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ABSTRACT 

 

Honey is a syrupy substance produced by bees, highly rich in monosaccharides (glucose, fructose), which 

give it a sweet flavor. In Côte d’Ivoire, there is very little information on the honey that is produced. The current 

work is to our knowledge the first of its kind. Its main objective is to assess the quality of the honey produced in 

nine localities in Côte d'Ivoire in terms of their physicochemical composition. All of the physicochemical 

characteristics (refractive index, total acidity, pH, viscosity, electrical conductivity and diastase index were 

within the limits established by the Codex Alimentarius Commission. The moisture content did not exceed 

19.4%, which would indicate that the honey samples have long-term storage capacity and resistance to 

fermentation. The results were also distinguished by a high sugar content (78.60 - 83.80% of dry matter of honey), 

mentioning their maturity and nutritional value. In addition, the sucrose content was between 2.14 and 7.61%. 

Honey's total acidity index found between 7.50 and 24.20 meq/kg, is a proof of their bactericidal activity. The 

low HMF content (< 60 mg/kg) of most of samples taken reflects their good technological treatment and good 

quality. The content of fat (0.41 to 0.78 mg/100g) and protein (0.88 to 3.50%) certifies their acceptable nutritional 

qualities, with a significant energy value (from 396.39 to 402.70 kcal/100g of honey). Thus, the honey collected 

on Ivorian territory actually meets the requirements of the standards proposed by the Codex Alimentarius 

Commission. 

© 2021 International Formulae Group. All rights reserved. 

 

Keywords: Natural honey, physical parameters, physicochemical characteristics, nutritional properties, Côte 

d'Ivoire. 

 

 

INTRODUCTION 

According to FAO, the world honey 

production was 1.85 million tons in 2018, 

including 724,000 tons produced in Asia 

(Codex Secretariat, 2017). This continent is the 

only region in world where honey production 

has been increasing steadily for more than 10 

years. For several years; China has been and 
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still the world’s leading producer of honey. In 

total, more than 457,000 tons of honey are 

produced each year in China, that’s about 

28.1% of the overall world production in 2018 

(FAO Stat, 2020). Turkey is the second largest 

honey producing country with an average 

annual production of 114,471 tons of beehive 

honey products (FAO Stat, 2020). Iran 

occupies the third place with an annual 

production of 78,567 tons of honey (FAO Stat, 

2020). United States comes in fourth position 

with a production of 4.1% (67,576 tons) (FAO 

Stat, 2020). Russia produces around 4% of 

annual world production (65,006 tons in 2018) 

(FAO Stat, 2020). The African countries' share 

of world production is less than 1.5% (198,668 

tons). The countries of East, Central and West 

Africa produce respectively 112,242, 45,157 

and 21,484 tons respectively (FAO Stat, 2020). 

In Côte d'Ivoire, beekeeping is very poorly 

developed, despite the implementation of 

modern practices. Indeed, most Ivorian 

beekeepers (also called honey hunters) are still 

practicing their profession in a traditional 

manner (Kouassi et al., 2018; Savadogo et al., 

2018), this might have had an impact on their 

productivity, which was estimated to 610 tons 

in 2018 (Naila et al., 2018; FAO Stat, 2020). 

Honey is the most precious natural food 

product that has no equal among other sweet 

products. It is highly prized by everyone 

because of its richness in chemical compounds 

and its multiple therapeutic (antimicrobial, 

healing, antioxidant, etc.) and prophylactic 

properties (De Rodriguez et al., 2004; 

Brudzynski, 2006). Each consumer, referring 

to his personal taste preferences, prefers to buy 

a high quality honey without risk of 

adulteration. However, it often happens that the 

production and the distribution processes of 

honey don’t meet the quality and food safety 

standards in force, resulting in a deterioration 

of its quality (Al-Farsi et al., 2018). This 

situation can also influence the 

competitiveness of these products on the 

product in regional markets. It is quite difficult 

to unambiguously determine the quality of 

honey solely on the basis of organoleptic 

characteristics (taste, aroma) (Bertoncel et al., 

2007; Guler et al., 2007). To do this, it is 

necessary to determine the physicochemical 

parameters, which provide more and accurate 

description of its composition and its properties 

(Bogdanov et al., 2004; Aboud et al., 2011). 

The composition of honey can considerably 

vary depending on the locality of production, 

the season, the breed of the bees, the plant 

source of nectar and the storage time in the 

honeycomb, as well as the mode of harvesting 

and post-harvest storage (Al-Farsi et al., 2018). 

The major component of honey is sugar 

(glucose, fructose, maltose, trehalose, sucrose, 

etc.), the total content of which reaches 80% 

(Zaikina, 2012; Naila et al., 2018). Reducing 

sugars are formed in honey from sucrose, and 

accumulate during its maturation, which are an 

indicator of the maturity, good quality and the 

botanical origin of honey. Moisture content 

also marks the maturity of honey and 

determines its suitability for long-term storage. 

Mature honey has a moisture content of no 

more than 20%, crystallizing into a 

homogeneous mass that can be stored for a 

long time without losing its natural benefits 

(Naila et al., 2018). In a natural honey, the 

content of hydroxymethylfurfural (HMF) 

refers to the quality and the safety of the 

technological process performed; it is also an 

indicator of product adulteration (Perdrix, 

2003; Moussaoui, 2011; Zaikina, 2012). The 

diastase index characterizes the activity of 

amylolytic enzymes. It describes the degree of 

heating and storage time of honey, which has 

no relationship with the nature of the honey. 

This is because when honey is diluted with 

sugar syrup, the number of diastases is 

significantly reduced. In addition, certain types 

of honey (clover, white acacia, sunflower, 

linden, angelica, willow, cotton, sage, etc.) 

have a very low diastatic activity. On the other 

hand, buckwheat and heather honeys have a 

high diastatic activity (20 to 60 units) (Zaikina, 

2012). Protein substances are present in honey 

thanks to nectar, pollen and also the bees' 

bodies. They are in a colloidal state and can 

cause a turbidity in the final honey. 

Furthermore, they increase the foaming power 

of the honey when it is bottled. They also cause 
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a blackening when honey is heated. They are 

the basis of crystallization during storage of 

honey (Gonnet, 1986; Zaikina, 2012). In recent 

years, the consumption of honey by the Ivorian 

population has seen renewed interest. But, few 

studies have been done on the physical and 

physicochemical properties of honey from 

Côte d'Ivoire. The main objective of the present 

study was to evaluate the quality of honey 

produced in nine localities of Côte d’Ivoire 

through the determination of some physical, 

physicochemical and nutritional characteristics 

for an adequate comparison with the standard 

values. 

 

MATERIALS AND METHODS 

Honey samples 

Honeys from private apiaries in nine 

localities in different regions of Côte d'Ivoire 

(M1-M10) and a sample of honey (M11) 

purchased at market (Table 1), were studied. 

All samples were collected between November 

2018 and April 2019 and stored in 250 ml glass 

bottles in a clean place away from light and at 

room temperature. Some samples were chosen 

according to their harvested period (Bouna: M1 

and M2). 

 

Organoleptic characteristics 

Information on organoleptic parameters 

was collected based on of a survey focusing 

mainly on some questions regarding visual and 

taste sensations. The questionnaire was 

submitted individually to 30 people between 

ages 24 and 40, who were selected according to 

the recommendations associated with a list of 

questions on this subject (Moussaoui, 2011).  

 

Determination of physical, physicochemical 

and nutritional characteristics 

Viscosity was determined using a 

falling ball viscometer (Ustok et al., 2007; Zeni 

et al., 2013). Electrical conductivity was 

measured on aqueous solutions of 20% (m/v) 

honey using a Jenway 4510 type electrical 

conductivity meter (Bogdanov et al., 2009). 

The pH was determined using a Hanna-type pH 

meter in 10% (w/v) honey solutions. The free 

acidity was obtained by titrimetry with the 

addition of NaOH (0.1 M) up to pH = 8.3 and 

was expressed in meq/kg (AOAC, 2000). The 

soluble and insoluble dry matter and ash 

contents were determined gravimetrically, 

according to the methods described by 

Bodganov et al. (2009). The moisture content 

was determined by measuring the refractive 

index at 20 °C using a Leica AR Barolworld 

refractometer and calculated using the 

Chataway table (AOAC, 2000; Bogdanov et 

al., 1997). The measurement of diastasis index 

was carried out according to the method 

described in international standards (GOST-

19792, 2001). The hydroxymethylfurfural 

(HMF) content (in mg/kg) was determined by 

spectrophotometric method (Bogdanov et al., 

1997). The content of total and reducing sugars 

were determined by colorimetric method based 

on the optical density of a solution of 

potassium ferricyanide (K3[Fe (CN)6]) at 440 

nm after reacting with the reducing sugars in 

honey (GOST-19792, 2001). Moreover, 

Kjeldahl method was used for the protein 

detection (Tabet, 2009; Kabré et al., 2020). 

Their content expressed in mg / 100 g of honey 

was obtained as indicated by the following 

equation (2), after obtaining the total nitrogen 

content expressed as a percentage and 

calculated by relation (1): 

𝐍𝐢𝐭𝐫𝐨𝐠𝐞𝐧 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 =
(𝐕𝟏 − 𝐕𝟎) ×  𝐍 ×  𝟏𝟒, 𝟏

𝐦
 (𝟏) 

With V0: HCl volume required to titrate the 

sample (ml); V1: HCl volume required to titrate 

the blank (ml); N: HCl solution titer; m: sample 

mass (g); 14.01: nitrogen atomic mass. 

𝐏𝐫𝐨𝐭𝐞𝐢𝐧 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 = 𝐍𝐢𝐭𝐫𝐨𝐠𝐞𝐧 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 ×  𝟔, 𝟐𝟓  (2) 

The fat content (MG), expressed in 

g/100 g of honey, has been determined. 

according to equation (3) (Ranoeliarivao, 

2011). 

With m0: honey mass (g); m1: mass of 

flask and glass beads before extraction (g); m2: 

mass of flask with glass beads and MGs after 

extraction. 

 

(3) 
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The total carbohydrate content (GT) and 

the energy value (VE) were determined 

according to AOAC, (2000) as describe in 

equations (4) and (5). 

 
 

Statistical analysis 

All measurements were performed in 

triplicate and the results of the 

physicochemical and nutritional parameters 

were expressed as mean ± standard deviation 

(Mean ± SD). A one-way analysis of variance 

(ANOVA ONE WAY) was used with Origin 

Pro 9.1 software. The difference between the 

means was considered significant at the 5% 

level. If significant (p < 0.05), the data were 

analyzed using the Tukey test (multiple 

comparison test). 

 

 

 

Table 1: Information on harvesting sites. 

 

Sample Collection site Geographic location * GPS coordinates 

M1 (pre-harvest) 
Bouna 

(Bounkani region capital) 
North-East 

9°16’09’’N 

2°59’42’’O M2 (harvest) 

M3 
Ferkessédougou 

(Tchologo region capital) 
North 

9°35’37’’ N 

5°11’50’’ O 

M4 

Séguéla 

(Worodougou region 

capital) 

North-West 
7°57’36’’ N 

6°40’22’’ O 

M5A  Biankouma 

(Tonkpi region) 
Center-West 

7°44’00’’ N 

7°37’00’’ O 
M5B  

M6 
Dimbokro 

(N’zi region capital) 
Center 

6°39’ N 

4°42’ O 

M7 
Molonoublé 

(Lakes Region) 
Center 

7°24’00’’ N 

4°59’00’’ O 

M8 
Prikro 

(Iffou region) 
Center-East 

7°38’ N 

3°59’ O 

M9 
Guezon 

(Middle Cavally Region) 
West 

6°44’00’’ N 

7°07’00’’ O 

M10 
Dianra 

(Béré Region) 
Center 

8°46’ N 

6°15’ O 

M11 

Abobo market 

(Autonomous District of 

Abidjan) 

South 
5°26’00’’ N 

4°01’00’’ O 

*: Yamoussoukro city were used as reference for geographical location (6 ° 48 ′ 36 ″ North, 5 ° 17 ′ 44 ″ West). 
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RESULTS 

The results of the ANOVA analyses 

reveal a significant (p < 0.05) difference 

between the means of the studied parameters of 

the eleven honey samples, except for those of 

the energy value and the moisture. Table 2 

indicates organoleptic characteristics obtained 

from a sample of 30 questioned person, whose 

ages range from 24 to 40 years. The answers 

that received more approval were retained. 

Honey samples from Bouna (M1 and M2), 

Ferkessédougou (M3), Séguéla (M4), 

Biankouma (M5A), Dimbokro (M6), 

Molonoublé (M7), Prikro (M8), Guezon (M9) 

and Dianra (M10) have a liquid texture. 

Conversely, Bouna (M2) and Biankouma (M5B) 

samples have a semi-crystalline texture. The 

consistency of the samples was syrupy. The 

different colors observed were orange (M1), 

dark yellow (M5A, M8, M9) and light (M2-M4, 

M6 and M10) and dark (M5B and M7) brown.  

The physical, physicochemical and 

nutritional characteristics determined were the 

density, viscosity, electrical conductivity, 

refractive index, pH, free acidity, Brix degree, 

energy value, insoluble matter content, ash, 

moisture, hydroxydemethylfurfural (HMF), 

carbohydrates, fats and the protein content. The 

different values obtained are shown in Table 3. 

The electrical conductivity of the studied 

samples varies from 233 ± 0.02 to 912 ± 0.05 

µS/cm, with the lowest value observed in M1 

(Bouna pre-harvest honey). Honey samples 

have an overall electrical conductivity of less 

than 800 µS/cm, apart from Molonoublé honey 

(M7) (837 ± 0.08 µS/cm) and marketed honey 

(M11) (912 ± 0.05 µs/cm) which recorded the 

highest conductivities. All honey samples 

analyzed show, on the one hand, an acidic 

character (3.11 ± 0.06 <pH < 4.20 ± 0.02), and 

on the other hand, a free acidity of 8.20 ± 0.01 

to 24.20 ± 0.01 meq/kg.  

The Brix degree of honeys studied 

varies between 78.60 ± 0.07 and 83.80 ± 

0.04%. Ferkessédougou honey (M3) has the 

highest Brix degree (83.80 ± 0.04%). The 

levels of reducing and non-reducing sugars are 

respectively 63.33 ± 0.02 to 79.95 ± 0.02% 

(expressed as glucose) and 2.14 ± 0.02 to 7.62 

± 0.03% (expressed as sucrose). The honey 

samples studied show a very small amount of 

insoluble matter ranging from 0.12 ± 0.01 to 

3.17 ± 0.01 mg per 100g of honey. Bouna pre-

harvest (M1) (2.89 ± 0.02 mg/100g of honey), 

Ferkessédougou (M3) (3.01 ± 0.01 mg/100g of 

honey) and Biankouma (M5A and M5B) (3.17 ± 

0.01 and 1.53 ± 0.01 mg / 100g of honey) 

honeys contain more impurities than the other 

samples.  

Figure 1 provides information on the 

viscosity of honey samples as a function of 

temperature (306.15 K; 311.15 K; 316.15 K 

and 321.15 K). Overall, we found out that the 

viscosity decreases with the increasing of 

temperature. Biankouma (M5B) honey has the 

highest viscosity rate (0.805 (306.15K); 0.695 

(311.15K); 0.551 (316.15K) and 0.327 

(321.15K)) followed by the one from 

Ferkessédougou (M3) (0.705 (306.15K); 0.692 

(311.15K); 0.549 (316.15K); 0.325 

(321.15K)). The least viscous sample is the one 

purchased at the market (M11) (0.144 

(306.15K); 0.115 (311.15K); 0.087 (316.15K; 

0.062 (321.15K)). The ash contents of the 

studied samples vary from 0.3 ± 0.02 to 1.24 ± 

0.01 mg/100g of honey. The honeys from 

Ferkessédougou (M3), Biankouma (M5A; M5B) 

and Dimbokro (M6) had the highest ash 

contents estimated to 1.24; 0.73; 1.05 and 1.21 

mg/100g of honey respectively.  

The moisture percentage of the honey 

samples varies from 14.40 to 19.70% with an 

average of 16.83 ± 0.06%. Honey from 

Ferkessédougou (M3) had the lowest moisture 

content (14.40 ± 0.06%), contrary to the honey 

from Abobo market (M11) which had the 

highest moisture content (19.70 ± 0.01%). 

Regarding the diastase index, the results 

obtained indicate that samples M3, M4, M5B, M7 

and M9 have the same value (8.33 Schade 

units). Samples M2 and M11 have higher 

diastase indices (10.87 Schade units), while 

pre-harvest honey (M1) appears to exhibit the 

smallest diastase activity of 4.55 Schade units. 

Spectrometric analysis of honey samples 

revealed HMF contents between 10.18 ± 0.02 

and 166.14 ± 0.06 mg / kg with a mean of 44.09 

± 0.06 mg / kg (Table 3). The sample (M5B) had 
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recorded the lowest HMF content (10.18 ± 0.02 

mg / kg), while the honeys from Abobo market 

(M11) (166.14 ± 0.055 mg/kg) and the pre-

harvest from Bouna (M1) (63.57 ± 0.086 

mg/kg) exhibited the highest rates.  

The information on nutritional 

parameters (fat content, protein and energy 

value) are highlighted in Table 4. The fat 

content (mg / 100g of honey) recorded was 

oscillates between 0.41 and 0.78. Honey from 

Molonoublé (M7) showed the lowest content 

(0.41 ± 0.04), while those from Guezon (M9) 

and Abobo market (M11) had the highest levels 

(0.78 ± 0.01). The protein contents of the honey 

samples was ranged from 1.23 to 3.50%, the 

lowest (1.23 ± 0.03%) being observed in the 

pre-harvest samples from Bouna (M1) and 

Biankouma (M5A). For those of Séguéla (M4), 

Molonoublé (M7) and Prikro (M8), they contain 

more protein (3.50 ± 0.09%). In general, we 

found that the honeys from Côte d'Ivoire had 

similar energy values (Table 4).

  
 

Table 2: Organoleptic characteristics of different honey samples collected in nine localities of Côte 

d’Ivoire. 
 

Sample Taste Color Texture 

M1 Caramelized Yellow Orange Fluid 

M2 Sugary Chestnut  Semi crystallized 

M3 Sugary Dark Chestnut Fluid 

M4 Much Sugary Light Chestnut Fluid 

M5A Sugary Dark Yellow Fluid 

M5B Less Sugary Dark Chestnut Semi crystallized 

M6 Much Sugary Chestnut Fluid 

M7 Sugary Dark Chestnut Fluid 

M8 Sugary Dark Yellow Fluid 

M9 Less Sugary Dark Yellow Fluid 

M10 Sugary Light Chestnut Fluid 

 

 
 

Figure 1: Viscosity of honey samples at different temperatures.
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Table 3: Physicochemical characteristics of honey samples collected in nine localities in Côte d'Ivoire. 

 

Legal 

standards 

and samples 

Refractive 

index 

Electrical 

conductivity 

(µS/cm) 

pH 
Free acidity 

(meq / kg) 

Degree Brix 

(%)  

Insoluble matter 

content  

(mg/100g honey) 

Ash content 

(mg/100g 

honey) 

Moisture 

content  

(%) 

HMF  

(mg / kg 

honey) 

Diastase 

index 

Content 

reducing 

sugars (g / 

100g) 

Sucrose 

content 

Codex 

Standards 

(Codex, 

2001)  

  

≤ 800 µS/cm 

for nectar 

≥ 800 µS/cm 

for honeydew 

3 at 5 ≤ 50 meq/kg ≥ 65 g / 100g ≤ 0.1 g /100g ≤ 0.6 g /100g ≤ 21g /100g 
≤ 60mg / kg 

of honey 
≥ 3 ≤ 65g/100g ≤ 5g/100g 

M1 1.492 ± 0.012 233 ± 0.02 3.11 ± 0.06 12.90 ± 0.06 80.50 ± 0.01 2.89 ± 0.02 0.33 ± 0.02 17.80 ± 0.01 63.57 ± 0.09 4.55 ±0.05 79.95± 0.02 6.43 ± 0.03 

M2 1.49 ± 0.07 537 ± 0.08 3.96 ± 0.02 8.20 ± 0.01 82 ± 0.04 0.97 ± 0.05 0.61 ± 0.01 16.20 ± 0.07 28.65 ± 0.05 10.87 ±0.03 63.33± 0.02 5.24 ± 0.05 

M3 1.501 ± 0.057 777 ± 0.08 4.20 ± 0.02 17.20 ± 0.08 83.80 ± 0.04 3.01 ± 0.01 1.24 ± 0.01 14.40 ± 0.06 32.49 ± 0.01 8.33 ±0.02 69.81± 0.02 2.14 ± 0.02 

M4 1.495 ± 0.073 766 ± 0.03 3.75 ± 0.06 13 ± 0.06 79.90 ± 0.07 0.80 ± 0.07 0.32 ± 0.02 16.50 ± 0.07 40.12 ± 0.05 8.33 ±0.01 72.71± 0.01 3.10 ± 0.01 

M5A 1.494 ± 0.071 431 ± 0.02 3.61 ± 0.04 9.80 ± 0.02 81.40 ± 0.07 3.17 ± 0.01 0.73 ± 0.01 16.80 ± 0.07 19.32 ± 0.08 6.49 ±0.03 68.38± 0.02 4.05 ± 0.01 

M5B 1.496 ± 0.073 720 ± 0.04 3.61 ± 0.04 9.80 ± 0.01 81.40 ± 0.07 1.53 ± 0.01 1.05 ± 0.01 16.20 ± 0.07 10.18 ± 0.02 8.33 ±0.01 72.00± 0.02 7.62 ± 0.03 

M6 1.491 ± 0.083 790 ± 0.05 3.50 ± 0.06 13.60 ± 0.08 80.20 ± 0.01 0.61 ± 0.08 1.21 ± 0.01 18.10 ± 0.08 49.07 ± 0.06 6.49 ±0.03 71.76± 0.01 4.29 ± 0.03 

M7 1.495 ± 0.072 837 ± 0.08 3.16 ± 0.03 24.20 ± 0.01 80.60 ± 0.04 0.12 ± 0.01 0.55 ± 0.02 16.70 ± 0.07 26.97 ± 0.08 8.33 ±0.06 77.14± 0.01 2.38 ± 0.01 

M8 1.495 ± 0.083 756 ± 0.01 3.26 ± 0.09 17.60 ± 0.08 79.80 ± 0.07 0.79 ± 0.02 0.59 ± 0.01 16.50 ± 0.08 31.46 ± 0.05 6.49 ±0.01 69.62± 0.03 6.90 ± 0.06 

M9 1.495 ± 0.073 486 ± 0.04 3.39 ± 0.09 12.50 ± 0.07 81.70 ± 0.07 0.51 ± 0.01 0.30 ± 0.02 16.50 ± 0.07 39.74 ± 0.06 8.33 ±0.05 69.90±  0.03 5.48 ± 0.08 

M10 1.495 ± 0.012 774 ± 0.05 3.75 ± 0.08 13 ± 0.06 80.80 ± 0.04 0.24 ± 0.01 0.54 ± 0.01 16.50 ± 0.01 21.41 ± 0.06 6.49 ±0.07 65.24± 0.03 7.38 ± 0.04 

M11 1.487 ± 0.057 912 ± 0.05 3.88 ± 0.08 11.50 ± 0.08 78.60 ± 0.07 0.60 ± 0.04 0.57 ± 0.02 19.70 ± 0.01 
166.14 ± 

0.06 
8.33 ±0.04 65.62± 0.02 5.24 ± 0.04 

Mean   668.25± 0.05 3.60 ± 0.06 13.61 ± 0.05 80.89 ± 0.05 1.27  ± 0.03 0.67 ± 0.01 16.83 ± 0.06 44.09 ± 0.06 7.61 ±0.03 70.46± 0.02 5.02 ± 0.07 
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Table 4: Nutritional data of the analyzed honey samples. 

 

Honey samples 
Fat content  

(mg / 100g of honey) 

Protein content              

(in %) 

Energy value 

(kcal / 100g of honey) 

M1 0.69 ± 0.02 1.23 ± 0.13 402.13 ± 0.08 

M2 0.58 ± 0.02 2.28 ± 0.16 400.46 ± 0.27 

M3 0.59 ± 0.02 2.10 ± 0.06 396.39 ± 0.26 

M4 0.77 ± 0.01 3.50 ± 0.29 401.5 ± 0.28 

M5A 0.58 ± 0.02 1.23 ± 0.13 399.98 ± 0.57  

M5B 0.43 ± 0.02 1.75 ± 0.43 397.95 ± 0.55 

M6 0.59 ± 0.05 2.98 ± 0.57 398.11 ± 0.06 

M7 0.41 ± 0.04 3.50 ± 0.29 399.85 ± 0.49 

M8 0.77 ± 0.05 3.50 ± 0.29 401.49 ± 0.08 

M9 0.78 ± 0.02 1.75 ± 0.43 402.7 ± 0.40 

M10 0.59 ± 0.02 3.15 ± 0.09 400.79 ± 0.46 

M11 0.78 ± 0.01 2.28 ± 0.16 401.62 ± 0.04 

 

 

DISCUSSION 

The organoleptic parameters indicated a 

similarity in the texture of the different honey 

samples. However, the samples from Bouna 

(M2) and Biankouma (M5B) have a semi-

crystalline texture, which would indicate their 

high glucose content. Indeed, the textures of 

honeys are dependent on the glucose/fructose 

ratio (Dailly, 2008). From nutritional 

viewpoint, the texture as well as the sweetness 

are not a handicap. The Brix degree reflects the 

quantity of sugar (in g) contained in 100 g of 

honey cooled at 20 °C (Dailly, 2008). The 

honey from Ferkessédougou (M3) having the 

highest Brix degree (83.80 ± 0.04%) appears as 

the sweetest honey. Good quality honey is 

usually thick and viscous. The viscosity of 

honey depends on moisture content, the sugar 

composition and the colloidal substances. It 

also depends on temperature (Amri, 2006; 

Zaikina, 2012). The results obtained showed 

that the viscosity of the honeys submitted for 

analysis decreases considerably with 

increasing temperature (Figure 1). The highest 

viscosity was observed in commercial honey 

(M11) and that is actually related to its high 

moisture content (19.70 ± 0.01%).  

All the samples studied could be 

classified as flower honeys, except for the 

Molonoublé honey (M7) (837 ± 0.08 µS/cm) 

and the commercial honey (M11) (912 ± 0.05 

µS/cm), which could be honeydew honeys. 

Indeed, flower honeys have an electrical 

conductivity lower than 0.8 mS/cm, whereas 

honeydew honeys have an electrical 

conductivity higher than 0.8 mS/cm 

(Bogdanov et al., 1999; European 

Commission, 2001). In addition, there is a 

correlation between electrical conductivity and 

the concentration of mineral substances, the 

higher the ash content, the greater the electrical 

conductivity would be (Moussaoui, 2011; 

Zerrouk et al., 2011; Benameur, 2014; Belhaj 

et al., 2015). Among the honeys studied, Bouna 

pre-harvest honey (M1) has the lowest 

electrical conductivity (233 ± 0.02 µS/cm), 

which is confirmed by a lower ash content 

(0.33 ± 0.02%), while Molonoublé honey (M7) 

and commercial honey (M11) had respectively 

had the highest conductivities (837 ± 0.077 and 
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912 ± 0.05 µS/cm) and ash contents (0.55 ± 

0.02% and 0.57 ± 0.02%).  

The acidity of honey is a criterion of its 

bactericidal activity and its quality (Naman et 

al., 2005). All samples of honey studied have 

some pH between 3.11 and 4.20; which 

indicates, on the one hand, that they are acidic, 

therefore antibacterial, and on the other hand, 

that they are of nectar origin (Gonnet, 1986). 

The pH values obtained are similar to those 

reported in literature concerning honeys from 

Portugal (3.45 - 4.70) (Silva et al., 2009), Saudi 

Arabia (3.03 - 4.73) (Alqarni et al., 2012), 

Algeria (3.62 - 4.10), (Ouchemoukh, 2012), 

Iran (2.6 - 4.4) (Mahmoodi-Khaledi et al., 

2017), Morocco (3.39 - 4, 19) (Belhaj et al., 

2015), Congo (3.9 - 4.2) (Ngoma et al., 2018) 

and Côte d'Ivoire's mainly in the region of 

Worodougou region (3.7 - 4.77) (Diomandé et 

al., 2018). Free acidity is an important factor in 

the enzymatic processes of honey. Also, it 

provides information on the taste of the honey 

(Bogdanov et al., 1999; Da Silva et al., 2016). 

The free acidity values (8.20 ± 0.01 to 24.20 ± 

0.01 meq/kg) obtained are less than 50 meq/kg, 

the limit authorized by the international 

regulations (Codex, 2001). Importantly, these 

results show in the samples of Ivorian’s honey, 

the presence in of small quantities of 

compounds responsible for undesirable 

fermentation. 

Honeys from Côte d’Ivoire have low 

moisture contents (19.7%), which is in 

conformity with the proposed standard (≤ 21 

g/100g) (Bogdanov et al., 1999; Codex, 2001). 

These results allow to conclude that the studied 

honey samples present a good degree of 

maturity and could be stored over a long period 

of time without losing their natural properties. 

In addition, they provide some information on 

the stability of honey against fermentation 

during the storage (De Rodriguez et al., 2004; 

Küçük et al., 2007; Saxena et al., 2010; 

Zaikina, 2012). The humidity values are 

similar to those of Iranian (from 15.40 to 

18.40) (Mahmoodi-Khaledi et al., 2017), 

Tunisian (from 17.27 to 19.80), (Boussaid et 

al., 2018), Emirati (15 to 19.5%) (Alyammahi, 

2018) and Brazilian (from 15.93 to 20.80) 

(Rizelio et al., 2020) honeys. The honeys from 

Côte d'Ivoire were distinguished by their high 

amount of soluble dry matter, expressed in 

degrees Brix (from 78.6 to 83.8%). This 

parameter gives us some information on the 

maturity and the nutritional value of studied 

honey (Bogdanov et al., 1999; Codex, 2001). 

Considering the obtained values, we can affirm 

that Ivorian honeys can be classified as nectar 

origin, because they have sugar content greater 

than 60% (Bogdanov et al., 1999). The rates 

obtained are close to those reported by Ngoma 

et al., 2018 (from 79 to 80%). In addition, they 

are significantly higher than those of Séguéla 

honey (21 ± 0.44 and 24 ± 0.01%) (Diomande 

et al., 2018). This difference could be 

explained by the nature of the flowers butinated 

and the harvesting period (Dailly, 2008). 

The content of reducing sugars in all 

samples evaluated is within the limits 

established by Codex Alimentarius 

Commission (Codex, 2001). On the other hand, 

out of the 11 honey samples studied, the 

sucrose contents of five samples (M1, M8-M11) 

didn’t comply with the international standards. 

In general, natural honey has a low sucrose 

content (maximum 5 g/100 g of honey), which 

may decrease during the storage due to the self-

inversion process (Dailly, 2008; Zaikina, 

2012). Thus, the high rates recorded in this 

study could be attributed to the overfeeding of 

bees with sugar syrup or the earlier harvest of 

the honey (Da Silva et al., 2016). However, 

some honeys such as citrus, rosemary and 

alfalfa contain a higher percentage of sucrose 

(maximum 10 g/100 g of honey). This is the 

case with lavender honey in which the 

proportion in sucrose is estimated at 15 g/100 

g (Codex, 2011). 

The high levels of insoluble matter in 

the honeys, especially those gathered in Bouna 

pre-harvest (M1), Ferkessédougou (M3) and 

Biankouma (M5A and M5B) honeys indicate that 

there are impurities in these nectars deriving 

from the pollen grains and other debris, which 

were not completely removed during the 

maturation phase (Huchet et al., 1996). 

Ferkessédougou (M3), Biankouma (M5A; M5B) 

and Dimbokro (M6) honeys have some ash 
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contents higher than the imposed standard (≤ 

0.6 g/100 g) (Bogdanov et al., 1999; Codex, 

2001), which could reveal that in addition to 

nectar, they may contain honeydew. According 

to Bogdanov, honeydew honey or the mixture 

of honeydew and nectar have ash contents less 

than or equal to 1.2 g/100 g of honey 

(Bogdanov, 1999). In addition, these high 

values could indicate some anthropogenic 

activities around the apiaries. This is the case 

of Ferkessédougou and Dimbokro apiaries, 

which are established in crops of Anacardium 

Occidental (Anarcadiaceae), sometimes 

require the use of pesticides. As for the apiaries 

of Biankouma, they are installed in a rural area. 

Thus, the determination of the mineral content 

of honey samples provides an indication of the 

state of environmental pollution and the 

geographical and floral origins of the honey 

(Acquarone et al., 2007). 

The diastase index and the HMF content 

are some quality indicators for accurate 

information on the storage and heat treatment 

conditions of the honey (Bogdanov et al., 

1999). Indeed, the evaluation of HMF content 

(degradation product of fructose) allows to 

control the honey processing technology, 

namely the heating, duration and the storage 

conditions of honey, and also, if possible, to 

detect the presence of adulteration by 

artificially inverted sugar (Perdrix, 2003; 

Moussaoui, 2011; Pasias et al., 2017). The 

HMF contents obtained (Table 2) for most of 

the honeys comply with the standards values (≤ 

60 mg/kg of honey) set by the international 

regulations (Bogdanov et al., 1999; Codex, 

2001), excepted Bouna's pre-harvest honey 

(M1) (63.57 ± 0.09 mg/kg of honey) and the 

sample purchased commercially (M11) (166.14 

± 0.06 mg/kg of honey). The high HMF content 

observed in commercial honey may be due to 

its adulteration by the addition of invert syrup 

or by poor packaging and the storage 

conditions (Capuano and Fogliano, 2011; 

Guler et al., 2014; Da Silva et al., 2016). 

According to Perdrix (2003), the use of 

inappropriate containers exposes honey to heat 

and to several chemical reactions including 

dehydration of sugars leading to the formation 

of HMF. Furthermore, the value of the diastase 

index (8.33 ± 0.04) observed in commercial 

honey (M11) confirms that it has undergone a 

heat treatment or a bad storage condition 

(Guler et al., 2014; Da Silva et al., 2016). The 

number of diastases (4.55) less than 8 Schade 

units for the sample of pre-harvest honey (M1) 

indicates that its enzyme content would be low 

(Guler et al., 2014; Da Silva et al., 2016). 

Lipids are present in honey in small 

quantities and their presence could be due to 

the existence of some waxy debris, which 

escapes the filtration process (Louveaux, 

1985). The lipid contents obtained for Ivorian 

honeys are lower than those mentioned in 

literature (Ranoeliarivao, 2011) for honeys 

from three melliferous regions of Madagascar 

namely Niaouli, Analanjirofo and Atsimo 

Atsinanana, whose lipid contents vary 

respectively from 0.08 to 0.7; from 0.08 to 0.56 

and from 0.16 to 0.7 g/100g of honey. The 

protein content in all the honey samples are 

higher than those estimated by international 

standards (0.26% on average with a maximum 

of 0.83%) (Rossant, 2011). As a result, the high 

rate recorded in Ivorian honey could be 

explained by the presence in profusion of 

pollen, nectar and / or the body of bees, which 

are very often crushed during extraction, thus 

escaping filtration (Gonnet, 1986; Zaikina, 

2012). Finally, the nutritional value of Ivorian 

honeys is due to their high energy value (> 320 

kcal per 100 g). Indeed, honey allows rapid 

recovery of expended muscle energy. It is 

recommended for people who do hard physical 

work (Zaikina, 2012). Thus, the high energy 

value of honey from Côte d'Ivoire could be 

responsible to its therapeutic and nutritional 

properties (Rossant, 2011). 

 

Conclusion 

The physical, physicochemical and 

nutritional characteristics of honeys from 

different localities in Côte d'Ivoire generally 

comply with the standards required by the 

Codex Alimentarius Commission. The results 

of this study allowed us to classify from Côte 

d’Ivoire honeys in the category of nectar 

honeys. The acidity indicators show the 
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bacterial activity of the honeys. Nutritional 

parameters showed variable and not negligible 

proportions of lipids, carbohydrates and 

proteins. In addition, the honeys from Côte 

d’Ivoire have presented a high energy value. 

Ultimately, based on the data collected on 

honeys produced in Côte d'Ivoire, new research 

horizons are opening up for the consolidation 

of their consumption and application. 
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