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Abstract

Food industry and more specifically that of juices in Cote d'Ivoire, is gradually turning to local fruits. New products,
sometimes derived from wild fruit species, are appearing on the market. The savannah plum tree (Vitex doniana)
hitherto undervalued, is experiencing renewed interest due to its socio-economic importance for local populations. Its
black plum fruit, rich in bioactive compounds, has been semi-industrially transformed into nectar. However, without
the addition of preservatives, this nectar faces a probable reduced shelf life. The nectar used for this study was
developed from fruits harvested in three (3) regions of northern Céte d'Ivoire. Monitoring of the evolution of
biochemical parameters of this nectar, during storage, was carried out by conventional methods of biochemical analysis.
Atthe end of this study, it appears that acidity and soluble dry extract of the nectar studied increases with rise in storage
temperature. Vitamin C losses are reduced when the storage temperature is low. The more the shelf life of the nectar
increases, the more it registers a drop in its nutritive value. To take full advantage of the benefits of this black plum
nectar, it is best to store it at refrigeration temperature (4 °C) for a maximum of ten (10) weeks.
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1. Introduction

The vital importance of fruits in the field of food and human health no longer needs to be demonstrated [1]. Adulated
for their organoleptic and nutritional qualities [2], they are consumed fresh and for some, transformed into various by-
products of which juices and nectars constitute a significant part. This transformation, in addition to making available
to the populations the benefits of fruits in all seasons, constitutes a considerable local economic benefit. In Africa, the
search for new forest nutritional resources is leading the agri-food industry to gradually turn to local fruits [3, 4]. We
thus find, more and more on the Ivorian market, natural fruit juices and nectars, sometimes made from long-neglected
wild species. Vitex doniana, which is an integral part of these plants, is a deciduous tree belonging to Verbenaceae family
[5]. All parts of the plant are used for the various socio-economic needs of populations in the rural world [6]. Its fruit,
the popular black plum [7] has medicinal properties and has an interesting food value [5]. Its dark purple, floury and
sweet pulp is rich in bioactive compounds [8, 9, 10]. A semi-industrial transformation process without preservatives
and including tangential microfiltration made it possible to transform the pulp into nectar. The resulting product is,
however, confronted with a shelf life which remains very limited. Also, no referenced study reports the impact of
temperature and storage time on its nutritional components. In order to have a notion of the qualitative variation that
this black plum nectar could undergo during its storage, this study is devoted to monitoring the evolution of certain
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biochemical parameters during its storage at three (3) different temperatures for twelve (12) weeks. The choice of these
temperatures made it possible to follow the variations in the quality of these nectars stored under refrigeration
conditions, at room temperature in temperate and tropical climates. The choice of storage time responds to the need to
be able to predict an optimal use-by date of the natural nectar of black plums.

2. Material and methods

2.1. Material

Samples of nectars, made from the pulp of ripe black plums using a semi-industrial manufacturing process without
addition of preservatives and including cross-flow microfiltration [11], were inverted into sterile tubes transparent then
placed at three (3) different temperatures (4 °C, 20 °C and 32 °C) for three (3) months.

2.2. Methods for analyzing the biochemical parameters of microfiltered nectar

In order to follow the evolution of this nectar quality during storage, certain biochemical parameters, in particular pH,
titratable acidity, soluble dry extract and vitamin C content, likely to impact nutritional quality of this nectar were
assessed weekly during storage time.

2.2.1. Assessment of the acidity of microfiltered nectar

pH determination

The pH of this nectar was determined by the potentiometric method, using a previously calibrated pH meter (HANNA
HI 8424). The tests were repeated three (3) times for each of the nectars.

Determination of titratable acidity

The titratable acidity (in mEq.mL-1) was determined according to the colorimetric method described by the French
standard NF V05-101: 1974 [12].

10 mL of nectar were taken using a pipette and poured it into a beaker. The samples are then titrated with sodium
hydroxide (0.1 N NaOH) after adding two (2) drops of phenolphthalein. The tests were repeated three (3) times for each
batch. The titratable acidity is obtained according to the expression of equation (1):

o N;.V;.10°
A°(mEq/100g) = ﬁ .................. (@8]

2.2.2. Determination of the soluble dry extract (SDE)

The soluble dry extract was measured using a hand-held digital refractometer (ATAGO pocket PAL-a, Japan). After
calibrating the refractometer with distilled water, a few drops of nectar were placed on its lens and the reading of the
Brix degree was made after five (5) seconds. The tests were repeated three (3) times for each sample.

2.2.3. Assessment of Vitamin C

The vitamin C concentration (in mg/100 g) was determined according to the method of Tillmanns et al. (1932) [13]. To
10 mL of sample, 10 mL of metaphosphoric acid was added to stabilize the vitamin C. The sample to be analyzed was
obtained by taking 5 mL of the stabilized solution which was then measured in an Erlenmeyer flask with a volume (Ve)
of a solution of 2,6-dichlorophenolindophenol (2,6-DCPIP). The calibration of the 2,6-DCPIP solution was previously
done with a volume (Vs) of pure ascorbic acid. Another solution prepared from metaphosphoric acid/acetic acid was
also titrated with one volume (VO0) of the 2,6-DCPIP solution. The tests were repeated three (3) times for all samples.
The concentration of vitamin C ([vit C]) was evaluated by the expression of equation (2):

2(Ve=Vo)

Vo) 100 i,

[vitc] = v (2)

156



GSC Biological and Pharmaceutical Sciences, 2022, 21(02), 155-162

3. Results

3.1. Evolution of the acidity of microfiltered nectar during storage

Figure 1 shows the pH variation of this nectar. Figure 2 shows that of the titratable acidity during storage at three (3)
different temperatures: 4 °C, 20 °C and 32 °C.
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Figure 1 Evolution of the pH of microfiltered nectar during storage

Analysis of Figure 1 shows that after the first week of storage, there is a decrease in the pH value of microfiltered nectar.
This value remains substantially identical whatever the storage temperature. From the second week, the reduction in
pH accelerates and is all the more pronounced the higher the storage temperature. For nectar stored at 4 °C, the pH
tends to stabilize at the end of the ninth week and this until the twelfth. The regression coefficients are between 0.74
and 0.91. This shows a certain correlation between the variation of the pH and the storage temperature.

Figure 2 shows an increase in titratable acidity of microfiltered nectar during storage. During the first two (2) weeks,
its variation is almost identical for the three (3) temperatures.
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Figure 2 Evolution of titratable acidity of microfiltered nectar during storage
Beyond this period until the end of the twelve (12) weeks, the variation of the titratable acidity depends on the storage

temperature of the nectar. It is all the more accentuated as this temperature is high. Thus, titratable acidity is highest at
32 °C and lowest at 4 °C. The regression coefficients are between 0.96 and 0.99.
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3.2. Evolution of the soluble dry extract of microfiltered nectar during storage

As can be seen in Figure 3, the soluble dry extract of microfiltered nectar increases during storage for all temperatures.

This figure shows the evolution of the soluble dry extract of microfiltered nectar during storage at 4 °C, 20 °C and 32 °C.
It is noted that from the first week of storage, this parameter records constantly increasing values until the end of the
storage time. This evolution is a function of the storage temperature. The highest values are recorded for the lowest
temperatures. The regression coefficients are between 0.93 and 0.97.
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Figure 3 Evolution of the soluble dry extract of the microfiltered nectar during storage

3.3. Variation in vitamin C content of microfiltered nectar during storage

3.3.1. Evolution of the vitamin C content of microfiltered nectar

The results obtained after monitoring changes in vitamin C content are shown in Figure 4.
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Figure 4 Evolution of vitamin C content of microfiltered nectar during storage

In Figure 4, we see that the vitamin C content of microfiltered nectar decreases continuously during storage time.
However, this reduction is a function of the storage temperature. Indeed, it is all the more pronounced as the storage
temperature is high. The regression coefficients are between 0.941 and 0.974.
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3.3.2. Characterization of the degradation kinetics of vitamin C in nectar

In order to predict the evolution of the vitamin C content of nectar over time, the kinetics of the degradation of this
vitamin as a function of the storage temperature of the nectars was produced using two (2) models that are that of
Arrhenius and that of Bigelow. Figure 5 presents the resulting curves of these models for microfiltered nectar.

During the storage of microfiltered nectar, the thermal degradation of vitamin C follows first order kinetics. The
regression coefficients are between 0.871 and 0.927 and the logarithm of vitamin C concentrations is proportional to
the treatment time.

Figure 6 (a) and (b) represent respectively and more precisely, the effect of temperature on the rate constant of the
vitamin C degradation reaction and the decimal reduction time in the case of microfiltered nectar.
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Figure 5 Kinetics of thermal degradation of vitamin C of microfiltered nectar as a function of storage time
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Figure 6 (a) Arrhenius diagram representing the influence of the storage temperature of the microfiltered nectar on
the rate constant k - (b) Bigelow diagram of the decimal logarithm of the D value as a function of temperature

The regression coefficients of these two (2) plots show the strong correlation between storage temperature, velocity
coefficient and decimal reduction time. The degradation of vitamin C in this nectar follows first-order kinetics.

Table 1 presents for the microfiltered nectar the values of the kinetic parameters which are the activation energy (Ea),
the speed coefficient (k), the decimal reduction time (D), and the decimal reduction factor (z) between 4 °C and 32 °C.

As shown in the table below, the decimal reduction time decreases with increasing temperature. While the velocity

coefficient k increases with increasing temperature. These parameters explain the losses recorded for this heat-
sensitive vitamin during the storage of microfiltered nectar.
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Table 1 Kinetic parameters of thermal degradation of vitamin C in microfiltered nectar

Arrhenius’s model Bigelow’s model

Temperature k(s-1) | Ea(k]/mol) | R2 D (s) z (°C) | R2

4°C 0.212 3.854
20 °C 0284 | 2875 0917 | 3541 | 3400 | 0.999
32°C 0.297 3.517

4., Discussion

After the first week of storage, there is a decrease in the pH value of the microfiltered nectar. In general, pH and
temperature rank high among the most important indicators of food quality and safety. In the case of this nectar, there
is a decrease in pH reflecting an acidification of the medium which is a function of the storage temperature. This is in
accordance with the results of [14] for seedless lime juice and [15] for natural orange juice. Thus, during storage, the
higher the storage temperature, the more acidic the pH of the nectar becomes. [16] also found this reduction in pH when
storing papaya, pineapple and watermelon juices at different temperatures. According to work done by [17], [18] and
[19] on fruit juice, this decrease in pH could be explained by the deterioration of the characteristics of fruits juices, the
biochemical reactions as well as the microbial action that occurred during the storage period.

Figure 2 shows an increase in titratable acidity of microfiltered nectar during storage. During the first two (2) weeks.

According to the results obtained, there is an increase in titratable acidity with the increase in the storage temperature
of the nectar. This reflects an increase in the proportion of organic acids present in nectars [19]. These organic acids
contribute to the particular flavor and palatability of the nectar and their increase is probably due to the transformation
of pectin into galacturonic acid, as observed by [20] for the mixture of apple and apricot juice and [15] for orange juice.

From the above, it is observed that during the first weeks of storage, the acidity of the nectar at the three (3)
temperatures is approximately identical. Beyond the fourth week, it registers an increase which is a function of the
storage temperature. This state could in the long run lead to its organoleptic alteration [21, 22] because too high acidity
would tend to reduce the sensation of sugars and would affect the color of the nectar [23].

The increase in the value of the Brix degree, desirable to preserve the quality of nectars [24] would be explained by the
transformation (acid hydrolysis) of polysaccharides (starch, pectin and cellulose) into monosaccharides and
oligosaccharides [25, 26] when the medium is acidic.

The vitamin C content of this nectar registers a gradual decrease throughout the three (3) months of follow-up
depending on the storage temperature. This observation was made in Uganda by [27] for passion fruit juice (purple
variety) stored at different temperatures in transparent bottles, as well as by [28] for orange juice concentrate.

The degradation of the vitamin C content of the nectar would be due to the oxygen present in the container, to the heat
or to the light [23, 29]. During the storage of nectar, this destruction would be particularly due to the temperature and
the duration of storage [30].

Indeed, during storage, this vitamin is subject to anaerobic degradation favored by acidity and temperature [23]. In an
acidic and hot environment, ascorbic acid undergoes dehydration and decarboxylation which lead to the formation of
intermediate substances such as carbon dioxide and furfural [31]. These compounds, in particular furfural, can bind to
amino acids and lead to the formation of hydroxymethyl furfural, a precursor of brown pigments [32].

The destruction of this vitamin in the microfiltered nectar is characterized by an activation energy value (Ea) of 28.75

kJ/mol and that of a decimal reduction factor (z) equal to 34 °C. These results corroborate those obtained by [33] during
this work on the study of the degradation of vitamin C in citrus juice
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5. Conclusion

This study allowed us to establish the influence of storage time and temperature on the stability of acidity (pH and
titratable acidity), soluble dry extract and vitamin C content of the microfiltered nectar produced from the pulp of ripe
black plums from Céte d’Ivoire.

We can thus deduce that temperature and storage time have an effect on the biochemical stability of black plum nectars.
Taking into account correlation that exists between the parameters studied, the method best suited to the conservation
of these products remains refrigeration at 4 °C. However, if at this temperature the microfiltered nectar retains its
nutritional value better, the shelf life remains a limiting factor in its nutritional and organoleptic stability. The optimal
use-by date for nectars without the addition of preservatives does not exceed ten (10) weeks.

Compliance with ethical standards

Acknowledgments

Our thanks go to the polytechnic doctoral school and the laboratory of Industrial Processes and Synthesis of the
Environment and New Energies (Yamoussoukro, Cote d’Ivoire) for allowing this work to be carried out.

Disclosure of conflict of interest

We authors declare no conflict of interest whatsoever.

References

[1] World Health Organization & United Nations Organization for Food and Agriculture. (2014). Fruits and
Vegetables for Health: Report of the Joint FAO/WHO Workshop, 1-3 September 2004 Kobe (Japan).

[2] Crane, S. (2013). Health is in the vegetable garden. The benefits of fruits and vegetables, 12p.

[3] Adejumo, A. A, Alaye, S. A, Ajagbe, R. 0., Abj, E. A., & Adedokun, F. T. (2013). Nutritional And Anti - Nutritional
Composition Of Black - Plum (Vitex doniana). Journal of Natural Sciences Research, 12(3), 144-148. ISSN 2224-
3186 (Paper) ISSN 2225-0921 (Online)

[4] Fouté, J.R. (2019). Consumption: frenzy of fruit juices. Africa Expansion Magazine, 61p.

[5] Ky, KJ.M. (2008). Vitex doniana Sweet. In: Louppe, D., Oteng-Amoako, A.A. & Brink, M. (Editors). PROTA (Plant
Resources of Tropical Africa / Ressources Plantes de I'Afrique Tropique), Wageningen, Netherlands. Accessed on
08/06/2016. https://uses.plantnet-project.org/fr/Vitex_doniana (PROTA)

[6] Mapongmetsem, P.M., Fawa, G., Noubissie-Tchiagam, ].B., Nkongmeneck, B.A., Biaou, S.S.H., Bellefontaine, R.
(2016). Vegetative propagation of Vitex doniana sweet from root sections. Woods and forests of the tropics, 327
(1),29-37.

[7] Ambé, G-A.(2001). The edible wild fruits of the Guinean savannahs of Céte d'Ivoire: state of knowledge by a local
population, the Malinké. Biotechnol. Agron. Soc. Approx., 5(1), 43-58.

[8] Sanogo, R, Karadji, A. H., Dembélé, O. & Diallo D. (2009). High blood pressure. Med. 24 (4), 1-6.

[9] Dadjo, C.D., Sogbadjo, A.E.A., Andohan, B.F., Akai, R.G.L.K., Hakeredza, S.C., Ouehanou, T.D H. & Insin, B.S. (2012).
Original article Uses and management of black plum (Vitex doniana Sweet) in Southern Benin. Fruits, 67(4), 239-
248.

[10] Kone, H.S., Kone, K.Y., Akaki, K.D., Elleingang, F.E & Assidjo, N.E. (2018). Biochemical characterization of the fruit
pulp of the black plum tree (Vitex doniana) from the Ivory Coast. European Scientific Journal, 14(3), 252-270.

[11] Kone - Soro, H., Kone, K.Y., Akaki, K.D. & Soro, D. (2020). Effect of the process of valorization of the pulp of black
plums (Vitex doniana) in nectars on the physicochemical and nutritional characteristics. International Journal of
Innovation and Applied Studies, 30(3), 728-739.

[12] French Association for Standardization. (1974). Products derived from fruits and vegetables - Determination of
titratable acidity. French Association for Standardization, Paris, NF V 05-101, 1-4.

[13] Tillmans, H.P. & Hirsch, W. (1932). Ztschr. Unters. Lebensmittel, 63, 1-21.

161



[23]

[24]

[25]

GSC Biological and Pharmaceutical Sciences, 2022, 21(02), 155-162

Ziena, H.M.S. (2000). Quality attributes of Bearss Seedless lime (Citrus latifolia Tan) juice during storage. Food
Chemistry, 71(2), 167-172.

Ibrahim, R. E. (2003). Storage induced changes in the physicochemical and sensorial properties of natural orange
juice and drink. Thése de doctorat, Université de Khartoum, 1-7.

Ibrahim, A. M (2016). Effect of Different Storage Condition on pH and Vitamin C Content in Some Selected Fruit
Juices (Pineapple, Pawpaw and Watermelon). International Journal of Biochemistry Research & Review, 11(2),
1-5.

Teniola, 0.D. (2022). Development of starter culture for the production and nutritional improvement of Ogi. Ph.D.
Reasearch Square, 1-12.

Maria, G. I, Encarna A. & Adel K. A. (2006). Quality changes and nutrient retention in fresh-cut versus whole fruits
during storage. ]. Agric. Food Chem., 54(12), 4284-4296.

Ojo, R.]., Abaya, ]. Y., Akintayo, C. O. & Serik], S. (2013). Effects of Nigerian market storage conditions on ascorbic
acid contents of selected TETRAPAK packaged citrus fruit juice. ARPN Journal of Agricultural and Biological
Science, 8(2), 179-183.

Hussain, 1., Zeb, A. & Ayub, M. (2011). Evaluation of Apple and Apricot Blend Juice Preserved with Sodium
Benzoate at Refrigeration Temperature. World Journal of Agricultural Sciences, 7(2), 136-142.

Alzamora, S. M., Guerrero S. N., Nieto A. B. & Vidales S. L. (2004). Technologies combinées de conservation des
fruits et des 1égumes. Manuel de formation FAO, 1-16.

Monrose, G.S. (2006). Standardization of chadéque jam formulation and evaluation of physico-chemical,
microbiological and sensory parameters. Final dissertation, State University of Haiti (UEH / FAMV).

Makanjuola, 0. M., Adepegba, A. 0., Ajayi, A. & Makanjuola, J. 0. (2013). Effect of Different Preservation Methods
on the Quality Attributes of Some Tropical Fruit Juices. ABR, 4(4), 74-78.

Bhardwaj, R. J. & Pandey, S. (2011). Juice blends-a way of utilization of under-utilized fruits, vegetables, and
spices: a review. Crit. Rev. Food Sci. Nutr., 51(6), 563-570.

Wisal, S., Ullah, J., Zeb, A. & Khan M. Z. (2013). Effect of Refrigeration Temperature, Sugar Concentrations and
Different Chemicals Preservatives on the Storage Stability of Strawberry Juice. International Journal of
Engineering & Technology, 13(2), 160-168.

Mgaya-Kilima, B., Remberg, F. S., Chove, E. B. & Wicklund, T. (2014). Influence of storage temperature and time
on the physicochemical and bioactive properties of roselle-fruit juice blends in plastic bottle. Food Sci Nutr., 2(2),
181-191.

Kaddumukasa, P. P., Mathara, .M., Imathiu, S.M. & Nakavuma, ]J.L. (2016). Microbiological quality and storage
stability of fresh fruit and vegetable juice blends sold in Kampala, Uganda. RUFORUM Working Document Series,
14(2),937-942.

Lee, S. H. & Chen, S. C. (1998). Rates of Vitamin C Loss and Discoloration in Clear Orange Juice Concentrate during
Storage at Temperatures of 4-24 °C. Journal of Agricultural and Food Chemistry, 46(11), 4723-4727.

Robertson, G.L., Samaniego, C. M. L. (1986). Effect of initial dissolved oxygen levels on the degradation of ascorbic
acid and the browning of lemon juice during storage. ] Food Sci, 51(1), 184-92.

Burdurly, S. H., Koca, N., Karadeniz, F. (2006). Degradation of vitamin C in citrus juice concentrates during
storage. Journal of Food Engineering, 74(2), 211-216.

Elgamouz, S. (2016). Monitoring content of vitamin C in an industrial juice. Master's thesis in science and
technology, Sidi Mohammed Ben Abdellah University, Morocco.

Larisch, B., Grof3, U. & Pischetsrieder, M. (1998). On the reaction of L-ascorbic acid with propylamine under
various conditions: Quantification of the main products by HPLC/DAD. Zeitschrift fiir Lebensmittel-
Untersuchung und-Forschung, 206(5), 333-337.

Dhuique-Mayer, C. (2007). Evaluation of the nutritional quality of citrus juices: in vitro estimation of the
bioavailability of carotenoids. Doctoral thesis, Montpellier II University, France.

162



