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1. Introduction

   About 346 million people worldwide suffer from diabetes 
and this number has been estimated to be doubled in 
2030[1]. The term diabetes mellitus (DM) is used to refer 
to a metabolic disorder of multiple etiologies in which 
chronic hyperglycemia is caused by defects or alterations 
in either the secretion or action of insulin. This results in 
disturbances in carbohydrate, fat and protein metabolism. 
Oxidative stress is known to play a significant role in 
the development and progression of DM[2]. Excessive 
generation of free radicals and depleted levels of free 
radical scavenging enzymes have been demonstrated in 
animal models of diabetes[3,4]. Free radicals are formed 

disproportionately in diabetes by glucose oxidation, non-
enzymatic glycation of proteins, and the subsequent 
oxidative degradation of glycated proteins. Abnormally 
high levels of free radicals and the simultaneous decline 
of antioxidant defense mechanisms can lead to damage 
of cellular organelles and enzymes and also increase 
lipid peroxidation and beta-cell apoptotic pathways 
activation[2,5]. 
   Type 2 diabetes is caused either predominantly by 
insulin resistance with a relative deficiency of insulin 
or by impaired insulin secretion that may or may not 
be accompanied by insulin resistance and accounts 
for about 90%-95% of all diagnosed cases of diabetes in 
adults[6]. Recent reports suggest that one of the therapeutic 
approaches for decreasing post-prandial hyperglycaemia 
is to prevent absorption of glucose by the inhibition of 
carbohydrate-hydrolysing enzymes, such as alpha-
glucosidase and alpha-amylase[7]. Thus, the retardation 
of the action of alpha-glucosidase and alpha-amylase by 

ARTICLE INFO                           ABSTRACT

Article history:
Received 15 January 2012
Received in revised form 27 January 2012
Accepted  22 March 2012
Available online 28  October 2012

Keywords:
Alpha-amylase
Alpha-glucosidase
Fe2+-induced lipid peroxidation 
Pancrea
Phenol
Antioxidant

Objective: To investigate and compare the inhibitory properties of free and bound phenolic 
extracts of clove bud against carbohydrate hydrolyzing enzymes (alpha-amylase & alpha-
glucosidase) and Fe2+-induced lipid peroxidation in rat pancreas in vitro. Methods: The free 
phenolics were extracted with 80% (v/v) acetone, while bound phenolics were extracted from the 
alkaline and acid hydrolyzed residue with ethyl acetate. Then, the interaction of the extracts 
with alpha-amylase and alpha-glucosidase was subsequently assessed. Thereafter, the total 
phenolic contents and antioxidant activities of the extracts were determined. Results: The result 
revealed that both extracts inhibited alpha-amylase and alpha-glucosidase in a dose-dependent 
manner. However, the alpha-glucosidase inhibitory activity of the extracts were significantly 
(P<0.05) higher than their alpha-amylase inhibitory activity.  The free phenolics (31.67 mg/g) and 
flavonoid (17.28 mg/g) contents were significantly (P<0.05) higher than bound phenolic (23.52 mg/
g) and flavonoid (13.70 mg/g) contents. Both extracts also exhibited high antioxidant activities as 
typified by their high reducing power, 1,1 diphenyl-2- picrylhydrazyl (DPPH) and 2, 2-azinobis-
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inhibitors might be one of the most effective approaches to 
control type 2 DM[8]. Oral hypoglycemic agents/drugs may 
be effective for glycemic control, but they come with their 
attendant side effects such as liver disorders, flatulence, 
abdominal pain, renal tumours, hepatic injury, acute 
hepatitis, abdominal fullness and diarrhoea[9]. Therefore, 
there is an increasing need for the development of a natural 
and safe product without side effects. 
   Plant foods rich in polyphenolic fractions have 
been reported to cause insulin-like effects in glucose 
utilization[10], act as good inhibitors of key enzymes linked 
to type 2 diabetes[11,12] and lipid peroxidation in tissues[13,14]. 
It is well-known that phenolic compounds also contribute 
to quality of food in terms of modifying color, taste, aroma 
and flavour[15,16]. Studies have also shown that polyphenols 
in plants have bioactivities and these could be attributed 
to their antioxidant properties[13,17]. Abo et al[18] reported 
that plants used in ethno medicine possess hypoglycaemic 
properties. 
   Clove [Syzygium aromaticum (L.) Merr.& Perry (Family: 
Myrtaceae)] is an aromatic flower bud, commonly used in 
Africa, Asia and other parts of the world in preparation of 
various spicy rich dishes.  It has deep brown colour, intense 
fragrance and burning taste. In addition to its culinary uses, 
the clove bud and its oil have an abundance of medicinal 
and recreational uses. It possesses antioxidant, anti-fungal, 
anti-viral, anti-microbial, anti-diabetic, anti-inflammatory, 
antithrombotic, anesthetic, pain reliving and insect repellent 
properties[19]. Prasad et al. reported the insulin-like 
actions of clove buds in hepatocytes and hepatoma cells by 
reducing phosphoenolpyruvate carboxykinase and glucose 
6-phosphatase gene expression[20]. Recently, Atawodi et al. 
reported the positive correlation of polyphenol constituents 
of clove bud, its antioxidant/radical scavenging properties, 
as well as its ability to prevent diseases associated with 
oxidative stress such as diabetes, cancer and cardiovascular 
disorders[21]. Some polyphenols such as gallic acid, ellagic 
acid, quercetin glucoside, ellagic acid derivative, and 
some other unidentified phenolic compounds have been 
characterized and reported to be present in clove buds[21]. 
Moreover, there are dearths of information on the possible 
mechanism of action of clove bud extracts with regards to its 
antihyperglycemic effects and ability of clove buds to protect 
the pancreas against Fe2+-induced lipid peroxidation. 
   Therefore, this present study was designed to investigate 
the inhibitory potentials of polyphenol-rich extracts (free 
soluble and bound phenols) from the flower buds of clove 
on key enzymes responsible for carbohydrate-hydrolysis 
(alpha-glucosidase & alpha-amylase), coupled with their 
antioxidant properties.

2. Materials and methods

2.1. Materials

   Clove (Syzygium aromaticum) buds were purchased from 

the Akure main market, Akure Nigeria and authenticated 
in the Department of Crop, Soil and Pest Management, 
Federal University of Technology, Akure, Nigeria. The 
buds were dried in the sun and ground to fine powder. 
Porcine pancreatic alpha-amylase and rat intestinal alpha-
glucosidase were purchased from Sigma Chemical Co. (St. 
Louis, MO, USA). Unless stated otherwise, all chemicals were 
from Sigma Chemical Co., while the water used was glass-
distilled.

2.2. Handling and use of animal 

   The handling and the use of the animals were in 
accordance with NIH Guide for the care and use of 
laboratory animals. In the experiment, Wister strain albino 
rats weighing 200-230 g were purchased from the breeding 
colony of Department of Veterinary Medicine, University 
of Ibadan, Nigeria. Rats were maintained at 25 °C, on a 12 
h light/12 h dark cycle, with free access to food and water. 
They were acclimatized under these conditions for 2 weeks 
before the commencement of the experiment.

2.3. Extraction of free soluble phenols

   The extraction of free soluble phenolics was conducted 
according to the method reported by Chu et al[22]. About 10 
g of the ground leaves was extracted with 80% acetone (1:5, 
v/v) and filtered (filter paper Whatman no. 2) under vacuum. 
The filtrate was then evaporated using a rotary evaporator 
under vacuum at 45 °C until about 90% of the filtrate had 
been evaporated. The extract was frozen at -4 °C, while the 
residue was kept for the extraction of bound phenols.

2.4 . Extraction of bound phenols

   The residue from free soluble extraction above was flushed 
with nitrogen and hydrolyzed with about 20 mL of 4 M/L 
sodium hydrate solution at room temperature for 1 h with 
shaking. Then, the pH value of the mixture was adjusted 
to 2 with concentrated hydrochloric acid and the bound 
phytochemicals were extracted with ethylacetate (6 times). 
The ethyl acetate fraction was then evaporated at 45 °C[22].

2.5. Alpha-amylase inhibition assay

   Briefly, appropriate dilutions (0-200 毺L) of the extracts 
and 500 毺L of 0.02 M/L sodium phosphate buffer (pH 6.9 with 
0.006 M/L sodium chloride) containing porcine pancreatic 
alpha-amylase (EC 3.2.1.1, 0.5 mg/mL) were incubated at 25 
°C for 10 min. Then, 500 毺L of 10 g/L starch solution in 0.02 
M/L sodium phosphate buffer (pH 6.9 with 0.006 M/L sodium 
chloride) was added to each tube. The reaction mixtures 
was incubated at 25 °C for 10 min and stopped with 1.0 
mL of dinitrosalicylic acid colour reagent. Thereafter, the 
mixture was 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, and absorbance 
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measured at 540 nm. The alpha-amylase inhibitory activity 
was expressed as percentage inhibition[23]. The percentage 
inhibition was calculated using the following formula:
    Percnetage inhibition (%) = (Absref -Abssam)/ Absref暳100%   (1)
where, Absref represents absorbance of reference, while Abssam 
represents absorbance of sample.

2.6. Alpha-glucosidase inhibition assay

  Appropriate dilutions of the extracts (0-200 毺L) and 100 毺L of 
alpha-glucosidase (EC 3.2.1.20) solution (1.0 U/mL) in 0.1 
M/L phosphate buffer (pH 6.9) were incubated at 25 °C for 
10 min. Then, 50 毺L of 5 mM/L p-nitrophenyl-alpha-
D-glucopyranoside solution in 0.1 M/L phosphate buffer 
(pH 6.9) was added. The mixtures were incubated at 25 
°C for 5 min, before reading the absorbance at 405 nm in 
the spectrophotometer. The alpha-glucosidase inhibitory 
activity was expressed as percentage inhibition[24]. The 
percentage inhibition was calculated using the formula (1) in 
section 2.5. 

2.7.  Lipid peroxidation assay 

2.7.1. Preparation of tissue homogenates
  The rats were decapitated under mild diethyl ether 
anaesthesia and the pancreas were rapidly excised, 
placed on ice and weighed. This tissue was subsequently 
homogenized in 10 g/L cold saline with about 10 up and 
down strokes at approximately 1 200 rpm in a Teflon glass 
homogenizer. The homogenate was centrifuged for 10 min at 
5 180.1 r/min to yield a pellet that was discarded, and a low-
speed supernatant (S1) containing mainly water, proteins and 
lipids (cholesterol, galactolipid, individual phospholipids, 
and gangliosides) was kept for lipid peroxidation assay[25].

2.7.2. Lipid peroxidation and thiobarbibutric acid reactions
  The lipid peroxidation assay was performed by the 
modified method of Ohkawa et al[26]. Briefly, 100 毺L of S1 
fraction was mixed with a reaction mixture containing 30 毺L of 0.1 M/
L Tris-HCl buffer (pH 7.4), extract (0-100 毺L) and 30 毺L of the pro-
oxidant (25毺M/L freshly prepared ferric sulfate). The volume 
was made up to 300 毺L by water before incubation at 37 °C 
for 2 h. The color reaction was developed by adding 300 毺
L of 81 g/L SDS (Sodium duodecyl sulphate) to the reaction 
mixture containing S1, followed by the addition of 600 毺
L of acetic acid/HCl (pH 3.4) and 600 毺L of 0.8% (v/v) TBA 
(Thiobarbituric acid). This mixture was incubated at 100 °C for 
1 h. The absorbance of TBARS (Thiobarbituric acid reactive 
species) produced were measured at 532 nm in an UV-
Visible spectrophotometer (Model 6305; Jenway, Barloworld 
Scientific, Dunmow, United Kingdom). Malondialdehyde 
(MDA) produced was expressed as percentage of the control.

2.8. Determination of total phenolic content

  The total phenolic content was determined according to the 
method described by Singleton et al[27].  Briefly, appropriate 

dilution of the extracts was oxidized with 2.5 mL 10% Folin-
Ciocalteau’s reagent (v/v) and neutralized by 2.0 mL of 75 g/L 
sodium carbonate. The reaction mixture was incubated for 40 min 
at 45 °C and the absorbance was measured at 765 nm in the 
spectrophotometer. Gallic acid was used as standard phenol 
and the total phenolic content was subsequently calculated 
as gallic acid equivalent (GAE).

2.9. Determination of total flavonoid content

  The total flavonoid content of the extracts was determined 
using a slightly modified method reported by Meda et 
al[28].  Briefly, 0.5 mL of appropriately diluted sample was 
mixed with 0.5 mL methanol, 50 毺L of 100 g/L aluminium 
chloride, 50 毺L of 1 M/L potassium acetate and 1.4 mL  of 
water, and allowed to incubation at room temperature for 
30 min. Thereafter, the absorbance of the reaction mixture 
was subsequently measured at 415 nm. Quercetin was used 
as standard flavonoid and the total flavonoid content was 
calculated as quercetin equivalent antioxidant (QEAC).

2.10. DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical-
scavenging ability

  The free radical-scavenging ability of the spice extracts 
against DPPH free radical was evaluated as described by 
Gyamfi et al[29]. Briefly, an appropriate dilution of the spice 
extracts (1 mL) was mixed with 1 mL of 0.4 mM/L methanol 
solution containing DPPH radicals. The mixture was left in 
the dark for 30 min and the absorbance was measured at 
516 nm in the spectrophotometer. The DPPH free radical 
scavenging ability was subsequently calculated with respect 
to the reference, which contained all the reagents without 
the test sample. The DPPH radical scavenging ability was 
calculated using the following formula: 
  DPPH radical scavenging ability  (%) = (Absref-Abssam)/Absref暳100%                                                                                        

(2)
where, Absref represents absorbance of reference, while Abssam 
represents absorbance of sample.

2.11. Total antioxidant capacity

  The total antioxidant capacity of the vegetable extracts 
was determined as their scavenging ability on ABTS 
[2,2-azinobis(3-ethylbenzo-thiazoline-6-sulfonate)] as 
described by Re et al[30]. ABTS radical (ABTS.+) was generated 
by reacting an ABTS aqueous solution (7 mM/L) with 
potassium peroxydisulfate (2.45 mM, final concentration) in 
the dark for 16 h and adjusting the absorbance of 734 nm to 
0.700 with ethanol. Then, 0.2 mL of appropriate dilution of the 
extracts was added to 2.0 mL ABTS.+ cation solution and the 
absorbance were measured at 734 nm after 15 min. The trolox 
equivalent antioxidant capacity (TEAC) was subsequently 
calculated.

2.12. Reducing power determination
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  The reducing power of the extracts was determined 
by assessing the ability of the extracts to reduce ferric 
trichloride  solution as described by Pulido et al[31]. A 2.5 
mL aliquot was mixed with 2.5 mL of 200 mM/L sodium 
phosphate buffer (pH 6.6) and 2.5 mL of 10 g/L potassium 
ferricyanide. The mixture was incubated at 50 °C for 20 
min, and then 2.5 mL of 10% trichloroacetic acid was 
added. This was then centrifuged at 2 411.2 r/min for 10 min. 
Subsequently, 5 mL of the supernatant was mixed with an 
equal volume of water and 1 mL of 1 g/L ferric chloride. The 
absorbance was measured at 700 nm and reducing power 
was calculated as ascorbic acid equivalent (AAE).

2.13. Calculation

2.13.1. Determination of IC50 values
  IC50 (extract concentration causing 50% enzyme inhibition 
or concentration of sample required to scavenge 50% DPPH 
radicals) values were calculated using non-linear regression 

analysis. 

2.13.2. Data analysis
  The results of triplicate experiments were pooled and 
expressed as mean 暲 standard deviation (SD)[32]. Means were 
compared by one way analysis of variance (ANOVA) followed 
by Duncan’s multiple range test. Significant difference was 
accepted at P曑0.05. Origin 6.1 version software was used for 
the calculation of IC50 values.

3. Results

  The ability of polyphenol-rich (free and bound) extracts 
from clove buds to inhibit alpha-amylase and alpha-
glucosidase activity was investigated in vitro and the results 
are presented in Figures 1 & 2. The result revealed that 
both extracts inhibited alpha-amylase in a dose-dependent 
manner (200-800 毺g/mL). However, judging by the IC50 
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Figure 1. Inhibitory activities of phenolic extracts from clove (Syzygium 
aromaticum [L.] Merr. & Perry) buds toward alpha-amylase.  
Values are represented as mean of triplicate experiments 暲 standard 
deviation. 
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Figure 2. Inhibitory activities of phenolic extracts from clove 
(Syzygium aromaticum [L.] Merr. & Perry) buds toward alpha-
glucosidase.  
Values are represented as mean of triplicate experiments 暲 standard 
deviation.
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Figure 3. Inhibition of Fe2+-induced lipid peroxidation in rat 
pancreas by phenolic extracts from clove (Syzygium aromaticum [L.] 
Merr. & Perry) buds. 
Values are represented as mean of triplicate experiments 暲 standard 
deviation. 
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as shown in Table 1, the free soluble phenolic extract 
(497.27 毺g/mL) had significantly (P<0.05) higher inhibitory 
activity than the bound phenolic extract (553.77 毺g/mL). In 
the same way, the ability of the free and bound phenolic 
extracts to inhibit alpha-glucosidase was also assessed 
in Figure 2. Both extracts inhibited alpha-glucosidase in 
a dose dependent (200-800 毺g/mL) manner. However, the 
bound phenolic extract (127.31 毺g/mL) had higher inhibitory 
activity than the free soluble phenolic extract (145.07 毺g/
mL) as shown in Table 1, although there was no significant 
difference in their ability to inhibit alpha-glucosidase 
activity. 
  Furthermore, the result of the phenolic content of clove bud 
extracts was reported as the GAE and that of total flavonoid 
content reported as the QEAC. The phenolic contents in 
clove bud as presented in Table 2 showed that the free 
soluble phenolic content (31.67 mg GAE/g) was significantly 
(P<0.05) higher than the bound phenolic content (23.52 mg 
GAE/g) and the total flavonoid content was significantly 
(P<0.05) higher in free soluble phenolic extract (17.28 mg 
QEAC/g) than in bound phenolic extract (13.70 mg QEAC/g).
  Subsequently, the ability of free and bound phenolic 
extracts of clove buds to inhibit Fe2+-induced lipid 
peroxidation in rat pancreas (in vitro) is presented in Figure 
3. The incubation of rat pancreas in presence of Fe2+ caused 
a significant increase (P<0.05) in MDA content. However, the 
free soluble phenolic and bound phenolic extracts of clove 
buds (78.15-312.60 毺g/mL) caused a significant (P<0.05) 
decrease in MDA content of the pancreas [free soluble 
phenolic (56.65%-46.56%) and bound phenol (63.54%-50.69%)] 
in a dose-dependent pattern. Nevertheless, there was no 
significant difference in the inhibition of Fe2+-induced lipid 
peroxidation between the free soluble and bound phenolics 
extracts of clove buds.
Table 2
Total phenol and total flavonoid contents of phenolic extracts of clove 
(Syzygium aromaticum[L.] Merr. & Perry) buds (mg/g).
          Total phenol Total flavonoid
Free phenol extract 31.67暲1.54a   17.28暲0.07b

Bound phenol extract 23.52暲1.05a  13.70暲0.79b

Values represent mean 暲 standard deviation of triplicate readings, n 
= 3. Values with the same superscript letter across the same row are 
significantly (P<0.05) different.

  Other antioxidant indices of the polyphenol-rich extracts 
of clove buds are radical-scavenging abilities (DPPH & 
ABTS) and reducing power, as shown in Figures 4, 5 & 6) 
respectively. The DPPH free radical scavenging ability 
of the free soluble and bound phenolic extract of clove 

buds is presented in Figure 4. The result revealed that the 
polyphenol-rich extracts of clove buds scavenged DPPH 
radicals in a dose dependent manner (104.17-416.67 毺g/mL). 
However, judging by the IC50 (extract concentration that will 
cause 50% DPPH radical scavenging activity) as shown in 
Table 2, there was no significant difference in DPPH radical 
scavenging ability of free soluble phenolic extract (212.53 
毺g/mL) and bound phenolic extract (256.14 毺g/mL). In a 
similar manner, the ABTS radical (ABTS.+) scavenging ability 
of polyphenolic extracts of clove bud is and reported as 
TEAC. The result also revealed that there was no significant 
difference in the ABTS.+ scavenging ability of the free 
soluble phenolic (0.059 mM TEAC/g) and bound phenolic 
(0.0576 mM TEAC/g) extracts.
  Subsequently, the reducing property of free and bound 
phenolics extract of clove bud was reported as AAE per 
gram. The results revealed that both extracts were able to 
reduce Fe3+ to Fe2+. However, the free soluble phenolics 
extract (0.4774 mM AAE/g) had a significantly (P<0.05) higher 
ability to reduce Fe3+ to Fe2+ than the bound extract (0.3394 
mM AAE/g).

4. Discussion

  Decreasing postprandial hyperglycemia peak is crucial 
in the treatment of diabetes[33]. We therefore hypothesize 
that possible inhibition of carbohydrate-hydrolyzing 
enzymes (Alpha-amylase & alpha-glucosidase) and 
lipid peroxidation in pancreas could represent part of the 
biochemical rationale in which plant phenols exert their 
therapeutic potentials in the management/treatment of DM. 
The ability of phenolic (free and bound) extracts from clove 
buds to inhibit alpha-amylase activity was investigated 
and the result revealed that both extracts inhibited alpha-
amylase activity significantly (P<0.05) in a dose-dependent 
(200-800 毺g/mL) pattern. However, the free soluble phenolic 
extract (IC50 = 497.27 毺g/mL) had significantly (P<0.05) higher 
inhibitory activity than the bound phenol extract (IC50 = 
553.77 毺g/mL).The result of the alpha-amylase inhibitory 
properties of clove bud extracts follow a similar trend with 
our earlier reports on the inhibitory properties of plant 
phytochemicals from two ginger varieties (Zingiber spp.) on 
alpha-amylase[16]. It also agrees with the report that Allium 
spp. inhibited alpha-amylase activity[34] . 
  Subsequently, the ability of the free and bound phenol 
extracts to inhibit alpha-glucosidase inhibitory activities 
was also assessed. Both extracts inhibited alpha-glucosidase 

Table 1 
The extract concentration causing 50% enzyme inhibition (IC50) values for the 毩-amylase and 毩-glucosidase inhibitory activities and 
concentration of extract required to scavenge 50% DPPH radicals values for DPPH radical scavenging ability of phenolic extracts from clove 
(Syzygium aromaticum [L.] Merr. & Perry) buds. 

IC50 (毺g/mL)  DPPH free radical scavenging ability
毩-amylase inhibition  毩-glucosidase inhibition

Free phenol extract 497.27a 145.07b 212.53b      
Bound phenol extract 553.77a 127.31c         256.14c 
*Values with the same superscript letter across the same row are significantly different (P<0.05).
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in a dose dependent (200-800 毺g/mL) manner. However, 
the bound phenol extract (IC50= 127.31 毺g/mL)  had higher 
inhibitory activity thanthe free soluble phenolic extract 
(IC50=145.07 毺g/mL), although there was no significant 
difference in their ability to inhibit alpha-glucosidase 
activity. It is noteworthy that the phenol-rich extracts from 
clove buds showed significantly (P< 0.05) higher alpha-
glucosidase inhibitory activities than their respective alpha-
amylase inhibitory activities. This result follows similar trend 
with previously published works that plant phytochemicals 
are mild inhibitors of alpha-amylase and strong inhibitors 
of alpha-glucosidase activities[7,11,16]. Therefore, stronger 
inhibition of ahpha-glucosidase activity and mild inhibition 
of alpha-amylase activity exhibited by the extracts may be 
of great nutraceutical importance, in minimizing some of 
the side effect (such as abdominal distention, flatulence, 
meteorism and possibly diarrhea) associated with the 
drugs (Acarbose and Voglibose), presently used for the 
management of diabetes. This action could also be part 
of the possible mechanism explored by clove bud in the 
management/treatment of diabetes in traditional medicine. 
These findings could lead us to a further functional and 
structural association of polyphenolics from clove buds 
from the point of view of their biological activity as anti-
diabetic agents. Therefore, we suggest that inhibition of 
alpha-amylase and alpha-glucosidase activities could be 
part of the possible mechanisms involved in the use of clove 
buds in therapeutic/dietary management of diabetes, by 
retardation of starch hydrolysis in the gastrointestinal tract.
   Polyphenols such as flavonoid have potent alpha-
glucosidase inhibitory activities[35]. Alpha-glucosidase 
inhibitors are essential in retardation of carbohydrates 
digestion and mitigation of postprandial hyperglycemic 
excursions[7].  Recent reports on the polyphenolic 
characterization of clove buds revealed the presence 
of gallic acid, ellagic acid, quercetin glucoside, ellagic 
acid derivative, and some other unidentified phenolic 
compounds[21]. Several authors have studied the relationship 
of phenolic contents, antioxidant properties and enzyme 
inhibitory activities of plants foods, in order to survey the 
nutraceutical significance of plant foods[7,16,35]. Therefore, 
the phenolic content of the extracts was subsequently 
determined. The free phenol content (31.67 mg GAE/g) was 
significantly (P<0.05) higher than the bound phenol content 
(23.52 mg GAE/g). This agrees with earlier reports by Sun et 
al.[36] on phenol distribution in commonly consumed fruits 
and vegetables[22], where free soluble phenol content was 
reported to be more abundant than the bound phenol content 
of some plant foods. It is note worthy to know that free 
phenols are more readily absorbed and thus, exert beneficial 
bioactivities in early digestion, but the importance of bound 
phytochemicals to human health is not clear[22,36]. However, 
it is possible that different plant foods with different amounts 
of bound phytochemicals can be digested and absorbed at 
different sites of the gastrointestinal tract where they play 
their unique health benefits. Bound phytochemicals, mainly 
in beta-glycosides, cannot be digested by human enzymes 
and could survive stomach and small intestine digestion to 
reach the colon where they are digested by bacteria flora 

to release phytochemicals locally[22,36]. Of all polyphenols 
present in plant foods, flavonoids are the most abundant 
and have been reported to possess antioxidant activity[37]. 
Therefore, the total flavonoid content of clove bud extracts 
was determined. The flavonoid content was significantly 
(P<0.05) higher in free phenol extract (17.28 mg QEAC/g) 
than in bound phenol extract (13.70 mg QEAC/g). However, 
the trend in the total flavonoid content agreed with the total 
phenol content. Furthermore, strong correlation existed 
between the enzyme inhibitory activities and the phenolic 
content of the extracts [alpha-amylase inhibition; free 
phenol extract (r = 0.981 0) & bound phenol extract (r = 
0.971 7), alpha-glucosidase inhibition; free phenol extract 
(r = 0.906 4), bound phenol extract (r = 0.897 8)].
   Lipid peroxidation in biological membranes is considered 
as one of the major mechanisms of cell injury in aerobic 
organisms subjected to oxidative stress[13]. The chain 
reaction of lipid peroxidation ensures continuous supply 
of free radicals which initiate further peroxidation[13,47]. 
Recent report suggests that iron accumulation contributes 
to increased free radical formation and oxidative stress. The 
generation of reactive oxygen species by metal oxidants like 
iron may be involved in the cell damage that occurs in some 
human pathology[48]. Fe2+ could initiate lipid peroxidation 
and suppress the species responsible for the initiation of 
the peroxidation. Therefore, possible depletion of iron could 
decrease oxidative stress throughout the whole body[49]. In 
the pancreas, Fe2+ accumulates in acinar cells and in the 
islets of Langerhans, thereby resulting in the destruction of 
beta-cells associated with DM[48]. The ability of the phenolic 
extracts to inhibit Fe2+-induced lipid peroxidation in Rat’s 
pancreas was investigated. The results clearly showed 
that incubation of the rat pancreas in the presence 
of 25 毺M/L Fe2+ caused a significant increase (P<0.05) 
in the MDA contents of the rat pancreas (159.2%) when 
compared with the basal pancreas homogenate (100.0%). The 
increased lipid peroxidation in the presence of Fe2+ could 
be attributed to the fact that Fe2+ can catalyze one-electron 
transfer reactions that generate reactive oxygen species. 
The incubation of rat pancreas in presence of Fe2+ caused a 
significant increase (P<0.05) in MDA content; however, both 
extracts exhibited high inhibitory effects on pancreatic MDA 
produced in a dose-dependent pattern (78.13-312.50 毺g/mL). 
However, there was no significant difference in the ability 
of the extracts to inhibit MDA production, although the free 
soluble phenolic extract had higher inhibitory activity than 
the bound phenol extract. The reason for the inhibition of 
the lipid peroxidation in the pancreas by the polyphenolic 
rich extracts cannot be ascertained; however, it could be 
attributed to the phenolic phytochemicals present in the 
extracts; which could have formed complexes with the Fe 
(II), thereby preventing them from catalyzing the initiation of 
lipid peroxidation.
   At present, several reports have correlated the antioxidant 
properties of plant foods with phenolic contents[13,22,36]. 
This study also revealed a strong correlation between 
the inhibition of Fe2+-induced lipid peroxidation in rat 
pancreas and phenolic contents [(free phenol extract (r = 
0.883 2), bound phenol extract (r = 0.906 0)]. The antioxidant 
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properties of plant foods have been attributed mainly to 
their phenolic content[13,22,36]. Antioxidants play their 
protective role on cells either by preventing the production 
of free radicals or by neutralizing/scavenging free radicals 
produced in the body or by reducing/chelating the transition 
metal composition of food[14]. The antiradical activity of 
flavonoids and phenols is principally based on the structural 
relationship between different parts of their chemical 
structure[37].
   DPPH is a free radical donor that accepts an electron 
or hydrogen to become a stable diamagnetic molecule[29]. 
Therefore, the ability of the polyphenolic rich extracts to 
scavenge DPPH radicals was investigated. However, judging 
by the IC50, there was no significant difference in DPPH 
radical scavenging ability of the free soluble phenolic 
extract (IC50 = 212.53 毺g/mL) and bound phenolic extract 
(IC50 = 256.14 毺g/mL). Moreover, the apparent high DPPH 
radical scavenging ability of extracts could have been due to 
high total phenolic contents. 
   The total antioxidant capacity of the extracts, a function 
of the radical scavenging ability of the extracts, was studied 
using a moderately stable nitrogen-centered radical species, 
ABTS.+[30]. The result agrees with that of the DPPH radical 
scavenging ability, in that there is no significant difference 
in the ABTS.+ scavenging ability of the free soluble phenolic 
(0.059 0 mM TEAC/g) and bound phenolic (0.057 6 
mM TEAC/g) extracts. 
   Reducing power is a potent antioxidant defense 
mechanism which is based on either electron transfer or/
and hydrogen atom transfer by the antioxidant molecule[31]. 
Ferric-to-ferrous iron reduction occurs rapidly with all 
reductants with half reaction reduction potentials above that 
of Fe3+/Fe2+, thus, the values in the reducing power assay 
will express the corresponding concentration of electron-
donating antioxidants. However, the results revealed that 
the free soluble phenolic extract (0.477 4 mM AAE/g) had 
a significantly (P<0.05) higher ability to reduce Fe3+ to Fe2+ 
than the bound extract (0.339 4 mM AAE/g). The trend in the 
reducing properties of the phenolic extracts is in agreement 
with the phenol content (total phenol and flavonoid). This 
supports the assertion that the antioxidant activity of 
phenolics is mainly due to their redox properties which 
allow them to act as reducing agents, hydrogen donors and 
singlet oxygen quenchers[13,14].
  This study reports a strong correlation between the phenolic 
content of clove bud and the enzyme inhibitory activities. 
Furthermore,  the inhibition of key enzymes linked to type-2 
diabetes (alpha-amylase and alpha-glucosidase) coupled 
with strong antioxidant properties of the tropical cloves 
phenolics could be part or possible mechanism through 
which the clove bud elicits its antidiabetic potentials. 
However, the strong alpha-glucosidase and mild alpha-
amylase inhibition of clove bud could make it an excellent 
functional food and fantastic nutraceutical source for the 
management of type-2 diabetes with minimal side effects. 
Although, this study revealed the in vitro antioxidant and 
enzyme inhibitory actions of phenolic extracts from clove 
buds. Further investigation is ongoing to ascertain possible 
effects in vivo. 
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