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Abstract

Cote d'Ivoire produces ten (10) times more cashew apples than the quantity of the nuts produced on a weight basis. Yet,
this important production is often left to decay in the orchards. The objective of this study was to conduct a physiological
and biochemical characterization of cashew apples that had fallen from the trees and were collected on the same day in
order to find ways to valorize this waste material. The physicochemical and biochemical analyses were conducted on
five (5) samples of cashew apple powder, including one (1) sample of 1 kg (2 x 0.5 kg) purchased on the market and
four (4) samples (2 x 0.5 kg) produced in the laboratory. Results showed an acidic pH (4.10 to 4.81) and a low humidity
(9.26 to 11.27%). The biochemical characterizations highlighted a marked antioxidant activity through high polyphenol
(400 to 900 mg/kg) and flavonoid (160 to 640 mg/kg) contents. In addition, reducing sugars (5.60 to 7.38g/kg) and
total sugars (13.32 to 18.67 g/kg) were dominant. These results suggest that cashew apple powder can be used as an
ingredient in the formulation of infant or animal foods.
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1. Introduction

In developing countries, poverty, famine, and malnutrition remain alarming despite the ongoing efforts to address them
[1], [2]. According to the Food and Agriculture Organization of the United Nations, the estimated number of
undernourished people worldwide in 2022 was 735.1 millions [3]. Sub-Saharan Africa is particularly affected by this
situation. In 2022, the region recorded a malnutrition rate of 22.5%, which is double the global average of 9.2% [4].
Unfortunately, Cote d'Ivoire is not exempt from these challenges, as 6 out of 19 surveyed regions were categorized as
food insecure. Among these regions, Bélier, Grand-Pont, Béré, and Marahoué were classified as being in the pressure
phase. This category of the population lived in an unstable financial situation; meaning, the population needed support
during difficult times. In the regions of Iffou and N'zi, approximately 210,027 people were already in a food crisis. If
nothing is done, the number of people in a situation of food insecurity will continue to grow in the coming years.
However, Cote d'Ivoire has a wide range of fruits capable of playing a significant role in food security and fighting
poverty [5], [6]- A good example is cashew apples, with over two-thirds of the production wasted in the orchards [7].
These apples can be sold or consumed fresh or processed, and they possess high nutritional value [3], [8], [9] and are
known for their anti-carcinogenic, anti-tumor, and antioxidant properties [8], [10]. Unfortunately, apples are not valued
due to limited knowledge of their nutritional properties, processing techniques, and benefits [7]. In this context, this
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study aims to provide a physiological and biochemical characterization of cashew apples that had fallen and were
collected on the same day to promote their valorization.

2. Materials and methods

2.1. Plant material

Ripe cashew apples that had fallen from the tree were collected the same day during the 2023 and 2024 cashew nut
campaigns in Yamoussoukro, Katiola, and Korhogo growers' orchards. The red and yellow apples were separated from
their nuts and placed in barrels for transport to the factory laboratory of the School of Agronomy of Félix Houphouét-
Boigny National Polytechnique Institute (INP-HB), Yamoussoukro, Cote d’Ivoire. Different phenotypes of apples were
used for powder production in the laboratory. Additionally, a batch of powder was purchased on the local market.

2.2. Cashew apple flour production

After pressing the juice, the cakes recovered were dried under the sun on a black plastic tarpaulin and repeated for
several days, from 9 a.m. to 5 p.m., until they became dry. The cake was then ground in a mixer (brand, address of the
manufacturer) and sieved, and the flour obtained was packaged in plastic boxes for analysis.

Figure 1 A) Fresh oil cake; B) Dry oil cake
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Figure 2 Flowchart of the experimental procedure for obtaining cashew apple powder
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2.3. Sampling

Five samples of 1 kg (2 X 0.5 g) in total, including the batch purchased on the markets in Yamoussoukro and the four
samples produced in the laboratory from cashew apples collected in Yamoussoukro, Katiola, Korhogo, were used to
conduct this research.

Figure 3 a) Cashew apple powder; b) Commercially purchased cashew apple

2.4. pH measurements of the juice

Ten grams of each solid sample were weighed, diluted in 90 mL of distilled water, stirred on a magnetic stirrer
(manufacturer's name and address), and filtered on Whatman paper No. 4. A pH meter (manufacturer’s name and
address), calibrated using the buffer solutions pH = 4 and 7, was used. Its electrode was immersed in the filtrate for
reading.

2.5. Determination of titratable acidity

Titratable acidity was determined from 10 mL filtrate of each sample using 0.1 N sodium hydroxide solution. The
determination was carried out in the presence of phenolphthalein solution as a color indicator. The pink color of the
solution ended the analysis[11].

2.6. Determination of dry matter content

The dry matter content of each sample was determined by the AOAC method [12]. Each porcelain crucible used was
washed carefully and dried in an oven. The empty mass (m0) of the crucible was first recorded, and then 5 g of each
cashew apple derivative was weighed. The crucible and sample (m1) were in an oven at 105°C for 24 h, after which the
samples were removed from the oven and placed in a desiccator. The crucible and sample assembly was weighed in the
oven (m2). The dry matter content was calculated using the following expression:

Dry matter (%) = ——2X 100

mi—mqp

The moisture content of different cashew apple juices was determined using the following relationship:

Humidity level (34) = ?x 100

—my

m,: mass of the crucible (g)
m,: mass of crucible + sample before drying (g)
m,: mass of crucible + sample after drying (g)

2.7. Determination of total polyphenols

The total polyphenol content of each sample of cashew apple by-products through the method described by[13] using
Folin-ciocaleu. Thirty microliters of each sample were quantified using a micropipette and added to 2.5 mL of a 10%
diluted Folin-Ciocalteu. The resulting mixture was placed in the dark in a cabinet at room temperature for 2 min and
then 2 mL of sodium carbonate solution was added. The turn is incubated in a water bath for 15 min at 50 °C, then cooled
to room temperature. Five milliliters of diluted Folin-Ciocalteu reagent were added to 4 mL of sodium solution (75g L-
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1) and prepared under the same abovementioned conditions. Gallic acid was used as a standard, and an absorbance
reading was carried out with a UV-visible spectrophotometer Jasco (V-530) at 760 nm.

2.8. Dosage of flavonoids

The method described by [14] was used for the determination of flavonoids in different by-products derived from
cashew apples. Briefly, 2.5 mL of each sample was added to 0.75 mL of 5% sodium nitrite (NaNO2) in a 25 mL graduated
flask. To this mixture, 0.75 mL of 10% (m/v) aluminum chloride (AlCI3) was added, and then it was incubated for 6 min
in a dark room. After removal from the dark room, the volume of water was made up to the gauge mark after adding 5
mL of 1 N sodium hydroxide. The mixture was homogenized and allowed to stand before reading the absorbance using
a spectrophotometer (Jasco V-530) at 510 nm.

2.9. Determination of total tannin

To 7.5 mL of distilled water contained in a test tube, 100 pl of each derivative was added, followed by an addition of 0.5
mL of Folin Ciocalteu reagent. The mixture is added with 1 mL of Ca2C03 and then made up to 10 mL using distilled
water. The solution is homogenized using a vortex and then left protected from light at room temperature for 30 min.
The absorbance is read at 700 nm using a spectrophotometer. Distilled water was used as a blank [15].

2.10. Dosage of reducing sugars

The reducing sugar content was determined by the colorimetric method of [16]using 3,5-dinitro-salicyclic acid (DNS).
Ten grams of each sample was weighed and then introduced into 90 mL of distilled water. The mixture was then
homogenized using a magnetic stirrer and then filtered on Whatman No. 4 paper. 0.1 mL of the filtrate of the jam, flour,
and cashew apple juice was introduced independently into a test tube and supplemented with 0.1 mL of DNS. The
mixture was placed in a boiling water bath. 15 min later the samples were removed and supplemented with 10 of
distilled water. The spectrophotometer reading was carried out against a blank at 540.

2.11. Determination of total sugars

For the determination of total sugars, 0.1 mL of each sample was introduced into a test tube using a micropipette with
the addition of 0.9 mL of distilled water. To this mixture 1 mL of 5% (m/v) phenol and 5 mL of sulfuric acid. The
absorbance was determined using a spectrophotometer against one prepared from a glucose concentration (1g.L-1) at
490nm [17].

2.12. Statistical analysis

All data from the various analyses were expressed as mean * standard deviation using Excel 2019. One-way analysis of
variance (ANOVA) was performed, and significant differences were determined by Duncan’s test using the XLSAT
software version 2016.

3. Results

3.1. Physicochemical characteristics of cashew apple powder

Physicochemical characteristics of cashew apple powder data from Yamoussoukro, Korhogo, and Katiola are shown in
Table 1. All samples presented pH values ranging from 4.10 + 0.01 to 4.81 * 0.01, indicating their acidic character. In
this context, the yellow cashew apple powder exhibited greater acidity, with a content of 4.10 + 0.01. The commercially
purchased powder has a pH similar to that of Korhogo. Also, the titratable acidity of the commercially purchased sample
and samples from Katiola, Korhogo, and Yamoussoukro (red) showed no difference. In general, values were different
between the tested powders, but they seemed to follow the same trend as the pH values. The highest titratable acidity
was obtained in the red cashew apple powder sample from Yamoussoukro, while the lowest was detected in the yellow
cashew apple powder. Results showed a high dry matter content, ranging from 88.73 +0.10 to 90.74 * 0.23 %, with the
red cashew apple powder from Yamoussoukro recording the highest dry matter content. The humidity rate, inversely
proportional to the dry matter obtained, followed the inverse distribution of the latter. Results also showed a low
humidity rate, between 9.26 +0.23 and 11.27 + 0.10 %.
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Table 1 Physicochemical characteristics of cashew apple powder

Samples | pH Titrable acidity (%) | Dry matter (%) | Humidity (%)
PA 481+0.012 | 0.54+0.032 90.16 + 0.53% 9.84 + 0.53bc
PKO 480+0.012 | 0.53+0.01a 88.73 £0.10¢ 11.27 £ 0.102
PKA 4.64 +0.02> | 0.51+0.012 89.47 £ 0.29b¢ 10.53 + 0.292b
PJYA 4.10+0.014 | 0.33+0.06> 89.75 £ 0.08P 10.25 + 0.08b
PRYA 442 +0.01c | 0.53+0.062 90.74 + 0.232 9.26 +0.23¢

The values in the table represent means + standard deviation of three trials for each parameter. Values sharing the same superscript letter are not
statistically different at P > 0.05. PA: Commercially purchased cashew apple powder; PKO: Korhogo cashew apple powder; PKA: Katiola cashew
apple powder; PJYA: Yellow cashew apple powder; PRYA: Red cashew apple powder.

3.2. Biochemical characteristics of cashew apple powder

Results of the biochemical composition of the cashew apple samples are presented in Table 2. The table reveals that the
polyphenol contents of the different samples ranged from 400.00 + 40.00 to 960.00 £10.00 mg/L. The lowest polyphenol
content was recorded in the red and yellow cashew apple samples from Yamoussoukro, which have respectively
accumulated contents of 398.00+13,00mg/kg and 400.00+40.00mg/kg, respectively. In addition, these different
samples show variability at the 5% threshold. As indicated in the table, the samples from Korhogo (900.00 *
20.00mg/kg) and Katiola (960.00 £10.00 mg/kg) contained more polyphenols, followed by the one purchased on the
markets (596.67 +11.55mg/kg). The flavonoid contents of commercially purchased powders (PA) and those from
Korhogo and Katiola were not significantly different. Similarly, the red and yellow apples from Yamoussoukro were not
different. However, the PA, PKA, and PKO presented a greater flavonoid content than the PJYA and PRYA samples. The
Yamoussoukro samples were relatively low in flavonoids. The Korhogo and Yamoussoukro samples showed the highest
total tannin contents of 878,867+3.31 and 868,233 + 5.10 mg/kg of total tannins, respectively. while the lowest content
was recorded in the samples from Yamoussoukro, with the red and yellow apple samples having 336,490 +53.40 and
371,387+0.67 mg/kg of total tannins, respectively. Samples PYA, PRYA, PKA, and PKO are identical but different from
sample PA. Reducing sugar contents varied from 5.60+0.30 to 7.60+0.03g/L, with the red cashew apple powder showing
the lowest content. PKO, PA, and PJYA samples had similar values and did not present any variability, but they differed
from samples PKA and PRYA. The total sugars of the powders of the different samples revealed the highest content in
the PJYA sample from Yamoussoukro. In addition, PKA and PKO samples did not present any significant difference at
the threshold of 5%.

Table 2 Biochemical characteristics of cashew apple powder

Polyphenols Flavonoids Total tannins | Reducing Sugars | Total sugars
(mg/kg) (mg/kg) (mg/kg) (g/ke) (g/kg)
PA 596.67+ 11.55> | 640.000 + 26.462 702.10 £ 4.91b 7.38+0.012 15.99 + 0.14b
PKO 900.00 +20.002 | 530.00 +10.002 878.87 +3.31a 7.33+0.2a 13.32 +0.33¢
PKA 960.00 +£10.002 | 546.667 + 64.292 868.23 +5.102 6.43 +£0.01b 13.57 +0.20c
PJYA | 398.00+13.00c | 160.000 +30.00> | 371.39 + 0.67¢ 7.60 £ 0.032 18.67 +0.12a
PRYA | 400.00 +40.00c | 200.000 + 100.00> | 336.49 * 53.40¢ 5.60 £ 0.30¢ 12.33 +0.124

The values in the table represent means * standard deviation of three trials for each parameter. Values sharing the same superscript letter are not
statistically different at P > 0.05. PPSL: Commercially purchased cashew apple powder; PKO: Korhogo cashew apple powder; PKA: Katiola cashew
apple powder; PJYA: Yellow cashew apple powder; PRYA: Red cashew apple powder.

4. Discussion

The physiological characteristics of the cashew apple powder samples from Yamoussoukro, Katiola, Korhogo, and those
purchased in stores suggest that cashew apple powder is an acidic food product. The acidity range reported in this study
could provide great stability to the powder; meaning, the pH values could make it difficult for microorganisms to
proliferate. The results obtained are close to those reported by [18]while studying the physicochemical and nutritional
characterization of agricultural by-products, including cashew apple powder, mango peel, and shelled almond. These
authors reported a pH of 5 for cashew apple powder. Also, the results of a study on the characterization of cashew apple
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powder in Nigeria are partly similar to our study. Additionally, [19]observed a similar pH range between 3.96 and 4.32,
confirming the acidic nature of cashew apple powder. Likewise, an acidic pH (PH=3.9) was obtained in cashew apple
residues subjected to drying in Brazil [20]. The acidic nature of the samples could be explained by the strong presence
of certain organic acids (vitamin C and citric acid) contained in the raw juice of the cashew apple before extraction [21].
After extraction, the remaining organic acid is concentrated in the cake during drying, making the cashew apple powder
acidic. The titratable acidity confirmed the acidic character of the samples analyzed from several locations. Similar
observations were made by [22]. The variability between samples could be explained by the composition of the fruits
which is influenced by agricultural practices used by different producers. Moreover, the locations of different fruits on
the tree, the soil composition, the climate, the cultivar, and the light interception by the cashew trees could all influence
the chemical composition of the cashew apple and that of the titratable acidity [23]. On the other hand, the acidity levels
showed that the powders could be preserved without chemical preservatives and contributed to a light flavor [24]. Dry
matter contents between 88.73 +0.10 and 90.74 *0.23%, reported in this study, are smaller than those reported by
[25]when evaluating flours from three different varieties of purple corn in Cote d’'Ivoire. Previous research on cashew
apple powder reported similar results (89.39%) [26]. This high content could be an advantage for the valorization of
the cashew apple which can be used as a substitute for fodder or grass for feeding of ruminants [27], [28]. Several studies
suggested that cashew apple could also be used in the formulation of infant flour, biscuits to face certain current
challenges [29].Moisture contents were comparable to the values reported by [19]for different formulations with apple
powder in Togo. The observed values in the present study are relatively lower than those recommended by the Codex
Alimentarius set at 15%, meaning the samples evaluated in this study could be well preserved as their low humidity
levels would make it difficult for microorganisms to proliferate. Such humidity levels would slow down enzymatic
activities and the deterioration of the product. Low humidity levels were previously reported in corn flour in Brazil and
Cote d’Ivoire [20], [25]. This difference could be attributed to temperature, the drying medium, or climatic conditions.
Polyphenols are from secondary metabolites of plants, particularly in vegetables, fruits, and spices. They are known for
their antimicrobial, antimutagenic, antiallergic, anti-inflammatory, and antioxidant properties. These compounds play
an active role in protecting human health. Moreover, polyphenols play a role in the nutritional and sensory quality of
fruits, particularly that of the cashew apple. The levels observed during this study are lower than those that
[10]reported (2012). In their study on the determination of bioactive compounds of non-traditional tropical fruits in
Brazil, [30]reported a value of 8300 mg/kg of polyphenols, which is higher than the contents reported in the present
study. Differences in total polyphenols in cashew powder samples reported in the literature could be due to the methods
used for quantification [31]. Flavonoids are subclasses of polyphenols sharing a common structure, composed of two
aromatic rings found in fruits, especially in the cashew apple. Like polyphenols, flavonoids are natural antioxidants
capable of preventing the oxidation of several types of molecules (lipoproteins, nucleic acids, and free radicals) in the
human body, improving our health [32]. In the present work, the flavonoid contents were lower than those [25]reported
in corn (1791.6 mg to 1909.5 mg/kg). Previous research demonstrated that the injection of cashew apple powder's
aqueous extract could play an important role in pharmacology through its flavonoid content [33]. This hypothesis opens
the way to the formulation of food products based on cashew apples alone or in combination to ensure the proper
functioning of the body. Alongside polyphenols and flavonoids are tannins, all secondary metabolites secreted by the
plant. Unlike the first two, tannins are sometimes considered anti-nutrients because a high content of tannins in a food
product makes it astringent. In addition, tannins are capable of reducing the bioavailability of certain nutrients during
digestion after their consumption. The level of tannins in this study was similar to those obtained by[28], with a value
of 845.6 mg/kg in cashew apple powder. These results indicate that cashew apple after juice extraction and cake drying
can be used alone or in combination in animal or human nutrition. This statement is supported by[28], who indicated
that at a content lower than 2600 mg/kg, tannins no longer influence the digestibility of energy and proteins. However,
a study on the dehydration of cashew apple slices from different media showed concentrations of 2679.5 mg/kg and
2665 mg/kg, respectively, for hot and solar dryers in Tanzania [34]. This variability would be linked to the
agroecological conditions of the regions. Tannin concentrations obtained in this study can be reduced by mixing cashew
apple powders with spices and sugar [35]. Reducing sugars are a portion of total sugars that can reduce other chemicals
through a group of free aldehydes or ketones. The reducing sugar contents of this study corroborate those obtained in
the optimization of aqueous extraction of reducing sugars from cashew apple bagasse (cake powder) in India [36].
Similar trends were reported in mango peel and four varieties of mango flour grown and processed in the northern part
of Cote d’lvoire. These authors reported reducing sugar contents from 7.26 to 8.7 g/kg [37]. In contrast, in Brazil [38]and
[31]reported higher reducing sugar contents of 36 g/kg and 13.32 g/kg in cashew powder, respectively. Differences in
concentrations could be explained by the assay method and soil composition. The total sugars in cashew apple powder
or bagasse are composed mainly of fructose and glucose [39]. In this study, although the concentration of total sugars
is high, it remains relatively low compared to fresh cashew apples, as reported by several studies, including those of
[40], [41]in Cote d’lvoire. Our results are within the range (1.7 to 28.9 mg/kg) obtained in India when making the
characterization of cashew apple marc [42]. Natural total sugars in powder can play a vital role in providing quick
energy, enhancing the powder's flavor, and acting as a preservative.
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5. Conclusion

This study aimed to characterize the physicochemical and biochemical properties of cashew apple powder. Results
highlight the acidic character and the low humidity of the different samples of cashew apple powder. It should be noted
that cashew apple powders are rich in polyphenols and flavonoids, which play a key role in preventing metabolic
diseases and correcting nutritional deficiencies. They also contain natural sugars capable of covering human and animal
calorific needs. These characteristics suggest that cashew apple powder purchased commercially or produced locally
can be used as an ingredient in the formulation of infant or animal foods in the quest for the valorization of cashew

apple.
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