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Abstract 
Cinnamon, cardamom and cloves have been widely used for medicinal pur-
poses as well as essential cooking ingredients for flavor. The objective of the 
research was to investigate the antioxidant content, antioxidant capacity, and 
inhibition of lipid and carbohydrate metabolizing enzyme activities of selected 
spices (cinnamon, cardamom & cloves) methanol (ME) and water extracts 
(WE). The phytochemical content was determined by total phenolic and total 
flavanoid content. The antioxidant potential was determined by measuring 
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity  and Fer-
ric Reducing Antioxidant Power (FRAP) in spice’s (ME) and (WE) extracts. 
Total phenolic (GAE mg/100g dry weight) and flavonoid (mg CE/100g dry 
weight) content were the highest in Cloves (ME) 174.4 and 101.06. The lowest 
values for phenolic content were seen in ME and WE of Cardamom at 31.24 
and 7.55. The DPPH IC50 values ranged from 0.22mg/mL (Cloves ME) to 
0.60mg/mL (Cardamom ME). FRAP (μmol Fe2+/100g dry weight) for Cinna-
mon, Cardamom (ME) was 2438.5 and 325. Clove (ME) had a significantly 
higher reducing potential of 6888.5 which might have been attributed by the 
high amounts of phenolics and flavonoids in the spice. FRAP in spice extracts 
(WE) was lower with values of 2296.5 and 218.5 and 2310.5, respectively. The 
highest inhibition of the α-glucosidase was observed by Clove (ME) 86.5%, 
which also had the highest amylase enzyme inhibition at 71%. However, inhi-
bition of the lipase enzyme was highest by the Cinnamon (WE) extracts 
44.3%. The potential of phytochemicals in spices was studied and if consumed 
in high amounts could offer antioxidative properties and regulate key diges-
tive enzymes which may lead to prevention or decreased progression of dis-
eases such as Cancer, Diabetes and Cardiovascular diseases. 
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1. Introduction 

The risk of developing chronic diseases such as cancer, cardiovascular diseases, 
diabetes mellitus and hypertension is highly prevalent in the U.S [1]. The factors 
which contribute to metabolic syndrome are abnormally high glucose levels, 
abnormally high blood pressure, large abdominal circumference, and high trig-
lyceride levels [2]. A survey conducted by Vella and others [3] showed that the 
awareness of functional foods in relation to health is increasing and individuals 
are demanding more functional foods that offer opportunities to reduce the risk 
of developing chronic diseases. Toda, Kawabata & Kasai [4] reported 
α-glucosidase inhibitors from clove, while research by Baker adn others suggests 
anticarcinogenic properties of the spice [5]. Subash and others [6] reported the 
effect of cinnamon by isolating the active compounds to determine the main 
phytochemicals responsible for the anti-diabetic mechanism. The compound 
cinnamaldehyde was effective in lowering the plasma glucose levels in the 
STZ-induced diabetic rats used in the study. Not only did cinnamaldehyde re-
duce the glucose levels but it also lowered serum total cholesterol, triglycerides 
levels, and LDL (low-density lipoprotein). The compound was also able to in-
crease the supply of insulin and HDL (high-density lipoprotein). The production 
of cardamom has increased over the years especially in Vietnam since 1990 be-
cause of its biological benefits as well as a high demand for the spice in the de-
velopment of food products [7]. Wojdyło, Oszmiański, & Czemerys [8] de-
scribed the various phytochemicals present in Cloves such as eugonol, acetyleu-
genol, chavicol, acetyl salicylate, and humulenes. In a research study conducted 
by Krishnaiah, Sarbatly & Bono [9], various spices such as Indian gooseberry, 
omum, cumin, cardamom, betel leaf and brandy were examined for their phe-
nolic and flavonoid contents. A medium content level (50 - 100 mg) was found 
in the products and linked to the inhibitory potential on key enzymes in the 
human biological system. Some parts of the world that regularly consume spices 
have shown to have lower numbers of chronic disease cases due to the variety in 
phytochemicals which have been seen to affect various metabolic pathways [10]. 
Research has been focused on the utilization of polyphenols as well as to increase 
their consumption in a diet [11]. Cocoa beans have been reported to contain 
flavonoids and phenolics that may reduce reactive oxygen species (ROS). De-
veloping chronic heart disease has been attributed to the lack of antioxidants 
which reduce the oxidation of LDL cholesterol [12]. Data collected by NIH, 2011 
also showed that lowering LDL cholesterol reduces the risk of cardiovascular 
disease. The method of extraction to obtain the highest amounts of phytochem-
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icals is very crucial. A study conducted by Exteberia and others [13] indicated 
that extraction by supercritical carbon dioxide yielded 85% - 95% compared to 
extraction by petroleum ether. A study by Thorpe & Howard [2] reported a sim-
ilar pattern showed an increase in extractability of the polyphenols in cloves us-
ing water extraction. This suggests that the characteristic of the solvent used 
could affect the type and amount of polyphenolic compounds extracted from the 
matrix of the spice. 

Phytochemicals present in spices such as cinnamon and cloves, may prevent 
the prevalence of chronic diseases by scavenging free radicals as well as regulat-
ing pathways in the inflammation process [14]. Enzymes (α-amylase and 
α-glucosidase) are involved in the breakdown of starch in the digestive system. 
The inhibition of these key digestive enzymes by phytochemicals in spices could 
be very effective in reducing hyperglycemia and abnormal levels of other biolog-
ical constituents [15]. Therefore the objective of the research was to investigate 
the antioxidant content, antioxidant capacity, and inhibition of lipid and carbo-
hydrate metabolizing enzyme (lipase activity, α-glucosidase activity and α-amylase) 
activities of selected spices (Cinnamon, Cardamom & Cloves) methanol (ME) 
and water extracts (WE).  

2. Materials and Methods  
2.1. Preparation of Cinnamon, Cardamom and Cloves Extracts 

The spices were purchased from a local store (Huntsville Alabama, USA). The 
three spices were ground to powdered form using the (Laboratory Blender, 
Warring commercial, Torrington, CT, USA). All extracts for chemical and en-
zymatic assays were prepared in 80% methanol and boiling water. Five grams of 
each spice was mixed with either 80% methanol at room temperature or water 
for 1 hour in a hot water bath at a temperature range of 90˚C - 100˚C. The su-
pernatant was dried in Rotary Evaporator (Safe Aire, Fischer Hamilton, Gai-
thersburg, MD, USA). The final volume was made to 10ml with either solvent 
and stored at −20˚C until analysis [16]. 

2.2. Determination of Total Phenolics, Flavonoids and  
Antioxidant Potential 

Total phenolic content was determined using the Folin Ciocalteu colorimetric 
method described by [17]. The results are expressed as mg GAE/100g dry 
weight. The total flavonoid content was determined using methods by [18]. Ca-
techin was used as the standard and results are expressed as mg CE/100g dry 
weight. To determine the radical scavenging ability of the selected spices, 
2,2-diphenyl-2-picrylhydrazyl (DPPH) scavenging ability was conducted using 
the method described by [19]. 0.1 mM of DPPH was utilized in the sample mix-
ture and results were expressed as IC50 of DPPH. Determination of Ferric Re-
ducing Antioxidant Power (FRAP) assay was determined by following the me-
thod described by [20]. The samples were analyzed in triplicates and the results 
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are expressed as mmol Fe2+/g dry weight. 

2.3. Determination of Enzyme Inhibition of Potential  

The inhibition of pancreatic lipase (in-vitro) was measured using p-nitrophenyl 
butyrate (p-NPB) as a substrate as described by [21]. The reaction was started by 
the addition of substrate 25 mM p-NPB in dimethylformamide (DMF). Inhibi-
tion of α-amylase activity was carried out as described by [22]. Different con-
centrations of spice extracts and α-amylase solution (4 units/ml) were incubated 
at 25˚C for 10 min. After pre-incubation, 50 µl of a 1% starch substrate was 
added to the solution to initiate the reaction. To determine the inhibition of the 
α-glucosidase enzyme, the protocol as described by [23] was used. The sample 
was pre-incubated with phosphate buffer (pH 6.9) containing α-glucosidase so-
lution (1.0 U/ml). After pre-incubation, 50 µl of substrate p-nitrophenyl-a-d- 
glucopyranoside solution in 0.1 M phosphate buffer (pH 6.9) was added to each 
well.  

3. Statistical Analysis 

All experiments were conducted in triplicates. Data was analyzed using the SAS 
9.1 (2011). Means were separated using Tukey’s standardized range test. Level of 
significance was set at p ≤ 0.05. 

4. Results 
4.1. Phytochemical Content in Cinnamon, Cardamom and Cloves 

The phytochemical content of selected spices cinnamon, cardamom and cloves 
(methanol—ME and water—WE) was shown in Table 1. The total phenolic 
content (TPC) (mg GAE/100g) was the lowest in (WE) and (ME) extracts of 
Cardamom at 7.55 and 31.24 and higher in cloves (ME) and (WE) at 174.40 
mg/100g and 101.06 mg/100g. Methanol extractions resulted in significantly (p < 
0.05) higher phenolic content (1.7 - 4 times) compared to water extraction in all 
spices. The total flavonoid content (TFC) (ME) was highest in cloves (ME) at 
94.50 mg CE/100g and lowest in aqueous extracts of cardamom (0.31 mg 
CE/100g). 

4.2. Reducing and Radical Scavenging Ability of Spices (Cinnamon, 
Cardamom and Cloves) 

The Ferric Reducing Antioxidant Potential (FRAP) and DPPH radical scaveng-
ing activity of spice extracts was determined and is shown in Table 2. Cinna-
mon, Cardamom, and Clove methanol extracts had higher FRAP values com-
pared to WE. The highest FRAP was observed in Cloves ME (6888.5 ± 137.5 
µmol Fe2+/100g) and a significantly (p < 0.05) lower FRAP was observed in 
Cloves WE (2310.5 ± 171.5 µmol Fe2+/100g). FRAP values for WE of Cinnamon, 
Cardamom and Cloves were lower (6%, 33% and 66%) compared to their ME. 
Cloves ME was able to scavenge DPPH more effectively than the other extracts 
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Table 1. Phenolics and flavonoid contents of Cinnamon, Cardamom and Cloves in Me-
thanol and Water extracts. 

Spice 
Phenolics (mg GAE/100g) Flavonoids (mg CE/100g) 

ME WE ME WE 

Cinnamon 154.24 ± 0.19b 79.20 ± 1.1b 63.83 ± 0.84a 66.69 ± 3.67a 

Cardamom 31.24 ± 0.27c 7.55 ± 0.17c 6.33 ± 0.61c 0.31 ± 0.10c 

Cloves 174.40 ± 2.00a 101.06 ± 19.36a 94.50 ± 3.53a 17.29 ± 0.29b 

ME: methanol extracts; WE: water extracts; GAE: Gallic Acid Equivalents; CE: Catechin Equivalents. Values 
are Mean ± SD; n = 3. abcValues not sharing common superscript are significantly different (p < 0.05) using 
Tukey’s studentized range test. 

 
Table 2. Free-radical scavenging (DPPH) activity and ferric reducing antioxidant power 
(FRAP) of cinnamon, cardamom and cloves. 

Spice 
FRAP 

(µmol Fe2+/100g) 
DPPH 

IC50 (mg/ml) 

Cinnamon ME 2438.5 ± 43.50b 0.56 

Cinnamon WE 2296.5 ± 54.50b 0.53 

Cardamom ME 325.0 ± 15.00c 0.60 

Cardamom WE 218.5 ± 8.50c 0.58 

Cloves ME 6888.5 ± 137.50a 0.22 

Cloves WE 2310.5 ± 171.50b 0.55 

ME: methanol extracts; WE: water extracts; DPPH: 2,2-diphenyl-1-picrylhydrazyl, FRAP: Ferric reducing 
antioxidant power. Values are Mean ± SD; n = 3. abcValues not sharing common superscript are significant-
ly different (p < 0.05) using Tukey’s studentized range test. 

 
as at the lowest concentration (0.22 mg/ml), inhibition of DPPH was 62.8%. An 
increase in percent DPPH inhibition was observed with an increase in concen-
tration of all selected spices. 

4.3. Inhibitory Activity of Spices on Amylase Enzyme 

Inhibition of the amylase enzyme was shown in Figure 1. An increase in the 
concentration of both ME and WE extracts inhibited α-amylase activity with in-
creasing concentrations (0.2 - 0.4 mg/ml). The highest inhibition was seen in 
Cloves (ME) and (WE) at (71%) and 65.6%. Cinnamon (ME) resulted in the 
highest inhibition (59.5%) of amylase activity at 0.4 mg/ml compared to Cinna-
mon (WE) (46.2%). The amylase inhibition by Cardamom (ME) was over 2 fold 
higher compared to WE at the 0.4 mg/ml concentration, however Cardamom 
extracts exhibited the lowest inhibition amongst all the spices. 

4.4. Inhibitory Activity of Spices on α-Glucosidase Enzyme 

The inhibition of α-glucosidase activity by Cinnamon (ME and WE) is shown in 
Figure 2. Cloves (ME) extracts exhibited the highest inhibition at 0.4 mg/ml  
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Figure 1. Amylase Inhibition of cinnamon cardamom and cloves extracts. Ab-
breviations: CL—Cloves, CA—Cardamom, CI—Cinnamon, ME—Methanol Ex-
tracts, WE—Water Extracts. 

 

 
Figure 2. α-Glucosidase Inhibition of cinnamon cardamom and cloves extracts. 
Abbreviations : CL—Cloves, CA—Cardamom, CI—Cinnamon, ME—Methanol 
Extracts, WE—Water Extracts. 

 
(86.5%). Cinnamon (ME) had the second highest inhibition of the enzyme at 
53.6%, whereas, at the same concentration (0.4 mg/ml) Cinnamon (WE) resulted 
in an inhibition of 38.4%. Cardamom (ME) resulted in the highest inhibition of 
α-glucosidase (26.9%) compared to WE (21.5%) at the same concentration (0.4 
mg/ml). 

4.5. Inhibitory Activity of Spices on Lipase Activity  

The inhibition of lipase activity by Cinnamon (ME and WE) is shown in Figure 3. 
Lipase inhibition was highest at the 0.4 mg/ml concentration for all three spices. 
Cinnamon (WE and (ME) recorded the highest inhibition at (53.1%) and 
(44.3%) respectively. (ME) of Cardamom resulted in higher inhibition (42.7%) 
of lipase as compared to Clove (ME and WE). Cloves (WE) resulted in the high-
er lipase inhibition (40.2%) as compared to (ME) (34.2%) at the highest concen-
tration. 

5. Discussion  

The health benefits that are attributed to phytochemicals are being further re-
searched for their effects against chronic diseases [10]. A number of phytochem-
icals such as catechins have been identified in cinnamon, cardamom and  
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Figure 3. Lipase Inhibition of cinnamon cardamom and cloves extracts. Abbreviations: 
CL—Cloves, CA—Cardamom, CI—Cinnamon, ME—Methanol Extracts, WE—Water 
Extracts. 
 
cloves. Research suggests these spices have cardioprotective, chemo preventive 
as well as anti-inflammatory effects [14]. 

In this study, the results showed varied extractability of phytochemicals by the 
use of either water or methanolic solvents. The phenolic and flavonoid content 
observed in Cloves ME (174.40 ± 2.0 mg GAE/100g) and (94.50 ± 13.53 mg 
CE/100g) may be attributed to the polarity of the methanol solvent. Similar evi-
dence in high extractability in Cloves (ME) has also been shown in research 
done by Hollingsworth [24]. Fruits and vegetables have been identified to con-
tain high amounts of phytochemicals [25]. Polyphenols are known to be power-
ful antioxidants that have also shown the ability to scavenge free radicals in the 
body. The ability to scavenge free radicals can be determined by their ability to 
scavenge the DPPH radical [26]. A higher inhibition of DPPH by cloves could 
again be attributed to the amount of phytochemicals which were successfully ex-
tracted.  

Another method used to determine the antioxidant power of phytochemicals 
is to observe the ability to reduce ferric ions to ferrous compounds. Cloves (ME) 
exhibited significantly higher (p < 0.05) FRAP activity among all spices. Despite 
the light color of cardamom, the spice exhibited reducing and scavenging ability 
which may be attributed to key compounds such as linoleic acid and quercetin 
which act as reducers. Eugenol is one of the main chemical compounds found in 
Cloves that have also have been seen to exhibit high DPPH and FRAP values 
[27]. 

The inhibition of key digestive enzymes such as α-glucosidase and α-amylase 
has been identified as a potential agent to lower the incidence of diabetes [28]. 
Results gathered in the experiment showed an increased inhibition in a dose de-
pendent manner (0.1 - 0.4 mg/ml). Cloves (ME) had a higher percent inhibition 
of α-glucosidase at the highest concentration compared to Cloves WE [27]. The 
inhibition may have been caused by the spices decreasing the formation of a 
substrate-enzyme complex. The inhibition of α-amylase by spices has been pre-
viously studied by Cazzola and others [29]. Results from the present study agree 
with previously published works as inhibition of α-amylase occurred in a dose 
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dependent manner. Bioactive compounds in plant materials have been attributed 
to the inhibition of amylase enzyme. Research by Chirumbolo [30] suggested 
that the bioactive compounds in fruits and vegetables attributed to the inhibition 
of the amylase enzyme. The inhibition of pancreatic lipase (PL) enzyme through 
natural bioactive compounds has attracted attention in utilizing phytochemicals 
as anti-obesity agents by to limiting dietary fat absorption and accumulation of 
lipid in adipose tissue [31]. 

6. Conclusion 

Cinnamon, cardamom and cloves have been shown in various reports to have 
beneficial phytochemical compounds that are very important in altering the ac-
tivity of digestive enzymes as well as the scavenging of free radicals that are 
produced in the body. They have also been used for traditional medicinal pur-
poses to cure ailments such as colds and dental carries. The ability of the spice 
extracts (ME and WE) to reduce ferric to ferrous and scavenge free radicals, 
suggests its antioxidant power. Cloves which were the darkest in color had the 
highest levels of phenolics and flavonoids, followed by cinnamon and finally 
cardamom that has a light green/yellow pigmentation. The inhibition of pan-
creatic lipase, α-glucosidase, and α-amylase activities by cinnamon, cardamom 
and clove extracts (ME and WE) may provide a potential means of developing 
safe therapeutic approaches of preventing and/or treating obesity, hyperglycemia 
and the metabolic syndrome. 
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