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Abstract 

Pineapple (Ananas comosus (L.) MD2) is a tropical fruit widely consumed in Côte d'Ivoire, recognized for its richness in 

bioactive compounds. This study aims to evaluate the antioxidant activity of pineapple pulp extracts of the MD2 variety from 

two major Ivorian production areas (Alepe and Bonoua). To this end, phytochemical screening, quantification of bioactive 

compounds, and determination of antioxidant activity using the DPPH method were carried out on extracts from these fruit pulps. 

The results revealed the consistent presence of flavonoids, saponins, condensed tannins, coumarins, quinones, alkaloids, and 

leuco-anthocyanins at both localities. These extracts showed total polyphenol contents ranging from 69.45 ± 0.76 to 102.21 ± 

0.83 µg gallic acid equivalent (GAE)/mL and flavonoid contents ranging from 3.64 ± 0.16 to 8.83 ± 0.34 mg catechin equivalent 

(CE)/mL. Antioxidant activity revealed a 50% inhibitory concentration (IC50) of 10.292 mg/mL for the Alepe pulp extract, versus 

6.7264 mg/mL for that of Bonoua. These results confirm the existence of strong antioxidant potential in pineapple fruit from 

both major growing areas. Consumption of these fruits could therefore be of interest in preventing oxidative stress and, 

consequently, metabolic diseases. 
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1. Introduction 

Plant resources occupy an important place in human nutri-

tion and in the prevention of many diseases owing to their 

richness in bioactive compounds [21]. The oxidative stress re-

sulting from excessive production of free radicals is now rec-

ognized as one of the central mechanisms involved in the de-

velopment of many degenerative diseases such as cardiovas-

cular disease, certain cancers, and metabolic disorders [27]. 

Dietary antioxidants, particularly phenolic compounds, play a 

major protective role by neutralizing these reactive species [9]. 

Among tropical fruits, pineapple (Ananas comosus L. MD2) 

constitutes an important source of substances of nutritional 

and therapeutic interest, owing to its richness in polyphenols, 

flavonoids, and other secondary metabolites [16]. In Côte d'Iv-

oire, this fruit occupies a strategic place in agriculture, repre-

senting 0.6% of national GDP and 1.6% of agricultural GDP, 

with about 70% of national production destined for export 

[13]. Cultivation is mainly carried out by about 2.500 small-
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holder farmers spread across the southeast of the country, no-

tably in Bonoua, considered the “Ivorian pineapple capital,” 

and in Alepe, two major production areas for the MD2 variety 

[22]. 

Although the general nutritional and functional properties 

of pineapple are well documented [31], to date few studies 

have been carried out in Côte d'Ivoire on the variability of the 

biochemical composition and antioxidant activity of MD2 

pineapple pulp according to geographic growing origin. Yet 

pedoclimatic factors (soil type, rainfall, temperature) are 

known to significantly influence the accumulation of phenolic 

compounds and the biochemical quality of fruits [3]. 

The central question of this study is to assess the health 

value of pineapples grown in Côte d'Ivoire, with a view to 

their potential use in the prevention and treatment of meta-

bolic syndromes. The general objective of this work is to eval-

uate the antioxidant activity of MD2 pineapple pulp extracts 

from these two localities, through (i) identification of the main 

phytochemical groups present, (ii) quantification of total phe-

nolic compounds and flavonoids during storage, and (iii) eval-

uation of antioxidant activity using the DPPH test. 

2. Material and Methods 

2.1. Plant Material 

The plant material consisted of pineapple fruits (Ananas 

comosus) (Figure 1) harvested at maturity on January 30, 

2026, in two production areas of southeastern Côte d'Ivoire: 

Alepe (5°30' N, 3°41' W, about 66 km from Abidjan) and 

Bonoua (5°16' N, 3°36' W, about 45 km from Abidjan) (Fig-

ure 2). For each region, 6 kg of fruit were collected from three 

growers (2 kg per grower). Analyses of the pulp were carried 

out at the Laboratories of Chemistry and Microbiology of the 

Swiss Centre for Scientific Research in Côte d'Ivoire (CSRS). 

 
Figure 1. Pineapple samples. 

 
Figure 2. presentation of the study area. 

2.2. Sample Preparation 

After washing and peeling, the pulps were divided into two 

batches: one for physicochemical analyses, the other dried in 

an oven (50°C, 7 days), ground and then sieved to obtain a 

fine powder stored away from moisture. Extracts were pre-

pared by macerating 10 g of powder in 100 mL of solvent (dis-

tilled water; ethanol-water 80/20 v/v; methanol-water 70/30 

v/v) for 24 h under stirring at room temperature, followed by 

filtration and then evaporation to dryness in an oven (50°C), 

according to the method of Bougandoura and Bendimerad 

(2012) [10] modified. Analyses were carried out at three post-

harvest storage dates: days 3, 12, and 22. 

2.3. Physicochemical Analyses 

Moisture, dry matter, ash, and crude fiber contents were de-

termined according to the methods of AOAC (1990) [4]. pH 

and Brix degree were measured with a pH meter and a refrac-

tometer, respectively. Titratable acidity was determined by 

acid-base titration according to AOAC (2000) [5]. Reducing 

sugars and total sugars were determined according to the 

methods of Bernfeld (1955) [8] and Dubois et al. (1956) [12]. 

2.4. Phytochemical Screening 

The main families of secondary metabolites (leuco-antho-

cyanins, polyphenols, flavonoids, quinones, alkaloids, cate-

chic and gallic tannins, coumarins, saponins) were detected 

according to the method described by Békro et al. (2007) [7], 

on pineapple pulp extracts. 
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2.5. Determination of Total Polyphenols and 

Flavonoids 

One gram (1 g) of the dry methanolic extract was dissolved 

in 10 mL of methanol (70% v/v) to obtain a stock solution at 

100 mg/mL — this is the methanolic extract. This solution 

was diluted 10-fold to obtain a methanolic extract at 10 

mg/mL, which was used to carry out the quantitative analyses. 

Total polyphenol content was determined by the Folin-Ciocal-

teu method described by Singleton and Rossi (1965) [32], with 

results expressed as gallic acid equivalents (µg GAE/mL). 

Flavonoid content was determined by the aluminum trichlo-

ride method described by Jia et al. (1999) [17], with results 

expressed as catechin equivalents (mg CE/mL). 

2.6. Evaluation of Antioxidant Activity (DPPH 

Test) 

Antioxidant activity was evaluated according to the method 

of Von Gadow et al. (1997) [33], based on the scavenging of 

the 2.2-diphenyl-1-picrylhydrazyl radical (DPPH•). The per-

centage inhibition was calculated from absorbance measured 

at 515 nm, and the 50% inhibitory concentration (IC50) was 

determined from the regression line relating percentage inhi-

bition to the logarithm of concentration. 

2.7. Statistical Analysis 

Data were subjected to one-way analysis of variance 

(ANOVA), followed by the Newman-Keuls mean comparison 

test (at the 5%, 1%, and 0.1% thresholds), using Statistica 7.1 

software. Graphs were produced with GraphPad Prism 8.4.3. 

3. Results 

3.1. Physicochemical Parameters of Pineapple 

Pulps 

1) Changes in some physicochemical parameters of Alepe 

and Bonoua pineapple pulps (days 3, 12, and 22) 

Table 1 presents the water, fiber, ash, and dry matter con-

tents of pineapple pulps (Ananas comosus) from the Alepe and 

Bonoua production sites, analyzed at 3, 12, and 22 days after 

harvest. 

On day 3, the results show that the Bonoua samples had a 

markedly higher water content than those of Alepe, at 91.77 ± 

0.75% and 87.94 ± 0.14%, respectively. Bonoua pulps were 

distinguished by higher fiber and ash contents from the start 

of storage. Indeed, the fiber content on day 12 in Bonoua (13.8 

± 0.14 g/100 g DM) was significantly different from that of 

Alepe on day 12 (10.4 ± 0.14 g/100 g DM), at the 5% signifi-

cance threshold. 

On day 22, water content values remained stable for fruit 

from both sites (87.36% for Alepe and 88.14% for Bonoua). 

These results are not significantly different at the 5% signifi-

cance threshold. 

Bonoua's ash content remains slightly higher than Alepe's 

at the end of the period (day 22). These results are signifi-

cantly different at the 5% significance threshold. 

Table 1. Changes in some physicochemical parameters of Alepe and Bonoua pineapple pulps (days 3, 12, and 22). 

 

Alepe Bonoua 

Day 3 Day 12 Day 22 Day 3 Day 12 Day 22 

Water content% 87.94±0.14 a 889.91±0.17 b 87.36±0.03 a 91.77±0.75 b, c 89.98±0.06 b 88.14±0.05 a, b 

Fiber (g/100g DM) 13.95±0.78 b 10.4±0.14 a 14.8±0.14 b, c 14.05±0.35 b, c 13.8±0.14 b 14.6±0.14 b, c 

Ash (g/100g DM) 0.38±0.09 c 0.16±0.02 a 0.23±0.01 b 0.29±0.01c 0.37±0.05 c 0.33±0.08 c 

Dry matter% 12.06±0.14 c 10.09±0.17 a, b 12.64±0.03 c 8.23±6.75 a 10.02±0.06 a, b 11.86±0.05 b, c 

These results are the mean ± standard deviation of 3 trials. Values with the same letters on the same row are not significantly different at the 

5% threshold (p > 0.05). 

2) Changes in pH and titratable acidity 

Figure 3 presents the changes in the pH of juice from pine-

apple pulps at the two production sites over the three analysis 

periods. The results show that pH follows a V-shaped curve 

for juices from pineapple at both sampling sites. A marked 

acidification is observed on day 12 of storage. 
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Figure 3. Changes in pH of Alepe and Bonoua pineapple pulps dur-

ing storage. 

3) Changes in titratable acidity 

Figure 4 presents the changes in titratable acidity, expressed 

as milliequivalents of citric acid, of pineapple pulps from the 

two production areas. 

The results reveal that titratable acidity is higher in Alepe 

pulps on days 3 and 12, with values rising from 2.08±0.16 g/L 

to 2.29 ± 0.09 g/L citric acid, followed by a progressive drop 

in acidity during storage to stabilize at 1.36±0.14 g/L. 

In Bonoua, titratable acidity remains relatively stable be-

tween day 3 (1.65 g/L) and day 22 (1.73 g/L). 

 
Figure 4. Changes in titratable acidity (% citric acid) of Alepe and 

Bonoua pineapple pulps during storage (days 3, 12, and 22). 

These results are the mean ± standard deviation of 3 trials. Values 

with the same letters are not significantly different at the 5% thresh-

old (p > 0.05). 

3.2. Phytochemical Screening 

Table 2 presents the results of the qualitative phytochemical 

screening carried out on aqueous, methanolic (70%), and eth-

anolic (80%) extracts of pineapple pulps from the two produc-

tion areas, at the three sampling dates. 

Table 2. Summary table of secondary metabolite detection in Alepe and Bonoua pineapple pulp extracts (days 3, 12, and 22). 

 

Alépé Bonoua 

Day 3 Day 12 Day 22 Day 3 Day 12 Day 22 

 
Wa-

ter 
Meth Etha 

Wa-

ter 
Meth Etha 

Wa-

ter 
Meth Etha 

Wa-

ter 
Meth Etha 

Wa-

ter 
Meth Etha 

Wa-

ter 
Meth Etha 

Polyp  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 

Flavo  + + + + + + + +  + + + + + + + +  + + 

Sapo  + + + + + + + +  + + + + + + + +  + + 

Tan-

nins 

Cat 

 +  +  + + +  +  +  +  +  +  +  +  +  +  +  +  +  + 

Tan-

nin 

Gal 

 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 

Coum  + + + + + + + +  + + + + + + + +  + + 

Quin  + + + + + + + +  + + + + + + + +  + + 

Alka-

loids 
 + + + + + + + +  + + + + + + + +  + + 

Leu  + + + + + + + +  + + + + + + + +  + + 

Polyp.: Polyphenols, Flavo.: Flavonoids, Leu.: Leuco-anthocyanins, Cat.: Catechic, Gal.: Gallic, Sapo.: Saponins, Quin.: Quinones, Coum.: 

Coumarins, + = Present, - = Absent. Meth. = 70% methanol, Etha = 80% ethanol. 
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Analysis of the table reveals a very similar phytochemical 

profile between the two sites (Alepe and Bonoua) and the 

three analysis periods. Flavonoids, saponins, condensed tan-

nins, coumarins, quinones, alkaloids, and leuco-anthocyanins 

are present in extracts from fruit of the different localities re-

gardless of the extraction solvent used (water, 70% methanol, 

or 80% ethanol). 

In contrast, phenolic compounds and hydrolyzable tannins 

are consistently absent from all the extracts analyzed, regard-

less of geographic origin or analysis period. 

3.3. Total Polyphenol and Total Flavonoid 

Contents 

1) Quantitative determination of total polyphenols 

As shown in Figure 5, total polyphenol contents were 

higher in Bonoua pulps on days 3 and 22, with values of 

102.21 µg GAE/mL and 88.92 µg GAE/mL of extract, respec-

tively, versus 80.92 µg GAE/mL and 69.45 µg GAE/mL of 

extract for Alepe. Total polyphenol contents decreased pro-

gressively over time for extracts from Alepe fruit, whereas an 

intermediate decrease was observed on day 12 in Bonoua, fol-

lowed by a rise on day 22. 

 
Figure 5. Changes in total polyphenol contents (µg GAE/mL) of 

Alepe and Bonoua pineapple pulps during storage (days 3, 12, and 

22). 

These results are the mean ± standard deviation of 3 trials. Values 

with the same letters are not significantly different at the 5% thresh-

old (p > 0.05). 

2) Quantitative determination of total flavonoids 

Total flavonoids, in contrast, show a trend opposite to that 

of total polyphenols. Alepe pulps show markedly higher con-

centrations that increase continuously during storage, with a 

maximum value of 8.83 mg CE/mL on day 22. Bonoua pulps, 

on the other hand, show a peak on day 12 (5.65 mg CE/mL) 

followed by a decrease on day 22 (3.64 mg CE/mL). (Figure 

6). 

 
Figure 6. Changes in total flavonoid contents (mg CE/mL) of Alepe 

and Bonoua pineapple pulps during storage (days 3, 12, and 22). 

These results are the mean ± standard deviation of 3 trials. Values 

with the same letters are not significantly different at the 5% thresh-

old (p > 0.05). 

3.4. Results of the Antioxidant Activity of 

Pineapple Extracts (Dpph Test) 

Figures 7 and 8 show, respectively, the 50% inhibitory con-

centration (IC50) of aqueous pineapple extracts from Alepe 

and Bonoua, determined by the 2.2-diphenyl-1-picrylhydrazyl 

(DPPH) test. 

Analysis of these curves reveals that the IC50 of the aqueous 

pineapple extract from Alepe is 10.292 mg/mL (Log IC50 = 

1.0125). That of the extract from Bonoua is 6.7264 mg/mL 

(Log IC50 = 0.82778). The Bonoua extract therefore has the 

lowest IC50 of the two localities studied. 

 
Figure 7. Inhibitory concentration curve of pineapple extracts from 

the locality of Alepe. 
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Figure 8. Inhibitory concentration curve of pineapple extracts from 

the locality of Bonoua. 

4. Discussion 

On day 3 and day 12, the water content of the pulps varied 

between 87.94±0.14% and 91.77±0.75% this content eventu-

ally stabilized around 88% by day 22 of storage. Conversely, 

dry matter stabilized around 12% after day 22. This stabiliza-

tion of water and dry matter contents around day 22 reflects a 

homogenization of water balances linked to post-harvest 

evapotranspiration. These results are consistent with those re-

ported by Adabe et al., (2021) [1], who report water contents 

in MD2 and Cayenne pulps of between 85% and 92%. 

The clay-loam soils of Alepe, which tend to be more acidic, 

favor preferential accumulation of soluble and insoluble mat-

ter in the fruit, in line with the observations of Rani et al. (2024) 

[29] who establish a direct relationship between soil properties, 

growing technique, and the dry matter composition of MD2 

fruit. The relative stability of water content around day 22 of 

storage indicates good ambient-temperature storage capacity 

over the study period. These results are consistent with the ob-

servations of N'guessan (2022) [23] who report dehydration 

limited to less than 5% over 25 days under similar conditions. 

Crude fiber contents range from 10.4 to 14.8 g/100 g DM, 

as indicated in Table 1. These values are close to those re-

ported by Arampath and Dekker (2019) [6] who report differ-

ential degradation kinetics of structural fibers depending on 

storage temperature and humidity. The drop in fiber content in 

Alepe between day 3 (13.95 g/100 g DM) and day 12 (10.4 

g/100 g DM) reflects rapid enzymatic depolymerization of pa-

rietal polysaccharides (pectins, hemicellulose) under the ac-

tion of cellulases and polygalacturonases activated in the post-

harvest phase. The dietary fiber present in the pulps studied 

constitutes a recognized nutritional asset for the consumer, 

contributing to the regulation of intestinal transit and to reduc-

ing the risk of metabolic diseases, as shown by Sharma et al 

(2024) [31] in their comprehensive review of the nutritional 

and pharmacological properties of Ananas comosus. 

Ash contents, ranging from 0.16 to 0.38 g/100 g DM, indi-

cate the presence of minerals in the pineapple pulps. The work 

of Kouadio et al. (2023) [19] confirms this trend, with ash 

contents between 0.2 and 0.4 g/100 g DM. These micronutri-

ents present in the ash of the pineapple pulps studied could be 

beneficial to the consumer insofar as they play an essential 

role in the proper functioning of the body [31]. 

Titratable acidity, expressed as a percentage of citric acid 

(Figure 4), decreases progressively in Alepe (from 2.08±0.16 

g/L on day 3 to 1.36±0.14 g/L), whereas it remains stable in 

Bonoua (from 1.65 g/L on day 3 to 1.73 g/L on day 22). The 

stability of acidity in Bonoua suggests a slower degradation 

kinetics of organic acids, linked to the high rainfall of this area 

(>1.500 mm/year), which more effectively inhibits oxidative 

enzymes. Day 22 is marked by a reversal of the acidity trend 

(Bonoua acidity higher than Alepe's); this reversal reflects dif-

ferential fermentation processes between the two study areas 

[34]. 

Phytochemical screening of Alepe and Bonoua pineapple 

pulp extracts, carried out on days 3, 12, and 22, reveals the 

consistent presence of flavonoids, saponins, condensed tan-

nins, coumarins, quinones, alkaloids, and leucoanthocyanins 

in all the extracts analyzed (water, 70% methanol, 80% etha-

nol). These results are consistent with those reported by Castro 

et al. (2025) [11], and by Sharma et al. (2024) [31] in their 

comprehensive pharmacological review of Ananas comosus, 

who confirm the presence of these metabolite families in dif-

ferent parts of the fruit. 

Moreover, the absence of phenolic compounds and hydro-

lyzable tannins in our pulp extracts is fully consistent with the 

results of Helen et al. (2019) [14] who did not observe these 

phytochemical compounds for this test in leaf, stem, and fruit 

extracts of Ananas comosus. 

This observation is explained by a preferential orientation 

of the phenylpropanoid pathway toward the synthesis of fla-

vonoids and condensed tannins, in line with the biosynthetic 

pathway described by Rahim et al. (2023) [28] in their edito-

rial on phenylpropanoid biosynthesis in plants. 

The remarkable persistence of all the secondary metabolites 

detected on day 22 of storage, regardless of the extraction sol-

vent used, indicates a high chemical stability of these com-

pounds under ambient-temperature storage conditions. This 

observation is similar to that reported by Leneveu-Jenvrin et 

al. (2020) [20], who report a comparable relative stability of 

bioactive compounds in 'Queen Victoria' pineapple over a pe-

riod of 45 days. 

Total polyphenol contents of pineapple pulp extracts range 

from 69.45±0.76µg (GAE)/mL to 102.21±0.83µg (GAE)/mL, 

depending on origin and analysis period. These results are 

close to those of Kouadio et al. (2023) [19] for Ivorian MD2 

pulps, who obtained phenolic compound contents of between 

80-120 µg/mL. 

The high total polyphenol levels of the pulps could be ex-

plained by the mineral and water richness of the soils. This 

mineral and water richness would stimulate the phenylpro-

panoid pathway by increasing the activity of key enzymes 

such as PAL, C4H, and 4CL, which are involved in the bio-

synthesis of phenolic compounds, thereby favoring the accu-

mulation of polyphenols in the pulps [28]. The presence of 

polyphenols in significant amounts in the pineapple pulps 

studied is beneficial to the consumer, as these molecules are 
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recognized for their protective role against the oxidation of 

low-density lipoproteins (LDL) and, consequently, against 

cardiovascular disease [31]. 

Total flavonoid contents, expressed in (CE)/mL, range from 

3.64±0.16 mg CE/mL to 8.83±0.34 mg CE/mL. These results 

are consistent with the data from Hossain and Rahman (2011) 

[15] which confirm that flavonoids constitute a major fraction 

of the antioxidant potential of tropical pineapple pulps. Also, 

these results are consistent with the data of N'zi et al. (2022) 

[24] (4-10 mg/mL) for West African pulps, linking the late 

accumulation of flavonoids to the acidic, nitrogen-poor soils 

characteristic of Alepe. 

The increasing accumulation of flavonoids during storage 

could be explained by the pedoclimatic conditions of environ-

mental stress (acidic soils, variable rainfall, intermittent water 

stress) characteristic of this area [34]. Indeed, Akhtar et al. 

(2026) [2] demonstrate that flavonoids accumulate preferen-

tially in plant tissues in response to abiotic stress (drought, sa-

linity, soil acidity) via activation of the phenylpropanoid path-

way. This high flavonoid content gives the pulps a first-rate 

anticancer and antimicrobial potential, as flavonoids are rec-

ognized for their ability to induce apoptosis in tumor cells and 

to inhibit the growth of pathogenic microorganisms [31]. 

The antioxidant activity of pineapple extracts is generally 

attributed to the presence of numerous bioactive compounds, 

notably polyphenols and flavonoids. These compounds con-

tribute significantly to the overall ability of the extracts to 

scavenge free radicals. 

IC50 values determined for pineapple extracts from Alepe 

(IC50 = 10.292 mg/mL) and Bonoua (IC50 = 6.7264 mg/mL) 

indicate the presence of bioactive molecules with antioxidant 

power in these fruits. The lower this value, the higher the an-

tioxidant power of the extract [18, 26]. Both pineapple ex-

tracts studied therefore show measurable antioxidant activity. 

These results are consistent with those of several authors 

who have demonstrated the ability of pineapple extracts to 

scavenge free radicals. Indeed, Ong et al (2023) [25] reported 

an IC50 of 0.63 mg/mL for MD2 pineapple peel extract in the 

DPPH test, confirming that the different parts of the fruit and 

extraction methods considerably influence the IC50 value. 

Similar values, though variable depending on the fruit part 

studied and the solvent used, have been reported by other au-

thors, with IC50 values ranging from less than 1 mg/mL to 

more than 233 mg/mL depending on the fruit part and extrac-

tion method [30]. 

5. Conclusion 

Bonoua and Alepe pineapple fruits are endowed with strong 

antioxidant power. Consequently, regular consumption of 

these pineapples could therefore contribute to the prevention 

of diseases linked to oxidative stress, notably cardiovascular 

disease, cancer, and metabolic diseases. Further work is 

needed to deepen these results, particularly through fine mo-

lecular characterization (HPLC-MS) of the polyphenols spe-

cific to each growing area, in vivo evaluation of the protective 

effects of these extracts, and extension of the study to other 

Ivorian production areas (Dabou, Tiassale, Adiake, Aboisso) 

in order to establish a national map of the phytochemical and 

antioxidant variability of pineapple grown in Côte d'Ivoire. 
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