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Abstract

Ascorbic acid is a water-soluble molecule essential to the human organism.
This vitamin is particularly sensitive to oxidation, due to various factors such
as temperature. Furthermore, the titratable acidity not only influences the sta-
bility of vitamin C, but also the organoleptic quality of food. Tropical fruits
such as mango (Kent variety, papaya, “Dieg Bou Diar” (DBD)) are very pop-
ular in the formulation of nectars, due to their nutritional wealth. The objec-
tive of this study is to assess the evolution of the vitamin C concentration and
the titular acidity in three fruit nectars (papaya, kent, DBD) during storage at
4°C and 37°C over 14 days. The content of ascorbic acid was determined by
iodometry, a titrimmetric method based on the oxidation of vitamin C by io-
dine. The titratable acidity was measured by titration. The results reveal a sig-
nificant decrease in the content of ascorbic acid, more marked at 37°C, with a
maximum loss of 46.4% in the papaya nectar, against 19.5% at 4°C. The Kent
variety has shown the fastest degradation at both temperatures, while the DBD
nectar presented better global stability, in particular with stabilization of vita-
min C after the ninth day at 4°C. The papaya nectar has excellent stability at
4°C, but undergoes marked acidification from the seventh day at 37°C. Kent
nectar, more sensitive to thermal variations, sees its acidity double at 4°C and
increase even more to 37°C. As for the DBD nectar, it is particularly reactive
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to temperature, its acidity is multiplied by 2.17°C to 4°C and by 3.35°C to
37°C, revealing high sensitivity to heat. Thesis works confirm the sensitivity
of vitamin C to heat and physico-chemical characteristics of fruit matrices.
They highlight the importance of refrigerated storage and varietal choice to
preserve the nutritional and technological quality of nectars.
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1. Introduction

The mango tree (Mangifera indicaL.) is a species belonging to the Anacardiaceae
family, which includes nearly 600 species in 70 genera [1]-[3]. This tree is widely
cultivated in tropical and subtropical areas, as well as in certain temperate regions
of the Mediterranean basin. Its introduction to Africa and Brazil dates back to the
16th century [4]-[7]. It was not until the 19th century that its presence was attested
in West Africa, notably in Senegal, Gambia, Guinea, Ivory Coast, Mali and Burkina
Faso [8]. Mango is particularly valued for its high antioxidant content, including
ascorbic acid, carotenoids such as f-carotene (provitamin A), as well as various
phenolic compounds [9]-[12]. These bioactive substances give it many therapeu-
tic properties, particularly in the prevention and treatment of cancer, cardiovas-
cular and neurodegenerative diseases, diabetes, oxidative stress, inflammation and
hypercholesterolemia, thanks to their powerful antioxidant power [13]-[18]. The
most common varieties in Senegal are Kent, Keitt, Amélie and Julie. Its regular
consumption could be an effective means of combating vitamin A deficiency [19]
[20]. Because of its organoleptic quality and nutritional importance, mango is very
popular among the population. However, the high-water content of mango (84.4
* 1.7) makes this product very perishable [21]. This therefore poses a real conser-
vation problem. Faced with the narrowness of national and sub-regional markets,
the lack of fresh fruit storage infrastructure, and the increase in added value, mango
must necessarily undergo processing in order to minimize post-harvest losses.
These significant losses of mango after harvest can be mainly explained by the
difficulty of preserving fresh mango due to its biochemical composition and the
lack of post-harvest fruit stabilization technologies.

In Senegal, despite abundant production of tropical fruits, post-harvest losses
and deterioration in the quality of processed products hamper their competitive-
ness. Several authors have highlighted the degradation of vitamin C in fruit prod-
ucts stored at room or high temperature [22]-[24]. However, few studies have
simultaneously compared the impact of two typical contrasting storage tempera-
tures (4°C and 37°C) on nectars from local African or adopted varieties, such as
papaya, Kent and DBD. Three varieties, selected for their representativeness and
local availability (Kent, Keitt and Amélie), will be used to produce the nectars us-

ing a standardized method, guaranteeing a homogeneous initial composition in
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terms of pulp, sugar and pH. The samples obtained will be packaged in airtight
containers and then stored at two different temperatures to simulate domestic re-
frigeration conditions, and 37°C to reproduce a warm environment comparable
to the tropical climate. Samples will be taken at regular intervals to monitor the
evolution of the physicochemical parameters.

2. Materials and Methods

This section describes the different experimental steps implemented to evaluate
the kinetics of vitamin C degradation and the evolution of the titratable acidity of

nectars from three Senegalese mango cultivars (Mangifera indicaL.).

2.1. Material

Plant Material
Mangifera cultivars indica L. (Kent, Papaye and Dieg BouDiar (DBD)) from Sen-
egalese orchards were selected because of their local agro-economic importance
and their distinctive physico-chemical characteristics. Papaye is a cultivar of Man-
gifera indica L.

The fruits were harvested at commercial maturity in the Dakar region, then
rigorously sorted on the basis of criteria of morphological uniformity, health in-
tegrity and absence of visible defects (Figures 1-3).

Figure 1. Papaya mango.

Figure 2. Kent mango.

Figure 3. DBD mango.
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2.2. Methods
2.2.1. Methods of Making Nectar

From 5000 + 0.01 g of fresh mangoes per cultivar, the fruits were manually sorted
to eliminate defective specimens, then washed in potable water and disinfected in
a 100-ppm sodium hypochlorite solution for 5 minutes. After peeling and pitting,
the pulp obtained represented a mass of 3088 + 0.01 g, a yield of 61.80%. This pulp
was then mechanically homogenized using a blender, then sieved through a 2 mm
stainless steel sieve, obtaining 2870 + 0.01 g of filtered pulp (57.40%). Dilution
with sterile distilled water was carried out at a pulp/water ratio of 60/40 to obtain
a nectar at 15° Brix, for a total mass of 4783 + 0.01 g. The mixture underwent
pasteurization at 90°C for 30 minutes, followed by rapid cooling, before being
aseptically packaged in sterile 250 mL glass bottles. The samples were stored at
two temperatures:
- 4°C to simulate refrigerated household storage,
- 37°C to simulate accelerated tropical conditions.

The storage period was set at 14 days, with analyses carried out on days D1, D3,
D5, D7, D9, D11, D13 and D14.

2.2.2. Vitamin C Dosage

The ascorbic acid content was determined by iodometry, a titrimetric method
based on the oxidation of vitamin C by iodine [22]. The results are expressed in
gl

2.2.3. Measurement of Titratable Acidity

Titratable acidity was measured by titration with 0.1 N NaOH solution in the pres-
ence of phenolphthalein as an indicator. Results are expressed as g citric acid. L™
nectar, according to AOAC 942.15. [25].

2.2.4. Data Processing

Statistical treatments were performed using one-way analysis of variance
(ANOVA), implemented in R software (version 3.2.4 Revised, 2018-03-16, R-
70336). Analyses were repeated three times per sample. The mean values (X) ob-
tained for each sample were annotated with superscript letters (X, wherei=a, b,
G, ...), in accordance with the multiple comparison method. Samples sharing the
same letter do not show a significant difference at the 5% probability level (p >
0.05).

3. Results and Discussion

The results presented evaluate the influence of storage conditions on the evolution
of titratable acidity and the stability of vitamin C in nectars from the three mango
cultivars studied.

3.1. Evolution of the Titratable Acidity of the Different Batches of
Nectars during Storage at 4°C for Fourteen Days (Figure 4)

Papaya nectar has a quasi-stable acidity during storage. The increase is small
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(+0.199 g-AC-L™! between D1 and D14), which demonstrates very good stability
at low temperature. Kent shows a marked increase in acidity, especially between
D2 (+ 0.704 g-AC-L™), then a progressive stabilization. Its acidity goes from 0.896
+0.010 g:AC-L™* at 1.952 + 0.009 g-AC-L™! (+1.056 g-AC-L™), the largest increase
of the three. DBD shows a moderate increase, from 0.736 + 0.008 g-AC-L™! to 1.600
+0.010 g-AC-L™" (+0.864 g-AC-L™"). The growth rate is more linear and constant
than that of Kent.

E Kent E Papaya

1 728

Duratlon in days

Figure 4. Evolution of titrable acidity during storage at 4°C.

The stability of titratable acidity observed in mango nectar, particularly for the
Papaya cultivar at 4°C, can be attributed to the reduction of enzymatic and mi-
crobial activity at low temperatures. Indeed, cold slows down the biochemical re-
actions responsible for the degradation of organic compounds, which limits the
accumulation of secondary organic acids. This observation is consistent with the
work of Ayele and Bayleyegn (2017), who showed that storage at low temperatures
(10°C) significantly slowed down the ripening process and biochemical changes
in mangoes, including the decrease in pH and the increase in titratable acidity
after returning to room temperature [26]. Similarly, Kantanet et al (2021) re-
ported that storing mangoes at 5°C or 8°C extended their post-harvest shelf life
while maintaining stable physicochemical characteristics, including titratable
acidity, for more than 30 days [27]. These authors point out that temperatures
above 10°C lead to faster quality degradation, which corroborates the more marked
increase in acidity observed in Kent and DBD cultivars at ambient or elevated
temperatures. Thus, the results of your study confirm that storage at 4°C is an
effective strategy for preserving the acid stability of mango nectars, especially for
varieties naturally less susceptible to biochemical alterations.

3.2. Evolution of the Titratable Acidity of the Different Batches of
Nectars during Storage at 37°C for Fourteen Years (Figure 5)

The evolution of the titratable acidity of nectars from the Papaya, Kent and DBD
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varieties, stored at 37°C for 14 days, highlights a progressive acidification kinetics,
characteristic of plant products subjected to high thermal conditions. This in-
crease could result mainly from the intensification of enzymatic reactions of car-
bohydrate degradation and the production of organic acids. Among the samples
studied, the DBD variety shows the most marked variation, suggesting a greater
sensitivity to oxidation phenomena and a potentially more sustained enzymatic
activity. These results are consistent with those of Faye et al (2022), who observed
a significant increase in titratable acidity in Mangifera nectars indica L [28]. sub-
jected to heat treatment, attributing it to the conversion of sugars into acidic com-
pounds during storage. Their study also highlights that fruits with high initial
acidity tend to better preserve their vitamin C content, while developing faster
acidification. Furthermore, the work of Diop et al (CIRAD, UCAD) on baobab
pulp confirms that stabilization treatments, such as pasteurization or microfiltra-
tion, can slow down this acid evolution [29]. Lounaci et a/ (2018) highlighted a
significant acceleration of the acidification of nectars stored at room temperature,
corroborating the decisive influence of temperature in the dynamics of biochem-

ical transformation of fruit matrices [30].

B Kent O Papaye EDBD

1.952
1.856
179 1792
15|
37
02 02
2 4 6 8 10 12 14

Duration in Days

Figure 5. Evolution of the titratable acidity of nectars as a function of the days of storage at 37°C.

Table 1. Evolution of the titratable acidity of nectars of the Papaya, Kent and DBD varieties stored at 4°C and 37°C

for 14 days.
P A acidi -AC-L! K A acidi -AC.L! DBD (A acidi -AC-L!
Temperature apaya (A acidity) g-AC ent (A acidity) g-AC (A acidity) g-AC
From 01 to 14 days From 01 to 14 days From 01 to 14 days
c (0.800° + 0.013) > (0.896° + 0.010) > (0.736¢ + 0.008) >
(0.999¢ + 0.016) (+0.199) (1.952¢ £ 0.009) (+1,056) (1.6001 £ 0.010) (+0.864)
a7C (0.800° + 0.013) > (0.896° + 0.010) > (0.736¢ + 0.008) >
(2.176¢ + 0.010) (+1.376) (2.240° + 0.010) (+1.344) (2.464f + 0.005) (+1.728)
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Vitamin C in g/L

At 37°C, enzymatic activity (e.g. pectinmethyl-esterase, invertase) and micro-
bial proliferation are favored, which accelerates the production of organic acids
(Table 1).

At 4°C, these reactions are significantly slowed down, which explains the rela-
tive stability of the samples, particularly for the Papaya variety.

The DBD variety appears to be particularly sensitive to temperature, which
could be linked to its initial composition (sugar content, pH, enzymes).

Comparison of titratable acidity data at 4°C and 37°C highlights the determin-
ing effect of temperature on the stability of nectars. Storage at 37°C induces a rapid
and significant increase in titratable acidity for the three nectar varieties (Papaya,
Kent, DBD), reflecting an intensification of the reactions. Conversely, storage at
4°C allows this acidification to be slowed down considerably, particularly for the
Papaya variety, which shows remarkable stability. This observation confirms that
storage temperature is a critical factor in acidification kinetics, as highlighted by
Faye et al. (2022) and Lounaci & Ziad (2018) [27] [29]. Cold acts as an inhibitor
of the biochemical processes responsible for the degradation of sugars into or-
ganic acids, thus prolonging the physicochemical stability of the products.

3.3. Evolution of Vitamin C Concentration during Storage at 4°C
(Figure 6)

The evolution of vitamin C concentration in the three nectars (Papaya, Kent,
DBD) stored at 4°C over a period of 14 days (Figure 6) reveals slowed but persis-
tent degradation kinetics, confirming that low temperature attenuates but does

not neutralize the oxidation of ascorbic acid [22].

® Papaye EKent E DBD

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

J1 J3 J5 J7 J9 J11 J13 J14

Figure 6. Evolution of vitamin C during storage at 4°C/14 days.

The vitamin C concentration of papaya nectar increases from 0.765 * 0.005
g-L7' t0 0.616 + 0.002 g-L™, aloss of 19.5%. The degradation is moderate and reg-
ular, especially between D5 and D9. This relative stability suggests that the papaya
matrix, under these conditions, offers partial protection, possibly linked to a more

acidic pH or a higher concentration of natural antioxidants [24]. With a loss of
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35.1% (from 0.788 + 0.005 g-L™' to 0.511+ 0.002 g-L™'), Kent nectar shows the
highest degradation. A clear break is observed from D7. This behavior could be
explained by a lower acidity, a greater permeability to oxygen, or the presence of
catalytic ions (Cu?*, Fe**) facilitating oxidation [24]. The vitamin C concentration
of DBD nectar decreased from 0.720 + 0.002 g-L™* to 0.530 + 0.002 g-L', a loss of
26.4%. There was a sharp initial decrease until D9, followed by an apparent stabi-
lization. This could reflect the partial depletion of oxidizing substrates or an im-
provement in long-term chemical stability [22]. Ascorbic acid, although more sta-
ble at low temperatures, remains vulnerable to dissolved oxygen, light, and certain
physicochemical characteristics of fruit matrices (pH, antioxidant content, pres-

ence of oxidizing enzymes).

3.4. Evolution of Vitamin C Concentration during Storage at 37°C
(Figure 7)

Analysis of the evolution of vitamin C content in three nectar formulations (Pa-
paya, Kent and DBD varieties) stored at 37°C (Figure 7) highlights notable deg-
radation kinetics, with losses varying between 33 and 46% after 14 days of storage.
These observations corroborate the well-documented vulnerability of ascorbic
acid to environmental factors such as high temperature, the presence of dissolved
oxygen and possibly light.

EKent O Papaye ODBD

72 715 0.704
0.64
0.598
0572
0,53
‘ |‘ |“ | 0ﬂ4
1 2 4 6 8 10 12 14

Duration 1n days

Figure 7. Evolution of vitamin C content during storage at 37°C.

The results obtained are in line with the work of Gomez Ruiz (2016), who re-
ported a degradation greater than 50% of vitamin C in aqueous medium in less
than 10 days at 60°C [22]. Although the experimental temperature in the present
study is lower, the observed kinetics remain consistent with a first-order reaction,
in which the degradation rate increases with temperature.

Furthermore, significant disparities were noted depending on the nectar vari-

ety. DBD nectar showed better preservation of vitamin C, suggesting the influence
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of intrinsic parameters such as pH, concentration of antioxidant compounds or
enzymatic activity (ascorbate oxidase), as suggested by Beaucamp (2011) in his
study on the catalytic role of metal ions in the oxidation of ascorbic acid [24]. Con-
versely, the Papaya variety showed the greatest decrease, which could result from
physicochemical conditions favorable to accelerated oxidation. The results con-
firm the high thermo-sensitivity of vitamin C and highlight the importance of the
fruit matrix and processing and storage conditions. They open up perspectives for
the optimization of technological processes to preserve the nutritional value of
tropical fruit products.

3.5. Comparison of VC Concentrations between 4°C and 37°C over
14 Days of Storage (Figure 8)

The evolution of vitamin C concentration in the three nectars (Papaya, Kent and

DBD) shows a marked difference depending on the storage temperature (Figure
8).

B Papaye (4°C) BPapaye (37°C) EKent(4°C) BKent(37°C) BEDBD (4°C) EDBD (37°C)
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Concentration in g/L.
w

0.

(5]

0.

—

1

13 J5 17 19 Ji1 J13 J14

Figure 8. Comparison of VC concentrations between 4 and 37°C over 14 days of storage.

Storage at 37°C results in rapid and pronounced degradation of ascorbic acid,
while storage at 4°C significantly slows down these degradation kinetics. Accord-
ing to the results obtained, vitamin C decreases by up to 46% at 37°C (papaya
nectar) compared to 19.5% at 4°C for the same variety. Similar losses were ob-
served for Kent (35.1% at 4°C vs. 37% at 37°C), while DBD nectar appears more
stable at 4°C (26.4%), with an apparent stabilization of the concentration after D9,
a phenomenon absent at 37°C. These observations are in agreement with the work
of Gomez Ruiz (2016), who showed that vitamin C degradation follows first-order
kinetics and is highly temperature-dependent [22]. At 60°C, losses exceeded 50%
in less than 10 days. The significant drop at 37°C, although at moderate tempera-
ture, confirms this exponential trend of degradation under thermal conditions.

The work of Al Fata (2017) on fruit purees completes this analysis by showing that
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even at 4°C, the oxidation of vitamin C continues slowly, especially in the presence
of dissolved oxygen [23]. Thus, the degradation observed in our samples at 4°C,
although the degradation kinetics are attenuated, a significant alteration of the
samples remains observable. DBD nectar shows increased stability at this temper-
ature, with a concentration stabilized around 0.530 g-L™' from the ninth day,
which suggests a limitation of oxidative reactions, probably induced by the deple-
tion of dissolved oxygen or the establishment of a chemical equilibrium. These
results are in agreement with those reported by Ait Saadi (2024), who demon-
strated that low temperature storage promotes the conservation of nectars, nota-
bly by maintaining the vitamin C content and pH stability [31]-[34].

4. Conclusion

The results obtained highlight the major impact of storage temperature on the
stability of vitamin C and titratable acidity in tropical fruit nectars (Papaya, Kent,
DBD). At 37°C, vitamin C degradation is rapid, reaching up to 46.4% in papaya
nectar, compared to a reduced loss of 19.5% at 4°C. DBD nectar showed the best
overall stability, especially at low temperatures. Titratable acidity, on the other
hand, undergoes a more marked increase at high temperatures, confirming the

deleterious effect of heat on acid-base balances.
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