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Abstract
The aim of our study was to evaluate physical properties of cashew nuts from
the three main production areas in Côte d’Ivoire namely Bondoukou, Dabakala and Mankono after 6 months of storage in identical conditions. Sample
cashew nuts have been collected from farmers randomly selected in 20 localities far enough apart and also veritable purveyors of nuts. The physical traits
of the raw cashew nuts and their different parts were evaluated by standard
methods. As results, our data showed that despite the similar mass (in mean
6.23 g) of cashew nuts independently of the origin, the mass of the kernels
nuts from Bondoukou (2.17 g) were significantly higher than those from Dabakala (1.90 g) and Mankono (1.81 g) respectively in contrast to the shell
mass indicating the best kernels yield at Bondoukou. Nuts water content diminished slowly from nuts at Bondoukou (3.86%) but rapidly at Mankono
(5.68%) after 6 months of storage. For the morphometric characteristics, our
results revealed that the nuts from Bondoukou were statistically shorter but
the kernels were thicker (15.1 ± 0.50 mm) versus and for Dabakala (11.4 ±
0.16 mm) and Mankono (11.2 ± 0.19 mm) respectively. There is a clear correlation between the arithmetic diameter of the kernels and their sphericity (r
= 0.99). Concerning the technological properties, out-turn was average
ranged from 44.09 to 46.69 with defective up to 18% at Dabakala. Taken together, our results suggested that the cashew nuts presented different physical
properties according to each region of production in Côte d’Ivoire requiring
appropriated agricultural practices.
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1. Introduction
Cashew (Anacardium occidentale L.) of family Anacardiaceae, order Sapindales,
is a fruit-cum-nut crop of world importance and is an important tropical plant
species native to tropical America [1]. Anacardium species have significant economic importance throughout the world, principally because of two of its natural products: the cashew nut itself (botanically, the fruit) and the pseudofruit
(which is actually an expanded and fleshy peduncle). The cashew tree represents
for Africa which provides 50% of the world’s supply of raw cashew nuts, a great
opportunity through the export of its nuts [2] [3].
Introduced in the North of Côte d’Ivoire at the end of the 1950s by Government programs of reforestation due to its rapid growth and its rusticity, cashew
was until the early 1990s exploited for its wood [4] [5] [6]. But since the beginning of the 2000s, cashew plantations have emerged gradually as income-generating
speculation in front of cotton [4] [5] [6]. Thus, the production of cashew has
been very intensive in Côte d’Ivoire since 2015 with annual productions estimated at 700 thousand tons representing a rate of 21% of the World offer. Côte
d’Ivoire is currently the world leading producer and exporter country of cashew.
More than 250 thousand producers are concerned by cashew which represents
the main source of income of approximately 1.5 million Ivorian people [4]. Despite the enormous potential for cashew revenue in Côte d’Ivoire, the cashew
production is characterized not only by low-yields, but also by a less competitive
quality of nuts internationally [7] [8]. Now, In the international market, the
quality of raw cashew nuts is crucial in setting its price [9]. The quality index
used to measure the quality of raw cashew nuts is the Out-turn sometimes called
KOR (Kernel Output Ratio) [10]. It is expressed in lbs raw cashew nut quality,
which just means the weight of useful kernels weighed in pounds in one bag of
80 kg of raw nuts. In addition, the moisture criterion used in controlling the
commercial quality of nuts is an important factor whose control could impact
nut conservation [11]. It has been reported that foods with low moisture content
and high percentage of fat such as cashew nuts become vulnerable to deterioration such as oxidation and moisture absorption reactions, which leads to microbiological changes, texture and loss of crispness [12] [13].
In Côte d’Ivoire, despite measures taken to improve the quality of cashew
nuts, it appears that it remains poor or classed acceptable [14] because of the
moisture levels often above the 10%, the standard. That could explain Ivorian
cashew nuts quality degradation [15] and an Out-turn average ranged between
46 and 48 lbs compared to 47 to 49 lbs in Benin and Nigeria and 50 to 52 lbs in
Senegal and Guinea-Bissau respectively [3] [16]. These characteristics are mainly
DOI: 10.4236/as.2020.1112081
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related to agronomic traits such as size (length, width, thickness, geometric and
arithmetic diameters), weight and morphological properties (sphericity, elongation, flattening) of raw cashew nuts and their kernel [10] [14] [17] [18]. However, the results of existing physico-mechanical characterisation work reveal that
the variability of the dimensional properties is attributed to the agro-ecological
and climatic factors of the production zones [19]. Indeed, the diversity of ecological regions combined with poor harvesting and post-harvest practices could
constitute a major constraint to managing the quality of the nuts produced [3]
[19] [20]. In some countries such as Nigeria, India, Benin, Senegal where the
problem of nut quality is acute, the characterization of physical and sanitary
properties according to geographical origin provides a clear answer in the management of nut quality in these different countries [17] [21] [22].
In Côte d’Ivoire, apart from the work of the national agricultural research
centre (CNRA) on genotypic screening of high-yielding cashew nuts [14], and
on cashew nut pests [23], the cashew nut sector has benefited from few research
and development projects in nut quality management. The characterization of
the physical and sanitary properties of raw cashew nuts, which would allow the
definition of the map of nut quality according to the producing regions in Côte
d’Ivoire, has not yet been the subject of scientific study. In short, there is a lack
of factors necessary at the management of quality in the production process, but
also to take into account for the design of equipment and various treatment
processes (harvesting, transport, drying, etc.) [24].
With this problem, the promotion and management of the quality of Ivorian
cashew nuts require an in-depth study on the morphometric characteristics and
the extent of defects in the nuts of A. occidentale L. according to the producing
regions in Côte d’Ivoire [18] [25]. Hence the interest of carrying out this study to
contribute to the improvement of cashew nut quality in Côte d’Ivoire.

2. Material and Methods
2.1. Site of Study
The study was conducted in the three main production areas of Côte d’Ivoire
namely Bondoukou, Dabakala and Mankono. These three regions have been
partitioned in 20 localities which are far enough apart and also high purveyors of
nuts from the area (Figure 1).

2.2. Collection of Cashew Nuts Samples
The study focused on dried cashew nuts collected during the period from February to May, 2018 and stored in jute bags at ambient temperature during 6
months at Bouake town, a main site of storage of national production.
A sample between 1 to 3 kg of cashew nuts has been collected at the end of the
drying process from farmers in the selected localities. A total of 342 kg, 263 kg
and 247 kg of raw nuts were collected in the Mankono, Dabakala and Bondoukou zones respectively. After each collect, the nuts were immediately transported
DOI: 10.4236/as.2020.1112081
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Figure 1. Location map of study sites.

to laboratory where bulk samples of different zones were selected randomly and
moisture content of the nut were measured. In addition, at the sixth month of
stockage, 30 kg incremental sample was taken from each mother sample and
transferred to the laboratory where 10 kg sub-samples were achieved according
to the quarter method [14].

2.3. Determination of Cashew Nuts Physical Properties
2.3.1. Moisture Content
Moisture content has been measured in kernels according to the [26] method
just after drying process (P0) and after 6 month of storage (P6). One hundred
(100) kernels of each zone were cut into small pieces of approximately 3 mm
thickness and homogenized. Then 3 g (M0) have been dried during 24 hours in a
hot-air oven (Memmert, model SCHWABACH 854, Germany) at 105˚C and
weighed after leaving in a desiccator for 30 min. The Moisture content was calculated according to the Formula (1) and the water loss in kilograms per kilogram of nuts on a wet basis according to Formula (2):
DOI: 10.4236/as.2020.1112081
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=
Mk

mi − m f
mi

× 100

(1)

and
X =

Mk
100

(2)

where: m is mass in g, X is water lost and the subscripts i, and f stand for initial
and final, respectively.
2.3.2. Mass Determination and Proportion
To determine the mass of a single cashew nut and kernel, 100 nuts and kernels
from the bulk sample were selected. Mass of the selected sample was measured
by a digital balance with an accuracy of 0.01 g. To determine 1000 cashew nuts
and kernels mass, 100 nuts and kernels were selected; the weight of 100 nuts and
kernels were measured. Then the weight of 100 nuts and kernels was multiplied
by 10 to determine 1000 nuts and kernels mass. Measuring the 1000 cashew nuts
and kernels were done with 5 repetitions for each production area. Then, different parts of nut namely the shell, kernel and pellicle were carefully separated and
weighed individually in order to assess their mass proportions (%) in total mass
of cashew nut. The proportion in % of shell Ps, of kernel Pk or of pellicle Pn, was
calculated from the following formula used by [27].

mp
ms
mk
Ps =
× 100 or Pk =
× 100 or Ps =
× 100
mn
mn
mn

(3)

where: mn, ms, mk, mp are the mass in g of whole nut, of shell, of kernel and of
pellicle respectively.
2.3.3. Dimensional Properties
Morphometric characteristics have been measured on a sample of 300 nuts taken
at random from the sub-sample of each production area (Bondoukou, Dabakala
and Mankono). For each individual cashew nut, three main dimensions, namely
length (L), width (W), and thickness (T) were measured. For measuring principal dimensions of the kernel, cashew nut was manually broken; then length (l),
width (w) and thickness (t) of the kernel were measured. For all measurements,
a digital caliper with accuracy of 0.01mm was used. The Elongation (E), Degree
of flattening (F), arithmetic mean diameter (AMD), geometric mean diameter
(GMD), and sphericity (φ) of the nuts and kernels were determined using the
following Equations (4), (5), (6) given by [28] and Equations (7) and (8) given by
and [29]:
E=

L
W

(4)

F=

W
T

(5)

AMD =
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(7)

GMD = 3 LWT

=
ϕ

3

LWT
× 100
L

(8)

The volume (V), the projected area and the surface area (S) of cashew nuts
and kernels can be calculated by obtaining the value sphere of its geometric
mean diameter. These parameters were calculated using Equations (9), (10) and
(11), cited by [29]:
S = π× Dg 2

(9)

V=

π× Dg 3
6

(10)

Ap =

π× WL
4

(11)

2.4. Determination of Cashew Nuts Technological Properties
The quality criteria taken in our study were kernel graining, kernel weight and
out-turn and they were calculated according to the following method described.
2.4.1. Nut Count or Graining
The nut count or graining in nuts∙kg−1 is the number of individual nuts in the
one (1) kilogram raw cashew nut samples.
2.4.2. Cutting Test
One (1) kilogram each of the raw cashew nuts were cut through the line of intersection shell, the shells were separated from the kernel. The kernels were then
separated into three different grades namely kernels accepted at 100%, kernels
accepted at 50% (Spotted and immature kernels) and rejected kernels (moldy,
butter and rotten kernels, void and diseased nuts) using standard quality chart
under good lighten. All the grades were weighed separately.
2.4.3. Total Useful Kernels
The usable kernel (Uk) or Total Useful Kernels of cashews nut reflects the
amount of healthy kernels in a one kilogram sample of nuts. The usable kernel in
g has been calculated using the following formula given by [25]:

=
U k m100 +

m50
2

(12)

where m100 is total weight of the kernels + pellicles of nuts accepted at 100% and
m50 is total weight obtained from the kernels + pellicles of nuts accepted at 50%.
2.4.4. Out-Turn
The out-turn (OT) is expressed in Lbs units. It was calculated using the following Equation (12) as reported by [9].
OT
= Uk ×
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2.5. Statistical Analysis of Data
All data were collected in four replicates. The collected data were analysed using
Statistica 7.1 software. The comparison of averages to detect significant differences in size, shape and defects of the nuts according to the production area was
carried out by the Student Newmann-keuls test with the analysis of variance
(ANOVA). The relationships linking the physical properties of cashew nuts have
been evaluated by calculating correlation coefficients whose significance level
has been set at the probability threshold of 0.05.

3. Results
3.1. Cashew Nuts Physical Aspects
3.1.1. Water Content
Moisture or water content values were summarized in Table 1. The values of
moisture content just after drying process (P0) were ranged from 12.48% ±
0.73% (nuts from Dabakala) to 12.81% ± 0.74% (nuts from Bondoukou) and
seemed similar independently to the production area. Surprisingly, despite the
same conditions of storage (31˚C ± 2˚C and 77% ± 9% relative humidity), after 6
months of storage (P6), nuts from Mankono were much drier with water content
(7.03% ± 0.37%) as compared to those from Bondoukou (8.95% ± 0.25%). Logically, the rate of water loss from nuts was proportionally to water content. Thus,
the rate of water loss was lower at Bondoukou as compared to those from Dabakala and Mankono respectively (Figure 2).
3.1.2. Mass and Mass Proportions
Regarding the weight analysis of raw cashew nuts and its different parts, despite
the similar mass of nuts independently of the origin (in mean 6.226 g), the kernels of nuts from Bondoukou weighed higher with mass average 2.16 ± 0.45 g
corresponding to 34.90% ± 4.96% of nuts total mass as compared to Dabakala
(1.90 ± 0.33 g; 30.81% ± 3.53%) and Mankono (1.81 ± 0.38 g; 29.27 ± 3.63)
Table 1. Moisture content of cashew nuts from different production areas during the
study.
Production areas

Period

Bondoukou

Dabakala

Mankono

Moisture content (%)
Max

Min

Mean

P0

13.80

11.97

12.81 ± 0.74 (a)

P6

9.62

8.74

8.95 ± 0.23 (b)

P0

13.47

11.43

12.48 ± 0.73 (a)

P6

8.74

6.86

7.83 ± 0.57 (c)

P0

14.13

11.37

12.79 ± 1.15 (a)

P6

7.77

6.73

7.03 ± 0.35 (d)

P0 is the period just after drying process, P6 is period of 6 months of nuts storage. Data are mean values ±
standard deviation. a, b, c, d Means of the same Period (P0 or P6) with different letters are significantly different
(p < 0.05).
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Figure 2. Cashew nut water loss according to production area after 6 months of storage.

respectively. Logically, the cashew shell mass proportion from Dabakala (64.50%
± 3.46%) and Mankono (66.80% ± 4.08%) were higher and significantly different
depending on the origin of the nuts. In addition, the calculation of the kernel/shell weight ratio indicated that 0.58 for nuts from Bondoukou, 0.48 from
Dabakala and 0.44 from Mankono (Table 2). Moreover, the pellicle mass proportion seemed higher at Mankono but similar for both Dabakala and Bondoukou (Table 2).

3.2. Dimensional Aspects
Length, width, and thickness of cashew nuts and kernels and are shown in Table
3. The size of the nuts (width, thickness) and kernels (length, width) from Bondoukou, Dabakala and Mankono areas seemed similar. The width of the nut
samples from different areas ranged from 22.8 ± 2.8 to 23.5 ± 2.3 mm, while the
thickness was between 16.4 ± 1.6 to 16.7 ± 1.9 mm. The length of their kernels
ranged from 22.8 ± 3.1 to 23.6 ± 3.8 mm and the width between 9.9 ± 1.4 and
10.5 ± 3.2 mm. Interestingly, the results showed that the nuts produced at Bondoukou were statistically shorter (28.5 ± 2.8 mm) but with thicker kernels in the
order of 15.1 ± 5.0 mm.
The dimensional properties of nut and kernels of cashew were summarized in
Table 3. The elongation, flattening and geometric mean diameter (GMD) of
nuts seemed to be similar independently to the origin (Bondoukou, Mankono
and Dabakala). They ranged from 1.25 ± 0.11 to 1.28 ± 0.11, 1.41 ± 0.15 to 1.43 ±
0.14 and 22.0 ± 2.0 to 22.6 ± 2.0 mm respectively. On the other hand, the arithmetic mean diameters (AMD) and nut sphericity (φ) of nuts were significantly
modulated by their origin. Indeed, at Bondoukou, our results revealed AMD
(22.46 ± 1.65 mm); φ (77.20 ± 4.13 %) significantly different as compared to
those from Dabakala (AMD = 23.16 ± 1.38 mm; φ = 75.74 ± 2.94 %) and Mankono (AMD = 23.22 ± 1.89 mm; φ = 75.33 ± 10.74 %). For cashew kernels, the
results showed a remarkable disparity in the dimensional properties according to
their provenance. The values of elongation, fattening, arithmetic and geometric
DOI: 10.4236/as.2020.1112081
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Table 2. Variation in the mass and proportions of the cashew nut, kernel, shell and pellicle by production area.
Parameters

Bondoukou

Part of nut

Dabakala

Mankono

Max

Min

Mean

Max

Min

Mean

Max

Min

Mean

whole nut

9.22

3.65

6.19 ± 1.45 (a)

8.54

4.37

6.21 ± 1.31 (a)

9.74

3.44

6.24 ± 1.46 (a)

kernel

3.23

0.94

2.16 ± 0.45 (a)

2.79

1.35

1.90 ± 0.33 (b)

2.90

1.07

1.81 ± 0.38 (b)

shell

5.49

2.16

3.74 ± 0.80 (a)

5.52

2.53

3.99 ± 0.71 (a)

6.64

2.14

4.08 ± 1.01 (a)

pellicle

1.80

0.20

0.29 ± 0.23 (a)

0.63

0.18

0.31 ± 0.16 (a)

1.32

0.01

0.35 ± 0.18 (a)

whole nut

-

-

-

-

-

-

-

-

-

kernel

45.18

14.64

34.90 ± 4.96 (a)

38.99

24.35

30.81 ± 3.53 (b)

40.43

18.14

29.27 ± 3.63 (c)

Shell

80.96

49.54

60.21 ± 3.63 (a)

86.19

56.50

64.50 ± 3.46 (b)

73.67

44.58

66.80 ± 4.08 (c)

pellicle

28.04

2.64

5.40 ± 3.59 (a)

19.02

2.27

5.04 ± 2.14 (a)

26.72

0.20

5.67 ± 3.31 (a)

Mass/g

Proportion/%

Data are mean values ± standard deviation. a,b,cMeans of the same line with different letters are significantly different (p < 0.05).

Table 3. Physical properties of nuts, kernels, shell and pellicle of Anacardium occidentale L.
Particle

Nut

Dabakala

Max

Min

Mean

L/mm

42.60

21.10

28.50 ± 2.8

W/mm

43.60

11.80

T/mm

25.60

AMD/mm

Mankono

Max

Min

Mean

44.10

21.50

29.73 ± 2.66

23.21 ± 2.79a

29.20

17.80

11.50

16.74 ± 1.84a

23.00

34.07

17.70

23.12 ± 2.09a

GMD/mm

33.35

17.47

φ/%

95.08

E/F/V/mm

kernel

Bondoukou

Dimensional
parameters

3

Max

Min

Mean

35.5

17.00

29.34 ± 4.49b

23.37 ± 2.08a

30.50

16.00

23.33 ± 2.34a

12.00

16.48 ± 1.61a

26.80

11.00

16.72 ± 1.91a

28.77

18.10

23.19 ± 1.71b

42.20

14.67

23.13 ± 2.28b

22.48 ± 2.03

28.23

17.44

22.51 ± 1.66

31.11

14.41

22.48 ± 2.00

60.46

76.59 ± 3.85a

99.98

52.49

75.92 ± 4.04b

97.95

35.07

77.09 ± 4.74b

2.50

0.69

1.27 ± 0.11

2.32

0.86

1.28 ± 0.11

3.79

0.89

1.26 ± 0.17

2.41

0.72

1.39 ± 0.17

1.90

0.99

1.43 ± 0.14

1.92

0.85

1.41 ± 0.15

a

b

19,414.54 2792.48 6098.79 ± 1779.54 11,777.20 2775.91 6067.41 ± 1341.27 15,758.18 1566.61 6089.06 ± 1636.40

S/mm2

3493.30

958.98

1600.87 ± 298.16

2503.30

955.19 1600.15 ± 235.41

3039.64

652.32

1600.09 ± 284.28

Ap/mm2

1137.57

268.04

540.08 ± 108.80

829.76

309.01

548.07 ± 84.68

1630.16

213.63

541.48 ± 116.80

L/mm

31.50

14.00

23.64 ± 3.15

a

26.60

19.40

23.59 ± 1.70

30.00

12.20

22.84 ± 3.08a

W/mm

15.80

6.50

10.40 ± 2.59a

13.40

6.10

9.90 ± 1.37a

24.90

6.30

10.48 ± 2.57a

T/mm

30.60

9.00

15.15 ± 4.73a

16.00

5.60

11.38 ± 1.58b

20.80

5.00

11.20 ± 1.91b

AMD/mm

23.47

12.13

16.40 ± 2.69a

17.70

11.37

14.96 ± 1.22b

23.57

8.03

14.84 ± 1.93b

GMD/mm

22.25

11.15

15.33 ± 2.71a

16.65

9.90

13.81 ± 1.29b

23.16

7.55

13.80 ± 1.90b

φ/%

94.97

51.56

65.09 ± 9.21a

65.40

47.60

58.55 ± 3.81b

92.72

46.31

60.84 ± 7.09b

E/-

3.54

1.44

2.36 ± 0.44a

3.57

1.76

2.42 ± 0.31b

3.04

0.88

2.24 ± 0.37b

F/-

1.22

0.38

0.72 ± 0.20a

1.57

0.62

0.88 ± 0.15b

2.12

0.64

0.95 ± 0.25c

a

V/mm3

5768.12

725.94 2068.23 ± 1200.79

2417.77

508.32 1413.56 ± 374.35

6501.84

225.37

1456.84 ± 765.47

S/mm

1555.39

390.62

760.76 ± 282.46

871.15

308.02

604.16 ± 109.46

1684.64

179.09

609.04 ± 184.12

390.89

89.34

197.10 ± 69.60

254.88

104.44

184.26 ± 33.83

468.88

60.37

190.02 ± 61.14

2

Ap/mm2

(L) was the length, (W) the width, (T) the thickness, (AMD) the arithmetic mean diameter, (GMD) the geometric mean diameter, (φ) the sphericity, (E) the
elongation, (F) the degree of flattening, (V) the volume, (S) the surface area and (Ap) the projected area of nuts and kernels. Data are maximum, minimum,
mean ± standard deviation values. a, b, cMeans of the same line with different letters are significantly different (p < 0.05).
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mean diameters, spehricity of kernels from Bondoukou were significantly different to those from Mankono and Dabakale (Table 3).
Analysis of the correlation between dimensional parameters showed that the
mass of the cashew nut is significantly and positively correlated with its length (r
= 0.79), width (r = 0.73) and thickness (r = 0.65). For the kernel, there was a
correlation between its mass and that of the raw nut (r = 0.7). As for the shape of
the nuts, we observed that their elongation was negatively and significantly correlated with the geometric mean diameter (r = −0.78). The strongest correlations
had been obtained between the arithmetic mean diameter of kernels and its
sphericity (r = 0.99) and the arithmetic mean diameter of nuts (r = 0.99) and
their sphericities (Table 4).

3.3. Effect of Production Areas on the Aspect Dimension of
Kernels and Nuts
The F1 and F2 axes of the Principal Component Analysis (PCA) explained all
(100%) of the variances (Figure 3 and Figure 4). Observation of the correlation
circles (Figure 3(a) and Figure 4(a)) showed that all the parameters studied
were well represented. The PCA scatterplot of the production areas revealed
three classes according to their similarity criteria (Figure 3(b) and Figure 4(b)).
Class I, represented by the Bondoukou area, was characterized by much larger
nuts with larger flat areas (Figure 3(a)). These nuts abounded with kernels
whose majority of the physical properties studied (the length, the thickness, the
arithmetic mean diameter, the geometric mean diameter, the sphericity, the volume, the surface area and the projected area of kernels) were greater than those
of kernels from Dabakala and Mankono (Figure 4(a)). Class II is represented by
the Mankono area. This zone produced spherical nuts (Figure 3(a)) containing
large and flat kernels (Figure 4(a)). The Dabakala area was the class III. Analysis
of the results in Figure 3(a) revealed several characteristics of these nuts. They
were both elongated and wide, with larger arithmetic and geometric diameters.
However, these nuts were flatter as compared to those from bondoukou and
Mankono nuts. Elongated almonds were also found (Figure 4(a)).
Table 4. Characteristics of cashew nuts in the different growing areas.
Bondoukou

Dabakala

Mankono

graining
(nut∙kg−1)

160.87 ± 6.99a

160.91 ± 4.07a

162.14 ± 9.53a

Kernel weight
(g)

264.97 ± 6.14a

250.23 ± 3.88b

264.38 ± 0.78a

Defect rate
(%)

11.38

13.8

18.11

Out-turn
(lbs/bag of 80 kg)

46.69

44.09

46.59

On each line, the values followed by the same letters do not differ significantly at the 5% threshold according to the Newman-Keuls average comparison test. a, b Means of the same line with different letters are significantly different (p < 0.05).
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(a)

(b)

Figure 3. Projection of physical parameters (a) and representation of cashew nut production areas (b).

(a)

(b)

Figure 4. Projection of physical parameters (a) and representation of production areas
(b) of cashew kernel.

3.4. Quality of Cashew Nuts
Values of graining, defect rate and outturn of cashew nuts were summarized in
Table 4 and Figure 5. The graining of cashew nuts (in mean 160.67 ± 6.14
nuts/kg of sample) seemed similar independently to the region. Surprisingly, the
weight of health kernels or 100% accepted was lower at Dabakala (250.23 ± 3.88
g) as compared to those from Mankono and Bondoukou which were 264.38 ±
0.78 g and 264.97 ± 6.14 g respectively. Indeed, the rate of defects kernels taken
together were 11.38% at Bondoukou, 13.8% at Mankono and 18.11% at Dabakala
respectively. The diverse causes of Kernels defects observed had been presented
in Figure 5. The rate of nuts defect from Mankono was due to immature kernels
(52%) while those of nuts from Bondoukou and Dabakala were due to moulding
such as 30% and 33% respectively. Thus, the calculation of outturn (KOR) revealed that 46.69 Lbs quality at Bondoukou, 44.09 Lbs quality at Dabakala and
46.59 Lbs quality at Mankono respectively.
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Figure 5. Proportion of characteristic defects of cashew nuts in the different production
areas.

4. Discussion
Our study was a photography study focused on cashew nuts physical properties
from different regions of production in Côte d’Ivoire stored during 6 months.
The goal was to evaluate the probable disparities in physical and technological
quality of nuts which could be impacted by agricultural practices and local environment. Cashew nuts are today a speculation abundantly produced and Côte
d’Ivoire is the first producer and exporter in the world [30]. But, their quality
remains moderately acceptable [7] [14] and may be improved. The three main
areas of cashew nuts plantations in Côte d’Ivoire are Bondoukou, Dabakala and
Mankono which present ecological factors and a diversity of agricultural practices that may impact on the physical and health properties of cashew nuts [3]
[19] [20]. The endpoints studied in our study were physical aspects and technological quality of raw cashew nuts after 6 months of storage.
For the physical aspects, the variables followed were moisture content, mass
and dimensional of nuts and its parts. In the study, cashew nuts from all three
regions have been stored during 6 months under identical conditions namely
ambient relative humidity at 77% and 27˚C - 28˚C. But, our results reported a
disparity in the water content of raw cashew nuts according to the area production after of 6 month of storage. Despite the similar water content before storing,
cashew nuts from Mankono showed a rapid water loss as compared to those
from Dabakala and Bondoukou probably due to the size or texture of kernels
[31]. But, the main factors having impact on the water content in dried raw cashew nuts were namely harvest practice, process and duration of drying, climatic
conditions [3] [19] [20] but also the differences in the kernel/shell weight ratio
[31]. Indeed, it had been reported that the kernel/shell weight ratio is probably
higher in small than in larger nuts and this might explain the slight tendency for
the moisture content of heavy nuts to be greater than that of lighter nuts [31]. In
contrast, our findings seemed inversely proportional to the moisture content
decreasing. Despite the kernel/shell weight ratio higher at Bondoukou, the
moisture content diminished very slowly as compared to those of nuts from Dabakala and Mankono. Thus, kernels of nuts from Bondoukou weighted higher
than those from Mankono and Dabakala but, surprisingly that not influence the
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weight of whole nut which was similar undependably to the production area.
Such particular findings revealed that cashew nuts from Bondoukou in terms of
kernel yield presented an advantage which could be promoted in other regions
of Côte d’Ivoire since nut weight has been found most stable across environments in cashew [18]. In fact, the kernel yield of cashew nuts produced in Côte
d’Ivoire might be improved because of previous studies had reported that at 8%
of water content, kernels weights of cashew nuts Jumbo variety could reach 3.98
g [18]. For the raw nuts, their weights reported in our study (in mean 6.23 g)
were higher than those previously reported such as 5.56 g for Henry and James
variety [17], 4.01 g and 4.14 g in Senegal but lower as compared to those from
Costa Rica (9.75 g) and Nigeria (17.86 ± 0.22 g) [17] [18]. Thus, in order to improve the yield of kernels and nuts weights, a recent study has been carried out
in Côte d’Ivoire by genotypes selecting [14]. But, the mass of cashew nuts reported in this study (6.87 g) remained low in comparison to those from Costa
Rica and Nigeria [17] [18].
Considering the dimensional aspects of cashew nuts, our results revealed, in
large part, similar values. But some particular characteristics have been identified with nuts from Bondoukou which were shorter and their arithmetic mean
diameters and sphericity were significantly lower. These particular characteristics were clearer when considered the kernels dimensions properties. Indeed,
they were not only thicker but also the values of elongation, fattening, arithmetic
and geometric mean diameters, spehricity of kernels from Bondoukou were significantly different to those from Mankono and Dabakala. These different dimensional properties of cashew nuts from diverse origins could be explained by
the variety of cashew nuts combined to agro-climatic production conditions [17]
[18] [32] [33]. Thus, the nuts in our study were longer (2.85 to 2.97 cm) in comparison to those reported from India (2.5 cm) and varieties of Benin (2.8 cm),
James (2.64 cm) and Henry (2.71 cm) respectively [17] [21] but shorter as compared to those (2.5 to 3.27 cm) reported by [34]. For the width of nuts, our results (2.28 to 2.36 cm) seemed similar to those of nuts from Nigeria (2.04 to 2.49
cm) but lower than Jumbo variety (3.36 cm) as previously reported [18] [34]. In
addition, the thickness (1.64 to 1.67 cm) and the sphericity (75%) of nuts from
Côte d’Ivoire were similar in comparison to those reported from Nigeria (1.45 to
1.71 cm) and (73.71%) by [34] respectively. Our results have carried out several
correlations between physical parameters of nuts or kernels. But, the strongly
correlation has been observed with the arithmetic diameter cashew nuts or kernels and their sphericity (r = 0.99) respective. Such correlation had been previously reported between mango mass, skin mass, width and thickness (r = 0.9)
by [27] and between fruit weight and width (r = 0.83) by [31] [35].
Despite the differences concerning dimensional aspects of nuts from Côte
d’Ivoire, our study revealed that the cashew nuts produced in the three regions
were big cashew nuts with graining ranged from 160 to 162 nuts/kg. The graining of cashew nuts independently of area production was classified excellent
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quality according to the standard size classification of cashew nuts. But, the rate
of defects should be posing some concerns. Indeed, after only 6 months of storage, the defective was significant up to about 18% of total production at Dabakala. Thus, according to rate of defect, with quantity of cashew nuts produced
estimated about 30,000 tons, the loss predictable could be 5400 tons at Dabakala.
Similarly, the quantities of cashew nuts rejected after 6 months of storage, were
9522 tons and 6515 tons at Mankono and Bondoukou respectively. Thus, taken
together the global quantity of cashew nuts rejected after 6 months of storage
could be estimated at 21,437 tons on 155,248 tons produced in the three regions.
On other hand, the market value of nuts diminished after 6 months of storage
more pronounced at Dabakala revealing the need to improve the agricultural
practices by farmers in Côte d’Ivoire. Since, the outturn of cashew nuts from
Côte d’Ivoire was usually ranged from 46 to 48 lbs, only cashew nuts from Bondoukou (46.69 lbs) and Mankono (46.59 lbs) were conformed after 6 months of
storage in contrast to those from Dabakala (44.09 lbs). But, according to the
Quality standards for raw whole cashew nuts, a good outturn is from 43 to 48 lbs
and an excellent out turn from 48 to 55 lbs with the defective lower than 10%.
Thus, the out turn of cashew nuts from the three regions of Côte d’Ivoire remained good after 6 months of storage but the defective exceeding 11% should
be a major concern for the farmers. The causes of cashew nuts defects might be
due to agricultural practices namely absence of nuts sorting and insufficient
drying which could conduce to fungal contamination and mycotoxins secretion
[31] [36]. The significant level of mouldy nuts at Dabakala may also be related to
synergistic action due to heavy use of herbicides during nut production [37]. In
fact, pesticides use is increasingly recurrent in the maintenance of cashew orchards in this area [30]. Moreover, the high rate of immature nuts in Mankono
(7.20%) showed that producers in this area would not sort their product enough
before they were marketed. Sorting would be a production loss for them. Indeed,
it had been reported that a loss of 5% - 15% of crops such as peanut could be
observed during sorting [38].

5. Conclusion
In conclusion, cashew nuts produced from Côte d’Ivoire presented some different physical properties namely moisture content lost, width, thickness, length,
sphericity and arithmetic mean diameter according to the production area. In
terms of kernels yield, nuts from Bondoukou were better and resisted to water
lost during the storage as compared to those from Mankono. On the other hand,
the defective nuts and values of Outturn found, revealed that farmers from all
three regions may improve their agricultural practices.
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