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Abstract  

Honey is commonly used as a food sweetener in Ghana and it is one of the most important 

food products with enormous nutritive benefits. In recent times, the increasing concern 

about sugar related diseases such as diabetes has led to increased consumption of honey in 

Ghana. This study assessed the physico-chemical properties and microbiological quality of 

honey collected from supermarkets and apiaries across six major agro-ecological zones of 

Ghana. In all, 57 honey samples were analyzed for pH, colour, solid sugars and moisture 

contents, whereas 46 samples were assessed for their microbiological status. The results 

showed that honey produced in Ghana had significantly wider variations in pH, moisture 

(p=0.000), solid sugar (0.000) and RI (0.000) within and across the six agro-ecological 

zones. Similarly, wider variations of these indices occurred between honey harvested from 

single hives and the admixtures. The results also showed that most of the honey produced 

in Ghana are characteristically amber in colour, while fewer samples appear black. Honey 

from the Northern region had the widest variation in colour, ranging from light amber to 

black. Most of the honeys studied (66.7% of samples) contained solid sugar contents which 

is either below the CODEX Alimentarius recommendation of 80 %, while 33.3% of the 

samples contained levels within the recommended ranges. Moreover, the admixture had 
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higher solid sugar contents than single hive honey. About 66% of the honey studied had 

moisture content above the 20% recommended by USDA and Codex Alimentarius. In 

addition, the single hive honeys had higher moisture contents than the admixture honeys. 

The results also revealed that admixtures possess higher RIs than single hive honey. The 

honey samples assessed in this study were contaminated with bacteria (Bacillus 

licheniformis, Bacillus subtilis, Citrobacter amalonaticus, Escherichia coli, Micrococcus 

luteus, Providencia rettgeri, Staphylococcus aureus and Streptococcus faecalis) and fungi 

genera Aspergillus, Penicillium, and Mucor. Further, 45% of the total samples were above 

the USDA acceptable limits of microorganisms considered safe for foods and honey. 

Moreover, significant levels of bacterial and fungal contamination of honey samples; 

significantly high means of bacterial counts were observed in honey from both admixture 

and apiaries than fungi. Interestingly, Clostridium botulinum was isolated from a few 

samples of honey. Only 7% of the total honey samples from Greater Accra, Western, Volta, 

Eastern and Northern regions contained Clostridium botulinum and this was the first time 

this organism is being reported in the country. However, contamination levels were below 

USDA acceptable limits of 1 x 104 CFU per gram for detected samples. Therefore, the 

honey studied can be considered safe for consumption. This notwithstanding, the study has 

demonstrated the need for monitoring the quality of honey produced in the country to 

ensure the safety of consumers.  

 

 

Key words: Clostridium botulinum, quality, microbial contamination, food safety, single-hive. 
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Introduction 

Honey is a sweet food substance naturally produced by social insects such as bees and some 

related insects1,2. The social insects involved in honey production include all Apis spp. (Apinae), 

almost all Meliponinae, all Bombus (Bombinae), honey wasps in the Polistinae, and honey ants 

in the Formicinae and Dolichoderinae families1. Honey has pleasant aroma and taste, and the 

colour varies according to geographical location and season ranges from pale yellow to dark 

amber.  

Honey is known to be highly nutritive because of the high content of sugars, small 

amounts of amino acids, lipids, some vitamins and minerals2. The production and use of honey 

have had a long history with spiritual, medicinal, cultural and socio-economic importance. For 

example, honey is used for important religious rites among indigenous peoples and their cultures 

around the world. It is also used as a sweetener in different cuisines in different parts of the 

world.  Moreover, honey is known for its antimicrobial properties. More so, its therapeutic 

actions, due to its antioxidant and antimicrobial properties, are well documented and it used for 

the treatment of heart-related ailments, cancer, inflammations and wounds3,4. Because of its 

numerous nutritive and medicinal benefits, many households in Ghana are moving away from 

the consumption of industrially refined sugars to locally produced honey. This notwithstanding, 

the Ghanaian consumer is concerned with the risk of contamination of honey. Again, majority of 

the honey consumers are suspicious that most honey are adulterated in one way or the other. 

These concerns are justified because honey is consumed raw and so any resident microorganisms 

and additives could be potential sources of foodborne illness5,6,7. 

Studies on physico-chemical characteristics and microbiological contamination of honey 

is well documented and a good number of these studies were conducted in Africa8-20. However, 

studies on the quality of honey produced and consumed in Ghana have received little attention21-

23. Although a number of studies on honey have been conducted in Ghana, most of the studies 



4 

 

considered fewer honey samples, which were collected from fewer localities. In the current 

study, however, we considered larger areas across the country to assess status of honeys 

produced in Ghana.  

This study was conducted to assess the physico-chemical characteristics and 

microbiogical status of honey produced and consumed in Ghana. The study also sought to screen 

for the presence of Clostridium botulinum in admixture and single hive honey samples produced 

in Ghana. Findings of the study provide, for the first time, comprehensive data to fill the existing 

knowledge gap about the quality of honey produced in Ghana in order to guide future studies on 

the quality of honey and the possible health risks to consumers in Ghana. 

 

Results and Discussion 

Physical and biological characteristics of honey samples across Ghana 

pH of honey samples 

Generally, all honey from the regions had slightly acidic pH, with mean value of 4.48 ± 0.57. 

The parametric t test showed significant differences among pH content of honeys across the 

country (p= 0.024, Tables 1 & 2). The strongest and weakest pH honeys were recorded in the 

Ashanti and Upper East regions respectively, though honey from the Upper East region seem to 

have wider variation in acidity. Further, these results indicate pH contents of honeys from Semi 

deciduous and Sudan savannah zones of Ghana as the weakest and strongest pH within the 

agroecological zones respectively (Fig. 3). Positive relationships were observed between pH and 

solid sugar as well as RI, while negative correlation was observed between pH and Moisture 

content of honey (Table 3). Generally, the pH of honey depends on the level of acids and 

minerals present rather than its free acidity 24. The pH is an important index which can be used to 

predict the growth of microorganisms and generally low pH inhibits the growth of 

microorganisms in honey. Ghana’s honeys exhibit wider pH range (3.38 - 6.45) similar to what 

was reported in American honey samples25, Estonian honeys 3.38 and 5.1226 and Southern 

Nigeria 4.95 - 5.0627. However, honeys from other countries such as Benin, 3.7 to 4.14, East 

Nigeria 3.50 – 4.9028, Cameroon29 and Argentina 3.34 – 4.7030 had low and narrower pH ranges. 

Microbiological growths are prevented in honeys with low pH and high sugar31. The pH of 



5 

 

honey observed across regions and ecozones in our study possibly depends of equilibrium of 

reactions between acids and minerals found in bee host plants.  

 

Figure 1: Count data indicating (a) Regions, (b) Ecozones, (c) Colour designations and (d) 

Status of samples. 

 

Table 1:  T-test for Equality of Means of Physicochemical Parameters of honey Samples 

 

 

 

 t-test for Equality of Means 

t df Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence Interval of 

the Difference 

Lower Upper 

RI 5.174 54.385 .000 .00775 .00150 .00475 .01076 

Solid 

sugar  
5.240 54.710 .000 2.97544 .56786 1.83729 4.11359 

Moisture -5.218 54.647 .000 -2.97368 .56992 -4.11599 -1.83138 

pH 2.327 55 .024 .36066 .15502 .04999 .67133 
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Colour Classification 

In accordance with the CODEX Alimentarus and USDA classifications, Ghana’s honey comes in 

four colour designations including extra light amber, light amber, amber and dark amber. (Table 

2; Fig. 1 & 2). With respect to agroecological zones, colour variability of honey was high in 

samples from the Guinea Savannah zone while the least colour variation was observed in honeys 

from Sudan Savannah. Generally, colour variability of different foods including fruits, 

vegetables and honey have been observed to have significant correlations between their 

flavonoids and total phenolic contents 32,33. In honey, these flavonoids and phenolic compounds 

are reported to be directly associated with the antioxidant activities as observed in honeys from 

Tanzania34,35 and the European Atlantic area36. Honeys with light colour are characterized by low 

flavonoid and phenolic compounds and are often with low antioxidant properties than dark-

coloured honeys. Tropical honeys, which are often characterized by dark colour, are high in 

these compounds35, which are obtained from the host plants that occur in these regions and 

ecozones4. Thus, the origin of honey, can influence its anti-microbiological characteristics37, 

though overlaps were observed among many regions in the present study. It is worth noting that 

in the regions and ecozone that had wider variation, the vegetation types are more diverse and 

that could influence bee’s food selection choices. 

Assessment of solid sugars 

Results obtained from the assessment of solid sugars showed that honeys in Ghana have 

percentage mean of 77.8 ± 2.81 solid sugar contents, varying significantly across the regions and 

agroecological zones (p=0.000 (Table 1 & 2 and Fig. 4)). Further, most honeys studied (66.7% of 

samples) were found to contain solid sugars either within or above the CODEX Alimentarius 

recommended levels of 80 % sugars. Admixture honeys seem to have higher solid sugar contents 

than single have harvest. 

Generally, significant relationships were observed for solid sugars against RI, pH and moisture 

contents of all the honeys. While positive correlations were observed between solid sugars and 
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the RI and pH of honeys, negative correlations were recorded for solid sugars against moisture 

and temperature (Table 3). 

 

Table 2: Generalized data on physicochemical properties on each honey sample  

 Physicochemical properties 

Sample 

Type 

Code Colour Refractive Index Solid sugars 

(Unit?) 

Moisture 

Content (%) 

pH 

 

 

 

 

 

 

 

 

 

Admixture 

001 Amber 1.49 ± 0.00 80.30 ± 0.15 19.73 ± 0.15 4.64 ± 0.00 

002 Light Amber 1.49 ± 0.00 80.20 ± 0.05 19.76 ± 0.05 4.82 ± 0.00 

003 Light Amber 1.49 ± 0.00 80.10 ± 0.05 19.93 ± 0.05 4.97 ± 0.00 

004 Amber 1.49 ± 0.00 80.50 ± 0.10 19.5 ± 0.10 4.99 ± 0.00 

005 Amber 1.49 ± 0.00 80.7 ± 0.00 19.3 ± 0.00 4.68 ± 0.00 

006 Light Amber 1.49 ± 0.00 81.6 ± 0.82 18.4 ± 0.81 4.96 ± 0.00 

007 Light Amber 1.49 ± 0.00 80.2 ± 0.00 19.8 ± 0.00 4.70 ± 0.00 

008 Amber 1.49 ± 0.00 80.47 ± 0.23 19.53 ± 0.23 4.71 ± 0.00 

009 Amber 1.49 ± 0.00 81.6 ± 0.06 18.37 ± 0.06 4.57 ± 0.00 

010 Amber 1.49 ± 0.00 80.03 ± 0.29 19.9 ± 0.29 4.82 ± 0.00 

011 Light Amber 1.49 ± 0.00 79.1 ± 0.10 20.9 ± 0.10 4.87 ± 0.00 

012 Amber 1.49 ± 0.00 78.17 ± 0.06 21.8 ± 0.06 4.38 ± 0.00 

013 Light Amber 1.48 ± 0.00 77.07 ± 0.06 22.9 ± 0.06 4.02 ± 0.00 

014 Light Amber 1.49 ± 0.00 80.3 ± 0.23 19.67 ± 0.23 3.80 ± 0.00 

015 Light Amber 1.48 ± 0.01 75.37± 4.14 24.6 ± 4.14 3.70 ± 0.00 

037 Dark Amber 1.49 ± 0.00 80.1 ± 0.17 24.7 ± 0.00 3.70 ± 0.00 

041 Amber 1.49 ± 0.00 79.6 ± 0.17 23.8 ± 0.00 4.90 ± 0.00 

042 Amber 1.49 ± 0.00 79.8 ± 0.06 24.3 ± 0.00 5.37 ± 0.00 

043 Amber 1.49 ± 0.00 80.7 ± 0.40 22.3 ± 0.00 4.65 ± 0.02 

 

 

 

 

 

 

 

 

 

 

 

Single-

hive 

016 Amber 1.48 ± 0.00 75.3 ± 0.00 24.7 ± 0.00 4.34 ± 0.01 

017 Amber 1.48 ± 0.00 76.2 ± 0.00 23.8 ± 0.00 3.70 ± 0.00 

018 Amber 1.48 ± 0.00 75.7 ± 0.00 24.3 ± 0.00 3.92 ± 0.00 

019 Amber 1.48 ± 0.00 77.7 ± 0.00 22.3 ± 0.00 4.07 ± 0.00 

020 Amber 1.48 ± 0.00 76.3 ± 0.00 23.7 ± 0.00 4.14 ± 0.00 

021 Amber 1.48 ± 0.00 75.8 ± 0.00 24.2 ± 0.00 3.94 ± 0.00 

022 Light Amber 1.48 ± 0.00 75.7 ± 0.06 24.3 ± 0.06 3.37 ± 0.00 

023 Light Amber 1.48 ± 0.00 76.7 ± 0.00 23.3 ± 0.00 4.43 ± 0.02 

024 Amber 1.48 ± 0.00 74.17 ± 0.06 25.8 ± 0.06 4.02 ± 0.00 

025 Amber 1.47 ± 0.00 72.70 ± 0.20 27.3 ± 0.20 3.77 ± 0.00 

026 Amber 1.48 ± 0.00 76.3 ± 0.23 23.7 ± 0.23 4.04 ± 0.00 

027 Light Amber 1.48 ± 0.00 75.7 ± 0.00 24.3 ± 0.00 4.31 ± 0.01 

028 Dark Amber 1.48 ± 0.00 77.5 ± 0.00 22.5 ± 0.00 4.70 ± 0.00 

029 Extra Light 

Amber 

1.48 ± 0.00 75.9 ± 0.00 24.1 ± 0.00 3.96 ± 0.00 

030 Light Amber 1.48 ± 0.00 74.6 ± 0.06 25.4 ± 0.06 3.90 ± 0.00 
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031 Extra Light 

Amber 

1.48 ± 0.00 78.2 ± 0.00 21.8 ± 0.00 4.58 ± 0.00 

032 Dark Amber 1.48 ± 0.00 74.1 ± 0.00 25.9 ± 0.00 3.82 ± 0.00 

033 Dark Amber 1.48 ± 0.00 73.8 ± 0.06 26.2 ± 0.06 4.13 ± 0.00 

034 Black 1.48 ± 0.00 74.6 ± 0.12 25.4 ± 0.16 4.11 ± 0.00 

035 Black 1.47 ± 0.00 73.6 ± 0.00 26.4 ± 0.00 3.98 ± 0.00 

036 Light Amber 1.46 ± 0.00 69.7 ± 0.00 30.3 ± 0.00 3.70 ± 0.02 

038 Amber 1.48 ± 0.00 77.7 ± 0.06 22.3 ± 0.06 4.67 ± 0.00 

039 Amber 1.47 ± 0.00 73.4 ± 0.00 26.6 ± 0.00 4.10 ± 0.00 

040 Amber 1.49 ± 0.00 79.9 ± 0.00 20.1 ± 0.00 3.99 ± 0.00 

044 Black 1.49 ± 0.00 79.4 ± 0.00 20.6 ± 0.00 4.87 ± 0.00 

045 Black 1.48 ± 0.00 78.6 ± 0.00 21.4 ± 0.00 4.98 ± 0.00 

046 Light Amber 1.48 ± 0.00 77.2 ± 0.25 22.8 ± 0.25 4.35 ± 0.00 

047 Amber 1.48 ± 0.00 75.0 ± 0.00 25.0 ± 0.00 3.77 ± 0.00 

048 Amber 1.48 ± 0.00 75.2 ± 0.52 24.8 ± 0.52 4.46 ± 0.00 

049 Amber 1.48 ± 0.00 76.5 ± 0.00 23.5 ± 0.00 4.66 ± 0.00 

050 Amber 1.49 ± 0.00 82.4 ± 0.00 17.6 ± 0.00 5.41 ± 0.01 

051 Dark Amber 1.49 ± 0.00 81.1 ± 0.00 18.9 ± 0.00 4.66 ± 0.00 

052 Dark Amber 1.49 ± 0.00 81.3 ± 0.00 18.7 ± 0.00 4.68 ± 0.00 

053 Dark Amber 1.49 ± 0.00 79.9 ± 0.00 20.1 ± 0.00 5.13 ± 0.00 

054 Amber 1.49 ± 0.00 81.4 ± 0.00 18.6 ± 0.00 5.38 ± 0.06 

055 Amber 1.49 ± 0.00 80.2 ± 0.06 19.8 ± 0.06 5.32 ± 0.05 

056 Amber 1.49 ± 0.00 80.0 ± 0.00 20.0 ± 0.00 5.04 ± 0.06 

057 Light Amber 1.49 ± 0.00 79.4 ± 0.00 20.6 ± 0.00 5.18 ± 0.11 
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Figure 2: USDA Colour designations of samples, (a) Regions (b) Ecozones 

 

Figure 3: Mean pH of samples by (a) Regions, (b) Ecozones and (c) Status 

 



10 

 

Figure 4: Mean percentage solid sugars of samples according to (a) Regions, (b) Ecozones and 

(c) Status. 

 

Table 3: Correlation between RI, pH, Moisture and Solid sugars of samples 

 Parameters RI Solid 

Sugars 

 Moisture Mean 

pH 

RI  1 0.995 -0.410 -0.995 0.751 

  0.000 0.002 0.000 0.000 

57 57 57 57 57 

Solid sugars 0.995 1 -0.403 -1.000 0.747 

0.000   0.002 0.000 0.000 

57 57 57 57 57 

Temp  -0.410 -0.403 1 0.404 -0.324 

0.002 0.002   0.002 0.014 

57 57 57 57 57 

Moisture -0.995 -1.000 0.404
**

 1 -0.746 

0.000 0.000 0.002   0.000 

57 57 57 57 57 

Mean pH 0.751 0.747 -0.324 -0.746 1 

0.000 0.000 0.014 0.000   

57 57 57 57 57 

 

Generally, over 60% of the honey samples studied could be classified as Grade B, and less than 

40% of the samples as Grade C according to USDA Extracted Honey Grades and Standards 

(1989)38. The classification was based on the fact that most of the honey samples had solid 
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sugars above 80% of USDA standard points. The high solid sugar contents observed in 

admixtures  could be due to the fact that, admixtures are often composed of different kinds of 

honeys with possibility of higher sugar and low moisture contents. Significant relationships that 

were observed for solid sugars against RI, pH and moisture contents of all the honeys indicated 

positive correlations between solid sugars and the RI and pH of honeys and negative correlation 

moisture content. According to Crane (1990)39, only 16% of the world’s flowering plants are a 

host to bees and of these, 1.6% support pollination by serving as food resources for bees. Other 

studies have also suggested that nectar quantity and quality by the host plant may be host plant 

species specific and can also depend on environmental factors40-42. Thus, the sugar content of 

some honeys such as those from the Sudan Savannah may be due to high sugar content of host 

plants and environmental conditions such as the long dry season, typical of Guinea and Sudan 

savannah ecozones. Honey as a supersaturated sugar has its sugar composition being a great 

influence on its sweetness, viscosity, granulation, hygroscopicity, specific rotation and energy 

value43. Sugar content of honey also influences microbiological growth by enhancing growth 

when levels are low, while inhibiting growth when level are high. This property is inversely 

proportional to moisture.  

Moisture content assessment 

The moisture contents of the honey samples were averagely 22.19 ± 2.81%, and varied 

significantly (p=0.000) across the regions and ecozones of Ghana (Table 1 & 2). Majority of the 

honey samples (66.7%) had moisture contents above the 20% moisture recommended by 

USDA38 and Codex Alimentarius. The single hive honeys had higher moisture contents than the 

admixture honeys (Fig. 5). Pearson correlation showed significant relationships between 

moisture and the other measured indices. Negative correlations were observed for moisture 

against solid sugars, RI and pH. The moisture content of most of the honey produced in Ghana is 

slightly above the USDA and Codex Alimentarius standards for honey but the admixtures had 

lower moisture contents than the single hives. Significant correlations between moisture and 

solid sugars, RI and pH observed across the regions and ecozones could be due to age of honey 

in storage and ecozone characteristics (Table 3). The anhydrous nature of honey with its ability 

to absorb ambient moisture possibly contributed to honeys in high rainfall, low temperatures and 

high humidity areas to have high moisture contents. According to Crane, (1975)44, temperature 



12 

 

and relative humidity of the honey bee colony are responsible for the honey’s moisture contents. 

This was supported by several authors who indicated that water activity of honey is used to 

predict moisture exchange with the environment, since honey gains or losses moisture when 

exposed to different relative humidities45-46. Consequently, moisture content influences the 

flavor, preservation, viscosity, specific weight, crystallization and palatability and the 

development of fermenting microorganisms47. 

Figure 5: Mean percentage moisture content of sample by (a) Regions, (b) Ecozones and (c) 

Status 

 

Refractive Indices (RIs) of honey samples 

Regarding the results obtained for Refractive Indices (RIs), there were significant differences 

observed among honey samples (p=0.000) across the regions and ecozones studied with a mean 

of 1.48 ± 0.01. Mean RIs for admixtures were higher than that of single hive harvest (Fig. 6). 

Pearson correlation also indicated significant relationships for RI against solid sugar and 

moisture contents of the honeys. Positive correlations were observed between RI and solid sugars  

as well as RI and pH, whereas negative correlation was observed between RI and moisture 
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.Samples from Central, Upper East and Upper West regions had high RIs whiles Brong Ahafo 

region had low RI. Admixtures were also found to possess higher RIs than single hive harvest. 

Admixture honey contained different honeys with varied physico-chemical properties and mature 

honey properties than single hive honeys hence the differences observed in their RIs. 

Balasubramanyam (2011)48 reported that lower refractive index indicates higher moisture content 

and higher refractive index means lower moisture content of nectar and honey. In addition 

positive correlation of refractive index with specific gravity, viscosity and surface tension were 

observed in honeys produced from Bangalore district, India.  

Figure 6: Refractive indices of samples by (a) Regions, (b) Ecozones and (c) Status 

 

Microbiological assessment of honey samples 

Honey samples assessed in this study were contaminated with bacteria and fungi; the following 

bacteria were isolated from most Admixture and Single Hive honey samples: Bacillus 

licheniformis, Bacillus subtilis, Citrobacter amalonaticus, Escherichia coli, Micrococcus luteus, 

Providencia rettgeri, Staphylococcus aureus and Streptococcus faecalis. Fungi isolated and 

confirmed from the honey samples are of the genera Aspergillus, Penicillium, and Mucor. The 
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microbial colony counts were found to be variable among the honey samples from the different 

regions of Ghana (Fig. 7-11). More than 20% of the samples did not show any microbiological 

growth in all cultures (Tables 4). While microbial growths were detected in NA in some samples 

(50.9%) from all the regions studied, 49% of the honey samples did not record any microbial 

growth. Several pathways including bee gut contents contamination, environmental 

contamination of food resources such as pollen and nectar are known to introduce 

microbiological organisms into honey49,50. Once micro-organisms enter into honey, their growth 

is influenced by the physicochemical properties of the honey51. The regional and seasonal 

characteristics of the source of honey are also known to significantly influence the pH of honey, 

water content, total, and reducing sugars4. 

Even though some honey produced in Ghana were contaminated with spores of microbiological 

organisms, including C. botulinum, no vegetative states of disease-causing bacteria were detected 

in any of the samples. Bacterial growth was detected in 14% of the samples from Central, 

Eastern, Volta and Brong Ahafo regions, while almost all the regions had fungal contamination 

in the honey samples (Fig. 8). Further, 45% of the total samples were above USDA acceptable 

limits for ready to eat foods including honey. Several studies on honey suggest that the 

antimicrobial properties of honey inhibit the replication of microbial spores and subsequently, 

inhibit the growth of vegetative phase52,53. In this study, % moisture levels seem to influence the 

presences and diversity of microbiological contamination of honey sample. For instance, honey 

samples with moisture content above 25% were observed to be contaminated with bacterial and 

fungi, and in some cases with levels above acceptable limits.  

In this study, Clostridium botulinum were detected for the first time in honeys produced in 

Ghana, however, contamination levels were below USDA acceptable limits of 1 x 104 CFU per 

gram for 7% of the honey samples from Greater Accra, Western, Volta, Eastern and Northern 

regions that had C. botulinum growth. Therefore honeys can be considered as safe for 

consumption as foods, as levels were within satisfactory category of USDA standards. Single 

hive honeys seem to support the presence of C. botulinum than admixture honeys (Fig. 9), 

indicating possibility of contamination at the hive level. Fungal counts for most honey samples 

were within satisfactory levels with 26% above acceptable limits, hence can largely be 
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considered as suitable for consumption as food. Species encountered in this study are frequently 

encountered in honey samples (Fig. 10 & 11).  

The pH of Honey is known to contribute to level of microbial growth, as such, low pH inhibits 

microbial growth while high pH fosters growth25. In this present study that recorded slightly low 

pH in most honey samples, low microbial contamination recorded were probably due to other 

factors other pH composition. These may include high % moisture, and high hive level 

contamination54,55. Other reports also indicate that, honey may contain organisms from bees, soil, 

air and dust that are introduced during post-harvest handling56. 

Table 4: Microbial Growth in different media 

MEDIA COLONY 

DETECTED 

NUMBER Percentages (%) 

NA Agar  No Growth 29  50.9 

 Growth 28  49.1 

MA Agar No Growth 49  86.0 

 Growth 8  14.0 

PDA Agar  No Growth 26  45.6 

 Growth 31  54.4 

CBI Agar No Growth 46  80.7 

 Growth 11  19.3 
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Figure 7: Colony counts of Microbiological Growth in Nutrient Agar (a) Regions (b) Ecozones 

and (c) Status. 

 

 

Figure 8: Colony counts of Microbiological Growth in MacConkey Agar (a) Regions, (b) 

Ecozones and (c) Growth. 
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Figure 9: Colony counts of Microbiological Growth in CBI agar (a) Regions, (b) Ecozones and 

(c) Status of samples. 

 

Figure 10: Colony counts of Microbiological Growth in Potato Dextrose Agar (a) Regions, (b) 

Ecozones and (c)Status 
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Figure 11: Colonies of Aspergillus in honey 

 

 

 

 

 

Conclusion 

 The study has revealed wider variations in the physico-chemical properties and microbiological 

quality of honey produced in Ghana. The results also showed that most of the honey produced in 

Ghana are characteristically amber in colour, while fewer samples appear black. Honey from the 

Northern region had the widest variation in colour, ranging from light amber to black. About 

66% of the honey studied had moisture above the 20% moisture recommended by USDA and 

Codex Alimentarius. In addition, the single hive honeys had higher moisture contents than the 

admixture honeys. The honey samples studied showed significant levels of bacterial and fungal 

contamination; significantly high means of bacterial counts were observed in honey from both 

admixture and apiaries than fungi. The results also revealed that admixtures possess higher RIs 

than single hive harvest. The honey samples assessed in this study were contaminated with 

bacteria (Bacillus licheniformis, Bacillus subtilis, Citrobacter amalonaticus, Escherichia coli, 

Micrococcus luteus, Providencia rettgeri, Staphylococcus aureus and Streptococcus faecalis) 

and fungi genera Aspergillus, Penicillium, and Mucor. Further, 45% of the total samples were 
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above USDA limits of microorganisms considered safe for foods and honey. Only 7% of the 

honey samples from Greater Accra, Western, Volta, Eastern and Northern regions contained 

Clostridium botulinum and this was the first time this organism has been reported in the country. 

However, its contamination levels were below USDA acceptable limits of 1 x 104 CFU per gram 

for detected samples. Therefore, the honey studied can be considered safe for consumption. To 

sum up, honey from single hives appeared better than admixtures and the samples from northern 

Ghana were relatively better in quality. The study has demonstrated the need for monitoring the 

quality of honey produced in the country to ensure the safety of consumers.  

 

Materials and Methods  

Agro-ecological zones and conditions 

Ghana is located on the coast of West Africa along the Gulf of Guinea (4.5–11.5◦N, 3.5◦W–

1.3◦E)57. It is bordered by Togo to the East, Burkina Faso to the North, Ivory Coast to the West, 

and the Gulf of Guinea to the South. It has a total land mass of 239,150 km2 with a population of 

25 million58,59. There are six distinct agro-ecological zones in Ghana and these are characterized 

by a gradient of increasing aridity from the South to the North in the order Rainforest, Semi-

deciduous forest, Coastal savanna, Forest-savanna transition, Guinea savanna, and Sudan 

savanna 57,60,61 (Fig. 12). Southern Ghana consists of Rainforest, Semi-deciduous forest, Coastal 

savanna and Forest-savanna transition zones, whereas Northern Ghana is made up of the Guinea 

savannah and Sudan savannah zones. Northern Ghana has a single wet season which usually 

occur between May and November, while the southern regions of Ghana have two wet seasons 

with major rains usually from March–July and the minor rains from September–November57. 
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Figure 12: A map showing six agro-ecological zones in Ghana. Adapted from Rhebergen et al 

(2016)57.  

Study Design 

This study involved (i) field collection of honey samples and (ii) laboratory analysis of hoey 

samples to determine physico-chemical parameters and microbiological quality of the honey 

(Fig. 13). 
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Figure 13: Schematic flow chart of steps used for assessment of physico-chemical properties 

and microbiological quality of honey samples. Adopted with modifications of the procedure of 

Yafetto et al. (2019)67. 

Sample collection 

Fifty-seven honey samples (19 admixture and 38 single hive) were obtained from randomly 

selected groceries and apiaries in 9 regions of Ghana (Ashanti, Brong Ahafo, Central, Eastern, 

Greater Accra, Northern, Upper East, Volta, and Western), with at least one region from the six 

agro-ecological zones in Ghana. The honey samples were conveyed to a laboratory of 

Department of Conservation Biology and Entomology, University of Cape Coast, Ghana. The 

samples were dispensed into sterilized, air-tight vials, labeled and stored at 25-30°C until the 

analysis. Honey samples collected directly from bee combs at apiaries were designated as single 
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hive harvest, while samples collected from groceries were designated as admixtures in relation to 

the fact that it is a common practice for beekeepers to add up harvested honeys from different 

hives and sometimes from different apiaries to improve quality and quantity as well as save cost 

of having to carry to many harvesting containers. For samples obtained from the grocery shops, 

the origin of the honeys were used instead of the location of the shop. 

Physico-chemical Analyses 

pH 

The pH of the honey samples was determined according to the method described by the 

International Honey Commission (2009)62 using a well calibrated pH meter (Oakton pH 700, S/N 

- 2159638). Ten grams of honey sample was weighed with an analytical balance (Ohaus 

Adventurer ® AX324, S/N – B705643586) and mixed with 75 ml of distilled water in a 100 ml 

beaker. The pH of honey sample was measured in triplicates and the average value recorded.  

 

Colour 

To determine the colour of the honey sample, the absorbance of the sample was first measured. 

This was done by carefully dispensing into two different 10-mm quartz cuvette the pure honey 

sample and deionized water as blank respectively. Using a software-controlled JENWAY 7315, 

S/N – 59681 UV-Visible Spectrophotometer set at a wavelength of 560nm, the absorbance of the 

honey sample was determined. The absorbance value obtained was converted to honey colour by 

multiplying with a factor of 3.15. This was repeated for all the honey samples. The honey 

samples were then categorized by colour in reference to EU Council Directive 2001, CODEX 

Alimentarius Standard (CAC, 2001)63 and USDA colour standard designation. 

 

Sucrose and Moisture contents 

The sucrose and moisture contents of the honey samples were determined by refractometry using 

a standard model DR-301 Brix digital refractometer at 20°C. The honey samples were 

homogenized with Vortex Genie-2 (G560E), S/N-2e-200843 and placed in a Stuart Scientific 

water bath at 50°C until all the sugar crystals were dissolved and then cooled to 20°C. Clean and 

dry prism surface of the refractometer was covered evenly with the homogenized honey sample. 

Direct refractive index readings were taken after 6 minutes.  Determination of sucrose and 
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moisture contents for each sample was done in triplicates. Corresponding percentage (%) 

moisture contents of each sample was obtained from the standard table of the Harmonized 

Methods of the International Honey Commission Methods (2009)62.  

 

Data Entry and Statistics 

The data was entered in Microsoft Excel and statistical analysis and run using IBM SPSS version 

22. All graphical presentations were done using Microsoft Excel. Independent T-test was run to 

examine differences between physicochemical properties (pH, Sucrose content, moisture and 

Temperature) in different sample states and ANOVA was run for differences in characteristics 

between Ecozones and Regions. Correlations were run to explore relationships between 

physicochemical characteristics (pH, sucrose content, moisture and temperature). Chi-square 

tests of association was done to determine the relationship between various physicochemical 

properties (moisture, sucrose percent and USDA Colour patterns) on one hand and the presence 

of bacterial on the other.   

 

Culture Media  

Potato Dextrose Agar  

A quantity of 39 g of PDA powder (Oxoid, UK) was dissolved in 1 L distilled water and 

autoclaved at 1.1 kg/cm2 at 121°C for 15 minutes, after which it was cooled to solidify for 

storage. The PDA medium was melted and supplemented with 250 mg of chloramphenicol, and 

thoroughly mixed before use.      

 

Nutrient Agar  

A quantity of 28 g of Nutrient Agar powder (Oxoid, UK) was suspended in 1 L distilled water, 

thoroughly stirred to obtain a uniform mixture and then the mixture was heated to boil. The 

medium thus obtained was autoclaved at 1.1 kg/cm2 at 121°C for 15 minutes, allowed to cool to 

40-45°C, and solidify for storage.  

 

MacConkey Agar  

Approximately,49.53 g of dehydrated MacConkey Agar powder (Oxoid, UK) was suspended in 

1 L distilled water, thoroughly stirred and heated to boil to completely dissolve. The medium 
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was then autoclaved at 1.1 kg/cm2 at 121°C for 15 minutes, allowed to cool to 40-45°C and 

solidify before storage.  

 

Clostridium botulinum Isolation medium 

Clostridium botulinum Isolation (CBI) medium was prepared as described by Dezfulian et al. 

(1981)64 with slight modifications. Seventy four grams of dehydrated Clostridium botulinum 

Isolation medium [(Tryptone, 40.0 g; Yeast extract, 5.0 g; Dextrose, 2.0 g; Sodium Chloride 

(NaCl), 2.0 g; Disodium phosphate (Na2HPO4), 5.0 g; Magnesium sulphate (MgSO4.7H2O) 

0.010 g; Agar, 20 g)] was dissolved in 900 ml distilled water and the pH was adjusted to 7.4 at 

25oC. The medium was heated to boil and dissolve the constituents, after which it was sterilized 

by autoclaving at 1.1 kg/cm2 at 121°C for 15 minutes, and then allowed to cool to 45-50°C. A 

100 ml of egg yolk emulsion (Egg yolk 30 ml; Sterile saline solution, 70 ml) amended with a 

cocktail of antibiotics (Ciprofloxacin, 250 mg; Sulfamethoxazole, 76 mg; Trimethoprim, 4 mg; 

in 1 ml absolute ethanol) was prepared aseptically and added to the 900 ml of CBI medium. The 

medium obtained was thoroughly mixed and used immediately. 

 

Stock Solution from Honey Sample 

One milliliter of honey sample was homogenized in 9 ml sterile distilled water (the diluent) by 

vortexing for 5 minutes in a vial on a platform shaker (Scientific Industries, Inc., USA) to obtain 

a stock solution, which was used to prepare 10-fold serial dilutions for microbiological analyses. 

Samples of dilution factor 10-3 were used for fungal isolation; 10-6 dilutions were used for 

bacterial isolation; dilutions of 10-1 were used for the isolation of Clostridium botulinum. This 

procedure was repeated for the preparation of stock solutions for all the honey samples used in 

this study.  

 

Assessment of Bacterial and Fungal Contaminations of Honey 

Bacterial contamination of honey samples were assessed by dispensing 1 ml aliquot of stock 

solution of honey sample with dilution 10-6 into a Petri dish, after which 20 ml molten, but 

cooled MacConkey agar was added and swirled clockwise and anticlockwise to ensure the 

inoculum was evenly distributed in the medium. The cultures were incubated at 37°C for 48 

hours in an incubator (Plus II, Gallenkamp, England). This procedure was followed for the 
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isolation of bacteria from the honey samples using Nutrient agar. Contamination of honey 

samples with Clostridium botulinum was assessed using similar procedure, except that the stock 

solutions of 10-1 dilution factor and CBI agar medium were used in this procedure. Fungal 

contamination of honey samples were assessed by dispensing 1 ml aliquot of stock solution of 

honey sample with dilution factor of 10-3 on solidified PDA medium. The inoculum was then 

spread with a sterile glass rod and the cultures incubated at 25°C for 7 days in an incubator (Plus 

II, Gallenkamp, England). Each honey sample was prepared in triplicates for assessment of 

microbiological contaminants with each nutrient medium (i.e., n=3 for MacConkey agar; n=3 for 

nutrient agar; n=3 for PDA; n=3 for CBI agar). 

 

Identification of Bacteria and Fungi  

Pure bacterial sub-cultures were obtained from bacteria that had been already isolated from 

honey samples by streaking an inoculum on MacConkey and Nutrient Agar media using 

sterilized platinum inoculation loops (Thomas Scientific, New Jersey, USA). The sub-cultures 

were incubated at 37°C for 24 hours in an incubator. Identities of isolated bacteria were 

confirmed using morphological characteristics, and Citrate, Catalase, and Triple Sugar Iron 

standard biochemical tests as described by Cowan et al. (1993)65, and Cheesbrough (2006)66.  

Fungi isolated from honey samples were identified according to the procedure described by 

Yafetto et al. (2019)67. In brief, a small piece of fungal mycelium was removed from a growing 

fungal colony with a sterile inoculation needle and placed on a glass slide, after which a drop of 

70% alcohol was added. The mycelium was then gently teased out with an inoculation needle 

and a drop of lactophenol cotton blue dye was added. This preparation was covered with a 

coverslip. Excess dye was removed from the prepared fungal specimen with a Whatman filter 

paper (Sigma-Aldrich, USA), and then observed under the microscope. Microscopic 

identifications of fungi were determined based on morphological and growth features using 

Leica DM500 Compound Microscope (Leica Microsystems, Switzerland) in consultations with 

the relevant identification manuals68-73. 

Colony Counts and Statistical Analyses  

Bacterial and fungal colonies were enumerated with a colony counter and expressed as mean 

colony counts (± Standard Error), mean colony forming units per ml (cfu/ml) and mean log10 
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cfu/ml, where n=3. All analyses were done in triplicates. Data from microbial analyses were 

subjected to Analysis of Variances (ANOVA) where differences in the means of honey samples 

were statistically analyzed at a confidence level of 95% (p<0.05) using GenStat 12th Edition and 

Microsoft Excel 2013. 
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