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ABSTRACT

Variation of Physicochemical, Nutrient,
Polyphenols and Tannin Proprieties of
Cashew Apple (Anacardium occidentale L.) Pulp
During Fermentation

Bazoumana Fofana', Abdoulaye Toure™, Tidiane Kamagate’, Armel Fabrice Zoro’,
Safiatou Traore', Souleymane Soumahoro’, and Adama Coulibaly*

Cashew tree is cultivated in northern Cote d’Ivoire primarily for its nut,
but also for its fruit. The fruit also includes an edible apple, but its
consumption is limited due to its astringent taste and short shelf life.
This study aims to evaluate variation of physicochemical, nutritional,
polyphenols and tannins of cashew apples during natural fermentation.
Physicochemical tests revealed a decrease of pH for yellow and red cashew
apples from 5.15 to 3.54 and from 5.12 to 3.49, respectively, alongside
a corresponding reduction in dry matter content from 15.60% to 6.03%
and from 15.28% to 6.12%. Meanwhile, titratable acidity increased from
0.042 g/100 g and 0.371 g/100 g and from 0.048 to 0.377 g/100 g for
yellow and red apples cashew apples respectively. Nutritional analysis of
red and yellow cashew apples showed a decrease in refractometric dry
extract from an average of 12°Brix to 3.22°Brix (corresponding to an
alcohol content of 2.24% to 5.8%), as well as a decrease in total sugars
from 29.54 g/100 g to 3.68 g/100 g. However, the protein content fell from
an average of 26.11 g/100 g on first day to 14.29 g/100 g on fourth day,
before rising again to 22.47 g/100 g. Polyphenols and tannins analysis
during fermentation revealed a drop in total polyphenol content, from
538.mgEAG/100 g to 305.14 mgEAG/100 g and from 652.66 mgEAG/100 g
to 350.23 mgEAG/100 g respectively for yellow and red cashew apple.
Condensed tannin content was also a decrease from 15.15 mgEAT/100 g to
3.12 mgEAT/100 g, and from 15.95 mgEAT/100 g to 3.57 mgEAT/100 g,
respectively for yellow and red cashew apples. The results of these
investigations allow to conclude that cashew apples could be a suitable
substrate for fermentation in order to produce chemicals of interest, such
as organic acids and alcohols. In addition, fermentation could be reduce
astringency of cashew apples. Future studies will involve isolating and
identifying microorganisms responsible for the natural fermentation of
cashew apples.
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tons in Cote d’Ivoire in 2023 [3]. Despite its richness in

The cashew tree (Anacardium occidentale L.) belongs to
the Anacardiaceae family and is native to South America
[1]. This branched tree is cultivated to combat soil erosion
and protect fragile crops because of its dense foliage [2]. It
is cultivated primarily for the economic value of its nuts,
the production of which was estimated to be 1,225,935

nutritive compounds, the cashew apple, which represents
9 to 10 times the weight of nuts, has not been sufficiently
exploited. The most common way to add value to cashew
apples is to process them into juices. Brazil and India
are the two countries that have developed a wide range
of cashew-based products that are deeply rooted in the
dietary habits of their populations.
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In Africa, there is a widespread perception that cashew
apples combined with milk can lead to fatal food poi-
soning [4]. This perception hold back the development of
cashew apples, despite an exceptional rise in production.
Several studies have shown that cashew apples are a rich
source of vitamins, polyphenols, sugars, proteins, minerals,
and organic acids [5], [6]. However, once detached from
the cashew tree, apples degrade rapidly. Almost all of
this degradation occurs during the first week after the
cashew tree falls, influencing the biochemical and nutri-
tional potential of the cashew apple during fermentation.
The cashew apple browns and degrades rapidly at room
temperature because of the presence of oxides and sec-
ondary molecules. Furthermore, a high concentration of
condensed tannins results in a bitter taste [7]. This poses
a major problem in terms of processing and preservation.
Consequently, they are often left behind at harvesting
sites. Monitoring the evolution of these parameters dur-
ing cashew apple fermentation could be important for
transforming this fruit into a desirable product. Indeed,
numerous studies have shown that apples could be good
substrate for producing substances of interest through
fermentation, such as alcohol, wine, and vinegar [8]. With
this in mind, this study aimed to evaluate the nutritional
and phytochemical properties of cashew apples produced
in northern Cote d’Ivoire, with a view to adding value to
the production of desirable products.

2. MATERIALS AND METHODS

2.1. Biological Materials

Red and yellow cashew apples were harvested in March
2024 from three orchards in Korhogo department (Cote
d’Ivoire) in Tioro, Morovine, and Waraniene.

2.2. Cashew Apples Processing for Fermentation

Once harvested, apples were taken to laboratory and
washed with distilled water. They were then ground using a
blender (SMART model NO.: STPE1110), and grinds were
transferred to a 1-liter Erlenmeyer stoppered with carded
cotton for fermentation. Fermentation was carried out at
room temperature for six days, with sample taken every
two days for various analyses.

2.3. Determination of Physicochemical Parameters

Physicochemical parameters, such as pH, titratable acid-
ity, dry matter content, and alcohol content, were also
determined using the AOAC [9] method.

The pH was determined by dipping the previously cali-
brated pH meter electrode into 30 mL of fermented sample.

Titratable acidity was quantified by titrating 5 mL of
fermented sample with 0.1 N sodium hydroxide solution
in the presence of phenolphthalein. Titratable acidity was
calculated using the following formula:

T4 (%) = Nywor X VNaon X 100/ Vs‘ample

where

TA — titratable acidity

Nnaon — normality of NaOH
V nvaor — volume of NaOH
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V sampie — volume of sample

Alcohol consumption was measured using a digital
Breathalyzer. The alcohol meter was immersed in 5 mL of
the sample and the displayed value was read. Dry matter
was determined by steaming 10 g of sample at 105°C until
a constant weight was obtained. The following expression
was used to calculate the dry matter content:

MS = (W, — W>) x 100/ W,

where

MS — dry matter content (%)
W — initial sample weight (g)
W, — sample weight after drying

2.4. Determination of Nutrient Parameters

The dry extract content of cashew apple during fer-
mentation was determined using the method described
by Soyer et al. method [10]. A drop of the fermented
sample was placed on the prism of a refractometer and read
visually.

The total sugar content of apple was determined using
the phenol-sulfuric colorimetric method [ 1]. One milliliter
of fermented sample was successively added to one millil-
itre of 5% phenol and five millilitres of concentrated
sulfuric acid. After cooling, optical density was measured
at 490 nm against a blank. Total sugars were determined
using a standard curve established with a 1 mg/mL glucose
solution.

Reducing sugars were determined using the DNS col-
orimetric method [12]. To this end, 1 mL of DNS reagent
was added to tubes containing 1 mL of fermented sample.
The mixture was heated in a boiling water bath for five
minutes. After cooling to room temperature, 8§ mL of
distilled water was added and the optical density was read
at 540 nm against a blank. The amount of reducing sugars
was determined using a standard curve established with 1
mg/mL glucose solution.

Total protein was extracted and assayed using the Lowry
method [13]. Extraction was performed using 10% and
5% trichloroacetic acid (TCA) and 96% alcohol [14]. The
extract (200 wL) was added to 850 wL of distilled water,
100 wL of Gornal reagent, and 500 L of Folin Ciocalteu
reagent (10%). After a rest period, the optical density was
measured at 650 nm against a blank. The total protein
content was determined using a standard curve established
with 5 mg/mL bovine serum albumin solution.

2.5. Determination of Total Polyphenols and Tannins

For total polyphenols analysis of cashew apples during
fermentation, the colorimetric method using the Folin-
Ciocalteu reagent was employed to determine the total
polyphenol content [15]. Thirty microliters of fermented
sample was added to 1 mL of Folin-Ciocalteu reagent, fol-
lowed by 0.8 mL of 7.5% sodium carbonate (Na; CO3). The
mixture was incubated in the dark at room temperature for
30 min. The absorbance was measured at 765 nm against
a blank sample. The polyphenol content was determined
using a standard curve created with 1 mg/mL gallic acid
solution.

Tannin content was determined according to the method
described by Kouame et al. [16]. One milliliter of fermented
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sample was added to five milliliters of 0.001% (w/v) sulfuric
vanillin reagent. After resting in the dark for 30 min,
the optical density was measured at 500 nm against a
blank. The tannin content was determined using a stan-
dard curve created using 1 mg/mL tannic acid solution as
the standard.

2.6. Statistical Analysis

Trials with cashew apple samples during fermentation
were carried out in triplicate, and the results are expressed
as the mean =+ standard deviation. Analysis of variance
(ANOVA) was performed using SPSS version 2013. Dun-
can’s test at a 95% confidence level was used to determine
significant differences between the means, including prin-
cipal component analysis.

3. RESULTS

3.1. Physicochemical Parameters

Table I shows the evolution of the physicochemical
parameters of the samples from different locations during
fermentation. It can be seen that pH, titratable acidity
and alcohol content varied significantly (p > 0.05) with
the duration of fermentation. The pH of yellow apples
from Tioro varied from 5.01 to 3.75, while that of yellow
apples from Moroviné and Waraniéné varied from 5.06 to
3.54 and 5.15 to 3.85, respectively. For red apples, pH of
red apples from Tioro decreased from 5.06 to 3.67, from
Moroviné from 4.99 to 3.49 and from Waraniené from 5.12
to 3.90. The results showed that, at harvest, yellow varieties
had slightly higher pH values than red varieties.

Fofana et al.

Titratable acidity and alcohol content of yellow and red
apples increased significantly with the number of sampling
days (p > 0.05). Must from yellow Tioro apples showed
values ranging from 0.048 g to 0.371 g malic acid/100 g
and 2.27% to 5.76% alcohol during fermentation. Those
from Morovine showed values between 0.042 gand 0.279 g
malic acid/100 g and between 2.2% and 5.7% alcohol,
while those from Waraniene varied between 0.042 and
0.328 g malic acid/100 g and between 1.97% and 5.86%
alcohol. For red apples, the acidity and alcohol content of
Tioro musts varied from 0.048 to 0.377 g malic acid/100 g
and 2.1% to 5.77% alcohol, respectively. The acidity and
alcohol content of Morovine musts increased from 0.045 g
to 0.310 g malic acid/100 g and from 2.5% to 5.87% alco-
hol, respectively, while those of waraniene musts increased
from 0.048 g to 0.334 g malic acid/100 g and from 2.03%
to 5.87% alcohol, respectively. Overall, the red varieties
showed slightly higher acidity than the yellow varieties in
the different samples.

Second, analyses showed that during fermentation, the
dry matter content of cashew apples decreased signifi-
cantly (p > 0.05) on different sampling days for both
yellow and red apples. Dry matter content of yellow apples
fell from 14.87% to 7.7% in Tioro, 15.60% to 7.96% in
Morovine, and 13.97% to 6.03% in Waraniene. For red
apples, dry matter content varied from 15.22% to 6.67%
for Tioro, 15.28% to 7.66% for Morovine, and 13.21% to
6.12% for Waraniene. Table I shows that, in general, red
apples have a higher dry matter content than yellow apples,
and that the Morovine site has a lower dry matter content
than the other two sites.

TABLE I: PHYSICOCHEMICAL PARAMETERS OF FERMENTED CASHEW APPLE GRINDS

Localities Varieties of Days pH Titratable acidity Alcohol volume (%) Dry matter (%)
Cashew apple (g malic acid /100 g)
Tioro Yellow 0 5.06 +0.012 0.048 4+ 0.014 2.27 +0.054 14.87 + 0.862
2 4.48 +0.02° 0.073 £ 0.00° 4.06 £0.11° 9.76 + 0.99°
4 3.97 £ 0.01¢ 0.304 & 0.04° 513 +£0.11° 8.65 + 0.07°
6 3.75+£0.014 0.371 £ 0.022 5.76 £ 0.052 7.70 £ 0.674
Red 0 5.01 £ 0.05% 0.048 + 0.00¢ 2.1+0.174 1522 +£0.172
2 4.41 £0.01° 0.079 £ 0.01° 3.96 + 0.05° 9.04 + 0.93°
4 3.91 +0.05° 0.334 4+ 0.01° 5.37 +0.05° 8.66 + 0.23°
6 3.67 +0.024 0.377 4+ 0.012 5.77 + 0.052 6.66 + 0.354
Moroviné Yellow 0 5.06 +0.112 0.042 +0.014 2.2 4 0.004 15.60 + 0.882
2 4.53 £ 0.05P 0.109 £ 0.00° 3.97 +0.05° 10.42 4 0.29b
4 3.80 + 0.02¢ 0.255 4+ 0.01° 5.27 + 0.06° 8.48 + 0.47°
6 3.54 +£0.019 0.279 £ 0.012 5.7+ 0.012 7.96 +£0.514
Red 0 499 +0.012 0.045 £ 0.014 2.5+ 0.054 15.28 £ 0.722
2 423 +0.02° 0.115 £ 0.01¢ 4.1+0.17° 9.34 4+ 0.01°
4 3.68 £ 0.01¢ 0.267 £ 0.01P 5.240.01° 8.54 + 0.47¢
6 3.49 +0.014 0.310 4 0.012 5.87 +0.052 7.66 + 0.304
Waranienne Yellow 0 5.15 4+ 0.052 0.042 4+ 0.014 1.97 £ 0.054 13.97 4+ 0.062
2 4.70 £+ 0.01° 0.109 + 0.00° 3.93 +0.05° 9.30 + 0.67°
4 4.20 +0.01° 0.267 & 0.02° 5.23 +0.05P 7.68 + 0.94¢
6 3.85+0.019 0.328 & 0.012 5.86 + 0.05% 6.03 £ 0.05¢
Red 0 5.12 4+ 0.022 0.048 £ 0.004 2.03 £ 0.054 13.21 4+ 0.582
2 470 +0.01° 0.127 £ 0.01¢ 4.07 +£0.11° 9.02 £ 0.56°
4 4.30 +0.01¢ 0.273 £0.01P 5.16 £ 0.05P 7.73 £0.12¢
6 3.90 +0.014 0.334 4 0.022 5.87 +0.052 6.12 +£0.77¢

Note: The statistical differences between these mean values at 95% confidence level are indicated in the same column by different letters a, b, ¢, and d

in superscript.

Vol 7| Issue 5 | October 2025



Fofana et al.

Variation of Physicochemical, Nutrient, Polyphenols and Tannin Proprieties of Cashew Apple (Anacardium occidentale L.)

TABLE II: NUTRITIONAL PARAMETERS OF FERMENTING CASHEW APPLE GRINDS
Localities Varieties of cashew Days Dry Extract Reducing sugar  Total sugar (g/100 g) Protein (g/100 g)
apple Refracto-metry (g/100 g)
(°Brix)
Tioro Yellow 0 11.93 £ 0.00% 17.33 £ 1.15% 26.28 + 1.09% 26.46 & 1.13b
2 9.50 & 0.00° 6.26 & 0.00° 9.59 & 0.16° 2323 £ 1.1°
4 5.97 £ 0.00° 0.84 + 0.00° 6.47 £ 0.07° 14.84 +0.314
6 4.30 + 0.004 0.56 + 0.014 3.86 + 0.009 27.30 4 0.442
Red 0 11.50 + 0.002 16.67 + 1.152 26.33 + 1.822 31.84 + 1.692
2 9.67 + 0.00° 5.62 +0.34° 10.10 + 0.09° 26.21 & 0.44b
4 6.30 + 0.00° 0.79 £ 0.01° 6.70 + 0.12¢ 14.09 + 0.944
6 4.23 £ 0.004 0.68 + 0.034 4.09 + 0.044 23.62 £ 0.88°
Morovine Yellow 0 12.00 £ 0.002 17.33 £1.152 29.09 4 0.782 24.47 +0.812
2 10.0 + 0.00° 5.76 £+ 0.2° 10.34 £ 0.43b 21.91 + 0.66°
4 6.53 £ 0.00° 1.02 £ 0.00° 6.00 + 0.05¢ 15.22 +0.574
6 5.27 4 0.004 0.65 + 0.004 3.46 + 0.059 20.32 4 0.1°
Red 0 12.00 + 0.002 16.33 + 1.80? 29.54 4+ 0.782 28.72 4+ 0.752
2 9.00 + 0.00° 5.76 + 0.00P 10.50 + 0.29° 25.87 & 0.66°
4 6.40 + 0.00° 0.93 + 0.02° 6.42 +0.11° 15.88 + 0.264
6 5.13 +0.00¢ 0.70 + 0.034 3.68 +0.034 24 47 £ 0.69°
Waraniene Yellow 0 12.00 + 0.00? 17 £1.732 25.9 + 0.60° 21.55+0.122
2 8.33 £ 0.00P 5.16 +0.3° 9.60 & 0.30° 17.28 £ 1.10¢
4 5.17 £ 0.00° 1.36 + 0.00° 5.10 £ 0.12¢ 11.25 + 0.06¢
6 4.13 +0.004 0.51 +0.014 2.88 & 0.034 18.78 £ 0.84P
Red 0 11.67 4 0.002 16.03 + 1.812 26.40 + 1.812 23.62 4 0.882
2 8.47 + 0.00P 6.10 + 0.04° 10.06 4+ 0.37° 17.94 4 1.32¢
4 5.50 + 0.00° 0.88 + 0.01° 6.56 +0.11° 14.46 £ 0.114
6 3.77 + 0.004 0.71 £ 0.004 3.98 +0.19¢ 20.32 £ 0.10°

Note: The statistical differences between these mean values at the 95% confidence level are indicated on same column by different letters a, b, c and d

in superscript.

3.2. Nutrient Parameters

Table I shows evolution of nutrient parameters of
cashew apples extracts during fermentation. It can be
seen that during fermentation, refractometric dry extract
content of yellow apples from Tioro decreased sharply
from 11.93°Brix to 4.3°Brix, while that of yellow apples
from Tioro de Morovine and Waraniene decreased from
12.00°Brix to 5.27°Brix and from 12.00°Brix to 4.33°Brix,
respectively. For red apples from Tioro, refractometric dry
extract content decreased from 11.50°Brix to 4.23°Brix,
that from Morovine varied from 12.00°Brix to 5.13°Brix
and that from Waraniene fell from 12.67°Brix to 5.77°Brix.
Table IT shows that red apples had lower refractometric dry
extract contents than yellow apples, with a peak recorded
for apples from the Morovine site. Total and reducing
sugar contents varied significantly (p > 0.05) from 29.54
g/100 g to 2.75 g/100 g and from 17.33 g/100 g to 0.51
g/100 g, respectively, on average from the first to sixth
day of fermentation. Protein content, shown in Table II,
decreased from 26.11 g/100 g to 14.29 g/100 g on average
from first to fourth day of fermentation. This was followed
by a general increase in protein content from fourth to
sixth day, with values increasing from 14.29 g/100 g to
22.47 g/100 g on average.

3.3. Polyphenols and Tannins Contents

Fig. 1 shows the total polyphenols content. Results
generally show a sharp decrease in polyphenol con-
tent from day one to day four of fermentation, with
mean values ranging from 652.66 mgEAG/100 g to
350.23 mgEAG/100 g for red apple must and from

538.76 mgEAG/100 g to 305.14mgEAG/100 g for yel-
low apple must. While a slight increase was observed
on sixth day of fermentation, with an average value
of 387.73 mgEAG/100 g for red apple musts and
357.93 mgEAG/100 g for yellow apple musts, a decrease
was observed from the sixth to tenth day of fermentation,
with an average value of 305.14 mgEAG/100 g for yellow
apple musts and 283.33 mgEAG/100 g for red apple musts.

Tannin contents are shown in Fig. 2., analysis of
results shows a significant decrease in the tannin content
of all cashew apple samples during fermentation, from
15.95 mgEAT/100 g to 3.57 mgEAT/100 g for red apples
and from 15.15 mgEAT/100 g to 3.12 mgEAT/100 g for
yellow apples. Red apples had a slightly higher tannin
content than yellow apples.

3.4. Correlation between Various Parameters

The Pearson correlation test revealed a strong corre-
lation between the various parameters examined during
fermentation and the different cashew varieties (P < 0.05).
This test confirmed that significant differences between
the parameters were observable at the 1% level. The cor-
relation circle analysis in Fig. 3a shows the distribution
of red and yellow cashew apples according to sampling
days. Fig. 3b shows the distribution of physicochemical,
nutritional and phytochemical parameters according to
the same days. These parameters were oriented and cor-
related by PJO, PRO, PR2, PJ2, PJ4, PR4, PJ6 and PRé.
Fig. 3a and b show that cashew apples retained their nutri-
tional properties up to the second day of fermentation.
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However, after two days, the cashew apples lost their nutri-
tional properties. This loss of nutritional properties favors
the production of natural substances of interest, such as
organic acids and alcohol, beyond the fourth day of fer-
mentation. At this stage, cashew apples have no nutritional
value.

4. DISCUSSION

4.1. Physicochemical Parameters

Monitoring of fermented cashew apples showed that our
recorded pH results were in line with those of Gbohaida
et al. [17] and Gbohaida et al. [18]. They were obtained in
cashew apple musts enriched and not enriched with urea,
with values ranging from 4.5 to 4 and 4.5 to 3.8, respec-
tively. Red apple musts showed much higher lactic acid and
alcohol yields than yellow apple musts did. The drop in
pH reflects the increasingly acidic nature of cashew apple
musts, which may be due to the release of organic acids
into the environment. This could slow down the activity of
pathogenic bacteria and yeasts in apple musts, thus helping
retain the compounds of interest. The increase in acidity

could be due to the production of alcohol and/or acidic
compounds by yeast and/or bacteria during fermentation
[19]. The acidity of apples during fermentation leads to
the conversion of sugars into organic acids, in particular
lactic acid, tartaric acid, citric acid, ascorbic acid and
amino acids, while acetic fermentation converts alcohol
into acetic acid. Cashew apples initially contain a high
concentration of malic acid, which is responsible for their
acidification [7]. Lactic acid, citric acid and ascorbic acid
are useful in food biotechnology as effective bioconserva-
tives of perishable foods. Alcohol s also useful in the health
sector and in biochemical laboratories but is less widely
used in the production of liqueurs for consumption.

The results obtained before apple fermentation were
in agreement with those of Charahabil et al. [20], who
obtained values of 14.17% and 12.48%, respectively, for
red and yellow apples at harvest. The low value of dry
matter recorded on the sixth day could be due to the use
of insoluble fiber by bacteria for energy production in
the absence of macromolecules [21]. The use of insoluble
fiber by bacteria during fermentation could optimize the
production of interesting natural compounds in cashew
apples.
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Fig. 3. Principal component analysis of the physicochemical,
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fermentation: (a) Distribution of red and yellow cashew apples
according to sampling days, (b) Distribution of physicochemical,
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hydrogen potential; SU.TOT: total sugars; SU: RED: reducing
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C.: condensed tannins; POLY.T.: total polyphenols; PROT.:
proteins; ALCO.: alcohol; ACD.: titratable acidity.

4.2. Nutrient Parameters

Work of Gbohaida et al. [18] found same variations,
ranging from 13°Brix to 3.67°Brix during controlled
fermentation using Saccharomyces cerevisiae and S. carl-
bergensis for bioethanol production from cashew apple
juice. Refractometric dry extract is key parameter used
to control soluble sugars during alcoholic or lactic
fermentation.

Our work on sugar content is in agreement with that
of Kouassi et al. [22], who obtained a total sugar con-
tent ranging from 34.67 g/100 g to 7.86 g/100 g after
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controlled fermentation of cashew apples using fungus
Aspergillus niger. Analyses showed that during fermen-
tation, approximately 80% of the total sugars and 93%
of the reducing sugars in cashew apples were consumed
within two days. On average, only 10.03 g/100 g of total
sugars and 5.77 g/100 g of reducing sugars remain after
two days of fermentation. Four days of fermentation are
sufficient to consume about 95% of total sugars and 99% of
reducing sugars, corresponding to amounts of 6.25 g/100 g
and 0.97 g/100 g, respectively. Bisson’s work [23] on grape
juice showed that during controlled fermentation, Sac-
charomyces cerevisieae consumed approximately 99.99%
glucose in four days (96 h). The evolution of sugars during
the natural fermentation of cashew apples provides infor-
mation on the presence of alcohol and organic acids in
fermented musts, which are natural substances of inter-
est. Sugar contents are significantly higher than those
obtained by Landing et al. [24] and Soro [25], who obtained
contents of 4.9 g/kg to 5.6 g/lkg and 7.8 g/kg to 9.9 g/kg,
respectively, in raw cashew apple juice. Exposure of cashew
apple samples to air during fermentation induces protein
degradation by microorganisms [26], [27]. This increase in
protein content could be due to the secretion of enzymes
that break down insoluble fibers in fermented musts, allow-
ing the appearance of interesting natural substances.

4.3. Polyphenols and Tannins Contents

Work on phenolic components follows same variations
as Jean [28], who obtained total polyphenol contents
ranging from 41.34 mgEAG/g to 28.33 mgEAG/g dry
matter during first six days of cocoa pod fermentation
(Guiana variety). The enzymes produced by microorgan-
isms responsible for the degradation of polyphenols during
fermentation are glycosidase and polyphenol oxidase [29].
Polyphenol oxidases oxidize phenolic compounds to o-
quinones, which are more reactive and complex with
amino acids, proteins, and other flavonoids [30]. This
could explain the slight increase in protein and polyphenol
content observed in cashew apple crushes on the sixth
day of fermentation. Enzymes from these microorganisms
can be used to remove astringency from cashew-apple
juice. Variation in tannin content in the present study
follows the same pattern as that of Jean [28], who fer-
mented cocoa pods for six days at room temperature. They
recorded DPPH and ORAC values ranging from 684.6
pmol to 449.6 pmolE.Trolox/g and from 1097.0 pmol to
848.4 pwmolE.Trolox/g dry matter, respectively. Enzymes
responsible for lowering the tannin content during apple
fermentation can be extracted and used to remove the
astringency of cashew apple juice. This could be a way to
add value to raw cashew apple juice intended for adoles-
cent or infant consumption.

5. CONCLUSION

The results of these investigations allow to conclude
that cashew apples could be a suitable substrate for fer-
mentation in order to produce chemicals of interest, such
as organic acids and alcohols. In addition, fermentation
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could be reduce astringency of cashew apples. Future stud-
ies will involve isolating and identifying microorganisms
responsible for the natural fermentation of cashew apples.

CONFLICT OF INTEREST

The authors declare that they do not have any conflict
of interest.

(1]

(2]
B3]

4

1]

(o]

(71

(8]

]

[10]

(1]

[12]

(13]

(14

[13]

[16]

(17

(18]

REFERENCES

Ohler JG. Cashew Communication Department of Agricultural
Research. Netherlands. Amsterdam: Koninklijk Instituut voor de
Tropen; 1979, pp. 1-250.

DeLogu AM, Haeusler G. The world cashew economy.
Inchiostroblu. Bologna. Italy. 1994;56(4):235-48.

A.R.E.C.A. (Cotton and Cashew Regulatory Authority of Cote
d’Ivoire). Internal Documents of the Cotton and Cashew Regulatory
Authority of Céte d’'Ivoire (ARECA). Abidjan: Ministry of Agri-
culture of the Republic of Cote d’Ivoire, AIP-Ivorian Press Agency;
2024 Jun 6. Available from: https://www.aip.ci.

Lacroix E. Cashew Trees, Cashew Nuts and the Cashew Industry
in Bassila and Benin. Térra Systems; 2003. p. 47. Available from:
https://www.scirp.org.

Adou M, Tetchi F, Gbane M, Kouassi KN, Amani NG. Physico-
chemical characterization of cashew apple juice (Anacardium
occidentale L.) from yamoussoukro (Cote d’Ivoire). Innov. Rom.
Food Biotechnol. 2012;11(7):32-43.

Touré A, Zoro AF, Touré N, Sall F, Soro YR, Coulibaly A. Physico-
chemical and nutritive properties of by-products flours from cashew
(Anacardium occidental) and mango (Mangifera indica) for rumi-
nants feeding in Poro region (Northern Cote d’Ivoire). EAS J Nutr
Food Sci. 2020;2(2):44-8.

Soro D, Ouattara GS, Chatigre KO, Koffi EK. Physicochemical
and sensory characterization of various cashew apple and pine
apple juice formulations. Yamoussoukro (Ivory Coast). Int J Biol
Chem Sci. 2016;10(6):2447-60.

Paul H, Padonou SW, Dansou V, Todohoue C, Agbobatinkpo P,
N’djolosse K, et al. Production of Cashew Apple-Based Vinegar.
Institut National of Search Agri. of Bénin. National Library (NL)
of Bénin. N° 8980; 2016. p. 10. Available from: http://www.waapp-
ppaao.org.

AOAC. Official methods of analysis of the Association of Official
Analytical Chemists: edited Ig W. Horwitz 16 ed. Washington,
v. 2, 1997. p. 850.

Soyer Y, Koca N, Karadeniz F. Organic acid profile of Turk-
ish whites grapes and grapes juices. J Food Compost Anal.
2003;16(5):629-36.

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F. Colori-
metric method for determination of sugars and related substances.
Analytical Chem. 1956;28(3):350-6.

Bernfeld P. Amylases, « and B Meth. Enzymologyl. Boston. MA:
Tufts University School of Medicine; 1955, pp. 49-58.

Nadine SD, Hamame A. Study of Yeasts Producing Thermostable
Exocellular Glycolytic Enzymes: Production (On Petri Dish and
in Batch) and Characteristics of the Enzymes Produced. Master’s
Thesis, Algeria, Constantine. 2016, p. 43.

DICKO MH. Practical Work in Structural Biochemistry and Enzy-
mology. Wageningen Agricultural University; 2006 Jan. pp. 33-6.
Zakari SD, Alfa KD, Bakasso S, Sabo HS. Phytochemical
screening, determination of polyphenols and antioxidant activ-
ity of two antihypertensive plants from Niger. Eur Sci J. 2021
May;17(17):1857-7431.

Kouamé TK, Siaka S, Kassi ABB, Soro Y. Determination of total
polyphenols, total flavonoids and tannins in young unopened leaves
of Piliostigma thonningii (Caesalpiniaceae). Int J Biol Chem Sci.
2021;15(1):97-105.

Agbangnan DCP, Ggohaida V, Bothon F, Théomeéne D, Kanfon
RE, Avlessi F, et al. Nutritional profile and chemical composi-
tion of juices of two cashew apple’s varieties of benin. Chem J.
2018;4(4):91-6. Available from: http://www.aiscience.org/journal/
cj. ISSN: 2381-7674 (Print); ISSN: 2381-7682 (Online).

Gbohaida V, Mossi I, Adjou ES, Agbangnan DCP, Wotto DV,
Avlessi F, et al. Evaluation of the fermentative power of Sac-
charomyces cerevisiae and S. carlsbergensis in the production of
bioethanol from cashew apple juice. J Appl Biosci. 2016;10(1):
9643-52.

(19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

(29]

(30]

Fofana et al.

Garcia-Gonzalez L, Geeraerd AH, Spilimbergo S, Elst K, Van GL,
Debevere J, et al. High pressure carbon dioxide inactivation of
microorganisms in foods: the past, the present and the future. Int J
Food Microbiol. 2007;11(7):1-28.

Charahabil MM, Landing N, Niang L, Diouf A, Ayessou NC.
Nutritional and energy value of cashew apples (Anacardium occi-
dental L.) from Casamance, Senegal. Afr Sci. 2022;21(2):13-24.
Fickers P, Destain J, Thonart P. Lipases are atypical hydrolases:
main characteristics and applications. Biotechnol Agron Soc Envi-
ron. 2008;12:119-30.

Kouassi EKA, Soro Y, Carlos VG, Kouassi BY. Valorisation of
agro-resource wastes by bioproduction of citric acid. J Soc Ouest-
Afr Chim. 2017,044:36-42.

Bisson LF, Stalled and Sluggish Fermentation. vol. 12, USA: Online
Journal of Viticulture and Oenology, University of California, 2005,
p- 3.

Landing N, Mohamed MC, Lahat N, Abdoulaye D, Nicolas CA.
Nutritional and energy value of cashew apples (Anacardium occi-
dental L.) from Casamance, Senegal. Afr Sci. 2022;21(2):13-24.
Soro D. Coupling of membrane processes for clarification and
concentration of cashew apple juice: performance and impact on
product quality. Single thesis, Institut des Régions Chaudes Sup
Agro, Montpellier. 2012; p. 156.

Koura K, Ouidoh PIG, Azokpota P, Ganglo JC, Hounhouigan
DJ. Physical characterisation and composition of seeds of Parkia
biglobosa (Jacq.) R. Br. used in northern Benin. J Appl Biosci.
2014;75:6239-49.

Omabuvfe BO, Abiose SH, Shonukan OO. Fermentation of soy-
bean (glycine max) for soy-daddawa production by starter cultures
of bacillus. Int J Food Microbiol. 2002;19(6):561-6.

Jean ME. Impact of fermentation processes on the antioxidant and
immunomodulatory properties of Guiana and Forastero cocoas
from French Guiana. Doctoral thesis, University of Guyana; 2020.
p. 152.

Macedo ASL, Rocha FDS, Ribeiro MDS, Soares SE, Bispo EDS,
Macedo ASL, et al. Characterization of polyphenol oxidase in two
cocoa (Theobroma cacao L.) cultivars produced in the south of
Bahia, Brazil. Food Sci Technol. 2016;36:56-63.

Santander MM, Rodriguez CJ, Vaillant FE, Escobar PS. An
overview of the physical and biochemical transformation of cocoa
seeds to beans and to chocolate: flavor formation. Crit Rev Food
Sci Nutr. 2020;60:1593-1613.

Vol 7 Issue 5| October 2025


https://www.aip.ci
https://www.scirp.org
http://www.waapp-ppaao.org
http://www.waapp-ppaao.org
http://www.aiscience.org/journal/cj
http://www.aiscience.org/journal/cj

	Variation of Physicochemical, Nutrient, Polyphenols and Tannin Proprieties of Cashew Apple Anacardium occidentale L. Pulp During Fermentation
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Conflict of Interest
	References


