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EVALUATION OF BIOACTIVE COMPONENTS, ANTIOXIDANT ACTIVITIES, AND IN 

VITRO ANTIBACTERIAL ACTIVITIES OF HONEY PRODUCED FROM APIS 

MELLIFERA AND MELIPONULA BECCARII ALONG THE VALUE CHAIN FROM 

GERA DISTRICT TO JIMMA TOWN SOUTH WESTERN ETHIOPIA 

ABSTRACT 

Honey is a natural sweetener, rich in bioactive constituents, with complex chemical 

properties and health benefits. However, these contents can vary with the species of bee 

and at different value chains. Thus, this study aimed to investigate the bioactive 

components, antioxidant, and antibacterial activities of honey produced from Apis 

mellifera and Meliponula beccarii honey along the value chain. The honey samples of 

Apis mellifera and Meliponula beccarii were collected from four different value chains, 

namely Gera farmers, Gera Chira local collectors, Agaro town retailers, and Jimma town 

retailers. The bioactive components, antioxidant, and antibacterial activities of the 

samples were determined using standard procedures. A two-way analysis of variance was 

performed using Minitab software version 19 and SAS software version 9.3 to evaluate the 

bioactive components, antioxidant, and antibacterial activities of honey from Apis 

mellifera and Meliponula beccarii across the value chain. The bioactive components, 

antioxidant activities, and antibacterial activities of the honey samples were significantly 

(p < 0.05) affected by bee species and value chain. The result showed that higher total 

phenolic content (102.81 ± 0.52 mg GAE/100g), total flavonoid content (117.94 ± 0.54 mg 

CE/100 g), vitamin C content (42.09 ± 0.25 mg/100 g), and beta-carotene content (5.59 ± 

0.03 mg/100g) were found in Meliponula beccarii honey, and it showed stronger 2, 2-

diphenyl-1- picrylhydrazyl scavenging activity (35.28 ± 0.53%) and stronger ferric 

reducing antioxidant power (387 ± 0.09 µmol Fe2SO4.7H2O/100 g) than Apis mellifera 

bee honey. But higher alkaloid content (12 ± 0.80%) was found in Apis mellifera bee 

honey. Meliponula beccarii honey showed better inhibition against Escherichia coli 

(27.67 ± 1.53 mm) and Staphylococcus aureus (26.00 ± 2.65 mm) at 100% honey 

concentration. Based on the findings of this study, it could be concluded that bee species 

and value chain affected the bioactive components, antioxidant, and antibacterial 

activities of honey. Meliponula beccarii honey is preferred due to its antioxidant 

properties and antibacterial activity, and quality control measures should be implemented 

throughout the honey value chain. 

Keywords: Antibacterial, Antioxidant, Apis mellifera, Honey, Meliponula beccari
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1. INTRODUCTION 

1.1. Background and Justification  

Honey, a natural sweetener with complex chemical properties, is produced by bees 

collecting nectar from plants and/or insect excretions (Zulkhairi et al., 2018). Commercial 

production of honey is carried out by two kinds of bees: Apis sp. (honeybee) and Melipona 

sp. (stingless bee) (Rosli et al., 2020). It is believed that stingless bees yield less honey 

than honey bees, which makes them less desirable to humans economically (Chidi et al., 

2017). More than 200 distinct chemicals can be found in honey produced by Meliponiniae 

bees (Izzati et al., 2021). Honey contains a range of substances in trace amounts, such as 

vitamins, enzymes, proteins, minerals, flavonoids, phenolic acids, and other organic acids 

(Ashagrie, 2021). Darker honey has a higher overall phenolic content, it has been observed 

to have improved antioxidant action (De Araújo et al., 2023). The phenolic and flavonoid 

chemicals that makeup honey are thought to be responsible for most of its biological 

activity (Al-Kafaween et al., 2023). The presence of polyphenols in honey is believed to 

be from the plant’s nectar while polyphenols quality and quantity depend on the 

geographical region, floral source, climatic conditions, and bee type (Rosli et al., 2020; 

Boudiar et al., 2022).  

Honey has long been valued for its nutritional and medicinal properties (Al-Kafaween et 

al., 2023). Honey from a stingless bee was reported to have antimicrobial and antioxidant 

properties (Biluca et al., 2020;  Mahmood et al., 2021) and is suggested as an alternative 

medicine to help in wound healing (Al-Mamary et al., 2002; Mahmood et al., 2021). Due 

to its excellent therapeutic qualities and safety for human use, honey produced by 

Meliponiniae bees has recently acquired favor (Ngaini et al., 2023). In both human and 

animal health, honey has been rediscovered as a treatment for burns, gastrointestinal 

problems, asthma, infected wounds, and skin ulcers (Wasihun & Kasa, 2016). For many 

years, honey has been used as a more potent functional food in alternative and traditional 

medicine to treat conditions caused by microbial infections (Nordin et al., 2018). Honey 

has antioxidant (Blasa et al., 2007; Lachman et al., 2010), antibacterial (Lusby et al., 

2005; Deng et al., 2018; Bucekova et al., 2019; Ofijan et al., 2022), antifungal (Irish et al., 

2006; Aurongzeb et al., 2019), anti-viral, (Ikeda et al., 2011; Wan Yusuf et al., 2019)  and 

anti- inflammatory properties (Biluca et al., 2020).  
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Previous studies have shown that the antibacterial properties are associated with intrinsic 

characteristics like high osmolarity and acidity, alike compounds such as hydrogen 

peroxide (H2O2), methyl syringate and methylglyoxal, defensin-1, nitric oxide metabolites 

and phenolic acids and flavonoids strongly linked to antibacterial activity ( Combarros-

Fuertes et al., 2019; Grecka et al., 2019; Hau-Yama et al., 2020). Compared to most 

common honey bees, stingless honey has less sugar and greater antibacterial activity 

(Rosli et al., 2020). The ability of honey to fight different types of microorganisms is 

determined by various variables, including the kind and natural structure of the nectar and 

the environmental circumstances in which the bees were raised (Al-Kafaween et al., 

2023). 

Ethiopia's diverse climate, abundant bee flora (over 800 honey plant species identified 

(Kebede et al., 2012)), and established reputation for high-quality honey production make 

its southwest region a prime area for honey production (Adgaba, 2007; Abdi et al., 2023). 

High-quality honey is produced in the hive, but low-quality honey is produced during 

inadequate handling from harvest to sale. The accessibility of floral resources and the 

treatment of beekeepers and retailers have an impact on the quality of honey as well 

(Clearwater et al., 2018; Khansaritoreh et al., 2021). Honey sources and floral types, bee 

species, geographical origin, climate, harvesting time, processing, and storage conditions, 

are some of the factors that are linked to and affect the honey's bioactive components, 

antioxidant activities, and antibacterial activity (Moniruzzaman et al., 2013; Adadi & 

Obeng, 2017; Bucekova et al., 2019; Ofijan et al., 2022). The sophisticated issue of 

adulterating honey nowadays has a significant effect on the product's safety and quality 

(Ávila et al., 2019). Moreover because of post-harvest processing, yeasts and spore-

forming bacteria are frequently discovered among the microorganisms in honey (Nordin et 

al., 2018).  

Fewer studies have been conducted on the bioactive components, antioxidant activities, 

and antibacterial activities of Apis mellifera and Meliponula beccarii honey. A study 

conducted by Ofijan (2023) showed the harvesting period and antioxidant properties of 

unifloral (Apis mellifera L.) honey based on floral origin.  In addition, Ofijan et al. (2022) 

investigated western Ethiopian Apis mellifera L. and Meliponulla beccarii L. honey based 

on their in vitro antimicrobial properties. In a study conducted by Hawine (2020), 

Ethiopian honey was analyzed, focusing on its botanical origin, physicochemical 

properties, antimicrobial effects, phytochemical content, antioxidant activity, sensorial 
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characteristics, and glycemic index derived from Coffea arabica and Vernonia 

amygdalina. Similarly, Hailu & Belay (2020) also investigated Melissopalynology and 

antioxidant properties used to differentiate Ethiopian Schefflera abyssinica and polyfloral 

honey. Sime et al. (2015) examined Ethiopian honey based on total phenols and 

antioxidant activities of natural honey and propolis collected from different geographical 

regions. While existing research has investigated aspects of honey quality, including 

antioxidant properties, phytochemical content, and antimicrobial activity, these studies 

often suffer from limitations. They tend to focus on isolated characteristics, such as 

geographical origin or a single property like antioxidant, phytochemical content, and 

antimicrobial activity. Additionally, the scope is frequently limited by investigating only 

specific honey types (unifloral Apis mellifera) or honey from particular regions. Most 

importantly, a critical gap exists in understanding how these properties change along the 

value chain, particularly from producer to retailer. Understanding this transformation is 

essential, as the value chain can significantly impact honey's properties and potentially 

influence its overall effectiveness. Therefore, the current study aimed to investigate the 

bioactive components, antioxidant activities, and in vitro antibacterial activities of honey 

produced from Apis mellifera and Meliponula beccarii honey along the value chain. 
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1.2. Objectives of the study 

1.2.1. General objective  

 To evaluate bioactive components, antioxidant and antibacterial activities of honey 

produced from Apis mellifera and Meliponula beccarii honey along the value chain 

from Gera district to Jimma town southwestern Ethiopia. 

1.2.2. Specific objectives 

 To evaluate the bioactive components of honey produced from Apis mellifera and 

Meliponula beccarii  

 To evaluate the antioxidant properties of honey produced from Apis mellifera and 

Meliponula beccarii  

 To examine antibacterial activities of honey produced from Apis mellifera and 

Meliponula beccarii  
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2. LITERATURE REVIEW 

2.1. Honey and its Importance 

Currently, stingless bee honey and conventional Apis mellifera honey are the two varieties 

of honey produced worldwide (Ávila et al., 2018). The Latin name for honeybees is Apis, 

and they use the nectar that they collect from plants to make honey after regurgitating and 

digesting it (Bicudo de Almeida-Muradian et al., 2020). To prevent honey from 

fermenting, their wings fan the honey, evaporating the water content in the nectar (Ranneh 

et al., 2021). Stingless bees get their name because, in contrast to Apis mellifera bees, 

which are known around the world for producing traditional honey, they do not sting ( 

Roubik et al., 2013; Braghini et al., 2022). The stingless bee is characterized by its ability 

to gather nectar from creeping plants, travel short distances in search of food, and build 

hives that are horizontally rather than vertically oriented to store pollen and nectar(Nur 

Eszaty et al., 2022). The stingless bee's mandibles produce mandibular secretions during 

construction, which are added to cerumen, a combination similar to propolis, where the 

bees store their honey (Vit et al., 2004; Nordin et al., 2018). According to Ávila et al. 

(2018), stingless bee honey is renowned for its unique flavor and perfume, as well as its 

fluid texture and gradual crystallization (Biluca et al., 2016).  

In Ethiopia, beekeeping and the collection of honey from wild stingless bees are important 

for socioeconomic development and can account for as much as 50% of household 

income. Widely utilized in both traditional and contemporary medicine, stingless bee 

honey (referred to as tazima (tazma) mar locally), pollen, and wax have long been known 

to possess potent antibacterial, immune-stimulatory, anti-inflammatory, antioxidant, and 

wound-healing qualities (Jemberie et al., 2020). 

The potent antioxidant capacity of honey is a result of the forest’s biodiversity (Nur Eszaty 

et al., 2022). This is because there are a lot of flavonoid and phenolic chemicals present, 

which increase antioxidant activity (Ibrahimi & Hajdari, 2020). The most prevalent 

polyphenols in this beehive product, flavonoids, and phenolic acids, are the main 

antioxidants (Pontis et al., 2014; Keng et al., 2017). Compared to honey made by Apis 

mellifera, stingless bee honey has a higher concentration of flavonoids and phenolic acids 

(Ávila et al., 2018). By releasing hydrogen from one of the hydroxyl groups in free 

radicals, this phenolic molecule stabilizes those (Cianciosi et al., 2018).  
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In comparison to Apis mellifera honey, stingless bee honey from Cuba was also 

demonstrated to have higher levels of flavonoids, carotenoids, ascorbic acid, phenolic 

compounds, free amino acids, and protein, as well as stronger antioxidant activity 

(Alvarez-Suarez et al., 2018). A study by Kek et al. (2018) found that the antioxidant 

activity of stingless bee honey generated by Heterotrigona itama bees was double that of 

Apis mellifera honey. Ascorbic acid, tocopherol, and phenolic compounds, on the other 

hand, are non-enzymatic substances that neutralize reactive oxygen species by preventing 

and interrupting the harmful chain events that free radicals generate (Chettri & Kumari, 

2020).  Stingless bee honey's phenolic and flavonoid content scavenges free radicals and 

produces more stable and less reactive radical species as a result, making it a potent 

antioxidant (Nur Eszaty et al., 2022).  

Honey's antibacterial properties work well against a wide range of dangerous microbes  ( 

(Minden-Birkenmaier & Bowlin, 2018; Cebrero et al., 2020). A low pH, a high 

osmolarity, and hydrogen peroxide are some of the factors that contribute to its 

antibacterial qualities (Stagos et al., 2018). According to Cianciosi et al. (2018) and 

Purbafrani et al. (2014), it can help promote the growth of new tissue to mend lesions as 

well as heal burns, wounds, skin ulcers, and inflammations. The variables include the 

honey's geographical distribution during collection, the time of year, the source of the 

flowers, processing, storage conditions, and the bacteria's susceptibility to the antibiotic 

substances in honey (Omar et al., 2019).  

There are two types of antibacterial qualities in stingless bee honey: peroxide and non-

peroxide (Abd Jalil et al., 2017). Non-peroxide activity may also be the cause of stingless 

bee honey's antibacterial activity, which is more stable and consistent than that of Apis 

mellifera honey (Nweze et al., 2017; Ávila et al., 2018). Manuka honey was discovered to 

include antimicrobial peptides Nishio et al. (2016). However, Ng et al. (2020) observed 

that the honey from stingless bees was devoid of methylglyoxal (MGO), 

dihydroxyacetone, and phenolic, which are typical of manuka plant nectars. Furthermore, 

stingless bee honey's very acidic environment could contribute to its remarkable 

antibacterial properties and potential lethality against a range of microorganisms (Minden-

Birkenmaier & Bowlin, 2018;  Rosli et al., 2020; Mark et al., 2021).  

Furthermore, stingless bee honey can prevent human gastrointestinal infections and reduce 

the duration of illness for eye disorders brought on by S. aureus and P. aeruginosa 
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(Yaacob et al., 2018). The phenolic compounds in stingless bee honey may act in concert 

to cause this effect (Borsato et al., 2014). According to Patricia et al. (2015), the 

synergistic impact of the hydrogen peroxide and sugar in stingless bee honey works in 

tandem to promote wound healing. Phenolic acid from an extract of stingless bee honey, 

such as p-coumaric acid, caffeic acid, and salicylic acid, also reduced the generation of 

ROS at the site of injury (Yaacob et al., 2018). Several pro-inflammatory 

cytokines/chemokines were shown to be downregulated by flavonoid chemicals, including 

kaempferol, quercetin, luteolin, genistein, apigenin, galanin, and naringenin (Biluca et al., 

2020). They protected cells against the cytotoxicity brought on by pro-inflammatory 

mediators by acting as free radical scavengers (Abd Jalil et al., 2017).  

2.2. Bioactive components of Honey  

Honey's antioxidant activity is derived from phytochemicals (Molan, 2006),  which also 

can prevent other molecules from oxidizing (Meo et al., 2017). The majority of 

phytochemicals found in all plants are called phenolic phytochemicals, and honey is made 

from the nectar or pollen of plants that honeybees visit (Alvarez-Suarez et al., 2018). 

Polyphenols, primarily flavonoids, phenolic acids, and their derivatives, are found in 

honey. According to Istasse et al. (2016), these substances come from a variety of sources, 

including nectar, pollen, honeydew, and propolis. Phenolic molecules and flavonoids are 

mostly responsible for antioxidant activity (Becerril‐sánchez et al., 2021). Therefore, 

according to Afroz et al. (2016), the functional and therapeutic qualities of honey are 

enhanced by the presence of phenolic acids.  

Numerous vital biologically active substances, such as flavonoids (Qamer et al., 2016), 

phenolic (Muhammad et al., 2015), vitamins A (retinol), and C (ascorbic acid), are found 

in honey. According to Afrin et al. (2020),  honey contains two main categories of 

phenolic compounds: phenolic acids and flavonoids. Honey's primary functional 

ingredients are flavonoids. Their nuclear structure is C6–C3–C6, connecting two benzene 

rings through a pyran ring (Da Silva et al., 2016). The three main groups of flavonoids that 

arise from ring replacement are flavonols, flavones, and flavanones (Prithviraj Karak, 

2019). Additionally, according to Meo et al. (2017), proline, glutamic acid, aspartic acid, 

arginine, and cysteine are some amino acids with physiological significance. Depending 

on the weather and geographic conditions, honey has different amounts of flavonoids, 
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phenolic, amino acids, proteins, ascorbic acid, and carotenoid contents as well as 

antibacterial and antioxidant qualities ( Alvarez-Suarez et al., 2010).  

2.2.1. Total Phenolic Content  

According to Gül & Pehlivan, (2018), honey is a naturally occurring dietary antioxidant 

that contains components that are likely responsible for its redox characteristics. Phenols 

with a single carboxylic acid functional group are generally referred to as phenolic acids 

(Robbins, 2003). Two unique carbon frameworks are seen in naturally occurring phenolic 

acids: the hydroxyl benzoic and hydroxyl cinnamic structures (Koche et al., 2016). Foods' 

color, texture, and antioxidant and nutritional value have all been linked to phenolic acids 

(Becerril‐sánchez et al., 2021).  

According to Biluca et al. (2016), the total phenolic component concentration of the 

stingless bee honey samples ranged from 10.3 to 98.0 mg GAE 100 g
-1

. The honey 

samples had significant total phenolic contents, ranging from 233.3 ± 24.0 mg GAE/kg to 

693.3 ± 26.8 mg GAE/kg (Adgaba et al., 2020). The TPC in honey varied from 23.1 to 

158 mg/100 g  (Combarros-Fuertes et al., 2019). The phenolic content of Brazilian 

stingless bee honey is higher than that of Apis spp., weighing 106.01 ± 9.85 mg GAE/100 

g versus 92.34 ± 13.55 mg GAE/100 g for Apis spp. (Duarte et al., 2012). Similar to 

Tualang honey from Apis spp., which has 183 mg GAE/100 mg, stingless bee honey in 

Malaysia has about 235 mg GAE/100 mg of total phenolic content (Ranneh et al., 2018; 

Ranneh et al., 2021). 

2.2.2. Total Flavonoid Contents  

The majority of low molecular weight phenolic chemicals found in human diets that are 

found abundantly throughout the plant kingdom are called flavonoids (Poquet et al., 

2009). They belong to a family of 19 secondary plant metabolites, and it is believed that 

their chelating and antioxidant qualities, which together account for the majority of their 

antioxidant capacity, have positive health effects (Williams et al., 2004). Flavonoids work 

by scavenging or chelating substances to exert their effects. Honey's anti-inflammatory 

and antioxidant properties are mostly attributed to flavonoids (Afroz et al., 2016). 

Honey is rich in flavonoids. Popular natural antioxidants and flavonoids have a variety of 

biological impacts (Małgorzata Brodowska, 2017). Honey's components, flavonol, 

flavone, anthocyanidin, and organic acid, are primarily responsible for its nutritional 
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importance (Bian et al., 2022). Total flavonoid content ranged between 1.65 and 5.93 mg 

CE/100 g
 
of honey Combarros-Fuertes et al. (2019), 7.97 - 44.99 mg CE/100 g

-1
of honey 

(Galhardo et al., 2021), 10.70–25.71 mg CE/100 g
 
(Shamsudin et al., 2022). The flavonoid 

content of Malaysian stingless bee honey is 100 mg CE equivalent to 100 mg (Ranneh et 

al., 2018; Ranneh et al., 2021). 

2.2.3. Vitamin C (L-ascorbic acid) 

Because it is recognized to be a rich source of antioxidants, such as ascorbic acid, glucose 

oxidase, catalase, phenolic compounds, carotenoids, organic acids, amino acids, and 

proteins, honey continues to have a significant position in terms of nutrition (Özcan & Al 

Juhaimi, 2015). One of the primary characteristics of honey is its botanical origin (Adgaba 

et al., 2017). It has been noted that processing, seasonal and environmental conditions, the 

type of flower used to gather nectar, and the honey's composition and antioxidant 

capability all affect these qualities (Gül & Pehlivan, 2018). Ascorbic acid, also known as 

vitamin C, is a water-soluble vitamin that occurs naturally in some foods (Aysun, 2009).  

It is an antioxidant that dissolves in water and reacts quickly with peroxyl and superoxide 

radicals (Gupta, 2015). According to Bahar et al. (2022), vitamin C equivalents ranged 

from 412.22 to 1117.78 µmol/mg or from 725.99 to 1968.59 µg/mg or from 7.26 to 19.69 

mg/100g of honey. Samples of honey were found to contain vitamin C. Nonetheless, there 

were significant differences in their levels, which varied from 0.34 to 75.9 mg/100 g of 

honey (Combarros-Fuertes et al., 2019).  

2.2.4. Beta Carotene  

Carotenoids are the type of organic nutritional substances that are pigments present in both 

plants and animals (Pasarin & Rovinaru, 2018). The carotenoid content of Malaysian 

Kelulut Honey and peat land Kelulut Honey of Banjarbaru were determined to be 4.61 

mg/100g (Keng et al., 2017) and 0.617 ± 0.001 mg/100g (Satriadi et al., 2023), 

respectively. Variations in bee feed type and season may impact the amount of carotenoids 

(Ahmed, 2015). A high amount of carotenoids is a result of a dry season and a diverse bee 

diet (Mahmood et al., 2021). Carotenoids' primary advantage is that they function as 

antioxidants. Additionally, it can be converted into vital vitamins (Keng et al., 2017).  
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2.2.5. Alkaloids 

Alkaloids are naturally occurring compounds found in fungi, plants, and animals that have 

nitrogen in their structure (Wink, 2013). Alkaloids are important for plant survival because 

they defend plants from insects, herbivores, and microorganisms (exhibiting antibacterial 

and antifungal properties) (Koche et al., 2016). Alkaloids are nitrogen-containing 

molecules with low molecular weight that are usually alkaline because they have a 

nitrogen atom in a heterocyclic ring (Matsuura & Fett-Neto, 2015). These metabolites can 

be categorized into over 20 different classes (including pyrrolidine alkaloids, tropane 

alkaloids, piperidine alkaloids, pyridine alkaloids, quinolizidine alkaloids, and indole 

alkaloids, among others) based on their precursor (e.g., indole alkaloids are alkaloids 

derived from tryptophan) (Matsuura & Fett-Neto, 2015). Alkaloids play a significant role 

in human health as chemicals, medications, vitamins, and other medicinal products 

(Saranraj et al., 2016).   
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Table 1: Bioactive components and Antioxidant Activities of Meliponula beccarii and Apis mellifera honey 

 

Bioactive contents Percentages/ Contents References  

Apis Mellifera  Meliponula beccarii   

 

TPC (mg GAE/100 g
-1

) 

11.39 - 61.27 

23.1  -  158  

52.64 -74.72 

 10.3 - 98.0  

23.33 - 69.33 

Galhardo et al. (2021); Combarros-Fuertes 

et al. (2019); Shamsudin et al. (2022); 

Biluca et al. (2016) 

Adgaba et al. ( 2020) 

 

TFC (mg CE/100 g
-1

)  

7.97 -  44.99  

1.65 - 5.93  

10.70–25.71 Galhardo et al. (2021); Combarros-Fuertes 

et al. (2019) 

Shamsudin et al. (2022) 

Alkaloid (mg/g) 2.58  119.71 Igbang et al. (2018) 

Mahani et al. (2022) 

Vitamin C (mg/100g) 7.26 - 19.69 

  

0.34 - 75.9 Bahar et al.  (2022) 

Combarros-Fuertes et al. (2019) 

Beta carotene (mg/kg) 

 

0.617  1.55-3.09 

8.64-9.49  

0.05 - 0.25 

Satriadi et al. (2023) 

Keng et al. (2017) 

Mahmood et al. (2021) 

DPPH (µmol ET/ g
-1

) 0.04 - 0.16 11.27–24.09  Galhardo et al. (2021) 

Shamsudin et al. (2022) 

FRAP (µmol FeSO4/ g
-1

) 0.03 -11.12 77.88–164.88  Galhardo et al. (2021) 

Shamsudin et al. (2022) 
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Alkaloids are a type of chemical compounds that are alkaline and have poisonous 

properties. They can be employed as detoxifiers to help the body eliminate 

pollutants(Thawabteh et al., 2021). Alkaloids are among the substances that give honey its 

bitter flavor (Mahani et al., 2022). Furthermore, alkaloids in particular function as 

antimicrobials, which can avert a range of illnesses brought on by microbial infections 

(Yap & Abu Bakar, 2014). Alkaloids are beneficial to health; to create honey with the best 

alkaloid levels, it is necessary to analyze the alkaloid content of probable honey sources 

(Wang et al., 2019). The total alkaloid content of honey was 119.71 ±1.66 mg/100g; 2,58 

mg/100g  (Igbang et al., 2018; Mahani et al., 2022)  respectively.  

2.3. Antioxidant Activities  

Antioxidants can be categorized into enzymatic and non-enzymatic types based on their 

mode of action(Mirończuk-Chodakowska et al., 2018). Enzyme-based antioxidants 

eliminate and break down free radicals, while non-enzymatic antioxidants work by 

preventing the spread of free radicals(Alkadi, 2022). Vitamin C, vitamin E, plant 

polyphenols, carotenoids, and glutathione are a few examples of non-enzymatic 

antioxidants (Shahidi & Zhong, 2010). The integrity and functionality of cell membranes 

are preserved by antioxidant enzymes, which reduce the levels of lipid hydroperoxide and 

H₂O₂, thus preventing lipid peroxidation (Elsayed Azab et al., 2019). According to Nimse 

& Pal (2015), there are two categories of non-enzymatic antioxidants: natural antioxidants 

and synthetic antioxidants. Various naturally occurring antioxidants include phenolic 

compounds, phenolic acids, flavonoids, coumarins, sesquiterpene lactones, terpenoids, and 

their derivatives(Seca & Moujir, 2020).  

Honey is a rich source of natural antioxidants, and plays a major role in health 

maintenance and disease prevention  (Habib et al., 2014). It provides a variety of nutrients 

that are necessary for human health(Bogdanov et al., 2008). Its elevated phenolic content 

contributes to its antioxidant properties (Kishore et al., 2011). According to Alvarez-

Suarez et al. (2014), honey is a raw material used to make pharmaceutical products for 

wound treatment, anti-cancer therapy, antibacterial agents, and supplements for pregnant 

women. 
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Honey contains different chemicals depending on the climate and geography(Tomczyk et 

al., 2019). For instance, rosemary honey contains flavanol kaempferol, while sunflower 

honey has quercetin (Inhan-Garip et al., 2011). Depending on the source of the flowers, 

honey has varying levels of antioxidant activity(Rababah et al., 2014).  Season, 

environment, and farming practices are a few significant outside variables that impact the 

makeup and therapeutic value of honey (Bogdanov et al., 2008; Kıvrak & Kıvrak, 2017). 

Good nutritional values found in stingless bee honey can help treat disorders linked to 

oxidative stress (Satriadi et al., 2023). 

2.3.1. 2, 2-diphenyl-2-picrylhydrazyl  

DPPH has been widely utilized to assess a sample's capacity to scavenge free 

radicals(Chua et al., 2013). Because the antioxidant activity of honey has been 

demonstrated to be directly correlated with its phenolic acid and flavonoid content, the 

DPPH assay is widely employed to assess the radical-scavenging potential of honey ( 

Beretta et al., 2005). The antioxidant activity of Apis mellifera honey is 0.12 mg/mL of 

DPPH (Galhardo et al., 2021). The free radical scavenging activity (IC50) of stingless bee 

honey ranges from 11.27 to 24.09 mg/mL (Shamsudin et al., 2022). 

2.3.2. Ferric Reducing Antioxidant Power  

Honey's antioxidant and reducing power have been evaluated using ferric reducing 

antioxidant power (FRAP), a commonly used technique for determining antioxidant 

levels(Alzahrani et al., 2012). The FRAP assay uses the ability of a sample to reduce the 

Fe3+/Fe2+ pair to directly assess the amount of reductants or antioxidants present in the 

sample (Bakchiche et al., 2017). The greatest ferric ion reduction ability is exhibited by 

darker honey (Ferreira et al., 2009). The lowering capacity of honey may affect the FRAP 

values  (Kishore et al., 2011). Greater conversion of ferric ions to ferrous ions is indicated 

by high FRAP levels(Moniruzzaman et al., 2012). Ferric-reducing antioxidant power and 

the total phenol content of honey are highly associated (Chua et al., 2013).  

The reducing power of the stingless bee honey produced by the different bee species 

(Irshad et al., 2012). The average total antioxidant capacities of the honey samples as 

Ferric Reducing Antioxidant Power (FRAP) were varying 225.4 – 465.7 FRAP (lM 

Fe(II)/100 g with a mean of 320.3 lM Fe(II)/100 g (Adgaba et al., 2020). The antioxidant 

content of A. mellifera honey ranged from 19.00 - 73.27 eq. mg GA / 100 g (average 48.31 

± 14.80 mg GA equivalent / 100 g) (Duarte et al., 2012). Stingless bee honey contains 
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77.88–164.88 µmol FeSO4.7H2O/100 g honey ferric reducing antioxidant power 

(FRAP)(Shamsudin et al., 2022). Apis mellifera honey contains antioxidant activity of 

2.68 µmol FE (II)/g
-1 

of FRAP (Galhardo et al., 2021). 

2.4. Antibacterial Activity of Honey  

Honey's powerful osmotic action, naturally low pH, and capacity to create hydrogen 

peroxide which is essential to honey's antimicrobial activity and phytochemical 

components have all been linked to its antibacterial efficacy (Nur Eszaty et al., 2022). 

Flavonoids and phenolic compounds contribute to the antibacterial properties of both 

peroxide and non-peroxide honey (Hossain et al., 2022). Honey's low water content, high 

sugar content, acidity, and hydrogen peroxide levels all contribute to its antibacterial effect 

(Mavric et al., 2008). Honey's antibacterial activity differs from that of antibiotics, which 

either breaks down the bacterial cell wall or obstructs intracellular metabolic processes. 

Four characteristics of honey are connected to its antibacterial activity(Massoura, 2019). 

Honey primarily dehydrates bacteria by taking moisture out of the air. Honey has 

antibacterial properties due to a variety of factors, not just the high sugar content that stops 

microbes from growing (Machado De-Melo et al., 2018). Next, honey has an acidity level 

that is low enough to prevent the majority of microbes from growing, ranging from 3.2 to 

4.5 (Almasaudi, 2021). The third and most important antibacterial component is hydrogen 

peroxide, which is produced by the glucose oxidase; however, other authors say that the 

non-peroxide activity is more significant(Nolan et al., 2019). Lastly, a number of 

phytochemical components for honey's antibacterial activity have been found (Eteraf-

Oskouei & Najafi, 2013).  

Natural honey contains enzymes, mostly glucose oxidase, which reacts to make hydrogen 

peroxide (Brudzynski, 2020). When bees produce honey, the hypo pharyngeal gland helps 

release glucose oxidase into the nectar of flowers through an enzymatic process (Ajibola, 

2015). These enzymes play a critical role in assessing the peroxide activity level in honey, 

which is responsible for many biological processes, including its antibacterial activity 

(Bacayo et al., 2019). Hydrolyzing glucose to produce hydrogen peroxide (H2O2) in the 

presence of a high concentration of active glucose oxidase induces oxidative stress, which 

helps prevent bacterial colonization (Samarghandian et al., 2017). According to Brown et 

al. (2020), the antimicrobial activity of honey is therefore a result of many chemicals and 

compounds with various chemical properties, depending on the honey's botanical origin. 
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2.4.1. Agar Diffusion Assay 

Agar well diffusion assays are widely used to evaluate natural compounds' antibacterial 

properties. The foundation of this assay is the measurement of the area surrounding the 

sample, which can be put into an agar well or onto a paper disc (Chowdhury et al., 2015). 

A detectable growth inhibition zone is the outcome of this (Hossain et al., 2022). The 

antimicrobial activity of honey from the good diffusion method ranged from 9.7 ± 2.0 mm 

by the A. mellifera honey against clinical E.coli to 18.3 ± 3.2 mm by M. beccari honey 

against clinical S. aureus(Ofijan et al., 2022). The antibacterial activity of honey obtained 

by the good diffusion method varied, with A. mellifera honey showing 9.7 ± 2.0 mm 

against clinical E. coli and M. beccari honey showing 18.3 ± 3.2 mm against clinical S. 

aureus(Cui et al., 2021). 

2.4.2. Minimum Inhibitory Concentration and Minimum Bactericidal 

Concentration  

Hindering the growth of tested human pathogens at comparatively lower concentrations, 

the majority of the analyzed honey samples had excellent antibacterial capabilities, with an 

average range of 10.5 ± 0.5–28.6 ± 0.9 of mean inhibition concentration (MIC) (% 

v/v)(Zainol et al., 2013). According to Adgaba et al. (2020), Staphylococcus aureus and 

Staphylococcus epidermis, two gram-positive bacteria, exhibit increased susceptibility to 

C. macrostachys and V. amygdalina honeys, with MIC values of 10.5 ± 0.9 and 10.5 ± 0.5 

% v/v, respectively. Regarding gram-negative bacteria (E. coli), the MIC (% v/v) of the 

honey samples under investigation ranged from 14.0 ± 0.7 – 25.5 ± 1.1% v/v on average. 

When compared to fresh A. mellifera honey samples and stingless bee (M. beccarii) honey 

samples demonstrated a comparatively lower minimum inhibitory concentration against all 

test pathogens. According to Nwankwo, et al. (2014), the MBC of E. coli was found to be 

30% v/v of the sample, whereas that of S. aureus was 20%. 
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3. MATERIALS AND METHODS 

3.1. Description of Study Site 

This study investigated the honey value chain in southwestern Ethiopia. It began with 

farmers (producers) and collectors in the Gera district (Figure 1). Located approximately 

440 km from Addis Ababa and 93 km from Jimma Town, Gera district is a mountainous 

forest area within the Jimma zone of Oromia National Regional State (7°15'N - 8°45'N 

latitude and 35°30'E - 37°30'E longitude). The study was also cover the retailers in Agaro 

and Jimma towns following the honey value chain. 

 

Figure 1. Map of the study Area 

3.2. Experimental site 

The analyses were conducted at the post-harvest laboratory and microbiology laboratory 

of Jimma University College of Agriculture and Veterinary Medicine (JUCAVM), Jimma, 

Oromia, Ethiopia. JUCAVM is found 352 km southwest of Addis Ababa and 

geographically, located at 7
o
33” N latitude and 36.57

o
E longitude with an elevation of 

1710 m.a.s.l.  
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3.3. Honey Sample Collection  

3.3.1. Sample Source 

Honey samples of Apis mellifera and Meliponula beccarii were collected from four 

locations in southwestern Ethiopia, including Gera district (farmers), Gera Chira (local 

collectors), Agaro town (retailers), and Jimma town (retailers). A purposive sampling 

strategy was employed to target specific locations within the value chain (beekeepers, 

local collectors, and retailers) (Source). The sample chosen in this study were Apis 

mellifera and Meliponula beccarii honey. The honey samples were stored at 4ºC (source). 

3.3.2. Sample Pooling 

A total of 24 honey samples were initially collected (12 for each bee species, 3 from each 

value chain stage), composite samples were further formed in order to ensure 

representative honey samples at each stage of the value chain, address the limited sample 

volumes of Meliponula beccarii from farmers, and achieve cost-effective analysis. In 

order to establish a single composite sample for that value chain stage and bee species 

(Apis mellifera and Meliponula beccarii), equal volumes of honey from each actor within 

a value chain stage were pooled in sterile containers. This resulted in a total of 8 

composite samples (4 for each honey type).  

3.4. Experimental Design 

Treatments were arranged in a factorial design with three replications. The intended 

factors were bee species with two levels (Apis mellifera and Meliponula beccarii honey) 

and a value chain with four levels (farmers Gera, Gera Chira local collectors, retailers 

Agaro, and retailers Jimma). There were 2*4 (8) treatment combinations and a total of 24 

experimental units.  

3.5. Data Collected and Analysis Methods 

Bioactive components such as total flavonoid, total phenolic, beta carotene, vitamin C and 

alkaloid content and antioxidant activities like DPPH (2, 2-Diphenyl -1- Picrylhdrazyl) 

scavenging activity and (IC50) and Ferric reducing antioxidant power (FRAP) and finally 

in vitro antibacterial activities such as agar well diffusion assay, minimum inhibition 

concentration and minimum bactericidal concentration of both types of honey samples 

were determined using standard methods as described below. 
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3.5.1. Determination of Bioactive Components  

3.5.1.1. Determination of Total Flavonoid Contents  

The total flavonoid content of honey was determined using a method by  Alvarez-Suarez 

et al.  (2010). Briefly, 4 mL of distilled water and 0.3 mL of 5% NaNO2 solution were 

added to 1 mL of the honey sample extracted with methanol in the test tube, and after 

shaking for 6 minutes, 150 µL 10% AlCl3 solution was added and then after 5 minutes, 2 

mL of 1M NaOH solution was added to complete the reaction, followed by the addition of 

2.4 mL of distilled water. Next to that, a standard solution was prepared by dissolving 0.05 

g of the catechin standard in 40 mL of methanol. A series of catechin standards were 

prepared at different concentrations (0, 5, 10, 15, 20, 25, 40, 50,100 μg/mL) to the final 

volume of 1 mL with methanol, and all solutions were added similarly to the sample. The 

absorbance of the sample and the catechin standard was measured at a wavelength of 510 

nm by UV-Vis spectrophotometer (T80, Ltd, UK). The total flavonoid content of the 

honey sample was calculated from the calibration curve from the standard curve (y = 

0.0028x + 0.00831, R
2
 = 0.9906, p < 0.001). The concentration was expressed as 

milligrams of catechin equivalents per 100 grams of honey (mg CE/100 g) using the 

following equation. 

   (
    

    
)  

   

 
                     

Where     = total flavonoid content (mg CE/100 g honey); c = concentration established 

from the catechin calibration curve (µg/mL); V = volume of honey solution in milliliter; m 

= weight of honey in gram 

3.5.1.2. Determination of Total Phenolic Content  

The total phenolic content was estimated by the Folin-Ciocalteu method with slight 

modifications by ( Alvarez-Suarez et al., 2010). Firstly, 1 mL of each honey sample 

extract (in triplicate) was mixed with 5 mL of Folin-Ciocalteu reagent. Then, mixtures 

were shaken and kept at room temperature for 6 minutes and then, 4 mL of sodium 

carbonate (7.5%, v/v) was added to the mixture, mixed thoroughly, and incubated for two 

hours in the dark place at room temperature. Then, absorbance was read at 760 nm using a 

UV-Vis spectrophotometer (T80, Ltd, UK) using methanol as a blank. The total phenol 

content was calculated from the calibration curve (y = 0.0069x + 0.0056, R
2
 is 0.9981, p < 

0.001), from the Gallic acid standard at various concentrations of (0, 25, 
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50,100,150,250,500 μg/mL) and the results were expressed as milligram of Gallic acid 

equivalent per 100 gram of honey (mg GAE/100 g) using the following equation obtained 

from the calibration curve.  

                                

    (
     

    
)  

       
   

                     

Where: TPC = total phenol content, GAEC = Gallic acid equivalent concentration, W = 

weight of the extracted honey sample, Vt = original volume of extracted honey sample, v = 

volume of eluate analyzed. 

3.5.1.3. Determination of Vitamin C  

The vitamin C content of the honey sample was determined by the 2,6-dichloroindophenol 

titration method according to ( Alvarez-Suarez et al., 2010). Precisely, 2 grams of honey 

sample was extracted with 50 mL solution made from 3% metaphosphoric acid (HPO3) 

and 40 mL acetic acid in 500 mL distilled water. Then, the honey sample was filtered 

using Whatman filter paper No.1. Next, titration was performed using an indophenol 

standard solution prepared by dissolving 50 mg of 2, 6-dichloroindophenol sodium salt 

and 42 mg of standard NaHCO3 in 200 mL with distilled water. The titration was 

performed until the pink endpoint was observed. A standard solution of ascorbic acid was 

prepared dissolving 50 mg L-ascorbic acid and 50 mL previously prepared extraction 

solvents of HPO3-acetic acid. Finally, the vitamin C content of the honey sample was 

calculated using the following equation. 

              (
  

    
)  

(   )     

   
                           

Where, Vit C = vitamin C, A = volume in mL of 2, 6-dichloro indophenol sodium salt 

solution used for the sample, B = volume in mL of 2, 6- dichloro indophenol sodium salt 

solution used for the blank, C = mass in mg of ascorbic acid corresponds to 1 mL 

standard indophenol solution S = sample weight taken, 50 = honey volume and 10 = 

honey volume used for ascorbic acid determination 

3.5.1.4.  Determination of Beta Carotene 

The beta carotene content of honey was determined as described by  (Barros et al., 2007). 

Exactly, 2 grams of honey sample was mixed with 1 g of CaCl2 2H2O and 50 mL of 
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extraction solvents (25% acetone, 50% hexane, 25% ethanol containing 0.1% BHT) by 

shaking at room temperature for 30 minutes. Then, 15 mL of distilled water was added and 

shaken for 15 minutes. Next, the organic phase containing the beta carotene was separated 

from the water phase using a separator funnel and filtered using Whatman No. 1 filter 

paper. Then, stock beta carotene standard solution (Sigma Aldrich of USA) was prepared 

by dissolving an accurately weighed 0.01 g of carotene in the solvent (25% acetone, 25% 

ethanol, and 50% hexane) used to extract samples and made up to a volume of 100 mL 

using the same solvent. From the stock solution prepared a series of standard (0.1, 0.2, 0.4, 

0.6, 0.8 and 1 g/mL, y = 0.0969x + 0.0569, R
2 

= 0.9963, p < 0.001) were used to construct 

calibration curve line from which beta carotene was calculated and expressed in mg/100g. 

Then, the absorbance of the sample extract and the beta carotene standard solution was 

read at a wavelength of 450 nm using a UV-Vis spectrophotometer (T80, Ltd, UK). 

3.5.1.5. Determination of Total Alkaloid  

Total Alkaloid content was determined according to procedures described by (Nantongo et 

al., 2018). Firstly, 200 cm
3
 of 10% acetic acid in ethanol was prepared in a 250 cm

3 

beaker, and 2.50 g of the sample was added. Then, it was allowed to stand for four hours. 

Thereafter, the extract was concentrated at 90 °C to a quarter of the original volume on a 

water bath and followed by the drop wise addition of 15 drops of concentrated NH4OH to 

extract until a cloudy fume is formed. After 3 hours, the supernatant was discarded and the 

precipitate was washed with 20 cm
3
 of NH4OH and filtered using pre-weighed (w1) 

Whatman 1. Then, filter paper containing precipitate was dried in the oven at 60 °C for 30 

minutes and weighed (w2) after allowing them to cool for a few minutes. Finally, the 

percentage of total alkaloid content was calculated gravimetrically as follows. 

              ( )  
     

                
                      

           Where, W2 = weight of filter paper and precipitate, W1= weight of filter paper 

3.5.2. Determination of Antioxidant Activities of Honey  

3.5.2.1. DPPH (2, 2-diphenyl-1- picrylhydrazyl) Scavenging Activity  

DPPH free radical scavenging activity (inhibition %)  of the methanol extract was 

performed according to the method described by (Chua et al., 2013).  Firstly, 0.004% 

solution of the DPPH radical solution in methanol was prepared. Then, 4 mL of this 
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solution was mixed with 1 mL of a series of concentrations (0.5, 5, 10, 15, and 20 mg/mL) 

of honey sample extract in methanol (98.8%). Then, the mixtures were mixed and kept in 

the dark at room temperature for 30 minutes. After thirty minutes, the absorbance of the 

honey sample was read at 517 nm by UV-Vis spectrophotometer (T80, Ltd, UK). DPPH in 

methanol and methanol served as a positive control and a blank, respectively. Then, 0.4 

mg/mL of the concentration was used to calculate the percentage of DPPH scavenging 

activity of the honey sample. The ability of the extract to scavenge DPPH free radicals 

scavenging activity was calculated and the IC50 value was calculated from the linear 

regression equation of the standard curve drawn against the concentration and percentage 

of antioxidant activity. 

           ( )   
(         )

   
                     

Where: Abc = control absorbance (DPPH radical + methanol), Abs = sample absorbance 

(DPPH radical + sample)  

3.5.2.2. Ferric Reducing Antioxidant Power (FRAP) Determination 

Ferric Reducing Antioxidant Power is one of the assays to measure the antioxidant 

capacity of food samples by iron sulfate. The reducing power of the honey samples was 

determined based on the method described (Mahmood et al., 2021). The FRAP reagent 

was prepared by mixing 10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine) solution with 300 mM 

acetate buffer (pH 3.6) and 20 mM iron (III) chloride hexahydrate. An aliquot of 200 μL 

of honey solution was mixed with 1.5 mL of FRAP reagent, and incubated at 37°C in a 

water bath for 4 mins. The absorbance of the mixture was then measured at 593 nm 

(distilled water as blank) using a UV- Vis spectrophotometer and a series of ferrous sulfate 

(FeSO4) standard (0.1, 0.2, 0.4, 0.6, 0.8, and 1mM, y = 1.0709x + 0.169, R
2
 = 0.9838, p < 

0.001) were used to estimate FRAP.  
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3.5.3. Determination of In Vitro Antibacterial Activities of Honey Samples  

Honey Samples Preparation 

The honey samples were prepared by diluting with sterile distilled water to obtain 50%, 

75%, and 100% honey solutions. These solutions were then used to evaluate their 

activities against selected microorganisms (S. aureus-ATCC-25923, gram-positive, and E. 

coli-ATCC-25922, gram-negative). 

Test microorganisms used for the current study 

The two bacterial strains (S. aureus-ATCC-25923, gram-positive, and E. coli-ATCC-

25922, gram-negative) were sourced from the Ethiopian Public Health Institute (EPHI) for 

this study.  To prepare the inoculum, 2–3 colonies were carefully selected from a 24-hour-

old culture grown on basal (Nutrient Agar) media. These colonies were then suspended in 

5 mL of saline solution (0.85%). The suspended inoculum underwent agitation using a 

vortex for 15 seconds to ensure thorough mixing. Subsequently, the turbidity of the 

suspension was measured utilizing a McFarland densitometer. To achieve a standard 0.5 

McFarland density, adjustments were made by adding either colony material or saline 

solution to the microbial stock solution (Andrews, 2006). 

3.5.3.1. Agar well diffusion assay  

Mueller-Hinton agar medium was meticulously prepared in sterile petri dishes and then 

subjected to a 24-hour sterility check at 37°C in an incubator. Once confirmed sterile, the 

medium was evenly spread on the agar surface using a sterile swab, with the surface now 

primed for the introduction of the prepared bacterial inoculum solution. 

Sterile filter paper discs were prepared and impregnated with various concentrations of 

honey solutions (50%, 75%, and 100%) by inoculating each disc with 60 microliters 

(60µL) of the respective honey solution. Then impregnated filter paper discs with 

concentrations of honey solutions (50%, 75%, and 100%) were meticulously placed on the 

surface of the swabbed agar plates, utilizing sterile forceps to ensure appropriate distances 

between each disc. Subsequently, the prepared plates were carefully incubated at 37°C for 

24 hours to facilitate microbial growth and interaction with the introduced agents. 

Following incubation, the diameters of the inhibition zones surrounding each filter paper 
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disc were methodically measured using a caliper, in millimeters, and the corresponding 

results were meticulously recorded for comprehensive analysis (Moussa et al. 2012). 

3.5.3.2. Minimum Inhibition Concentration (MIC)  

To determine the minimum inhibitory concentration (MIC) of the honey samples with 

concentrations of 50%, 75%, and 100%, 9 mL of Mueller Hinton Broth media were 

individually prepared for each honey sample while ensuring their respective 

concentrations were accurately represented. The sterility of each broth-honey solution was 

then meticulously validated. Then, 18–24 hour S. aureus (ATCC 25923) and E. coli 

(ATCC 25922) bacterial cultures were used, and carefully prepared inoculum suspensions 

were used to attain a standardized turbidity equal to 0.5 McFarland. Following this, 100 

microliters of each concentration of honey sample were introduced into separate test tubes, 

and to each of these, 1 mL of the standardized inoculum suspensions was carefully 

pipetted. Additionally, a negative control tube containing only broth was included for 

comparative purposes. The resulting tubes were then thoroughly vortexed and 

subsequently incubated for 24 hours at 37°C to enable the interaction of the bacterial 

cultures with the honey concentrations.  Finally, the tubes were visually inspected, and the 

concentration of honey that resulted in clear tubes, signifying inhibition of bacterial 

growth, was identified as the minimum inhibitory concentration. The MIC of the honey 

samples was determined using the broth dilution method, which involved assessing the 

lowest concentration of honey capable of inhibiting bacterial growth, as indicated by the 

absence of turbidity in the test tubes as compared to the control tubes(Boateng & Diunase, 

2015). 

3.5.3.3. Minimum Bactericidal Concentration (MBC) 

 A dilution showing no visible growth during the MIC test was sub-cultured onto a fresh 

Mueller Hinton Agar plate by streaking using a sterile inoculating loop and incubated at 

37°C for 24 h. The lowest concentration of the extracts showing no growth on the Muller 

Hinton Agar plate was recorded as MBC (Yalemwork et al., 2013). 
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3.6. Data Analysis  

Two-way analysis of variance (ANOVA) was conducted using Minitab software version 

19 to determine the bioactive components, and antioxidant activities of Apis mellifera and 

Meliponula beccarii honey. SAS software version 9.3 was used to analyze the in vitro 

antibacterial activities of both honey samples. The mean comparison was performed using 

Tukey's test, and statistical significance was accepted at α < 0.05 level. Correlation 

between bioactive contents, antioxidant, and in vitro antimicrobial activities was 

conducted using Pearson’s correlation method. 

General Linear Model (GLM): 

Y = μ + αi + βj + (αβ) ij + εijk 

Where: Y: The dependent variable (bioactive components, antioxidant activities, or in 

vitro     antibacterial activities of honey) 

μ:  Overall mean effect 

αi:  Effect of bee species (i = 1 for Apis mellifera, i = 2 for Meliponula beccarii) 

βj:  Effect of value chain (j = 1, 2, 3,4, for farmers Gera, Gera Chira local 

collectors, retailers  Agaro and retailers Jimma) 

(αβ)ij: Interaction effect between bee species (i) and value chain (j) 

εijk: Error term (represents random variation) 
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4. RESULTS AND DISCUSSIONS 

4.1. Bioactive Components of Apis mellifera and Meliponula beccari honey 

collected from different value chain 

4.1.1. Total Phenolic Content 

The total phenolic content (TPC) of the honey sample across the bee species and the value 

chain presented in (Table 2). The TPC ranges from 25.52 ± 0.58 to 102.81 ± 0.52 mg 

GAE/100 g. Significantly higher value of TPC was recorded from Meliponula beccarii 

honey collected from farmer Gera whereas the lowest value is from Apis mellifera honey 

retailed at Jimma. The total phenolic content of the Apis mellifera honey ranged from 

25.52 ± 0.58
 
to 39.38 ± 0.59 mg GAE/100g. The total phenolic content of the Meliponula 

beccarii honey samples in this study ranged from 47.35 ± 0.44 to 102.81 ± 0.52
 
mg 

GAE/100g.  

The variability of phenolic content observed in this study could be due to a difference in 

the phenolic profiles of the honey, attributed to divergences storing honey for a long 

period, and the (Miranda et al., 2023). Additionally, a distinct study revealed the various 

honey compositions made by various bee species with identical botanical origins (Castro-

Vázquez et al., 2008). The possible reason may be due to the process of honey production 

by the bees and also the storage of the honey (Pauliuc & Dranca, 2020).Phenolic is the 

largest group of phytochemicals that exist in plants and are incorporated into the honey 

through nectar or pollen from plants visited by the honeybee (Güneş et al., 2017).  

The total phenolic compound content of the Meliponula beccarii honey in this study was 

similar to honey samples from Spain Combarros-Fuertes et al. (2019) who reported a TPC 

range between 23.1 and 158 mg GAE /100 g of honey. The honey value chain, bee 

species, and the regions where the samples were taken could all be to blame for this. The 

finding of this study is higher than the work of Galhardo et al. (2021) who reported that 

the total phenolic contents of stingless honey samples ranged from 11.39 to 61.27 

mgGAE/100 g
 
in Western Paraná, Southern Brazil. The total phenolic content of  Apis 

mellifera honey obtained in this study was closer to or within the reported ranges of 

phenolic (23.33 - 69.33 mg GAE/100g)  for Ethiopians honey (Adgaba et al., 2020),  10.3 

- 98.0 mg GAE/100 g for state of Santa Catarina, Brazilian honey (Biluca et al., 2016) and 
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25-50.9 mg GAE/100 g
 
for Roraima  Brazilian honey (Pontis et al., 2014). It is postulated 

that the bee species and sources are responsible for these differences(Ak et al., 2021).  

4.1.2. Total Flavonoid Contents 

Table 2 shows the result of the total flavonoid content of Apis mellifera and Meliponula 

beccarii honey collected from different value chains. Significantly higher value of TFC is 

recorded from Meliponula beccarii honey collected from farmer Gera whereas the lowest 

value is from Apis mellifera honey retailed at Jimma. The total flavonoid content of the 

Apis mellifera honey ranged from 13.17 ± 0.35 to 32.82 ± 0.35
 
mg CE/100 g. The total 

flavonoid content of the Meliponula beccarii honey samples in this study ranged from 

16.98 ± 0.55 to 117.94 ± 0.54 mg CE/100 g.  

It was observed that the TFC showed significant differences between the bee species and 

value chains. The reason for more declines in the total flavonoid at retailers Jimma for 

both types of honey could be because of the degradation of flavonoids. Heat and sunlight 

can reduce the quality of honey, following brief high- or low-level exposure over long 

periods (Grigoryan, 2016). The biosynthesis of phenolic compounds, flavonoids, and non-

flavonoids, is regulated by different enzymes, depending on the plant species, its needs, 

and the oxidative stress to which they are subjected (Dezmirean et al., 2017). The 

fermentation and chemical reactions during storage can also degrade both the polyphenols 

and flavonoids (Shamsudin et al., 2019).  

The total flavonoid content obtained in this study for Apis mellifera honey was comparable 

to the reported ranges of 42.03 ± 1.49 and 31.07 ± 1.31 CEQ /100g for Schefflera 

abyssinica and polyfloral Ethiopian honey respectively (Hailu & Belay, 2020). The range 

of values for the total flavonoid content reported here was in agreement with those 

previously found in another Ethiopian honey was 15.1- 42.6 mg catechin equivalent 

(CE)/100 g (Sime et al., 2015). The total flavonoid content obtained in this study for Apis 

mellifera honey was closer to or within the reported ranges of 7.97 - 44.99 mg CE/100 g 

Southern Brazilian honey (Galhardo et al., 2021). This finding is considerably higher than 

that of 1.65 - 5.93 mg CE/100 g
 
Spanish honey (Combarros-Fuertes et al., 2019) and 2.68 

mg CE/100 g Cuban polifloral honey ( Alvarez-Suarez et al., 2018)  
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Table 2: Bioactive components of Apis mellifera and Meliponula beccarii honey 

Note; FG (Farmer Gera); GCLC (Gera Chira Local Collectors); RA (Retailer Agaro); RJ (Retailer Jimma); TPC = Total phenolic contents 

(mgGAE/100 g, GAE = Gallic acid equivalent); TFC= Total flavonoid contents (mg CE/100 g, CE = Catechin equivalent); TAC (total 

alkaloid content) (Percentages); Vitamin C (mg/100g) and Beta - Carotene (mg/100g). Data are presented as Means ± SD; Mean values across 

the column with different superscript letters indicate a significant difference at p < 0.05. 

 

 

     

Bee species  and  VChain  Parameters 

  

TPC TFC TAC Vit- C Beta-Car  

 Meliponula beccarii FG 102.81 ±  0.52
a
  117.94  ± 0.54

a
 4.40 ± 0.40

h
  42.09 ± 0.25

a
  5.59  ±  0.03

a
  

 

 

GCLC 94.98  ± 1.28
b
 109.25  ±0.36

b
 5.33 ± 0.83

e
  25.58  ±  0.16

b
 2.62  ± 0.02

b
 

 

 

RA 55.13 ± 0.81
c
 18.54 ± 0.35

e
  7.2 ± 0.40 

d
 18.91 ± 0.41

c
 2.38  ±  0.08

c
 

   RJ 47.35  ± 0.44
d
 16.98 ± 0.55

f
 8.67 ± 1.01

c
 10.66  ± 0.32

e
 0.88  ± 0.17

d
 

 

Apis mellifera FG 39.38  ±  0.59
e
  32.82 ± 0.35

c
  4.67 ± 0.46

g
 13.73 ± 0.95

d
  0.65 ± 0.01

e
  

 

GCLC 37.88  ±  1.92
f
 22.7  ± 0.21

d
 5.2 ± 0.40

f
  9.29  ± 0.41

f
  0.59 ± 0.07

e
 

 

 

RA 36.96  ± 1.32
g
 15.32 ± 0.36

g
 9.2 ± 0.69

b
  5.96  ± 0.26

g
 0.19 ± 0.01

f
  

 

 

RJ 25.52  ± 0.58
h
 13.17 ± 0.35

h
 12 ±  0.80

a
 3.88  ± 0.25

h
 0.15 ± 0.02

f
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TFC of Meliponula beccarii honey in this study was higher than that of 12.41- 17.67 mg 

CE/100 g Malaysian honey (Izzati et al., 2021); 10.70–25.71 mg CE/100 g
 
Malaysian 

honey (Shamsudin et al., 2019) and 4.19 mg CE/100 g Cuban honey (Alvarez-Suarez et 

al., 2018).  The finding for  Meliponula beccarii honey is also consistent with the findings 

of  Nweze et al. (2017) and Souza et al. (2021) who reported honey possesses the best 

TFC when compared with honey from Apis mellifera and all the bioactive compounds 

present in Apis honey can be found in stingless bee honey.  Another recent study 

conducted by Miranda et al., (2023) also demonstrated that the flavonoid content of 

Melipona beaches honey from a deciduous forest of Yucatan, Mexico was 36 to 55 mg 

CE/100 g, the storage conditions where the honey stored directly impacted the flavonoid 

content of the honey. The role of the flavonoids group is vital for the aroma and 

antioxidant potential of honey(Izzati et al., 2021). Flavonoids are low-molecular-weight 

phenolic compounds that are responsible for the aroma and antioxidant activity of honey 

(Moniruzzaman et al., 2012).  

In terms of TFC, Meliponula beccarii honey with 16.98 ± 0.55- 117.94  ± 0.54 mg CE/100 

g
 
yielded a significantly higher TFC as compared to Apis mellifera honey 13.17 ± 0.35 - 

32.82 ± 0.35 mg CE/100 g. Meliponula beccarii honey contains a higher level of flavonoid 

potential than honey produced by Apis mellifera honey (Alvarez-Suarez et al., 2018). 

Meliponula beccarii honey’s higher flavonoid potential could be attributed to specific 

foraging behavior, gut metabolism, and the unique floral sources visited (Ofijan, 2022). 

The result showed that the total flavonoid content of the sampled honey is significantly 

affected by the bee species and the value chain. Therefore, Meliponula beccarii honey 

samples exhibited significantly higher TFC compared to Apis mellifera honey. 

4.1.3. Total Alkaloid Content 

The total alkaloid content (TAC) of the honey sample was significantly affected by the bee 

species and value chain (Table 2). As influenced by the bee species and value chain, the 

TAC ranges from 4.40 ± 0.40 to 12 ± 0.80 %. Significantly higher value of TAC is 

recorded from Apis mellifera honey retailed at Jimma whereas the lowest value is from 

Meliponula beccarii honey collected from farmer Gera. TAC of the Apis mellifera honey 

ranged from 4.67 ± 0.46
 
to 12 ± 0.80

 % whereas that of Meliponula beccarii honey ranged 

from 4.40 ± 0.40 to 8.67 ± 1.01 %. 
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The TAC was found to exhibit significant differences among the bee species and different 

value chains.   The reason why total alkaloid content was significantly affected by these 

could be due the interplay of bee species, value chain practices such as storage containers 

and storage conditions (Tsagkaris et al. 2021; Miranda et al., 2023 ) can all impact the 

stability and concentration of alkaloids in honey. The total alkaloid content of Meliponula 

beccarii honey was higher than the values reported by Igbang et al. (2018)  study carried 

out in Biase, southern Nigeria. The total alkaloid content of Apis mellifera honey was 

lower than the values reported by Mahani et al. (2022) of honey from various provinces in 

Indonesia. This value is in line with the value reported by Adalina et al. (2020) that 

various types of honey monofloral (rubber honey, kapok honey, and mango honey) from 

A. mellifera bees originating from Java islands contain alkaloids.  Overall, the total 

alkaloid content of Meliponula beccarii was more preferable and less affected across the 

value chain than Apis mellifera.  

4.1.4. Beta Carotene Content 

Table 2 shows the result of the beta carotene content of Apis mellifera and Meliponula 

beccarii honey collected from the different value chains. The result showed that the beta 

carotene content of the sample honey is significantly affected by the bee species and the 

value chain. Significantly higher value of beta carotene content is recorded from 

Meliponula beccarii honey collected from farmer Gera whereas the lowest value is from 

Apis mellifera honey retailed at Jimma. The beta carotene content of the Apis mellifera 

honey ranged from 0.15 ± 0.02
 
to 0.65 ± 0.01 mg/100g,  whereas that of Meliponula 

beccarii honey ranged from 0.88 ± 0.17 to 5.59 ± 0.03 mg/100g.  

In this study variation of beta carotene was noted throughout the value chain and bee 

species. This could be due to bee species contributing to honey production and their 

foraging behavior and dietary preferences can influence the beta carotene of 

honey(Ahmed, 2015). The composition of carotenoids in honey is dependent on a value 

chain that includes processing methods, storage place, and storage duration (Bueno-Costa 

et al., 2016) which could be the cause of large ranges observed in the β-carotene values. 

The difference in total carotenoid content in honey is strongly influenced by the flower 

sources (Boussaid et al., 2018), who showed that honey from citrus flowers had the 

highest total carotenoid content (4.72 mg/100g) while the lowest content (1.16 mg/100g) 

was found in honey from rosemary flower.  Differences in seasons can impact the 
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carotenoid content. Specifically, the dry season and varied bee forage contribute to higher 

carotenoid levels(Mahmood et al., 2021). Meliponula beccarii honey has higher beta-

carotene contents than Apis mellifera honey, the darker the honey, the greater its 

antioxidant potential (Hunter et al., 2021). 

The range of values for the beta carotene reported here was in agreement with those 

previously found in Cuban honey from A. mellifera ( Alvarez-Suarez et al., 2010; 

Alvarez-Suarez et al., 2012; Alvarez-Suarez et al., 2018). The beta carotene content 

obtained in this study was higher than Indonesian honey from A. mellifera values reported 

by Satriadi et al. (2023). The beta carotene content of Meliponula beccarii honey is 

similar contents to those reported by Bueno-Costa et al. (2016) which obtained contents 

ranging between 0.56 and 6.19 mg/100g in honey samples from Brazil.  

Beta carotenoids in this study were in line with  (Alvarez-Suarez et al., 2010; Keng et al., 

2017) analyzed beta carotene content of Malaysian Stingless Kelulut honey and Cuban 

honey was 1.17-5.57 mg/100g and 1.55 - 3.09 mg/100g. Meanwhile, a study by Jimenez et 

al. (2016) on Scaptotrigona mexicana honey showed a very low total carotenoid content 

of 0.56 mg/100g was lower than the current study. Therefore, Meliponula beccarii honey 

samples from retailer Chira and farmer Gera showed significantly higher beta-carotene 

content compared to Apis mellifera honey. 

4.1.5. Vitamin C Content 

The vitamin C content of the honey sample was significantly affected by the bee species 

and value chain (Table 2). As influenced by the interaction of bee species and value chain, 

the vitamin C content of the honey sample ranges from 3.88 ± 0.25 to 42.09 ± 0.25 

mg/100g. Significantly higher value of vitamin C content is recorded from Meliponula 

beccarii honey collected from farmer Gera whereas the lowest value is from Apis mellifera 

honey retailed at Jimma.  

The Vitamin C content was found to exhibit significant differences among the bee species 

and different value chains. Vitamin C content in honey is significantly influenced by 

factors within the value chain, including the foraging environment, processing methods, 

and storage conditions (Machado et al., 2018). Vitamin C content variation is associated 

with the oxidation of ascorbic acids to dehydroascorbic acid, and then to diketogulonic, 
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and oxalic acids during storage (Burdurlu et al., 2006). This is most likely due to the 

processing and storage of honey samples along the value chain.  

Studies on honey samples collected from Northern Ethiopia have consistently 

reported similar vitamin C content, ranging from 23.74 ± 2.85 mg/100 g to 40.11 ± 3.39 

mg/100 g of honey(Yayinie et al., 2022). However, the results of the honey samples 

collected in different regions of Ethiopia were significantly higher than these research 

findings; it is from 72.7 ± 7.6 to 174.0 ± 9.0 mg /100 g honey (Sime et al., 2015). The 

vitamin C content of Meliponula beccarii honey were closer to or within the reported 

ranges of 0.34 – 75.9 mg/100g of different Spanish honey samples Combarros-Fuertes et 

al. (2019).  

The present finding is higher than the values reported by Alvarez-Suarez et al. (2018),  

8.84 mg/100g  from Cuban polifloral honey. The current finding is consistent with the 

finding of Satriadi et al. (2023) who reported that the Vitamin C content of Meliponula 

beccarii honey was 14.08 mg/100g. The vitamin C content of Apis mellifera honey is 

consistent with the finding of Bahar et al. (2022) 7.26 –19.69 mg/100g  honey from 

different origins in Turkey. Vitamin C (Ascorbic acid) is provided naturally in foods 

including honey (Le et al., 2011). Vitamin C is one of the antioxidants needed in the 

human body, it helps protect the body from the damaging effects of free radicals(Satriadi 

et al., 2023). Generally, Meliponula beccarii honey samples exhibited significantly higher 

Vitamin C content compared to Apis mellifera honey. 

4.2. Antioxidant Activities of Apis mellifera and Meliponula beccarii Honey 

Collected from Different Value Chain 

The antioxidant power of honey has been regarded as an eligible parameter that can be 

coupled with other measurements to evaluate the honey quality. Since a single technique 

cannot assess the antioxidant activity, distinct antioxidant tests (DPPH radical scavenging 

activity, DPPH by 50% (IC50), and ferric reducing antioxidant power (FRAP) were used to 

evaluate the antioxidant ability of Apis mellifera and Meliponula beccarii honey collected 

from different value chain in our study. Table 3 presents the antioxidant capacities of Apis 

mellifera and Meliponula beccarii honey collected from different value chains. The result 

showed that DPPH (2, 2-diphenyl-1- picrylhydrazyl), free radical scavenging activities), 

ferric reducing antioxidant power and concentration of honey solution required to mitigate 
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the initial concentration of DPPH by 50% (IC50) of the sample were significantly affected 

by the bee species and value chain of honey. 

4.2.1. DPPH (2, 2-Diphenyl-1- Picrylhydrazyl) Scavenging Activity 

Table 3 shows the result of DPPH (2, 2-diphenyl-1- picryl hydroxyl) scavenging activities 

of Apis mellifera and Meliponula beccarii honey collected from different value chains. 

The result showed that the DPPH scavenging activities of the sample honey is 

significantly affected by the bee species and value chain. Significantly higher value of 

DPPH scavenging activities is recorded from Meliponula beccarii honey collected from 

farmer Gera whereas the lowest value is from Apis mellifera honey retailed at Jimma. The 

DPPH scavenging activities of the Apis mellifera honey samples in this study ranged from 

14.71 ± 0.33 to 25.91 ± 0.26% whereas that Meliponula beccarii honey samples ranged 

from 26.84 ± 0.71 to 35.28 ± 0.53%. 

 In this study, the effect of bee species and value chain on DPPH scavenging activity was 

more noticeable. This could be due to the reduction in bioactive compounds over time, 

which may happen by the oxidation under favorable conditions(Can et al., 2015). The 

DPPH scavenging activity was developed by utilizing free radicals to assess the 

antioxidant activity of a compound (Shamsudin et al., 2019). It measures the scavenging 

capacity of antioxidants, with the reduction of odd electron nitrogen in DPPH by acquiring 

hydrogen atoms from antioxidants to the corresponding hydrazine (Kedare & Singh, 

2011). The DPPH radical scavenging effect can provide the overall hydrogen/electron 

donating activity of honey as well, like other dietary foods (Gül & Pehlivan, 2018). This is 

predicated on quantifying antioxidants' capacity to reduce DPPH radicals. 

The decreasing absorbance is also accompanied by a discoloration of the DPPH purple 

color (Alves et al., 2013).   Blasa et al. (2006) and Salonen et al. (2017) argued that light-

colored honey possessed lower antioxidant activity by comparison to darker-colored 

honey, although the differences between the free radical scavenging activities. Therefore 

DPPH is a free radical, which is stable at room temperature and produces a violet solution 

in alcohol. It is reduced in the presence of an antioxidant molecule(Pontis et al., 2014).  
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The DPPH% values (18.4 ± 1.6 to 58.9 ± 2.5%) reported by Sime et al. (2015) for 

Ethiopian honey are consistent with the findings of this study for Apis mellifera and 

Meliponula beccarii honey. In previous Ethiopian studies by  Hailu & Belay (2020) and 

Hawine (2020), DPPH% ranged from 41.75% to 45.94% and 37.93 ± 1.14% to 44.43 ± 

0.97%, which were higher than the values reported in this study. The range values for the 

DPPH scavenging activity percentages of Meliponula beccarii honey were in line with 

mono-floral honey types from Turkey and various botanical origins from Malaysia (Gül & 

Pehlivan, 2018; Shamsudin et al., 2022). The range of values for the DPPH scavenging 

activity percentages reported here was in agreement with those previously found in Cuban 

honey from Melipona beecheii (Alvarez-Suarez et al., 2018).  The values for the DPPH 

scavenging activity percentages of  Apis mellifera reported here were in agreement with 

the finding of those previously found in Cuban honey from Melipona beecheii honey 

(Alvarez-Suarez et al., 2018). The finding for Apis mellifera honey was closer to or within 

the reported ranges of the northeast region of Iran(Salehnezhad & Chermahini, 2019). 

Therefore, the DPPH scavenging activity of Apis mellifera and Meliponula beccarii honey 

samples varied significantly based on the bee species and value chain, with Meliponula 

beccarii honey exhibiting the highest antioxidant activity than Apis mellifera honey.
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            Table 3: Antioxidant activities of Apis mellifera and Meliponula beccarii honey 

Bee species  and  VChain   Parameters  

 

DPPH% IC50 FRAP 

Meliponula beccarii FG 35.28 ± 0.53
a
  9.27 ± 0.25

h  
      387 ± 0.09

a
  

 

GCLC 33.75 ± 0.71
a
 9.42 ± 0.09

g
 371 ± 0.01

b
 

 

RA 27.57 ± 0.77
b
  23.19 ± 1.41

f
  334 ± 0.01

d
 

 

RJ 26.84 ± 0.71
b
 29.49 ± 7.83

b
         283 ± 0.04

h
 

Apis mellifera FG 25.91 ± 0.26
bc

  24.71 ± 1.34
e
  338 ± 0.04

c
  

 

GCLC 24.38 ± 0.79
c
  26.11  ± 1.08

d
 299 ± 0.03

e
 

 

RA 22.07 ± 0.92
d
 28.76 ± 0.85

c
  298 ± 0.03

f
 

 

RJ 14.71  ± 0.33
e
 62.76 ± 5.08

a
 291 ± 0.01

g
 

Note; FG (Farmer Gera); GCLC (Gera Chira Local Collectors); RA (Retailer Agaro); RJ (Retailer Jimma); DPPH ((Free radical scavenging 

activity) 2,2-diphenyl-1- picrylhydrazyl (percentage)); FRAP (Ferric reducing antioxidant power  (µmol Fe2SO4 .7H2O/100 g honey)); 

IC50 (concentration of honey solution required to mitigate the initial concentration of DPPH by 50%( mg/ml)). Data are presented as 

Means ± SD; Mean values do not share the same letter/s across the same column with distinct superscript letters indicating a significant 

difference at p < 0.05. 
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4.2.2. Half Maximal Inhibitory Concentration 

The IC50 value of honey samples was significantly affected (p < 0.05) by the bee species 

and the value chain (Table 3). As influenced by the bee species and value chain, the IC50 

value ranges from 9.27 ± 0.25 to 62.76 ± 5.08 mg/ml. Significantly higher value of IC50 is 

recorded from Apis mellifera honey retailed at Jimma whereas the lowest value is from 

Meliponula beccarii honey collected from farmer Gera. The IC50 value of Apis mellifera 

honey ranged from 24.71 ± 1.34 to 62.76 ± 5.08 mg/ml whereas that of Meliponula 

beccarii honey samples ranged from 9.27 ± 0.25 to 29.49 ± 7.83 mg/ml. 

The results show that the IC50 of Meliponula beccarii honey samples was significantly 

lower than Apis mellifera honey. This indicates that Meliponula beccarii honey is a better 

free radical scavenger at lower concentrations as compared to Apis mellifera honey. The 

variations in the IC50 values of the honeys might be due to the differences in the phenolic 

contents and different types of phenolic compounds present (Idris et al., 2011), since each 

phenolic acid has different scavenging activity(Aljadi & Kamaruddin, 2004; Küçük et al., 

2007). Similarly, variation in the IC50 value of honey depends on intrinsic and extrinsic 

factors, including place of origin, bee species, season, and storage conditions along the 

value chain (Ak et al., 2021). IC50 is defined as the concentration of honey causing the 

decrease of initial DPPH concentration by 50% (Chis et al., 2016). It is the amount of 

antioxidants required to scavenge 50 % of the free radicals (Lewoyehu & Amare, 2019).  

A lower IC50 value in honey indicates a greater ability to neutralize free radicals and honey 

with a low value of IC50 has greater antioxidant activity than honey with a high value of 

IC50  (Pontis et al., 2014). Therefore, it is worth mentioning that the IC50 values in the 

DPPH assay are inversely proportional to the antioxidant capacities in honey 

samples(Alonso et al., 2002). 

The finding of Apis mellifera and Meliponula beccarii honey was lower than the report of 

Hailu & Belay, (2020) for other Ethiopian Schefflera abyssinica and polyfloral honey 

(134.60 ± 8.66 -152.84 ± 8.25 mg/ml). IC50 values Apis mellifera honey samples values 

are higher than those reported by Chis et al. (2016) for Romanian honeydew honey. The 

result of this study is lower than that reported by Krpan et al. (2009) and Lewoyehu & 

Amare, (2019)  for honey samples from selected districts of the Amhara and Tigray 

Regions, Ethiopia, and for honey samples from different locations across Croatia, 

respectively. This study's IC50 values for Apis mellifera honey align with, or are within 
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the range of, values reported for Brazilian Apis mellifera honey (Bastos et al., 2009). IC50 

values of Meliponula beccarii honey samples values are higher than those reported by 

Pontis et al. (2014) for Roraima State, Brazilian honey. This finding is in agreement with 

the report of Shamsudin et al. (2022) who reported that the IC50 value of Meliponula 

beccarii honey varied between 11.27 and 24.09 mg/ml value. Overall, Meliponula beccarii 

honey samples exhibited greater antioxidant activity based on their lower IC50 values 

compared to Apis mellifera honey samples. 

4.2.3. Ferric Reducing Antioxidant Power (FRAP) 

Table 3 shows the result of ferric reducing antioxidant power value of Apis mellifera and 

Meliponula beccarii honey collected from different value chains. The result showed that 

the FRAP value of the sampled honey is significantly affected (p < 0.05) by the bee 

species and the value chain. Significantly higher value of FRAP is recorded from 

Meliponula beccarii honey collected from Gera whereas the lowest value is from 

Meliponula beccarii honey retailed at Jimma. The FRAP value of the Apis mellifera honey 

ranged from 291 ± 0.01 to 338 ± 0.04 µmol Fe2SO4 .7H2O/100 g. The FRAP value of the 

Meliponula beccarii honey samples in this study ranged from 283 ± 0.04 to 387 ± 0.09 

µmol Fe2SO4 .7H2O/100 g. 

It was discovered that the FRAP value varied significantly between the different value 

chains and bee species. The quantity of the components responsible for the FRAP value of 

honey varies widely according to the floral and geographical origin of honey (Gheldof & 

Engeseth, 2002). Processing, handling, and storage of honey at the value chain affect the 

antioxidant activity of honey only to a minor degree (Turkmen et al., 2006). To assess 

phenolic compounds' antioxidant capacity to convert ferric ions (Fe3+) into ferrous ions 

(Fe2+), the ferric reducing antioxidant power (FRAP) analysis was carried out (Shamsudin 

et al., 2022). FRAP is based on bioactive compounds' ability to reduce yellow ferric 

tripyridyl triazine complex (Fe3þ-TPTZ) to blue ferrous complex (Fe2þ-TPTZ) in the 

presence of electron donors (Da Silva et al., 2023). FRAP is a simple, direct test widely 

used for the determination of antioxidant activity in many different substances, including 

honey ( Taormina et al., 2001; Aljadi & Kamaruddin, 2004; Beretta et al., 2005; Blasa et 

al., 2006). It gives a direct estimation of the antioxidants or reductants present in a sample 

based on its ability to reduce the ferric to ferrous (Fe3+/Fe2+) couple.         
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The FRAP value of Apis mellifera honey samples was closer to or within the reported 

ranges of Ethiopian mono-floral honey (Adgaba et al., 2020) and Malaysian honey 

(Moniruzzaman et al., 2013) reported 225.4 – 465.7 FRAP (µmol Fe(II)/100 g) and 452.79 

µmol Fe(II)/100 g of honey, respectively. These values are higher than those reported by 

Galhardo et al. (2021) and Shamsudin et al. (2022) for Brazilian honey and Malaysian 

honey respectively.  The FRAP value of Meliponula beccarii honey is higher than those 

reported by Shamsudin et al. (2022) and Chua et al. (2013) for Malaysian honey. The 

FRAP values obtained in this study for Meliponula beccarii honey were closer to or within 

the reported ranges of raw Malaysian stingless bee honey (Nuratiqah et al., 2020), who 

reported FRAP value of the four honey samples ranged from 385.97 to 624.72 µmol Fe/L 

Fe(II). 

FRAP values in the honey samples analyzed could be attributed to the different amounts 

and types of phenolic compounds (Moniruzzaman et al., 2013) presented in the honey 

samples as the samples used in this study belonged to different bee species and different 

value chains. Therefore, honey from different bee types and value chains possesses 

distinct antioxidant activity (Carina et al., 2017). Generally, the FRAP values of Apis 

mellifera and Meliponula beccarii honey varied significantly based on bee species and 

value chain, with Meliponula beccarii showing higher FRAP values compared to Apis 

mellifera honey. 

4.3. Antibacterial Activities of Apis mellifera and Meliponula beccarii Honey 

Collected from Different Value Chain 

The in vitro antibacterial activities of Apis mellifera and Meliponula beccarii honey 

samples collected from different value chains are presented in Table 4. The findings 

revealed that bee species and its source along the value chain had a significant impact on 

the in vitro antibacterial activity. Honey samples exhibited antibacterial capacity against 

gram-positive and gram-negative bacteria strains.  

4.3.1. Agar Well Diffusion Assay 

The in vitro antibacterial activity of honey samples was significantly affected by the 

interaction of bee species and the value chain (Table 4). As influenced by bee species and 

value chain, the in vitro antibacterial activity of honey sample by well diffusion method 

ranges from 3.00 ± 3.00 to 27.67 ± 1.53 mm and from 3.00  ± 2.00 to 26.00 ± 2.65 mm by 
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100% honey concentration against E.coli and S. aureus respectively. Significantly higher 

inhibition zone in diameter is recorded from Meliponula beccarii honey retailed at Gera 

from farmer whereas the lowest value is from Apis mellifera honey retailed at Jimma by 

100% honey concentration against E.coli and S. aureus respectively.  No antibacterial 

activities were observed from Apis mellifera honey retailed at Jimma against E.coli and S. 

aureus.  

The mean inhibition zone of Meliponula beccarii and Apis mellifera honey samples 

decreases along the value chain against E.coli and S. aureus bacteria. Honey's antibacterial 

power weakens as it travels through the processing and storage chain due to dilution, heat, 

filtration, improper storage, and potentially being blended with honey of varying potency. 

In short, the value chain can diminish honey's natural antibacterial properties.  However, 

honey samples from Meliponula beccarii had stronger antibacterial activity than honey 

samples from Apis mellifera against the tested pathogenic bacteria. The lack of 

antibacterial properties shown by the Apis mellifera honey may be influenced by the 

processing or storage conditions of this honey (Julika et al., 2022). Honey antibacterial 

activity is also associated with bioactive contents and antioxidant activities, as much as 

multiple compounds originated from the nectar of plants, pollen, propolis, and from the 

bee species itself (Salonen et al., 2017).  
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Table 4:  Mean Inhibition zone of Apis mellifera and Meliponula beccarii honey 

Note; FG ( Farmer Geera);  GCLC (Gera Chira Local Collectors); RA (Retailer Agaro); RJ( Retailer Jimma); E. coli (Escherichia coli); S. 

aureus   (Staphylococcus aureus); Data are presented as Means ± SD; Mean values do not share the same letter/s across same column with 

distinct superscript letters indicate a significant difference at p < 0.05. 

 

Bee spec. & VChain  Inhibition zones in mm 

 

Bacteria and concentration of honey  

E.coli S. aureus 

 

100% 75% 50% 100% 75% 50% 

Meliponula beccarii 

 

 

 

FG 27.67 ± 1.53
a
 24.00 ± 3.00

a
 20.00 ± 2.65

a
  26.00 ± 2.65

a
 19.67 ± 4.16

a
 17.00 ± 3.60

a
  

GCLC 24.67 ± 2.52
b
 23.00 ± 3.00

b
 18.67 ± 5.51

b
 22.33 ±  4.51

b
 19.33 ± 3.21

a
  15.33 ± 3.05

b
 

RA 24.33 ± 1.52
c
 20.67 ± 0.57

c
 17.00 ± 1.00

c
 22.00   ± 3.61

b
 18.67 ± 2.52

b
 13.33 ± 4.16

c
 

RJ 6.33 ± 1.57
g
 4.00 ± 3.00

g
 2.67  ± 2.52

g
 5.67 ± 2.08

c
 2.67 ± 2.08

c
 0.67 ± 1.15

d
 

Apis mellifera 

FG 15.33 ± 3.51
d
  12.00  ± 2.65

d
  9.33  ± 2.52

d
  5.26 ± 2.00

c
 1.67  ± 1.53

d
 0.56  ± 0.57

d 
 

GCLC 12.67 ± 4.51
e
  10.00 ± 4.58

e
 7.33 ± 4.16

e
 5.00  ± 2.00

c
  1.00 ± 1.73

d
 0.33 ± 0.45

d
 

RA 10.33 ± 3.05
f
 9.00 ± 1.00

f
 7.00  ± 1.00

f
 3.67  ± 1.53

d
 1.00 ± 1.73

d
 0.00 ± 0.00

d
 

RJ 3.00 ± 3.00
h
 1.67 ± 2.88

h
 0.00 ± 0.00

h
 3.00  ± 2.00

d
 1.00  ± 1.00

d
 0.00  ± 0.00

d
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The mean inhibition zone from both types of honey samples in this study was less than the 

result reported by Yalemwork et al. (2013) and Boateng & Diunase, (2015) by 100% 

honey concentration using agar well diffusion method.  A study on Cameroonian A. 

mellifera market honey samples against S. aureus and E.coli showed a relatively higher 

diameter of inhibition at 75% honey concentration Boateng & Diunase,  (2015) compared 

to the result obtained in this study. Alvarez-Suarez et al. (2010) also reported that honey 

samples from stingless bees (M. beecheii) had a higher antimicrobial effect compared to 

honey samples of the sting bees (A. mellifera).  

Gram-negative bacteria (E.coli) were found to be sensitive to the honey samples compared 

to the gram-positive bacteria (S. aureus) (Alvarez-Suarez et al., 2010; Valdés-Silverio et 

al., 2018). Gram-negative bacteria were more susceptible to the antibacterial action than 

gram-positive ones. Honey's various components, like hydrogen peroxide and 

methylglyoxal, might have easier access to disrupt the membranes of gram-negative 

bacteria due to their simpler structure (Follo et al., 2013).  Honey can disrupt bacterial 

membranes, inhibit protein synthesis, and even generate reactive oxygen species that 

damage bacterial cells(Nolan et al., 2019). Gram-positive bacteria have a thick 

peptidoglycan wall, allowing a greater tolerance to high osmotic pressure (Pillet et al., 

2016).In line with Nishio et al. (2016), this study using an agar well diffusion assay found 

Meliponula beccarii honey to be more effective against gram-negative bacteria compared 

to gram-positive bacteria. 

Higher antimicrobial activities of stingless bee honey from apiaries of Trinidad and 

Tobago against both gram-negative and gram-positive bacteria compared to honey from 

Apis mellifera (Brown et al., 2020; Ng et al., 2020; Domingos et al., 2021).  In a study by 

Ng et al. (2020) on the antibacterial activity of honeydew honey of a stingless bee, It was 

discovered that E. Coli was more vulnerable than S. aureus. In a comparable manner, 

Domingos et al. (2021) reported the strong antibacterial activity of stingless bee honey 

from the Amazon against a range of common gram-positive and gram-negative bacteria.  

Besides, the honey sources, honey bee species, concentration of honey samples, and 

geographical areas from where the samples were collected could also bring about 

disparities in the results (Ofijan, 2023).  Variations in the chemical makeup of the various 

bee species may result in variations in their antibacterial properties. The main components 

of honey that have antimicrobial activities are H2O2 and acids which are toxic to bacteria, 
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and their amount depends on the presence of glucose oxidase enzyme  (Brudzynski, 2006; 

Naama, 2009). Honey contains a high concentration of this enzyme, bacteria cannot 

respond normally to proliferative signals, and their growth remains arrested even when the 

honey is used in diluted forms (Brudzynski et al., 2011). The peroxide group like H2O2 

reacts with cell components such as cell walls and DNA inducing oxidative stress 

(Alzahrani et al., 2012; Brudzynski et al., 2012). However, when a honey sample is heated 

or exposed to sunlight during processing, purification, or storage, its enzymatic activity is 

rendered inactive (Ofijan et al., 2022). Therefore, Meliponula beccarii honey had stronger 

antibacterial activity than Apis mellifera honey, likely due to differences in bee species 

and value chain (due to factors like storage and dilution) that affect the honey's bioactive 

content.  

4.3.2. Minimum Inhibition Concentration  

Table 5 shows the result of the minimum inhibitory concentration of Apis mellifera and 

Meliponula beccarii honey collected from different value chains. Honey samples from 

Meliponula beccarii had shown relatively lower minimum inhibitory concentration against 

both the tested bacteria compared to Apis mellifera honey samples.  The study revealed 

that both the Meliponula beccarii and Apis mellifera (farmers Gera, retailers Gera Chira, 

and retailers Agaro) honey demonstrated inhibitory activity against E. coli, at least in the 

concentration of 50%. Retailers Jimma samples of honey from Apis mellifera have no 

minimum inhibitory concentration against gram-positive (S. aureus) and gram-negative 

(E. coli) bacteria. The Meliponula beccarii honey demonstrated inhibitory activity against 

S. aureus at least in the concentration of 50% compared to Apis mellifera honey.  Based on 

a visual observation before incubation, the solution was clear because no bacterial growth 

occurred. After incubation, the solution was observed to be both clear and clouded. A 

straightforward solution shows inhibitory ability against bacterial growth. Hence, a 

clouded solution could not inhibit the growth of the test bacteria. 

The differences in the MIC between the two types of honey were attributed to the 

bioactive compounds contained in the honey (Suhartatik et al., 2023).  There are variations 

in the chemical components of honey due to both internal and external influences; for 

instance, the soil condition and geographical location may influence the bioactive content 

(Shugaba, 2012). Thus, the less effective antibacterial activities of Apis mellifera honey 
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samples in this study might be due to adulteration and exposure to light (Ofijan et al., 

2022).  

Yalemwork et al. (2013) showed that stingless bee tazma honey was more effective 

against certain bacteria than Apis mellifera white Tigray honey. Specifically, their tazma 

honey inhibited the growth of Staphylococcus aureus and Escherichia coli at 

concentrations of 50%. The findings of this study were in agreement with other studies 

that showed honey exhibited a greater inhibitory effect on E. coli with a larger inhibition 

zone and lower MIC than S. aureus (Naama, 2009; Tuksitha et al., 2018).  This finding is 

in line with the findings by Suhartatik et al. (2023) which stated that honey from the Apis 

mellifera (wildflowers) and the Apis mellifera (kapok flowers) honey demonstrated 

inhibitory activity against E. coli, Salmonella typhi, and S. aureus at least in the 

concentration of 50%, the Apis dorsata honey demonstrated inhibitory activity against E. 

coli and Salmonella typhi. Generally, this study found that Meliponula beccarii honey is 

more effective against bacteria than Apis mellifera honey by inhibiting at lowest 

concentration, likely due to differences in bioactive compounds caused by factors like bee 

species and value chain. 
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                  Table 5: Minimum Inhibition Concentration of Apis mellifera and Meliponula beccarii honey 

Bee spec. and  VChain   Bacteria and Concentration of Honey 

   

  

E.coli S. aureus 

 

  

100% 

 

75% 

 

50% 

 

100% 

 

75% 

 

50% 

 

Meliponula beccarii FG _ _ _ _ _ _ 

 

GCLC _ _ _ _ _ _ 

 

RA _ _ _ _ _ _ 

     RJ _ + + + + + 

Apis mellifera FG _ _ _ + + + 

 

GCLC _ _ _ + + + 

 

RA _ _ _ + + + 

 

RJ + + + + + + 

              FG (Farmer Geera); GCLC (Gera Chira Local Collectors); RA (Retailer Agaro); RJ (Retailer Jimma); Positive (+): Turbidity 

indicating growth; Negative (–): No turbidity indicating absence of growth 
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4.3.3. Minimum Bactericidal Concentration  

The observed differences in Minimum Bactericidal Concentration (MBC) between 

Meliponula beccarii and Apis mellifera honey highlight the variation in potency depending 

on the bee species and potentially the value chain of the honey (Table 6). Honey samples 

from Meliponula beccarii had the lowest minimum bactericidal concentration against most 

of the test bacteria compared to the Apis mellifera honey samples. Minimum bactericidal 

concentration is the lowest concentration of honey that kills bacteria. The lower MBC 

value indicates that the lower concentration of honey is required to kill gram-negative 

(E.coli) and gram-positive bacteria (S. aureus). Both E. coli and S. aureus were the most 

susceptible to Meliponula beccarii honey samples at the lowest concentration of honey 

except honey from retailer Jimma Meliponula beccarii honey demonstrated a lower MBC 

(more potent) against both E. coli and S. aureus compared to Apis mellifera honey, which 

only showed activity against E. coli and at a higher concentration (100%).    

This aligns with previous studies by Yalemwork et al. (2013) and Nwankwo et al. (2014) 

who reported even lower MBCs for both bacteria strains. However, it's important to 

consider that these studies might have involved different honey sources or processing 

methods, potentially affecting the final potency. Overall, Meliponula beccarii honey was 

more potent against bacteria (lower MBC) than Apis mellifera honey, possibly due to bee 

species or value chain. 
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                         Table 6:  MBC of Apis mellifera and Meliponula beccarii honey 

Bee species  and  VChain   Bacteria and concentration of honey 

   

  

E.coli S. aureus 

  

100% 75% 50% 100% 75% 50% 

Meliponula beccarii FG _ _ _ _ _ _ 

 

GCLC _ _ _ _ _ _ 

 

RA 
_ _ _ _ _ _ 

     
RJ _ + + + + + 

Apis mellifera 
FG _ _ _ + + + 

 

GCLC _ _ _ + + + 

 

RA _ _ _ + + + 

 

RJ + + + + + + 

       Note: FG (Farmer Geera); GCLC (Gera Chira Local Collectors); RA (Retailer Agaro); RJ (Retailer Jimma); Positive (+): Indicating 

growth; Negative (–): Indicating absence of growth 
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4.4. Correlation between Bioactive Components, Antioxidant Activities, and 

Antibacterial Activities 

The correlation results between bioactive components, antioxidants, and antibacterial 

activities calculated for honey samples collected from different value chains are shown in 

Table 7. In a study by Ratner (2009), correlations closer to 1 (positive or negative) indicate 

strong relationships. In these cases, one parameter tends to move in the same direction 

(positive) or opposite direction (negative) as the other parameter with high consistency. This 

suggests a potentially powerful underlying connection between them. Moderate correlations 

(around 0.3 to 0.7) show a noticeable trend, but the link is weaker. Other factors might be 

influencing the parameters alongside their connection. Weak correlations (around 0.1 to 0.3) 

suggest minimal or unclear relationships. Finally, a correlation of 0 indicates no linear 

association between the two parameters. Changes in one do not seem to predict changes in 

the other in a linear way. 

There is a strong positive correlation (p < 0.05) (r = 0.951) between total phenolic content 

(TPC) and total flavonoid content (TFC). This suggests that honey rich in phenolic, measured 

by TPC, also tends to be high in flavonoids, measured by TFC (Rom et al., 2022). The high 

correlation value and likely very low P-value (based on the correlation) further support this 

strong correlation. In essence, honey with abundant TPC likely has high TFC as well, as both 

measures indicate the presence of these beneficial phenolic compounds which contribute to 

the antioxidant properties of honey(Suleiman et al., 2020). 

Similarly, there is strong a correlation between Vitamin C and TPC: r = 0.941, DPPH%: r = 

0.902 at (p < 0.05). This suggests that honey with high vitamin C content tends to be richer in 

other antioxidants and exhibit greater antibacterial activity(Czernicka et al., 2024). While the 

correlations between Vitamin C and FRAP (r = 0.551(p < 0.05)) and inhibition of S. aureus at 

various concentrations (S. aureus 100%: r = 0.875, S. aureus 75%: r = 0.828, S. aureus 50%: 

r = 0.862) are positive, they are weaker compared to the correlations observed with other 

parameters like TPC (r = 0.941) and DPPH% (r = 0.902). The lower correlation with FRAP 

suggests that other antioxidant compounds might play a more significant role in the specific 

type of antioxidant activity it measures. Similarly, the positive correlations with S. aureus 

inhibition indicate a potential influence of Vitamin C on this antibacterial effect, but other 

factors likely contribute as well, given the moderate strength of the relationships(Otmani et 

al., 2021).  
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Table 7: Correlation Matrix between Bioactive Contents, Antioxidant Capacity, and In Vitro Antibacterial Activities 

Parameters    TPC TFC TAC Beta Vit- C   DPPH %  IC50 FRAP E.coli100 E.coli75   E.coli50  S.aur100   S.aur 75  

TFC 0.951                 

TAC -0.582 -0.561               

Beta-Car 0.911 0.840 -0.496             

Vitamin C 0.941 0.895 -0.594 0.982           

DPPH % 0.914 0.856 -0.742 0.838 0.902         

IC50 -0.774 -0.683 0.806 -0.654 -0.736 -0.926       

FRAP 0.447 0.533 -0.694 0.432 0.551    0.598 -0.516     

E.coli100% 0.811 0.729 -0.639 0.811 0.843 0.904 -0.793 0.583   

E.coli 75% 0.823 0.749 -0.632 0.795 0.828 0.895 -0.787 0.571     0.988 

E. coli 50% 0.811 0.733 -0.636 0.789 0.820 0.882 -0.785 0.555     0.970 0.981       

S. aur 100% 0.871 0.758 -0.451 0.882 0.875 0.839 -0.673 0.416     0.923 0.921 0.916     

S. aur 75 % 0.853 0.729 -0.422 0.840 0.828 0.804 -0.644 0.372     0.899 0.909 0.902 0.983   

S. aur 50  % 0.878 0.780 -0.447 0.870 0.862 0.828 -0.652 0.421     0.894 0.903 0.895 0.986 0.983 

Where: TPC (total phenolic content); TFC (total flavonoid); Vit –C (vitamin C);  Beta-car, (beta carotene content) ; DPPH (2, 2-diphenyl -1- 

picryhdrazyl) ; IC50, (half maximal inhibitory concentration);  FRAP (Ferric reducing antioxidant power); Saur(Staphylococcus aureus); 

E.coli (Escherichia coli)
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There is also a strong positive correlation between E. coli and S. aureus inhibition. These 

high correlation coefficients (S. aureus 100% and E.coli 100%: r = 0.923 (p < 0.05)) 

suggest that honey effective against E. coli at higher concentrations (E.coli 100%) is likely 

also effective against S. aureus at higher concentrations (S. aureus 100%). This strong 

positive correlation, along with likely very low P-values (based on the correlation values), 

indicates that these honey might possess broad-spectrum antibacterial activity, meaning 

they can inhibit a wide range of bacteria(Kačániová et al., 2022). 

A strong negative correlation between IC50 and most other parameters (except FRAP), 

indicates an inverse relationship. This means lower IC50 values (which signify higher 

antioxidant activity) tend to be associated with higher values of other antioxidant 

parameters (DPPH%, TAC). The strength of this inverse relationship is evident from the 

strong negative correlation coefficients (mostly below -0.7). A strong negative correlation 

exists between IC50 and DPPH% (r = -0.926).  This implies that these honey possess 

strong free radical scavenging activity (measured by DPPH %) and require less 

concentration to achieve it (reflected by the lower IC50 value), indicating their overall 

high antioxidant potential. The correlations between FRAP and most other parameters are 

generally weaker, with no values exceeding r = 0.7 (considered a strong positive 

correlation). This suggests that FRAP might be measuring a distinct aspect of antioxidant 

activity in honey. Different antioxidant assays target various mechanisms of free radical 

scavenging. FRAP could be more sensitive to specific types of free radicals or pathways 

not as effectively captured by DPPH% or TAC(Cianciosi et al., 2018). 

This research found a strong positive correlation between total phenols (TPC) and total 

flavonoids (TFC), similar to a previous study on Sicilian (Italy)  monofloral honey 

(Attanzio et al., 2016) which reported a correlation coefficient of (r = 0.919).  

The research finding is higher than the study of (Albu et al., 2022) who reported a strong 

correlation between total phenol content and total flavonoid content (r =0.76) of Romanian 

monofloral honey. The research findings were in agreement with Beretta et al. (2005) 

report, which highlighted a strong correlation between total phenol content and total 

antioxidant activity (rPC/FRAP = 0.885). A strong correlation between Vitamin C and 

TPC, DPPH in this study is higher than reported by (Alexandra et al., 2021). The strong 

negative correlation between IC50 and DPPH% in this study is lower than that of 

(Gorjanović et al., 2013). Strong correlation results between bioactive components, 
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antioxidants, and antibacterial activities of honey samples findings in this study are 

comparable with other studies, including those by (Alvarez-Suarez et al., 2010; Boussaid 

et al., 2018; Gül & Pehlivan, 2018; Zapata-Vahos et al., 2023).  
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5. CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

The results of the current study indicated that the Meliponula beccarii honey had higher 

total phenolic, total flavonoid, vitamin C, and beta-carotene content and also showed 

higher percent DPPH scavenging activity and ferric-reducing antioxidant power than Apis 

mellifera honey. However, Apis mellifera honey had higher alkaloid content. Meliponula 

beccarii honey showed higher antibacterial activity against Escherichia coli and 

Staphylococcus aureus based on their inhibition zones in diameter. But, Apis mellifera 

honey only showed antibacterial activity against Escherichia coli. These indicated that the 

honey value chain (honey producers, collectors, and sellers) and bee species affected the 

antibacterial activities of honey. Therefore, it can be concluded that bee species and value 

chain affected the bioactive components, antioxidant activity, and antibacterial activity of 

the honey. 

5.2. Recommendations 

Based on the finding, the following points were recommended 

 Antimicrobial assays need to work on extracts of bioactive compounds. 

 Further research using rodent and human models is important to further verify the 

honeys  

 The limitation of this study in describing samples based on floral origin, which is a 

major factor in honey, and is a state-of-the-art description of honey 

 Implement quality control measures and standards along the honey value chain to 

ensure consistent levels of bioactive components and antioxidant activities in 

honey products.  
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APPENDICES 

1. ANOVA tables of bioactive constituents of honey samples (1A-E) 

A) Analysis of Variance for total phenolic content 

 

B) Analysis of Variance for  total flavonoid content 

 

Source DF Adj SS Adj MS F-Value P-Value 

 Bee Spec 1 11973.9 11973.9 75100.03 0.000 

 VChain of honey 3 13183.8 4394.6 27562.97 0.000 

 Bee Spec * VChain  3 15193.3 5064.4 31764.21 0.000 

Error 16 2.6 0.2     

Total 23 40353.6       

 

C) Analysis of Variance for  alkaloid content 

 

 

 

 

Source DF Adj SS Adj MS F-Value P-Value 

  Bee Spec 1 9663.9 9663.87 8715.33 0.000 

 VChain of honey 3 4218.9 1406.30 1268.27 0.000 

Bee Spec * VChain  3 3141.2 1047.05 944.28 0.000 

Error 16 17.7 1.11     

Total 23 17041.7       

Source DF      Adj SS Adj MS F-Value P-Value 

Bee Spec 1      11.207 11.2067 25.47 0.000 

VChain of honey 3       35.807 11.9356 27.13 0.000 

   Bee Spec * VChain  3      105.460 35.1533 79.89 0.000 

Error 16        7.040  0.4400     

Total 23      159.513       
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D) Analysis of Variance for  vitamin C content 

 

E) Analysis of Variance for  beta carotene 

 

2. ANOVA tables of the total antioxidant capacity of the honey sample as measured 

by assay (2A-C) 

A) Analysis of Variance for DPPH scavenging activity 

 

 

 

 

Source DF Adj SS Adj MS F-Value P-Value 

   Bee Spec 1 4504587 4504587 2697.69 0.000 

  VChain of honey 3 10447931 3482644 2085.67                 0.000 

  Bee Spec * VChain   3 36937935 12312645 7373.75 0.000 

Error 16 26717 1670      

Total 23 51917169       

Source DF Adj SS Adj MS F-Value P-Value 

Bee Spec 1 36.5136 36.5136 6347.78 0.000 

 VChain  of honey 3 21.2852 7.0951 1233.45 0.000 

 Bee Spec * VChain 3 14.3113 4.7704 829.33 0.000 

Error 16 0.0920 0.0058     

Total 23 72.2021       

Source DF Adj SS Adj MS F-Value P-Value 

 Bee Spec 1 496.172 496.172 1121.48 0.000 

 VChain of honey 3 337.081 112.360 253.96 0.000 

 Bee Spec * VChain  3 49.795 16.598 37.52 0.000 

Error 16 7.079 0.442     

Total 23 890.127       
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B) Analysis of Variance for IC50 Value 

Source DF Adj SS Adj MS F-Value P-Value 

 Bee Spec 1 1888.5 1888.51 158.72 0.000 

 VChain of honey 3 3144.8 1048.25 88.10 0.000 

 Bee Spec * VChain  3 761.3 253.75 21.33 0.000 

Error 16 190.4 11.90     

Total 23 5984.9       

C) Analysis of Variance for FRAP 

  

3. ANOVA tables of In vitro antimicrobial activities of honey (Agar well diffusion 

assay) against  S. Aureus and E. coli bacteria(3A-F) 

A) Analysis of Variance for Zones of Inhibition against S. Aureus with 100% 

concentration of honey  

 

 

Source DF Adj SS Adj MS F-Value P-Value 

   Bee Spec 1 0.000839 0.000839 1.93 0.183 

   VChain  of honey 3 0.005894 0.001965 4.53 0.018 

   Bee Spec * VChain   3 0.058959 0.019653 45.28 0.000 

Error 16 0.006944 0.000434     

Total 23 0.072637       

Source DF Type III SS Mean Square F Value Pr > F 

Repl 2 97.583333 48.791667 33.46 <.0001 

Bee Spec 1 1320.166667 1320.166667 905.26 <.0001 

VChain 3 408.166667 136.055556 93.30 <.0001 

Bee Spec * VChain 3 341.500000 113.833333 78.06 <.0001 
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B) Analysis of Variance for zones of inhibition against S. Aureus with 75% 

concentration of honey  

 

C) Analysis of Variance for zones of inhibition against S. Aureus with 50% 

concentration of honey  

 

D) Analysis of Variance for zones of inhibition against E. coli with 100% 

concentration of honey  

 

 

Source DF Type III SS Mean Square F Value Pr > F 

Repl 2 73.000000 36.500000 22.88 <.0001 

Bee Spec 1 1162.041667 1162.041667 728.44 <.0001 

VChain 3 318.791667 106.263889 66.61 <.0001 

Bee Spec * VChain 3 300.458333 100.152778 62.78 <.0001 

Source DF Type III SS Mean Square F Value Pr > F 

Repl 2 40.7500000 20.3750000 6.70 0.0091 

Bee Spec 1 782.0416667 782.0416667 257.11 <.0001 

VChain 3 257.7916667 85.9305556 28.25 <.0001 

Bee Spec * VChain 3 239.4583333 79.8194444 26.24 <.0001 

Source DF Type III SS Mean Square F Value Pr > F 

Repl 2 110.3333333 55.1666667 42.13 <.0001 

Bee Spec 1 651.0416667 651.0416667 497.16 <.0001 

VChain 3 298.1250000 99.3750000 75.89 <.0001 

Bee Spec * VChain 3 806.1250000 268.7083333 205.20 <.0001 
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E) Analysis of Variance for zones of inhibition against E. coli with 75% 

concentration of honey  

Source DF Type III SS Mean Square F Value Pr > F 

Repl 2 98.5833333 49.2916667 22.44 <.0001 

Bee Spec 1 570.3750000 570.3750000 259.68 <.0001 

VChain 3 268.7916667 89.5972222 40.79 <.0001 

Bee Spec * VChain 3 706.4583333 235.4861111 107.21 <.0001 

 

F) Analysis of Variance for zones of inhibition against E. coli with 50% 

concentration of honey  

Source DF Type III SS Mean Square F Value Pr > F 

Repl 2 75.2500000 37.6250000 8.31 0.0042 

Bee Spec 1 450.6666667 450.6666667 99.49 <.0001 

VChain 3 172.5000000 57.5000000 12.69 0.0003 

Bee Spec * VChain 3 558.6666667 186.2222222 41.11 <.0001 
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1. Figures of standards of bioactive constituents,  correlation of bioactive 

constituents, and antioxidant activities of honey samples (1A-C) 

A)  A standard curve of Gallic acid 
 

 
 

 

B) A standard curve of Catechin 
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C) A standard curve of Beta carotene 
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2.  Some photos taken during the laboratory analysis 
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A, preparation of honey for further analysis; B, alkaloid content of honey; C and D, 2, 2-

diphenyl -1- picryhdrazyl solution preparation and mixing with extract of honey sample; 

E, F, and G, during spectrophotometer reading of honey parameters; H and I,  doing 

titration for vitamin C determination and J, K, L, M and N during  antibacterial 

determination. 
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