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Abstract

The pepper plant (piper nigrum) is mainly grown for its fruit. Indeed, its fruits are mainly used as spices and condiments.
The objective of this study was to determine the physical properties of fresh and dried pepper domesticated in Cote
d'Ivoire. Physical parameters such as density, diameter and color of fresh and dried pepper seeds were analyzed.
Samples of fresh and dried pepper were collected in the various production localities selected on the basis of pedological
data. In addition, sampling was carried out over two (2) years. The results obtained indicate a high density of fresh and
dried pepper in samples taken in the localities of Niablé (1004 kg/m3) and PK 103 (1006.4 kg/m3). The largest
diameters of fresh and dried pepper were observed in the Assouba (5.4 mm) and N'douci (5.1 mm) samples. The highest
luminance values for fresh and dried pepper were obtained in the Guibéroua (14.67) and Danane (22.01) samples. The
highest chromatid a* values for fresh and dried pepper were obtained in samples from Assouba (3.69) and Guibéroua
(4.06), and the highest chromatid b* values for fresh and dried pepper were recorded in samples from Guibéroua (6.85)
and Danane (4.97).

Finally, the results obtained highlight the importance of physical parameters such as density, diameter and color in the
marketing of fresh and dried pepper.
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1. Introduction

A spice is an organic material of plant origin that generally has a powerful flavor. As such, they are used to season dishes
and enhance their taste. They can be derived from bark (cinnamon), leaves (tea, laurel), bulbs (garlic, onion, ginger),
seeds (fennel, coriander) or fruit (mustard and pepper). Pepper (Piper nigrum L.) is one of the best-known and most
widely used spices. It originates from the Malabar region of southern India. It is grown mainly in India, Malaysia, Brazil,
Indonesia and Sri Lanka. World pepper production has declined considerably in recent years. It has fallen from 633,000
tonnes in 2019 to 497,000 tonnes in 2021. Then, demand for pepper was estimated at around 505,000 tonnes, but total
available production was 497,000 tonnes, i.e. a deficit of 8,000 tonnes, which represents a real shortfall for producers
in 2021. Production in Africa was estimated at 22,342 tonnes. In Cote d'Ivoire, the quantity of pepper harvested was
estimated at 57.46 and 45.03 tonnes in 2020 and 2021 respectively [1]. Depending on the degree of purity and the
processing method, different types of pepper can be obtained. Firstly, green pepper is obtained after harvesting ripe
berries. Next, black pepper is produced from mature but still green berries that are sun-dried, while white peppers are
mature berries that are first skinned and then sun-dried. Thus, pepper's popularity is due to its flavor and pungency [2].
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Various physical properties of pepper seeds depend on moisture content and appear to be important in seed
preservation and processing. Despite an extensive literature search, very little information on the physical properties
of fresh and dried pepper seeds is available in the literature. Most spices are highly hygroscopic foodstuffs, interacting
easily with air humidity. The risk of mold growth is naturally highest in warm, humid air. Pepper seeds must be uniform
in color, uniform in size and free from blemishes. Quality degradation occurs in particular with excessively moist and
excessively hot product, and can be recognized by discoloration of the seed [3].

In this study, the physical properties such as density, diameter and color of fresh and dried peppercorns from Cote
d'Ivoire were determined with a view to marketing them on the national and international markets.

2. Materials and methods

2.1. Plant material

The plant material for this study consisted of fresh and dried pepper. The various samples were collected in areas of
high pepper production (Figure 1).

Figure 1 Fresh pepper with grapes and dried pepper without grapes

2.2. Methods

2.2.1. Choice of sampling sites

An analysis of the database of the Association des producteurs de poivre de cote d'ivoire shows that there are currently
38 plantations in production in c6te d'ivoire. Given the geographical composition and soil distribution of Céte d'Ivoire,
these plantations can be grouped into 10 different entities. These plantations are mainly located in Azaguié, Maféré,
N'douci, Guibéroua, Danané, Niablé, Yakassemé, Lopou, Assouba and Pk 103.

2.2.2. Sampling

Fresh and dried pepper samples were taken in ten (10) localities. Sampling was carried out over two (2) years, with one
sample taken in each of the ten (10) localities during the production season (March to April). In each locality, three (3)
1.5 kg samples of fresh pepper and three (3) 1.5 kg samples of dried pepper were taken in the first year. Then, two (2)
samples of 1.5 kg fresh peppers and two (2) samples of 1.5 kg dried peppers were taken in the second year. Finally, the
samples were taken from the bags and stored in a cool box (fresh pepper) before being transported to the laboratory
for analysis.

2.2.3. Density determination

Density was determined according to the method described by Pomeranz and Meloan [4]. Ten (10) grams of fresh and
dried pepper samples were weighed using a precision balance. The samples were then transferred to a graduated
cylinder containing 80 mL of distilled water. The density was then obtained by dividing the density of the peppercorns
by the density of the water used as a reference body.

2.2.4. Diameter determination

Diameters were determined using a caliper (FACOM, France) with an accuracy of + 0.01 mm, which was used to measure
the dimensions (major, middle and minor axes) of 10 randomly selected grains in each sample. The average of the
determinations was recorded as the data obtained [5].
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2.2.5. Color determination

Color measurements were carried out on whole peppercorns using a colorimeter (Konica Minolta, Model CR-400,
Japan). Color was expressed in mean values L*, a*, b*, from the International Lighting Commission where the L* value
represents the degree of clarity defined from black to white (0-100), a* represents the shade between green and red
and the b* value represents the spectrum evolving from blue to yellow. The instrument was normalized using the white
porcelain standard (L = 93.24,a = 0.96, b = 2.75) [5].

2.3. Statistical analysis

The numerical data obtained were entered using Excel version 2016 and processed using STATISTICA 7.1 software.
Statistical differences in means were tested by analysis of variance (ANOVA). The significance of differences between
samples was determined using Duncan's test. The significance level was p <0.05.

3. Results

3.1. Black pepper kernel density

The densities of the black pepper samples collected at the various selected sites are shown in figure 2. The density was
highest for the Niablé sample (1.008 + 0.001 kg/m3) and Pk 103 (1006.4 kg/m3), while the dried pepper samples from
Assouba had a lower density (1002.2 + 0.001 kg/m3). Fresh peppercorns from Yakassemé had a density of 1002.2 +
0.001 kg/m3.
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Figure 2 Density of fresh and dried pepper samples

3.2. Diameter of fresh and dried peppercorns

The fresh and dried pepper samples observed at the ten (10) study sites all showed whole berries, visibly well rounded
or oval in shape with crumpled pericarp over a diameter range from 4.2 + 0.00 mm to 5.4 * 0.03 mm (Figure 3). Fresh
pepper samples from Assouba (5.4 mm) and Yakassemé (5.2 mm) recorded the largest berries, followed by berries from
Yakassemé (5.00 + 0.00 mm) and N'douci (5.1 = 0.03 mm). In contrast, the Niablé sample (4.3 and 4.2 mm) had the
smallest fresh and dried peppercorns.
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Figure 3 Diameter of fresh and dried peppercorns

3.3. Color of fresh and dried pepper
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Figure 4 Color of fresh pepper from Céte d'Ivoire
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Figure 4 and 5 shows the statistical results for color parameters. All fresh and dried pepper samples show a lightness
"L*" closer to black (0) than to white (100), with the highest intensity (14.67 and 22.1) recorded in fresh pepper samples
collected in Guibéroua and Danané respectively. Next, the lowest intensity was observed in fresh and dried pepper
samples collected in PK 103 (8.49) and Guibéroua (11.96) respectively. On the other hand, samples of fresh and dried
pepper collected in Guibéroua and Assouba showed both the lowest intensities of the Yellow - Red spectrum evaluated
at 0.9 and 4.06 respectively, while the highest values were observed in samples collected in Assouba (3.69) and
Guibéroua (4.06) respectively of fresh and dried pepper.

The lowest intensities of the Blue-Green spectra were obtained in the fresh and dried pepper samples taken from Niablé
(3.05) and Yakasseme (6.85) respectively, while those from Danane (4.97) and Guiberoua (6.85) showed higher values.
Secondly, fresh peppers have lower chromatic values.
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Figure 5 Color of dried pepper from Céte d'Ivoire

4. Discussion

The results showed that berry density in all localities was relatively high. With values above for all fresh and dried
pepper samples studied. This could mean that the fresh and dried pepper samples analyzed would contain a negligible
amount of light berries, which are dry, hollow, cellulose-rich grains of low density [6]. The fresh pepper samples
collected in the PK 103 locality, which recorded the densest berries (1006.4 kg/m3), could be the one containing the
least. Moreover, the results obtained in the present study are well corroborated by those of Balasubramanian et al [7],
according to whom the intrinsic density of peppercorns varies between 987 and 1012 kg/m3. However, this slight
variation observed between the densities of the samples could be explained by the heterogeneity in percentage of mass
and size moisture that exists between peppercorns from one locality to another [8, 9].

In terms of kernel size, all samples showed a diameter range from 4.00 mm to 5.20 mm, which corresponds to the
normative values of the diameter parameter set by CODEX [10] ranging from (2.5mm to 7.0mm). The slightly oval but
essentially round shapes of the Ivory Coast black pepper samples correspond to those described by Meilawati et al [11]
at five observation sites in Indonesia. It should be noted that size is an important parameter, as peppercorns of larger
diameter contain more aromatic compounds, making the taste of Tellicherry black pepper (a town in southern India)
more complex and not just "peppery"” [12]. In fact, almost 50% of the samples studied, made up of black peppers from
Lopou (4.80 * 0.03mm), Yakassemé, Azaguié (5.00 = 0.00 mm), Pk 103 and N'douci (5.20 * 0.03mm) had a diameter
similar to the prestigious pepper (4.8 mm) from India [13].
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Secondly, fresh peppers have lower chromatic values. Color is an important criterion in food valuation. It represents
consumers' first impression. Lycopene is responsible for the red color of overripe peppers like tomatoes. The L*
(lightness measurement) values found were closer to 0 than 100, reflecting the overall black, dark brown color of the
dried peppercorns studied, as recommended by the International Pepper Community (IPC) [14] and the European Spice
Association (ESA) [15]. This blackening consists in the enzymatic oxidation of polyphenolic compounds by phenolases
(polyphenoloxidases and peroxidases) into highly reactive quinones, which then polymerize to form brown compounds
[5]- The intensity of blackness in the peppercorns studied was strongly influenced by the bleaching and drying quality
used from one locality to another [16, 17]. In fact, moderate bleaching promotes uniform blackening by encouraging
phenol oxidation by phenolase, whereas more intense bleaching deactivates the enzymes involved, thereby limiting
pepper browning [18]. We therefore understand that the bleaching applied may, depending on the case, have favored
the enzymatic browning reaction, resulting in darker grains (of less intense clarity) such as those from Maféré (13.07
0.86), Guiberoua (13.19 * 1.53) and Azaguié (13.92 + 2.61). However, grains with higher clarity, such as those from
Niablé (19.92 + 1.62) and Danané (23.62 * 1.39), are comparable to those reported by Song et al. [19], who found a
value of (22.26 + 0.40). Drying, the other thermal operation in the black pepper production chain [20] and known to
have an impact on pepper color, would be the cause of these chromatic values obtained from a* (yellowing) and b*
(reddening) as observed by Weil et al. [5] for Piper borbonense.

5. Conclusion

The study of the physical parameters of fresh and dried pepper is very important for assessing pepper quality. Pepper
has very interesting diameters, as the grains are round and oval on the whole. Secondly, pepper diameters comply with
the various standards set by the Codex Alimentarius. The peppers analyzed have negligible quantities of light berries.
Color and density are important criteria in the valuation of peppers and a first impression for consumers. Clarity reflects
the overall black and dark brown color of the peppercorns. It rises sharply from 8.49 to 22.01. Peppers from PK 103
(8.49) had low clarity, while samples from Danane (22.01) had high clarity. Pepper samples from Guiberoua (0.9) were
less yellow than those from Assouba (3.69). In addition, samples collected in PK 103 (2.84) had less reddish peppers,
whereas samples from Guiberoua (6.85) had redder peppers.
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