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Abstract 

The health promoting characteristics of honey are mainly due to the presence of multiple metabolites 

including vitamins and essential minerals besides enzymes and co-enzymes. Honey is a valuable supplement 

for a healthy population as its benefits include “antioxidant”, “anti-inflammatory” and “antimicrobial” 

activities. The nutritional value of honey depends on the floral source of nectar, types of bees and geographical 

and climatic conditions of the environment. In the present investigation, three unifloral honeys from three 

different floral sources i.e. Helianthus (Sunflower), Citrus sinensis (Orange), and Punica granatum 

(Pomegranate) were investigated to ascertained for the potential inhibitory effect in vitro on key enzyme linked 

to type-2 diabetes (α - glucosidase) in order to provide some possible mechanism by which it can be used in the 

management of the disease. The IC50 values of all the honeys analysed were in range from 308.780 to 767 

(µg/ml). From the obtained IC50 values for different honeys it was clear that Citrus sinensis honey had the least 

IC50 value of 308.780 (µg/ml) followed by Punica granatum honey (485.714 µg/ml). The highest IC50 value 

was noticed in Helianthus honey of 767 (µg/ml).  
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Introduction: 

 

Honey is a sweet viscous natural substance made by honey bees using the nectar part of the flowers. 

Honey contains amino acids, vitamin B, Vitamin B6, Vitamin C, niacin, folic acid, minerals, iron, zinc and 

antioxidants [1]. The health promoting characteristics of honey are mainly due to the presence of multiple 

metabolites including vitamins and essential minerals besides enzymes and co-enzymes. In principle, honey is a 

valuable supplement for a healthy population [2]. Among honey benefits are its anti-inflammatory [3], anti- 

oxidant [4] and anti-microbial effects [5]. Further-more, several studies have shown that honey produced an 

attenuated postprandial glycemic response when compared with sucrose in both patients with diabetes and 

normal subjects [6]. Honey administration was found to increase serum levels of insulin while it reduced serum 

concentrations of glucose and fructosamine in diabetic rats [7]. Honey, might be beneficial as an adjunct to 

anti-diabetic drugs in the treatment of diabetic patients [8]. 

Diabetes mellitus remains an incurable disorder which is associated with poor quality of life, 

cardiovascular complications and increased mortality [9]. Diabetes mellitus is characterized by abnormal 

elevated postprandial blood glucose levels. In treatment of type 2 diabetes, suppression of postprandial 

hyperglycemia can decrease the risk of various complications. Hence, control of postprandial hyperglycemia 

should be a primary goal in the prevention and management of type 2 diabetes. A sudden rise in blood glucose 

levels, causing hyperglycemia in type 2 diabetes patients happens due to hydrolysis of starch by pancreatic α-

amylase and uptake of glucose by intestinal α-glucosidases [10]. Alpha-glucosidases are a series of enzymes, 

including sucrase and maltase, located in the brush-border surface of intestinal cell, which catalyze the final 

step in the digestive process of carbohydrates to release absorbable monosaccharides resulting in increased 

blood glucose levels [11]. If α-glucosidases are inhibited, the liberation of D-glucose from dietary complex 

carbohydrates can be retarded. Thus, α-glucosidase inhibitors delay the digestion and absorption of 

carbohydrates and hold back postprandial hyperglycemia. At present, some α-glucosidase inhibitors, such as 
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acarbose, miglitol, and voglibose, have been approved for clinical use in the management of type 2 diabetes. 

However, some synthetic α-glucosidase inhibitors have side-effects, such as flatulence, diarrhea, and abdominal 

cramping, all of which are associated with incomplete carbohydrate absorption [12]. As a result, many 

researchers have focused on novel α-glucosidase inhibitors from natural materials, which are used to develop 

functional foods or lead compounds for antidiabetic treatment including Syagrus romanzoffiana, Adhatoda 

vasica Nees, and Syzygium cumini (Linn.) seed kernel [13]. There has been an enormous interest in the 

development of alternative plant and animal based medicines for type 2 diabetes. The alternative approach to 

diabetes therapy includes the use of herbal preparations, dietary components or supplements and other natural 

products such as honey [14]. In the last few years, there has been an increased interest in the therapeutic uses of 

honey. 

Hence, the goal of the present study is to investigate the potential inhibitory effect of honey in vitro on 

key enzyme linked to type-2 diabetes (α - glucosidase) in order to provide some possible mechanism by which 

it can be used in the management of type-2 diabetes. 

Materials and Method: 

Sample collection 

A total of three unifloral honey samples from three different floral sources i.e. Helianthus (Sunflower), 

Citrus sinensis (Orange), and Punica granatum (Pomegranate) were collected from the market. All other 

chemicals used in this study were obtained commercially and were of analytical grade. 

 

In Vitro Alpha (α) Glucosidase inhibition assay 

The α - glucosidase inhibitory activity can be measured in vitro by determination of the reducing sugar 

(glucose) arising from hydrolysis of sucrose by alpha – glucosidase enzyme. Alpha – glucosidase inhibitory 

activity was evaluated according to the chromogenic method, with some modification. This process was carried 

out by quantifying the reducing sugar (glucose equivalent) liberated under the assay condition.  

The inhibitory activity was determined by incubating a solution of starch substrate (2 % w/v maltose or 

sucrose) 1 ml with 0.2 M Tris buffer pH 8.0 and various concentration of honey for 5 min at 37oC. The reaction 

was initiated by adding 1ml of α-glucosidase enzyme (1 U/ml) to it, followed by incubation for 10 min at 37oC. 

Then, the reaction mixture was heated for 2 min in boiling water bath to stop the reaction. The amount of 

liberated glucose is measured by glucose oxidase peroxidase method. The mixture was then incubated in a 

boiling water bath for 5 min, and cooled to room temperature. The reaction mixture was then diluted by adding 

10 ml of distilled water. Absorbance of the honey samples was measured at 540 nm while the reaction system 

without honey samples was used as control. The system without alpha-glucosidase was used as blank. Each 

experiment was conducted in triplicate.  

 

Calculation of 50% inhibitory concentration (IC50) 

The IC50 value is defined as the concentration of inhibitor to inhibit 50% of its activity under the 

assayed conditions. The concentration of the honey required to scavenge 50% of the radicals (IC50) was 

calculated by using the percentage scavenging activities at five different concentrations. Then, the α-amylase 

inhibitory activity was calculated as percentage inhibition. Inhibitory activity was expressed by subtracting 

relative: 

 

% Inhibition = [(Abs (Control) – Abs (Honey samples)) / Abs (Control) ] × 100 
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Result and Discussion 

Evaluation of in vitro α-glucosidase inhibitory activity using honey 

All the honey for the assay were taken at concentrations ranging from 100-1000 µg/ml and the results of 

which reveal that at all the concentrations,  honey from Citrus sinesis achieved highest alpha glucosidase 

inhibition. All the other honey exhibited different rate of inhibition at different concentrations. 

The ability of honey from different floral sources to inhibit α-glucosidase activity in vitro was 

investigated and the results are presented in Table 1. The honey from different floral sources revealed a 

significant inhibitory action on α-glucosidase enzyme. The percentage inhibition at 100-1000 µg/ml 

concentrations of different honey showed a concentration dependant increase in percentage inhibition. The 

percentage inhibition varied from 36.78 to 81.67 for lowest concentration of 100 µg/ml to the highest 

concentration of 1000 µg/ml in Citrus sinensis, 22.52 to 62.93 in Helianthus and 28.86 to 73.28 in Punica 

granatum. The concentrations required for 50% inhibition (IC50) was found to be 308.780 µg/ml in Citrus 

sinensis, 767 µg/ml in Helianthus and 485.714 µg/ml in Punica granatum whereas the α-glucosidase inhibitory 

activity of control acarbose produced percentage of 38.35 for 100 µg/ml and 91.76 for 1000 µg/ml. The IC50 

value of standard drug acarbose against α-glucosidase was found to be 216.530 µg/ml (Table 1). 

The anti-hyperglycemic activity of honeys under the study was compared with a standard antidiabetic 

drug acarbose and it could be noted that the alpha glucosidase inhibition capacity of acarbose ranged from 

38.35 % to 91.76 %. Even though the honeys under the study had moderate inhibition capacity, the Citrus 

sinensis honey & Punica granatum honey proved to have comparatively good anti-hyperglycemic effect. 

The efficacy of the honeys against alpha glucosidase was studied by fitting the regression equations and 

obtaining the IC50 value which denotes the concentration of honey to obtain 50% of inhibition over alpha 

glucosidase enzyme. The IC50 values of all the honeys analysed were in range from 308.780 to 767 (µg/ml). 

From the obtained IC50 values for different honeys it was clear that Citrus sinensis honey had the least IC50 

value of 308.780 (µg/ml) followed by Punica granatum honey (485.714 µg/ml). The highest IC50 value was 

noticed in Helianthus honey of 767 (µg/ml). 

 

Table 1: Alpha-glucosidase inhibition by honey from three different floral sources 

 

Sample 
Concentration 

(µg/ml) 
% Inhibition IC50  (µg/ml) 

Citrus sinensis 

(Orange plant) 

100 

200 

400 

800 

1000 

36.78 

49.36 

58.12 

65.07 

81.67 

308.780 

Helianthus 

(Sunflower plant) 

100 

200 

400 

800 

1000 

22.52 

29.73 

35.26 

48.42 

62.93 

767 

Punica granatum 

(Pomegranate plant) 

100 

200 

400 

800 

1000 

28.86 

42.56 

49.12 

59.65 

73.28 

485.714 
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Standard 

(Acarbose) 

100 

200 

400 

800 

1000 

38.35 

52.64 

66.21 

72.56 

91.76 

216.530 

 

 

 
Fig 1: IC50 (µg/ml) values of honey from three different floral sources 

 

Conclusion and Recommendations: 

The findings of animal studies may not be justly generalized to human condition, before endorsing 

honey as a preferred sugar substitute, therapeutic or dietary supplement in diabetic patients. There is very less 

data and literature implying the possible impact of honey in diabetes mellitus. There are few research 

implications and issues raised from the studies which show the beneficial effects of honey in the treatment of 

diabetes mellitus. There is no doubt that much more well-designed, rigorously conducted randomized 

controlled studies are necessary to further validate these findings. The dietary or therapeutic use of honey in 

diabetic patients has obstacles and challenges and needs more large sample sized, multi-center clinical 

controlled studies to reach better conclusions. Further studies are required to investigate the effects of long term 

consumption of honey in these patients. This opens up scope for its utilization by diabetic patients who have a 

sweet tooth. 
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