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Introduction:-

Like several African countries of south in the Sahara, Benin has a predominantly agricultural economy. Among the
more or less structured agricultural sectors which are actively involved in the economic life we have the cotton
sector, the oil palm sector, the cassava sector, the cashew sector and the pineapple industry. Fruits and by-products
of fruit processing industry are produced annually in large quantities all over the world (Grigoras 2012).
Unfortunately in Benin, fruits and by-poducts of fruit processing there are not recycled and are often crammed into
wild dumps in the vicinity of processing centers (Aboh et al., 2008). Cashew for Benin, is an interesting alternative
which is economically the second agricultural export product of the country behind cotton (Aivodji 2009). Cashew
has emerged as a strategic culture whose development prospects and income guarantee for a sustainable
diversification of farms are very promising (Tandjiekpon 2005). If the raw material instead of being transformed
after harvest is sold in rough it is clear that there will be no by product which will yield any profit. Yet, these could
be an important source of income if a good strategy takes place. The production of bioethanol is for example a good
opportunity.
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A part from the kernel the other by-products of cashew nut are not valued. The cashew apple is considered as a
waste in the cashew industry; it is rot in the fields (Mohanty et al., 2006; Santos 2007). It has astringent component
that give an unpleasant feeling to its consumption, which limited its use on the global juice market (Couture 1993).
Scale processing of apple juice or alcohol is still embryonic Gnimadji 2008). That’s why Karuppaiya et al., (2010),
face to this under exploitation, said that the cashew aplle has no commercial value except for countryman who use it
for their local alcoholic beverage production (Kruppaiya et al., 2009). Owing to the profit they draw from it, some
people grant more credit to the cashew nut than cashew apple (Gilleo et al., 2011). The main objective of our work
is to produce alcohol from the cashew apple. This work aims to develop the agricultural and agro-industrial by-
products

Material and Methods:-

Vegetable material:-

The cashew apples we used have been harvested in save a city in the center of Benin. Two varieties of apple, both
grow in Benin (yellowish and reddish skin). The palm wine (Elaeisguineensis Jacq) we used as a ferment, was
purchased at a farmer’s in the city of Allada.

Methods:-

Study of the kinetics of the fermentation:-

The cashew apples after due cleaning were cut into four (4) or six (6) parts. They were manually pressed and filtered
with a muslin cloth to collect the filtrate which will serve as mash for the fermentation. In a 5 liter container, 400g of
the obtained has been poured. To the content of each of each container we added 4 g of ferment which equals 1% of
the mass of the cashew juice. Within the context of fermentation Kkinetics study, four series have been
simultaneously performed at the surrounding temperature (about 30 ° C) with the cashew apple mash. Data were
recorded on the fifth, tenth and fifteenth days. In order to avoid the formation of large particles in the mash to
ferment, which will reduce the yeast activity, the content is manually stirred every day. We use a still column system
to perform the distillation.

Experimental design:-

A 3-level-3-factor (factorial) plan has been used in this research requiring 15 experiments with the Box Behnken
plan. The variables and their selected levels for the fermentation optimization were: ferment proportion (0-1%),
fermentation time (0-5 days) and distillation time (10-120 minutes). Table 1 shows the independent factors (x ),
levels and experimental design in terms of coded (0, 1, and —1) and uncoded (actual value). To avoid bias, the
fifteen experiments have been performed in a totally randomly.

Table 1:- Experimental design and answers obtained.

N° Factor Yield of distillation Y (%) In(Y)
X Y Z

1 1(1) 1(2.5) 0(10) 1.16275 0.15079
2 1(0) -1(5) 0(65) 0.61675 -0.48329
3 -1(0.5) 1(2.5) 0(65) 1.3795 0.32172
4 -1(0.5) -1(5) 0(10) 1.17225 0.15892
5 1(0.5) 0(2.5) 1(65) 1.38025 0.32226
6 1(1) 0(2.5) -1(120) 2.10875 0.74610
7 -1(0.5) 0(0) 1(10) 0.2625 -1.33750
8 -1(1) 0(5) -1(65) 5.18275 1.64534
9 0(0) 1(2.5) 1(120) 0.2725 -1.30012
10 0(0.5) 1(2.5) -1(65) 1.2815 0.24803
11 0(0.5) -1(0) 120 0.7825 -0.24526
12 0(0) -1(0) -1(65) 0.75625 -0.27938
13 0(0.5) 0(5) 0(120) 4.6635 1.53977
14 0(0) 0(2.5) 0(10) 0.2125 -1.54881
15 0(1) 0(0) 0(65) 0.776 -0.25360

Y: yield of distillation; N° were run in a totally random order. ; a: ferment proportion; b: fermentation time; c:
distillation time; Numbers in parenthesis represent actual experimental amounts.
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Physicochemical analysis:-

The pH of the various juice samples were measured directly in duplicate with 10 ml of each sample using a pH
meter (waterproof 0.00 - 14.00 = 0,05pH) calibrated with pH 4 buffer solutions pH 7 at 25 ° C. The soluble solids
content of the wort (° Brix) were measured in using a refractometer zuzi (0 - 32% * 0.2%)

The total titratable acidity was determined by the dosage of 5 ml of each sample with a standardized solution of
sodium hydroxide NaOH (pH 8.3) at a concentration 0.05 N, in the presence of a colored indicator, phenolphthalein
1% according to the OIV-MA-AS313-02 method. The turning of the indicator is marked by the appearance of the
pink color. Acidity, expressed as citric acid percentage was then calculated.

% Citric acid= (CNaOHxVKOH X Macige citrique 100) / (SxpaliqUOte)
so: % Citric acid=192x (VKOH / paliquote)

The density at 20 ° C was determined on the samples of wine and distillates by pycnometry according to OIV-MA-
AS2-01A method. The volumialalcoholometric title (TAV) by sample has been calculated with the help of the
results obtained from the ethanol dosage by Cordebardnitrochromique method.

Statistical analysis:-
The experimental data (Table 1) were analyzed by the response surface regression procedure (RSREG) to fit the
following second-order polynomial equation:

3 3 2 3
Y =a, +Zain- + Zal—in—Z + Z Z a; XX + e
=1 =1

i=1j=i+1
Where Y is the response (distillation yield %); ai, aii and aij are constant coefficients; and Xi and Xj are uncoded
independent variables.

Result and discussion:-

Kinetic study of fermentation process of cashew apple wine:-

In this investigation, we demonstrated the production of high ethanol concentration by using cashew apples forsaken
by the trader of cashew nut. Figures 1, 2 and 3 show the evolution of the parameters kinetics (Brix degree, pH, TAV
and the yield) of distillation during fifteen day of fermentation for cashew apple must pasteurized without ferment,
pasteurized without ferment and pasteurized with ferment.Brix degree and pH are represented on the main axis;
TAV and distillation yield on the secondary axis.
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Figure 1:- Variation of °Brix, pH, TAV (%) and yield of distillation (Y (%)) according to time (days) for the
cashewapples wine sample not pasteurized without ferment addition.
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Figure 2:- Variation of °Brix, pH, TAV (%) and yield of distillation (Y (%)) according to time (days) for the cashew
apples wine sample pasteurized without ferment addition.
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Figure 3:- Variation of °Brix, pH, TAV (%) and yield of distillation (Y (%)) according to time (days) for the
cashew apples wine sample pasteurized with ferment addition.

The analysis of figure 1 shows that the Brix degree, the pH, the TAV and the distillation yield varies respectively
from 9.4 to 7, 4.44 to 4.00, 0.64 to 1.15 % (v/v) and 0.58 to 0.72%. This variation would be due to the action of the
initial microbial flora of the cashew apple must. After pasteurization of must we do not observe significant variation
of these various parameters kinetics according to the time of fermentation (figure 2).

About the figure 3, the variations of the Kinetic parameters observed in the course of time is in concordance with the
kinetics of growth of yeasts in particular an acceleration phase, a stationary phase and a deceleration. The variation
of the Brix degree shows that the activity of yeasts can be to slip into three phases. The first goes from the first to
fifth day corresponds to an intense activity of the yeasts (9.4 to 3.5 °Brix) that is to say a reduction of 5.9 Brix. The
second phase of the sixth at the tenth day shows a drop of the yeasts activity of. The last phase of eleventh at the
fifteenth day corresponds to a reduction of 0.07 Brix. The pH of the must of cashew apples have decreased gradually
until the 15th day of fermentation. According to Akin (2008) (Akin 2008).The decrease of the pH corresponds to the
consumption of the fermentable sources of sugars.

The evolution of the voluminalalcoholometric title of the must of cashew apple depends on the fermentation period.

We notice an increase in the TAV according to the phase of microbial growth. This content is 2.64 (v/v), 2.89 (v/V)
and 3.27 (v/v) respectively in musts cashew apple of the fifth, tenth and fifteenth day. The TAV is on average 0.68%
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(v/v) at first of fermentation. It is thus to notice that significant increase of TAV in the must cashew apples of first at
the fifth fermentation day; that is to say approximately 2 % (v/v).The study of the evolution of the soluble solid
content (Brix) shows a significant consumption of sugar (about 5.9 °Brix). In relation to the results of TAV, we can
say that the yeast also uses glucose as source of energy.

Model fitting:-

The methods of statistical analysis is based on the data normality assumption. Normality Kolmogorov-Smirnov test
is significant for p-value <0.05. The normality assumption is thus not compatible with our data on the fermentation
yield. We have therefore converted the dependent variable in order to have a new variable that allows a better
description of the examined phenomenon.

In the case of our dependent variable, we have a strong asymmetry to the right of distribution. Thus the
transformation suggested is that of the logarithmic curve neperian in order to accentuate the impact of the
differences in values on the left side of the distribution, where are grouped the majority of observations.This
transformation also reduces the impact of the differences in values on the right side of distribution, where one meets
observations very few and far away from the majority values. It shows an improvement in the normality of the
distribution. This is confirmed by the test of Kolmogorov-Smirnov (p > 0.05), which lets reject the assumption of
not-normality.

The procedure for RSREG Statisticawas employed to fit the second-order polynomial to the experimental data, as
Represented distillation yield (Table 1). From the output of RSREG, the second-order polynomial is:

In (Y)=0.297 + 0.737x + 0.622y + 0.414z — 0.328x2 + 0.188y2 — 0.457z2 + 0.526xy + 0.086xz + 0.072yz
With : x rate of ferment; y fermentation time and z distillation time.

The analysis of variance from Table 2 (ANOVA) indicated that the second-order polynomial model was statistically
significant and adequate to represent the actual relationship between the response (distillation yield) and the
significant variables, with very small p-value (0.002) and satisfactory coefficient of determination (R?=0.992).

Table 2:- ANOVA for immobilization variables pertaining to the response distillation yield.

Source Degrees of freedom Sum of squares Probability
(P<0.05)
Model 9 11.2925 0.002
Linear 3 8.8226 0.006
Square 3 1.3135 0.199
Interaction 3 1.1564 0.233
Lack-of-Fit 3 0.9629 0.006
Pure error 2 0.0036
Total error 14 12.2591

Figures 4, 5 and 6 presents the Iso-response curve adjusted of the yield neperian logarithm according to the factors.
The curves Iso-answers show the variations of the output of distillation according to the parameters two to two.
They present also the equations of the second order which translate the effect of these parameters on the answer.
The linear terms of the parameters as their interaction have a positive influence on the answer. Thus simultaneous
increase in the two parameters involves respectively a variation of the output of distillation from 0.5 to 2.5 %; 0 to
0.5; 0to 1.5 and 0.5 to 2.5 respectively for figures 4, 5, 6, 7.

The function of desirability of the software was used to determine the optimum conditions for the process. The value
of the output of distillation (11.37%) is estimated for 4.7 days of fermentation time for 113.15 minutes distillation
with 0.79 % of proportion close to add to the cashew apple pasteurized wine. The alcohol obtained under these
conditions has a TAV of 58. 55%. After a second distillation we obtained a product with a TAV of 90.5%
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Figure 4:- Iso-response curve showing the variation of Y (%) in function of fermentation time and ferment
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Figure. 5:-1so-response curve showing the variation of Y (%) in function of distillation time and ferment proportion.
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Figure 6:-1so-response curve showing the variation of Y (%) in function of distillation time and ferment time

688



ISSN: 2320-5407 Int. J. Adv. Res. 4(10), 683-689

Conclusion:-

The objective of this work is to contribute to valorization the apple of cashew tree by the production of bioethanol.
To do so, the strategy is to optimize the efficiency of ethanol fermentation from the wort of cashew apple in the
methodology of response surfaces. In the first part of the work, we studied the evolution of physico-chemical
parameters such as alcohol content by volume (TAV), titratable acidity, Brix, potential-hydrogen each, depending
on the duration of fermentation. The results obtained are as follows. The second part of this work is focused on the
basis of a Box Benhken plane consisting of 15 trials, implemented methodology of response surfaces which has
enabled us to maximize the efficiency of the fermentation cashew wine 11.35% (m / m) and to determine the
optimal conditions for this performance which are closed to rate of 0.79% fermentation time (4.7 days) and
distillation time (113.15 min).
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