
 
Abstract—This study was conducted to investigate the effect of 

the antioxidant activity of germinated African Yam Bean (AYB) on 
oxidative stress markers in alloxan induced diabetic rat. Rats were 
randomized into three groups; control, diabetic and germinated AYB 
– treated diabetic rats. The Total phenol and flavonoid content and 
DPPH radical scavenging activity before and after germination were 
investigated. The glucose level, lipid peroxidation and reduced 
glutathione of the animals were also determined using standard 
technique for four weeks. Germination increased the total phenol, 
flavonoid and antioxidant activity of AYB extract by 19.14%, 
32.28% and 57.25% respectively. The diabetic rats placed on 
germinated AYB diet had a significant decrease in the blood glucose 
and lipid peroxidation with a corresponding increase in glutathione 
(p<0.05). These results demonstrate that consumption of germinated 
AYB can be a good dietary supplement in inhibiting hyperglycemia/ 
hyperlipidemia and the prevention of diabetic complication 
associated with oxidative stress. 

 
Keywords—African Yam Bean, Antioxidant, Diabetes, Total 

phenol.  

I. INTRODUCTION 

IABETES is a major worldwide health problem 
predisposing to markedly increased cardiovascular 

mortality and serious morbidity and mortality related to the 
development of neuropathy. Diabetes mellitus is a metabolic 
disorder characterised by hyperglycemia, abnormal insulin 
secretion, altered metabolism of lipids and carbohydrates [1]. 
It is becoming the third “killer” of the health of mankind along 
with cancer, cardiovascular diseases [2]. The prevalence of 
diabetes mellitus is expected to reach up to 4.4% in 2030, and 
the occurrence was found to be high in India, China and USA 
[3]. Among all the cases of diabetes, type 2 diabetes was 
found to be more prevalent [4]. Diabetes is usually 
accompanied by increased production of free radicals or 
impaired antioxidant defences. Reference [5] reported that 
oxidative stress plays a major role in the pathogenesis of 
diabetes. This increased oxidative stress is accompanied by a 
decreased antioxidant capacity. Hyperlipidemia is the presence 
of raised or abnormal levels of lipids and/or lipoproteins in the 
blood. According to the latest studies hyperlipidemia leads to 
oxidative stress [6]. Usage of antioxidants helps in reducing 
risks of oxidative damages in diabetic and hyperlipidemic 
patients [7]. There is growing interest towards natural 
antioxidant from herbal sources [8]. Legume seeds are a rich 
source of many substances with antioxidant properties, 
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including plant phenolics. Phenolic compounds do not only 
effectively prevent oxidation in foods; they also act as 
protective factors against oxidative damage in the human 
body. African yam bean (AYB) is an herbaceous leguminous 
plant occurring throughout tropical African [9]. It is one of the 
lesser-known and under-utilized legumes. AYB is a potential 
source of bioactive compounds with antioxidant activities. 
With the aim of improving the nutritive value of legumes, 
preparation techniques including germination have been 
developed to significantly raise the bioavailability of their 
nutrients [10]. Extensive breakdown of seed-storage 
compounds and synthesis of structural proteins and other cell 
component take place during the germination. Vitamins and 
secondary compounds, many of which are considered 
beneficial as antioxidants, often change dramatically during 
the germination. Previous work carried out on AYB seed 
showed that there is scanty information on the antioxidant 
properties of AYB seed. In this present work, both 
antioxidant, free radical scavenging of germinated AYB and 
influence of antioxidant activity by measuring the level of 
blood glucose concentration, lipid peroxidation and non 
protein sulphydryl group in the liver tissues of diabetes 
induced high cholesterol fed rats were investigated.  

II. MATERIALS AND METHODS  

Dried African yam bean seed (Sphenostylis stenocarpa) 
were purchased from Ogbete Main Market in Enugu State – 
Nigeria. The samples were contained in plastic sealed and 
stored in refrigerator at 4oC before germination.  

A. Germination Process 

The African yam bean was soaked in 250 ml of water 
containing 0.7% sodium hypochlorite solution for 30 minutes 
at room temperature. The seeds were drained off, watered to 
neutral pH, and soaked in distilled water for 5 hours and the 
hydrated seeds were placed under wet muslin cloth and left to 
germinate for 3 days at room temperature (28oC) without 
direct contact with sunlight [11]. The sprouted seeds were 
oven dried (Gallenkemp 1H – 100 model, UK) at 60oC for 4 
hours and ground to pass 0.18 mm sieve to obtain the flour 
which was packaged. The non sprouted seed was ground, 
sieved and packaged. This served as control.  

B. Extraction  

A 200 g of both the sprouted and non sprouted flour 
samples were defatted separated by stirring with 100 ml of 70 
% acetone at 25oC for 24 hours and filtering through Whatman 
No. 4 filter paper, following the method of [12]. The residues 
were further defatted with an additional 50 ml of 70% acetone, 
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as described above, for 3 hr. The solvent of the combined 
extract was evaporated under reduced pressure, using a rotary 
vacuum evaporator (RE 300, Yamato, Tokyo, Japan) at 40oC 
and the remaining water was removed by Lyophilization 
(4KBTxL-75; Virtis Benchtop K, New York, USA). The 
obtained dry powder was stored in an air tight polythene bag 
at 0oC until it was used.  

C. Determination of Total Phenol 

Total phenol content of the sample was determined using 
the method of [13]. Sample (50 µL) was put in test tubes and 
the volume was made up to 500 µL using distilled water. 
Then, 250 µL of folin-ciocalteu reagent was added into test 
tube followed by 1.25 ml of 20 % sodium carbonate solution. 
The tube was vortexed before incubated in the dark for 40 
minutes. Absorbance was read at 725 nm using 
spectrophotometer.  

D. Determination of Total Flavonoids  

Aluminium chloride colorimetric method was used for 
flavonoids determination [14]. Each plant extracts (0.5 ml of 
1:10 g/ml) in methanol were separately mixed with 1.5 ml of 
methanol, 0.1 ml of 10% aluminium chloride, 0.1 ml of 1 M 
potassium acetate and 2.8 ml of distilled water. It remained at 
room temperature for 30 min; the absorbance of the reaction 
mixture was measured at 415 nm with a double beam Perkin 
Elmer UV/Visible spectrophotometer (USA). The calibration 
curve was prepared by preparing quercetin solutions at 
concentrations 12.5 to 100 g ml-1 in methanol.  

E. Determination of DPPH Free Radical Scavenging 
Activity 

DPPH scavenging activity was carried out by the method of 
[15]. 250 µg/ml of African Yam bean seed extract with 
methanol was dissolved in DMSO (dimethyl sulfoxide) and 
taken in test tubes in triplicates. Then 5 ml of 0.1 mM ethanol 
solution of DPPH (1,1, Diphenyl-2-picrylhydrazyl) was added 
to each of the test tubes and were shaken vigorously. It was 
allowed to stand at 35oC for 20 minutes. The control was 
prepared without any extracts. Methanol was used for base 
line corrections in absorbance (OD) of sample and measured 
at 517 nm. A radical scavenging activity was expressed as 1 % 
scavenging activity and was calculated by the following 
formula.  

 

Radical scavenging activity % = OD OD 

OD Control
 x 100 

F. Animal and Diet  

Adult wistar –albino rats weighting between 150 – 200g 
purchased from the Department of Animal Science, University 
of Nigeria Nsukka, Enugu State, Nigeria were used in the 
experiments. Prior to the experiments, rats were fed with 
standard food for one week in order to adapt to the laboratory 
conditions, in their individually and partly restricted metabolic 
cages (16 hours before the experiments, they were fasted 
overnight, but allowed free access to water). Six rats were 
used for each group of study. 

G. Induction of Diabetes  

Diabetes mellitus was induced by a single interperitonial 
injection of ice cold alloxan monohydrate freshly dissolved in 
normal saline (2%) at a dose of 180mg/kg body weight [16]. 
Single intraperitonial injection of normal saline was given to 
animal in the control group. After 7 days, the fasting blood 
glucose (FBG) level of test animal was measured and only rat 
with FBG level more than 220mg/dl were used for the study.  

III. EXPERIMENTAL DESIGN  

Eighteen rats were divided into three groups, each 
consisting of six rats.  

Group 1: Normal control, rats were non-diabetes induced 
and were given normal diet.  

Group 2: Rats were diabetes induced fed with high 
cholesterol diet.  

Group 3: Rats were diabetes induced fed with high 
cholesterol diet plus germinated AYB meal.  

After four weeks of treatment, the blood was collected and 
the animal decapitated. The study was performed in 
accordance with the International Guidelines regarding animal 
experiment. 

A. Determination of Blood Glucose Levels 

Blood glucose concentration (mg/100ml) were determined 
using a glucometer – elite commercial test (Bayer), based on 
the glucose oxidase method. Blood samples were collected 
from the tip of tail after 16 hours fasting with free access to 
water. The blood sugar level was determined on the 1st, 2nd, 
3rd and 4th week of the experiment.  

B. Determination of Lipid Peroxidation (LPO) on Liver  

The method of [17] with slight modification was used to 
determine lipid peroxidation in tissue samples. The liver of 
decapitated rat was exercised and chilled in ice – cold 0.9% 
NaCl Solution. A 1.0 g of wet tissue was weighted and 
homogenized in 9 ml of 0.25 M sucrose using a Teflon 
homogenizer to obtain a 10% suspension. The cytosolic 
fraction was obtained by a two – step centrifugation first at 
1000x g for 10 minutes and then at 2000x g for 30 minutes at 
4oC. A volume of the homogenate (0.20ml) was transferred to 
a vial and was mixed with 0.2ml of an 8.1% (w/v) sodium 
dodecyl sulphate solution. A 1.50ml of a 0.8% (w/v) solution 
of TBA and the final volume was adjusted to 4.0ml with 
distilled water. Each vial was tightly capped and heated in 
boiling water bath for 60 minutes. The vials were then cooled 
under running water.  

Equal volumes of test samples and 10% TCA were 
transferred into a centrifuge tube and centrifuged at 1000x for 
10 minutes. The absorbance of the supernatant fraction was 
measured at 532 nm (Beckman DU 650 spectrometer). Control 
experiment was processed using the same experimental 
protocol except the TBA solution was replaced with distilled 
water due to the peroxidative effect of alloxan monohydrate 
on tissue: (liver of alloxan monohydrate – diabetic rats were 
used as positive control). The lipid peroxidation was 
calculated on the basis of the molar extinction coefficient of 
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MDA (malondialdehyde) and expressed as nm MDA/s protein 
[18].  

C. Estimation of Non-Protein Sulphydryl Group (Cellular 
GSH) in Liver 

The method of [19] was used to estimate the GSH. 200 mg 
of liver was homogenized in 8.0ml of 0.02m EDTA in an ice 
bath. 0.5ml of tissue homogenate was precipitated with 2ml of 
5% TCA and centrifuged at 3200xg for 20 minutes. After 
centrifugation 1ml of the supernatant was taken and added to 
0.5ml of Ellmen’s reagent (2,2-dinitro-5,5-dithiobenzoic acid) 
and 3ml of phosphate buffer (pH 8.0). Then the absorbance 
was measured and 412nm. The values were expressed at 
mg/100g tissue.  

D. Statistical Analysis 

Data was subjected to analysis of variance using the 
statistical package for social science (SPSS), version 15.0. 
Results were presented as mean ± standard deviations. One 
way analysis of variance (ANOVA) was used for comparison 
of the means. Differences between means were considered to 
be significant at p<0.05 using the Duncan Multiple Range Test 
values are average of triplicate experiments ± standard 
deviation.  

IV. RESULTS AND DISCUSSION  
TABLE I 

TOTAL PHENOL AND FLAVONOID CONTENT AND DPPH IN GERMINATED 

AND NON GERMINATED AFRICAN YAM BEAN 

Assay Sample Mean ± SD 

Total phenol (mg/100g 
dry weight) 

Germinated African yam bean 117.08±0.03 

Non Germinated African yam bean 98.27±0.11 

Total flavonoid 
(mg/100g dry weight) 

Germinated African yam bean 68.31±1.12 

Non Germinated African yam bean 51.64±0.01 

DPPH 
(µg/ml) 

Germinated African yam bean 48.92±1.22 

Non Germinated African yam bean 31.11±1.14 

Value are means ± SD; n = 3. Mean values followed by different letters in 
a column are significantly different (p<0.05). 

A. Total Phenol Content  

Phenolic compound are a class of antioxidant agents which 
act as free radical terminators and scavenger [20] and many 
play a role in the prevention of certain diseases [21]. Table I 
shows that Total Phenol Content in germinated AYB is higher 
(p<0.05) than that of non-germinated AYB. This increase in 
the amount of phenolic compound after germination agrees 
with the work done by [22] which indicated that germination 
modifies the quantity and quality of phenolic compounds in 
legumes. Also [23] reported an increase of 46% in total 
phenols after germinating lupin seeds.  

B. Total Flavonoid Content  

Researchers have shown that flavonoids show antioxidant 
activity and their effect on human nutrition and health is 
considerable. The mechanism of action of flavonoids is 
through free-radical scavenging and protection against 
oxidative stress [20]. The flavonoid contents of the extracts of 
germinated AYB (68.31 mg/100g of dry weight) were higher 
(p<0.05) than that of non-germinated AYB (51.64mg/100g of 

dry weight). This findings might be due to the biochemical 
metabolism of seeds during germination which result to the 
production of secondary plant metabolites such as anthocynins 
and flavonoids [24]  

C. DPPH Free Radical Scavenging Activity  

DPPH is a stable nitrogen centred free radical which can be 
use to evaluate the antioxidant activity of natural products by 
measuring the radical quenching capacity in a relatively short 
period of time.  

Reference [25] reported that antioxidants are radical 
scavengers which protect the human body against free radicals 
that may cause pathological conditions such as inflammation, 
neurodegeneration, ageing process, cancer and diabetes.  

The free radical scavenging activity of germinated and non 
germinated AYB was tested by measuring their ability to 
quench the DPPH radical (Table I). The results showed that 
germinated AYB had the higher DPPH free radical scavenging 
ability (48.92 µg/ml) than non germinated AYB (31.11 
µg/ml).  

The high scavenging property of germinated AYB may be 
due to hydroxyl groups existing in the phenolic compounds’ 
chemical structure that can provide the necessary component 
as a radical scavenger. DPPH absorbance is measured at 
517nm. It does this adsorption when accepting an electron 
[26]. Therefore, germinated AYB could contain some 
substances which are electron donors that reacted with free 
radicals to convert them to more stable products and blocked 
the radical chain reaction. 

 

 

Fig. 1 Effect of germinated AYB diet on blood glucose levels in 
normal and alloxan – induced diabetic wistar rats for 4 weeks 

D. Changes in Blood Glucose of Normal and Alloxan– 
Diabetic Rat 

Fig. 1 illustrates the variation in blood glucose of normal 
control, diabetic control and germinated AYB extract – treated 
rat during 4 weeks period of study. The blood glucose levels 
of diabetic rats were significantly higher compared with those 
of the control group (p<0.05). After the administration of the 
germinated AYB meal, a significant decrease in blood glucose 
was observed compared with that of the diabetic group 
(p<0.05). It has been established that acute changes in blood 
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glucose level – both hyper- and hypo-glycemia have a marked, 
reversible, effect on gut mortality [27], that raised blood 
glucose in diabetics could deplete cells of their antioxidant 
status with concomitant increase in free radicals thereby 
precipitating oxidative stress. Thus germinated AYB with 
hypoglycemia potential may reduce oxidative stress indirectly 
by lowering blood glucose level and preventing 
hyperinsulinemia, and directly by acting as free radical 
scavengers.  

 
TABLE II 

EFFECT OF OXIDATIVE STRESS MARKERS IN CONTROL, HYPERLIPIDEMIC AND 

GERMINATED AYB EXTRACT TREATED DIABETIC RATS 

Groups  Control  
Alloxan + 
cholesterol  

Alloxan + 
cholesterol + 

Germinated AYB 
extract 2.1g/kg bw 

Lipid peroxidation n 
mol MDA release/mg 

protein  
1.40 ± 1.03 2.01 ± 0.31a 0.99 ± 0.10b 

GSH µg reduced GSH 
utilized /mm/mg 

protein  
35.40 ± 2.00 21.51 ± 2.20a 32.30 ± 2.10b 

Values are mean ± SD  
MDA – Malondialdehyde, GSH – Reduced glutathione.  
 
The results of antioxidant activity were shown in Table II. 

LPO and GSH serves as markers in studying the antioxidant 
activity. A significant elevation (p<0.05) in the concentration 
of MDA is observed in liver tissues of hyperglycemia/ 
hyperlipidemia rats. The germinated AYB extract given orally 
produced a significant reduction in LPO in liver (50.75%). An 
increase of (50.16%) in the level of GSH in liver tissue of 
hyperlipidemia diabetic rat was observed after administration 
of germinated AYB extracts.  

The test animals which are both hyperglycemic and 
hyperlipidemic are prone to the development of oxidative 
stress. LPO and GSH is use to mark oxidative stress. Increased 
LPO, which causes oxidative stress, can lead to several 
pathogenesis like, inflammation, diabetes, aging, and renal 
failure [28]. The diabetic induced-high cholesterol fed animals 
showed increased LPO than in control animals. The animals 
treated with germinated AYB meal showed reduced LPO than 
diabetes induced animals fed only with high cholesterol food. 
GSH protect the cell constituents from oxidative damage [29]. 
Oxidative stress may lead to reduction in glutathione. 
Concentration of the marker was found to be increased in 
animals treated with germinated AYB extract.  

V. CONCLUSION  

The free radical scavenging activity of germinated AYB 
extract in diabetes – associated hyperlipidemia, its beneficial 
effect as an effective hypoglycaemic and antioxidant agent in 
reducing oxidative stress has been demonstrated in this study. 
The present study concluded that consumption of germinated 
AYB can be good dietary supplement in reducing the 
complications usually resulting from oxidative stress in 
diabetes and hyperlipidemia.  
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