Dry matter (%) 14.17 ± 0.02 a 12.84 ± 0.02 b 12.96 ± 0.02 c 

dry extract (˚Brix ) 14.70 a ± 0.10 14.27 ± 0.25 b 14 ± 0.2 c 

Ashes (%) 0.27 ± 0.02 a 0.24 ± 0.01 b 0.35 ± 0.01 c 

Protein (g/100g) 0.49 ± 0.01 a 0.56 ± 0.01 b 0.42 ± 0.02 c 

Lipids (g/100g) 1.31 ± 0.01 a 1.49 ± 0.01 b 1.85 ± 0.01 c 

Reducing sugars (g/100g) 17.64 ± 0.03 a 20.35 ± 0.02 b 18.69 ± 0.02 c 

Vitamin C (mg/100ml) 290 ± 0.02 a 270 ± 0.02 b 300 ± 0.01 c 

Energy value (Kcal/100g) 31.33 ± 0.09 a 28.01 ± 0.01 b 29.66 ± 0.01 c 

Polyphenols (mg EAG/g MS) 0.02 ± 0.002 a 0.03 ± 0.003 b 0.01 ± 0.002 c 

Antioxidant activity in IP (%) 38.37 ± 1.12 a 48.18 ± 2.55 b 20.02 ± 0.06 c 

On the same line, the means bearing the same letter are not significantly different at the 
5% level. CAR = Cashew Apple Red; CAY = Cashew Apple Yellow; CAO = Cashew Apple 
Orange. 
 
et al. [24], according to whom the density of the juice of red and yellow cashew 
apples in Benin varies from 1.03 to 1.05 and 1.03 to 1.04 respectively.  

The pH of the juice of the red (4.62) and yellow (4.61) varieties is almost sim-
ilar and is higher than the orange apples (4.52). The acidity of the juice of hyper-
trophied peduncle of the cashew nut from Casamance is between 4.52 and 4.62. 
Several authors [24] [25] [26] [27] have shown that the pH of cashew apple juice 
from Tanzania, Benin and Ivory Coast ranges from 3.9 to 4.3; 3.37 to 4.52, and 
4.37 to 4.5 respectively. Cashew apples from Casamance are less acid than those 
from Tanzania, Benin, and Ivory Coast. The differences between countries in the 
acidity of cashew apple juice are thought to be related to the climates and soil 
types of each country.  

The dry matter content of the juice of red cashew apples is higher (14.17%) than 
orange (12.96%) and yellow (12.84%). The refractometric dry extract composition 
of the red apple varieties (14.70 ˚Brix) is higher than the yellow (14.27 ˚Brix) and 
orange (14 ˚Brix) varieties. The ash content of the orange varieties (0.35%) is 
higher, followed by the yellow (0.24%) and red (0.27%) varieties. 

The refractometric dry extract, dry matter, and ash content of the red, yellow, 
and orange apple varieties ranged from 14 to 14.70 ˚Brix; 12.96% to 14.17%, and 
0.24 to 0.35 g/100g respectively and were higher in Casamance cashew apples 
compared to those obtained in Benin (8.2 to 10.2 ˚Brix; 7.20% to 8.43% and 
0.15% to 0.23%) [26]. Several factors, including variety, agroecological zone, 
climate, cultivation practices, level of maturity of the fruit at harvest [28], storage 
conditions of the fruit [29] [30], and even the colour and shape of cashew apples 
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affect their physicochemical composition [27].  
The protein content is higher in the juice of yellow cashew apples (0.56 

g/100g) than in red (0.49 g/100g) and orange (0.42 g/100g). The protein compo-
sition of Casamance cashew apple juice varies between 0.42 and 0.56 g/100g and 
is richer in protein than hypertrophied peduncle of the cashew nut from Ivory 
Coast (0.51 to 0.53 g/100g) [27] and India (0.2 g/100g) [31].  

When examining lipid compounds, orange cashew apple juice (1.85 g/100g) is 
more abundant, followed by yellow (1.49 g/100g) and red (0.31 g/100g) respec-
tively. The crude lipid composition of cashew apple juice, the false fruit of the 
cashew tree, is much lower than the real fruit, the almond (46.1 g/100g) [32].  

Reducing sugars are much more present in the juice of yellow cashew apples 
(20.35 g/100g) than in orange (18.69 g/100g) and red (17.64 g/100g). For reduc-
ing sugars, the content is between 17.64 and 20.35 g/100g. The juice of the 
hypertrophied peduncle of the cashew nut from Casamance is far richer in re-
ducing sugars than that from India (1.76 to 13.3 g/100g) [33].  

Regarding vitamin C, the juice of orange cashew apples is richer (300 
mg/100ml), followed by red (290 mg/100ml) and yellow (270 mg/100ml). The 
vitamin C content of Casamance cashew apples varies from 270 mg/100ml to 
300 mg/100ml. These authors in their studies on cashew apples [34] [35] showed 
a vitamin C content of 219 mg/100ml. The results obtained in the present study 
are comparable to those of Ouattara et al. [36] and Damasceno et al., quoted by 
Runjala and Kella [31], who found the vitamin C content of raw cashew juice to 
be 317.5 mg/100ml and 126 - 372 mg/100ml respectively. 

From Table 1, it can be seen that the energy value varied from 28.01 to 31.33 
Kcal/100g. This result is much lower than that obtained by Runjala and Kella 
[31] in India (51 Kcal/100g). 

The total phenolic content of the juice of yellow cashew apples (0.03 mg 
GAE/g DM) is higher than red (0.02 mg GAE/g DM) and orange (0.01 mg 
GAE/g DM). However, the total phenolic composition of Casamance cashew 
juice is lower than that obtained in Benin by Ouattara et al. [36]. Michodje-
houn-Mestres [37] showed that 98% of these phenols are in condensed form 
(tannins), compounds responsible for the astringency of the fruit.  

The juice of yellow cashew apples has a higher inhibition percentage (48.18%) 
than red (38.37%) and orange (20.02%). The antioxidant activity of the juice of 
Casamance cashew apple varieties is far lower than that of different samples of 
processed and dried cashew apples from Benin ranging from 74.46% to 82.89% 
[38]. The cashew apple juice in the present study has a more pronounced anti-
oxidant activity than the raw (41%) and roasted (37%) cashew nut [39]. Howev-
er, the antioxidant power of cashew juice is almost similar to that of apple (53%) 
and is much lower than cashew fiber (94%) and cashew nut shell liquid (100%) 
(CNSL) [39].  

3.2. Minerals 

The raw juices obtained after the extraction of cashew apples were quantified for 
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minerals, the results of which are given in Table 2. The result shows that cashew 
apple juice contains significant quantities of minerals, particularly potassium, 
phosphorus, magnesium, and calcium. These values are significantly different 
from one juice to another and according to the cashew apple varieties studied. 
Thus, the best mineral content is obtained with the orange cashew apple with 
values of 1492 ± 11 mg/100g in phosphorus, 207.67 ± 3.45 mg/100g in potas-
sium, 163 ± 2.70 mg/100g in magnesium, and 47.10 ± 0.60 mg/100g in calcium. 
This was followed by the yellow and red apple varieties with values of 1138.67 ± 
15.5 and 1060.67 ± 15.5 mg/100g phosphorus, 162.37 ± 1.25 and 144.1 ± 1.6 
mg/100g potassium, 123.05 ± 1.55 and 110.20 ± 0.9 mg/100g magnesium, 42.05 
± 0.75 and 34.8 ± 1.4 mg/100g calcium respectively. 

Phosphorus concentration in the juice of red, yellow, and orange varieties va-
ries from 1060.67 ± 15.5 to 1492 ± 11 mg/100g. These results are far superior to 
those of the synthetic study by Lautié et al. [32] on cashew tree products: cha-
racteristics, valuation routes, and markets (10 to 30 mg/100g in phosphorus). 
However, they have low levels of trace elements. The juice of orange cashew ap-
ples is richer in sodium (25.91 ± 0.5 mg/100g) than red (23.07 ± 0.82 mg/100g) 
and yellow (21.31 ± 0.02 mg/100g) apples. The iron composition of the orange 
apple juice (10.17 ± 0.5 mg/100g) is higher than that of the yellow (6.78 ± 0.14 
mg/100g) and red (4.75 ± 0.43 mg/100g) apples. The copper content is higher in 
the juice of orange apples (2.14 ± 0.08 mg/100g) followed by yellow (1.45 ± 0.01 
mg/100g) and red (1.14 ± 0.07 mg/100g) apples. The trace element zinc is more 
present in orange cashew apple juice (2.2 ± 0.03 mg/100g) than in red (1.08 ± 
0.04 mg/100g) and yellow (1.45 ± 0.01 mg/100g). The contents of sodium, iron, 
and zinc confirm the results of Assuncao and Mercadante; Michodjehoun-Mestres 
and Adou et al. [37] [40] [41]. 

The values obtained in the present study for calcium (34.8 ± 1.4 to 47 ± 0.6 
mg/100g) and iron (4.75 to 10.17 ± 0.5 mg/100g) are far above the recommend-
ed daily allowances for these two minerals, which are 0.68 mg and 0.015 mg re-
spectively [42]. 
 
Table 2. Minerals in juices from extract from Anacardium occidenale apple varieties. 

Minerals (mg/100g) CAR CAY CAO 

P 1060.67 ± 15.5 a 1138.67 ± 15.5 b 1492 ± 11 c 

K 144.1 ± 1.6 a 162.37 ± 1.25 b 207.67 ± 3.45 c 

Mg 110.2 ± 0.9 a 123.05 ± 1.55 b 163 ± 2.7 c 

Na 23.07 ± 0.82 a 21.31 ± 0.02 b 25.91 ± 0.5 c 

Ca 34.8 ± 1.4 a 42.05 ± 0.75 b 47.10 ± 0.6 c 

Fe 4.75 ± 0.43 a 6.78 ± 0.14 b 10.17 ± 0.5 c 

Zn 1.08 ± 0.04 a 0.85 ± 0.03 b 2.2 ± 0.03 c 

Cu 1.14 ± 0.07 a 1.45 ± 0.01 b 2.14 ± 0.08 c 

On the same line, the means bearing the same letter are not significantly different at the 
5% level. 
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3.3. Multivariate Analysis and Correlation Test 

The linear correlation tests between the different parameters measured show 
that the correlations are significant between the physicochemical and biochemi-
cal parameters. Indeed, the multivariate analysis of variance by permutation of 
the different measured parameters allowed us to obtain the results represented in 
Figure 2. Thus, the dimensions (Dim1 and Dim2) obtained, which represent 
100% of the information, were very sufficient to ensure a precise interpretation 
of the results in Figure 2. Dimension 1 alone accounts for 100% of the informa-
tion. The correlation circle shows that all the physicochemical and biochemical pa-
rameters, the antioxidant power, and the energy value are very well represented 
on axis I and are either positively or negatively correlated on this axis. Thus, by 
comparing all the parameters evaluated on the juice of red, yellow, and orange 
cashew apple varieties, it is easy to note that there are two groups of cashew ap-
ples. The first group includes only orange cashew apples. The second group con-
sists of red and yellow varieties.  

Based on the permutation multivariate analysis of variance (PERMANOVA), 
a further and more in-depth analysis allowed the development of a dendrogram 
grouping all parameters (Figure 3). The analysis of the results on the dispersion 
of the variables allows the identification of the parameters that are most corre-
lated to the two cashew apple groups. The group (red and yellow apples) is more 
correlated with vitamin C (Vc), protein (Pr), zinc (Zn), glucose (Glu), and ca-
shew juice density (d). However, the orange cashew group is more correlated 
with iron (Fe), reducing sugar (S.r), sodium (Na), calcium (Ca), magnesium 
(Mg), phosphorus (P), dry matter (M_S), and water (H2O) content. In addition, 
antioxidant power (IP) and potassium (K) content are also strongly correlated 
with orange cashews. 
 

 

Figure 2. Correlation between physicochemical and biochemical parameters and cashew 
groups. 
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Figure 3. Distribution of physicochemical, biochemical, antioxidant and energy parame-
ters of cashew apple juice on the factorial plane. 
 

The two groups of cashew apples from Casamance have a similarity in acidity. 
Cashew apples have a significant caloric intake, so they can contribute to nutri-
tional balance. Indeed, they are an excellent source of protein, vitamins, and 
minerals that can contribute to the health benefits of the population. Vitamin C 
has reducing properties which are the basis of its biological activity. Ascorbic 
acid is known as an antioxidant (highly reducing agent) and has a role as a co-
factor in oxygen catalysed reactions. It is known to inhibit the synthesis of ni-
trosamines (carcinogenic compounds) formed in our digestive tract from nitrites 
and amino compounds. The antioxidant potential of cashew apple juice is of 
particular importance to human health. 

3.4. Correlation between Physicochemical, Biochemical Variables,  
Antioxidant Activities and Energy Values 

The analysis of Figure 4 shows a strong correlation between physicochemical, 
biochemical, antioxidant power, and energy value parameters. In contrast, rela-
tively moderate and weak correlations were observed between the above para-
meters. The analysis in Figure 4 clearly shows that there is a highly significant 
correlation between antioxidant power (IP), total phenolic content (P_P), and 
vitamin C (Vc) content of cashew apple juice. Antioxidant power was positively 
correlated with total phenolic content (r = 0.99). However, several fruit studies 
cited by Soro [43] have shown that antioxidant activity is not correlated with to-
tal phenolic content and/or vitamin C. Figure 5 also shows a very strong corre-
lation between the raw juices of cashew apple varieties (red, yellow, and orange) 
from the Casamance agroecological zone. 
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Figure 4. Correlation between physicochemical and biochemical parameters, antioxidant 
power and energy value of cashew apple juice. 
 

 

Figure 5. Correlation between cashew apple juice. 

4. Conclusion 

The cashew apple is a pseudo fruit with high nutritional value and technological 
interest. The pseudo-fruits of the varieties studied have significant quantities of 
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macromolecules (proteins, sugars, lipids) and minerals. The orange cashew ap-
ple has the best nutritional quality and is strongly correlated with mineral ele-
ments. The orange hypertrophied peduncle of the cashew nut is a privileged re-
source for the production of jam, preserves in syrup, fruit juice, soft drinks, ice 
cream, candy, chutney, pickles, and other products. Thus, cashew pseudo fruits 
can be a good alternative to daily vitamin C supplementation for children and 
adults and can thus contribute to achieving food security in Casamance. It seems 
necessary to continue investigations in direction of valorization of this cashew 
nut co-product in order to contribute to boosting the cashew industry in Seneg-
al. The valorisation of the hypertrophied peduncle of the cashew nut will allow 
the improvement of the diet of vulnerable groups and the creation of new eco-
nomic activities that generate employment, and consequently, fight against un-
employment in Senegal.  
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