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Abstract 
During the ageing of wine, many reactions occur generating enormous mod-
ifications. After pasteurization (65˚C/5minutes) of the mixed cashew apple 
and papaya wine, physicochemical, microbiological and sensory analyses 
were performed during the two (2) months of aging. The results showed no 
significant variation between the young wine and the one aged for two (2) 
months for pH, titratable acidity, alcoholic percentage and density. However, 
for ESR, vitamin C, total anthocyanins and aroma a significant difference (p ≤ 
0.05) was observed. This difference was observed during the first 45 days and 
then stabilized until the sixtieth day. Values ranged from 6.3˚B to 5.5˚B; from 
84.65 ± 0.6 to 77.9 ± 0.2 mg/100mL; from 165.5 ± 0.8 to 50.25 ± 0.3 mg/100mL 
for RDE, vitamin C and total anthocyanins respectively. For aroma, there was 
more development between the young wine and the one aged for two months. 
Concerning the sanitary quality, there is a progressive decrease of the different 
germs during the aging period. Except for yeasts, which are undetectable, the 
load of aerobic mesophilic germs and lactic acid bacteria varies respectively 
from 3.5 × 105 to 1.4 × 105 CFU/mL and from 1.5 × 105 to 1 × 105 CFU/mL. 
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1. Introduction 

In recent decades, winemakers have been particularly focused on enriching 
wines, through the search for better quality of the raw material, its extraction, 
and its aging [1]. However, the elements constituting this richness are not as sta-
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ble and easy to bottle regardless of the wines (white or red). According to [1], the 
objectives of clarity and stability (including coloring matters and microbiology), 
are rarely achieved naturally even if the extension of the maturation time can 
improve some elements, it does not solve all the problems (turbidity, filterability, 
microbiology). Therefore, the wines must be stabilized to guarantee their quality. 
A wine is a complex mixture of organic and inorganic compounds [2], including 
esters, high alcohols, fixed acidity (malic, tartaric and citric acids), sugars, alde-
hydes, tannins. According to [3], thanks to this alcohol and acid content, pasteu-
rization is sufficient to guarantee the stability of wines. 

Nowadays, the large amount of production in the agricultural sector needs to 
be highly processed in order to reduce post-harvest losses or to valorize some 
raw materials. Thus, this study will show other uses of fruits such as cashew ap-
ple (Anarcadium occidental L.) and papaya (Carica papaya L.) in order to com-
pensate for the effort of farmers. 

The cashew apple represents 9 to 10 times the weight of the nut, so very large 
quantities of cashew apple are available. It is very rich in nutrients. It is 85% 
sweet (7˚B - 13˚B), acidic juice, rich in vitamin C [4] [5] and polyphenols [6]. 

The papaya, belonging to the caricaceous family, is an orange berry with a 
delicious taste from a tropical tree plant native to Central and South America 
[7]. It is rich in RDE (˚Brix) 10 - 15 g per 100 g of fresh material, vitamin C, A, 
beta-carotene, fiber and mineral elements [7] [8]. These raw materials are rea-
dily available and rich in reducing, fermentable sugars such as glucose and 
fructose. 

The general objective is to carry out a study of stability during the maturation 
of the mixed wine of cashew apple and papaya and specifically to evaluate the 
physicochemical, microbiological and sensory parameters of the various wines 
elaborated during a period of aging of two (2) months.  

2. Material and Methods 
2.1. Materiel 

The plant material consists of cashew apple (Anarcadium occidental L.), papaya 
(Carica papaya L.) and palm wine (Elaeis guineensis). These raw materials come 
from Yamoussoukro, the political capital of Côte d'Ivoire, in the Aries region, 
located between the forest and savannah zones. The cashew and papaya apples 
were harvested in the fields and transported to the factory of the Félix Hou-
phouët-Boigny National Polytechnic Institute of Yamoussoukro (Ivory Coast) 
for the various extractions. As for the palm wine, it was extracted from the far-
mers of “Logbakro”, a village located near Yamoussoukro and sent to the labor-
atory for the use of the sediment. 

2.2. Methods 
2.2.1. Extraction of the Different Juices 
The fruits harvested consist of cashew apples and papaya. The apples were care-
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fully separated from the nuts using a wire tied at both ends with small pieces of 
wood to avoid damaging them. The obtained cashew apples and ripe papaya 
were soaked in water bleached with one hundred ppm (100 ppm) active chlorine 
for 15 - 20 minutes and then rinsed with potable water. After trimming the pa-
paya, the different raw materials were pressed using a hydraulic press. The juice 
obtained was then filtered through a one-millimeter diameter mesh screen and 
then packaged in five (5) liters drums and stored at −4˚C before formulation of 
the must. 

2.2.2. Production of Ferment from Palm Wine Sediment 
Palm wine is obtained from the exploitation of oil palm (Elaeis guineensis). The 
samples were taken from palms that had been harvested for at least 14 days. 
These different palm wine samples were collected in 1 to 1.5 L plastic containers 
disinfected with 8˚chl chlorine at one hundred ppm (100) ppm and then sent to 
the laboratory. Then, they were centrifuged at 3000 rpm for one minute and the 
collected pellet was fermented for 50 hours at 30˚C ± 2˚C. 7.4 mL of this fer-
mented pellet was used as inoculum. 

2.2.3. Production of Mixed Wine or Must Fermentation Procedure 
After extraction, the cashew apple and papaya juices were weighed and propor-
tions consisting of 50% cashew apple juice and 50% papaya juice (50:50 volume 
per volume) were used. A total mixture of 20 liters of juice was poured into a 25 
liters canister previously disinfected for 15 - 20 minutes with one hundred ppm 
(100 ppm) active chlorine. This canister was used as a fermenter, hermetically 
sealed and piped to another canister containing water in order to release the 
carbon dioxide developed during fermentation. To this must, cane sugar was 
added for chaptalization (correction of the Brix degree to 20˚B) and palm wine 
sediment (7.4 mL of sediment for one liter of must). Fermentation was carried 
out for a period of 14 days at 30˚C ± 2˚C. When the Brix degree remained stable 
over two (2) to three (3) days (cessation of fermentation), the resulting wine was 
then stabilized by heating at 65˚C for 5 minutes. During wine production, fer-
mentation kinetics were monitored, pH, specific gravity, refractometric dry ex-
tract (RDE), total sugars, reducing sugars, titratable acidity, volatile acidity and 
alcoholic percentage were controlled every 24 hours. A wine control was pro-
duced under the same conditions using industrial yeast as ferment. The produc-
tion diagram of the mixed wine based on cashew apple and papaya juice is 
shown in Figure 1. 

2.2.4. Physico-Chemical and Biochemical Analysis 
1) pH 
The pH was determined according to the AOAC method [9]. 50 mL of the 

samples were used for pH determination after calibration of the pH-meter (HI 
5221-02, HANNA Instruments, Woonsocket, RI, USA). 

2) Titratable acidity 
The determination of titratable acidity was done by acid-base assay according  

https://doi.org/10.4236/fns.2022.132016


J. I. K. Gnoumou et al. 
 

 

DOI: 10.4236/fns.2022.132016 184 Food and Nutrition Sciences 
 

 

Figure 1. Production diagram of mixed wine made from cashew apple and papaya juice. 
 

to the AOAC method [9]. In the presence of two drops of phenolphthalein 
(Showa chemicals Industry, Tokyo, Japan), 10 mL of sample contained in an Er-
lenmeyer flask was assayed with a sodium hydroxide solution 0.1 N (Panreac, 
Espagne). The pink turn of the solution was used to determine the volume of 
soda required to neutralize the titratable acidity contained in the samples. 

g NNaOH VNaOH 0.064TA 100
L Vsamp

× ×  = × 
 

             (1) 

VNaOH = volume of sodium hydroxide required for the determination (mL); 
NNaOH = normality of the sodium hydroxide in meq/L; 
Vsamp = volume of the test sample in mL; 
0.064 = milliequivalent gram of citric acid. 
3) Refractometric dry extract (RDE) 
Refractometric dry extract was determined by the AOAC method [9]. A drop 

of the sample was placed on the glass of the pocket refractometer (Model 
ATAGO IP65, POCKET REFRACTOMETER, Tokyo, Japon) to evaluate the 
number of suspended solids. The reading of the refractometric dry extract value 
was done in the light, at the eyepiece of the apparatus. 

4) Specific gravity 
The density is determined by taking the ratio of the density of a sample to the 

density of water according to the usual method [10]. 
5) Percentage of alcohol 
The alcoholic degree was determined by the distillation method [9]. The prin-

ciple is the separation of ethanol contained in the sample by distillation, then 
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oxidation in sulfuric medium by potassium dichromate (Panreac, Espagne). 
6) Vitamin C content 
The ascorbic acid content is measured by the 2,6-dichlorophenolindophenol 

(2,6-DCPIP) (Sigma-Aldrich, St. Louis, MO, USA) titration method. The me-
thod consists of a reduction of 2,6-DCPIP and an oxidation of ascorbic acid to 
dehydroascorbic acid. It therefore allows a determination of the vitamin C con-
tent in its reduced form (ascorbic acid). Once the oxidation of ascorbic acid is 
complete, 2,6-DCPIP serves as a color indicator and its presence in solution 
gives a characteristic pink color [9]. 

( )
( )
Ve Vo 20

Vit C 100
Vs Vo 10

− ×
= ×

− ×
                   (2) 

Vit C: Vitamin C concentration of the sample (mg/100mL); 
Ve: volume of 2 - 6 dichlorophenolindophenol poured to neutralize the “sam-

ple” metaphosphoric acid/acetic acid solution (mL); 
Vs: volume of 2 - 6 dichlorophenolindophenol poured to neutralize the vita-

min C standard solution (mL); 
Vo: volume of 2 - 6 dichlorophenolindophenol added to neutralize the meta-

phosphoric acid/acetic acid solution (mL). 
7) Total anthocyanins content 
Anthocyanin content was determined according to the method described by 

[11]. 1 mL of each sample was diluted in 1.5 mL of buffer pH 1.0 and 1.5 mL of 
buffer pH 4.5, respectively. The absorbance (A) of these two solutions was read 
by a UV-visible spectrometer (JASCO V-530) at 520 nanometers and 700 nano-
meters, respectively. 

2.2.5. Microbiological Analyses 
The enumeration of total germs concerns mainly aerobic mesophilic bacteria af-
ter 72 h of incubation at 30˚C on PCA agar. The method used is the one de-
scribed by the standard NF V 08-051 [12]. 

The enumeration of yeasts was performed according to the NF-V08-022 
standard. The isolation medium used was Sabouraud agar with chloramphenicol 
(0.05 g/L). By spreading, 0.1 mL of each decimal dilution was plated on the agar 
previously poured and solidified in Petri dishes. Incubation was performed at 
30˚C for 48 hours in an oven. 

The medium used for the enumeration of lactic acid bacteria is Man Rosa 
Sharp (MRS) agar [13]. On the solidified medium in petri dishes, 0.1 mL of the 
stock suspension or of the retained dilutions is deposited on the surface of the 
previously poured agar and spread with a spreader rake. Petri dishes are incu-
bated anaerobically for 48 to 72 hours at 30˚C. Colony count is done by counting 
colonies between 30 and 300. 

2.2.6. Hedonic Test 
The panel was constituted with 50 untrained people composed of PhD students, 
students and trainees of the Félix Houphouët-Boigny National Polytechnic In-
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stitute of Yamoussoukro (Ivory Coast), recruited on the basis of their availabili-
ty. Coded wine samples (with three digits) were presented monadically (one af-
ter the other) to each panelist in a randomized order. Pleasure on the aroma 
perceived by each panelist was scored on a nine-point hedonic scale. 

2.2.7. Statistical Analysis 
The results obtained during the study were statistically analyzed using STATISTICA 
software version 7.1. A one-way analysis of variance (ANOVA) was performed. 
Statistically significant differences were highlighted by the Newman-Keuls test at 
the 5% threshold. 

3. Results and Discussion 
3.1. Physico-Chemical and Biochemical Analyses 

The mixed cashew apple and papaya wines produced with palm wine sediment 
treated by pasteurization (65˚C/5minutes) were analyzed from a physicochemi-
cal, microbiological and sensory point of view following a two (2) month aging 
phase. The palm wine sediment used as ferment in this study contains a large 
population of fermentative microorganisms dominated by yeast. The work of 
[14] [15] showed that among the microorganisms contained in the natural palm 
wine microflora, Saccharomyces cerevisiae is the species responsible for alcohol-
ic fermentation and aroma. The results of the stability of the wines showed that 
the samples would be stored for a long period of time without deteriorating. 
Thus, no significant variation was observed for quality parameters such as pH, 
titratable acidity, alcoholic percentage and specific gravity (Figures 2-5). On the  

 

 
S0: young wine; S1: 1st week of aging; S2: 2nd week; S3: 3rd week; S4: 4th week; S5: 5th week; 
S6: 6th week; S7: 7th week and S8: 8th week of aging. Wpw: Wine obtained from palm wine 
sediment; CW: Wine obtained from industrial yeast or control wine. 

Figure 2. Evolution of pH during the aging of mixed wine. 
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S0: young wine; S1: 1st week of aging; S2: 2nd week; S3: 3rd week; S4: 4th week; S5: 5th week; 
S6: 6th week; S7: 7th week and S8: 8th week of aging. Wpw: Wine obtained from palm wine 
sediment; CW: Wine obtained from industrial yeast or control wine. 

Figure 3. Evolution of titratable acidity during the aging of mixed wine. 
 

 
S0: young wine; S1: 1st week of aging; S2: 2nd week; S3: 3rd week; S4: 4th week; S5: 5th week; 
S6: 6th week; S7: 7th week and S8: 8th week of aging. Wpw: Wine obtained from palm wine 
sediment; CW: Wine obtained from industrial yeast or control wine. 

Figure 4. Evolution of the alcoholic percentage during the aging of the mixed wine. 
 

other hand, there was a significant difference (p ≤ 0.05) between the values of 
RDE, vitamin C and total anthocyanins (Figures 6-8) and aroma (Table 1). This 
difference was observed during the first 45 days and then stabilized until the six-
tieth days. Values ranged from 6.3˚B to 5.5˚B; from 84.65 ± 0.6 to 77.9 ± 0.2  
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S0: young wine; S1: 1st week of aging; S2: 2nd week; S3: 3rd week; S4: 4th week; S5: 5th week; 
S6: 6th week; S7: 7th week and S8: 8th week of aging. Wpw: Wine obtained from palm wine 
sediment; CW: Wine obtained from industrial yeast or control wine. 

Figure 5. Evolution of the specific gravity during the aging of mixed wine 
 

 
S0: young wine; S1: 1st week of aging; S2: 2nd week; S3: 3rd week; S4: 4th week; S5: 5th week; 
S6: 6th week; S7: 7th week and S8: 8th week of aging. Wpw: Wine obtained from palm wine 
sediment; CW: Wine obtained from industrial yeast or control wine. 

Figure 6. Evolution of the residual dry extract during the aging of the mixed wine 
 

mg/100mL; from 165.5 ± 0.8 to 50.25 ± 0.3 mg/100mL for RDE, vitamin C and 
total anthocyanins respectively. For aroma, there was a greater development be-
tween the young wine and the one aged for two months. Indeed, these variations 
are correlated by the accentuation of the color of the different wine samples. This 
variation would be due to the condensation reactions of polyphenols (anthocyanins 
and flavanols). This change in color is correlated with the decrease in total 
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S0: young wine; S1: 1st week of aging; S2: 2nd week; S3: 3rd week; S4: 4th week; S5: 5th week; 
S6: 6th week; S7: 7th week and S8: 8th week of aging. Wpw: Wine obtained from palm wine 
sediment; CW: Wine obtained from industrial yeast or control wine. 

Figure 7. Evolution of vitamin C during the aging of mixed wine. 
 

 
S0: young wine; S1: 1st week of aging; S2: 2nd week; S3: 3rd week; S4: 4th week; S5: 5th week; 
S6: 6th week; S7: 7th week and S8: 8th week of aging. Wpw: Wine obtained from palm wine 
sediment; CW: Wine obtained from industrial yeast or control wine. 

Figure 8. Evolution of total anthocyanins during the aging of mixed wine. 
 

Table 1. Evaluation of the aroma between the young wine and the wine aged for two 
months. 

Sample S0 S8 

Wwp 
CW 

6.1 ± 1.1a 
5.6 ± 1.3a 

8.75 ± 1.0b 
8.5 ± 1.2b 

Values are means ± standard deviation of 50 panelists. Values with the same superscript 
in a column are not significantly different (p < 0.05). S0: young wine; S8: 8th week of ag-
ing. Wpw: Wine obtained from palm wine sediment; CW: Wine obtained from industrial 
yeast or control wine. 
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anthocyanins. This observation is similar to the work of [16] performed on an 
aging time of 30 days. Similarly, a rapid decrease in anthocyanins of up to 98% 
was observed over a 12-week aging period in blueberry wine [17]. Indeed, ac-
cording to [16] [18] and [19], condensation reactions between anthocyanins and 
other phenolic compounds (copigmentation) are the most effective reactions 
causing more enhanced color changes in wine. For [20], the newly formed pig-
ments are more stable than native anthocyanins thus positively affecting color 
stability and protecting the wine from further oxidation. This is justified by the 
color stability of the different wine samples obtained after an aging time of 45 
days. According to [21], wine color is the first latent variable, which is associated 
with the variation of anthocyanins, polymeric pigments, total phenols, and total 
flavonoids. Indeed, the richness of these wines in anthocyanins and vitamin C is 
important because these parameters have many biological properties among 
others a strong antioxidant activity. According to [22], this activity not only 
protects macromolecules from degradation but also organs such as the heart and 
arteries. Also, these color variations during aging of different wines could be at-
tributed to non-enzymatic browning or even the Maillard reaction. Indeed, in 
addition to chemical browning reactions involving wine phenols, the main 
browning reactions occurring during wine preservation or aging are the Maillard 
reaction [23]. The Maillard reaction involves the condensation of the carbonyl 
group of reducing sugars with the amino groups of amino acids and/or proteins 
occurring in foods during processing and cooking or even during storage giving 
rise to different compounds that include reductones, furfurals and a variety of 
other cyclic substances [24]. These reductones formed by the Maillard reaction 
could also be derived from the aerobic and anaerobic degradation of vitamin C 
since it has an obvious similarity with structural hexoses [25]. Therefore, it is 
conceivable that its carbonyl group could be involved in the condensation reac-
tion. 

3.2. Microbiological Analyses 

The results obtained from the evaluation of the hygienic and sanitary quality of 
mixed cashew apple and papaya wines during the two (2) months of maturation 
are presented in Tables 2-4. There is a progressive decrease of the different 
aerobic mesophilic germs, yeasts and lactic bacteria during the aging period. Ex-
cept for yeasts, which are undetectable, the load of aerobic mesophilic germs and 
lactic acid bacteria varies from 3.5 × 105 to 1.4 × 105 cfu/mL and from 1.5 × 105 
to 1 × 105 cfu/mL, respectively. Indeed, the decrease in germs in the wine sam-
ples during the two months of aging could be specifically due to the composition 
of the reaction medium consisting of alcohol, organic acids and other metabo-
lites [2] [26]. Such an environment would contribute to the resistance of the wine 
against proliferating microorganisms [27]. The absence of yeasts and the decrease 
of bacteria showed that the different wines obtained achieved the appropriate cha-
racteristics of a good wine. This could be related to the acidic environment (acidic  
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Table 2. Evolution of mesophilic aerobic germs (CFU/mL) during aging. 

Aging period 

Samples S0 S1 S2 S3 S4 S5 S6 S7 S8 

Wwp 

CW 

3.5 × 105 

2.8 × 105 

3 × 105 

3.1 × 105 

3.1 × 105 

2.8 × 105 

2.5 × 105 

2.5 × 105 

2.2 × 105 

2.5 × 105 

2 × 105 

2.1 × 105 

2.3 × 105 

1.5 × 105 

1.9 × 105 

1.6 × 105 

1.4 × 105 

1.5 × 105 

Values are in mean of duplicate determination. S0: young wine; S1: 1st week of aging; S2: 2nd week; S3: 3rd week; S4: 4th week; S5: 5th 
week; S6: 6th week; S7: 7th week and S8: 8th week of aging. Wpw: Wine obtained from palm wine sediment; CW: Wine obtained 
from industrial yeast or control wine. 
 
Table 3. Evolution of yeast (CFU/mL) during aging. 

Aging period 

Samples S0 S1 S2 S3 S4 S5 S6 S7 S8 

Wwp 

CW 

ND 

ND 

ND 

1 × 10 

ND 

ND 

2 × 10 

ND 

ND 

1 × 10 

1 × 10 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Values are in mean of duplicate determination. S0: young wine; S1: 1st week of aging; S2: 2nd week; S3: 3rd week; S4: 4th week; S5: 5th 
week; S6: 6th week; S7: 7th week and S8: 8th week of aging. Wpw: Wine obtained from palm wine sediment; CW: Wine obtained 
from industrial yeast or control wine. 
 
Table 4. Evolution of lactic acid bacteria (CFU/mL) during aging. 

Aging period 

Samples S0 S1 S2 S3 S4 S5 S6 S7 S8 

Wwp 

CW 

1.4 × 105 

1.5 × 105 

1.5 × 105 

1.2 × 105 

1.4 × 105 

1.4 × 105 

1.3 × 105 

1.4 × 105 

1.2 × 105 

1.5 × 105 

1.4 × 105 

1.3 × 105 

1.5 × 105 

1.4 × 105 

1.2 × 105 

1.2 × 105 

1 × 105 

1.2 × 105 

Values are in mean of duplicate determination. S0: young wine; S1: 1st week of aging; S2: 2nd week; S3: 3rd week; S4: 4th week; S5: 5th 
week; S6: 6th week; S7: 7th week and S8: 8th week of aging. Wpw: Wine obtained from palm wine sediment; CW: Wine obtained 
from industrial yeast or control wine. 
 

pH and high total acidity) of the wine [28]. It has been reported that the antimi-
crobial activity of organic acids is due to their dissociation ability [2]. Indeed, the 
biological membranes of most microorganisms are permeable to the undisso-
ciated form of these molecules which, when it enters the cytoplasm of the cell, 
dissociates and participates in strongly reducing the intracellular pH within the 
microbial cell. These changes can greatly inhibit energy production which can 
induce cell death [29]. 

4. Conclusion 

This study showed that the different wines elaborated and aged for eight weeks 
(60 days) are nutritious and can be used as a thirst-quenching drink. Indeed, af-
ter a pasteurization of 65˚C for 5 minutes (65˚C/5minutes), the different clari-
fied and aged wines gave very good qualitative characteristics. These results also 
show the efficiency of the treatment during the vinification. These wines can be 
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kept for a long period without being altered. However, in order to guarantee this 
stability for a very long period of time while avoiding variations during matura-
tion or aging, a low dose sulfite treatment could be recommended. Also, palm 
wine sediment can be an ideal substitute for industrial yeast as inoculum for al-
coholic fermentation. 

Importance of Current Research 

This study is part of the research approach of valorization of agricultural pro-
ductions by using the palm wine sediment to produce a mixed wine from cashew 
apple and papaya. Thus, it will allow reducing not only post-harvest losses, but 
also creating additional income for the actors of the different sectors.  
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