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Abstract 

Antioxidant activity of sequential extracts of black pepper, ginger, turmeric and cinnamon was 
determined by DPPH assay, phosphomolybdate method and ferric reducing power method and 
compared with that of the synthetic antiox idant BHA. The results revealed that methanol extract 
of cinnamon has highest antioxidant potentia l fo llowed by chloroform extract of turmeric. The 
antioxidant potential was also correlated with total phenol content. 
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Abbreviations: 2,2-d iphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP), 
ga llic acid equivalents (CAE), molar ascorbic acid equivalence (MAAE), phosphomolybdenum 
method (PM method). 

Introduction 

Reac ti ve oxygen species (ROS), such as 
su peroxid e radicals, peroxyl rad ica ls and 
hydroxyl radica ls generated as a part of normal 
metabolic processes, causes ox idative damages 
of the biomolecules namely lipids, proteins and 
nucleic acid s a nd trigge rs va riou s chronic 
di seases such as coronar y hear t diseases, 
atherosclerosis, cancer and aging. Antioxidants 
by virtue of their capacity to inhibit ox idation 
processes help to combat these conditions. The 
commonly used antioxidants, namely, butylated 
hydroxy an isole (BHA), butylated hydroxy 
toluene (BHT), propy l ga llate (PC) a nd 
butylated hydroquinone (BHQ) are reported to 
have side e ffects such as li ver damage and 
carci nogenes is (Sherwin el al. 1990) . Due to 

cons um er awareness and concern s about 
food safety, there is an increas ing demand on 
natural antioxid ants of plant origin. Plants 
contain va rious classes of phy toche mica ls 
with antioxidant properties viz., phenoli cs, 
fl avonoids, alkaloids, ca rotenoids, sterols and 
glucosinolates. Spices are excellent sources of 
phenoli c compounds amd reported to show 
wide spectrum of pharm aco logica l effec ts 
(Parthasarathy et al. 2008, Shan el al. 2005). 

Major bioactive compound of black pepper 
(Piper 11igl"/lll/ L., Piperaceae), is an alkaloid, 
piperine, which shows its pharmacolog ica l 
impact on the nervous, neuromuscular and 
gastrointestinal systems (Kati a el al. 2013). The 
principal active component of ginger (Zillgiber 
officiI/ale Rose., Zingiberaceae), 6-gingerol, is a 
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phe nolic compound. 6-Gingerol and its 
d e rivatives have wide ra nge of medicinal 
properties like antimicrobial, antifungal, 
antivirat antioxidant, anti-inflammatory, and 
anticancer ac tiviti es (Bartl ey et al. 2000; 
Dugasani et al. 2009; Grzanna et al. 2005; 
Shukla & Singh 2007). Turmeric (OII'CllIlIn IOllga 
L. Zingiberaceae), a widely studied Indian spice, 
is used in traditional medicines from ancient 
times. It has a broad spec trum of medicinal 
properties, which include anticarcinogenic, 
antioxidant, anti-inflammatory, anticoagulant, 
antidiabetic, antibacterial, antifungal, 
antiprotozoai, antiviral, anti fibroti c, 
antivenon1, antimutagenic, antiulce r, 
hypotensive and hypocholesteremic activities 
(Warrier et af. 1995). The major constituent 
which contributes these properties of turmeric 
is the pigtne nt, curcumin. Cinnamon 
(Cillllall101l1llm Ve l'lI111 Syn. C. zeylalliCIIIII, 
Lauraceae) with cinnamaldehyde as the chief 
constituent possesses significant antidiabetic, 
antiallergic, antipyretic, antiu1cerogenic, 
ana es thetic, vasodilatory, antitulTIOr, 

antifungal, cytotoxic and antimutagenic 
activities (Kurokawa et al . 1998; Shaughnessy 
et af. 2001) . In the present study the antioxidant 
potential of sequential extracts of four Indian 
spices namely black pepper, ginger, turmeric 
and cinnamon was evaluated in relation to their 
phenol content. 

Materials and methods 

Plallt sample collectioll 

All the spice samples were collected from 
authentic sources focusing on a single variety. 
B.erries of black pepper cv. Panniyur-5 were 
collected from Pepper Research Station, 
Panniyur, Kera la; ginger (TISR Varada) and 
turmeric (IISR Prathibha) rhizomes were 
collected from ICAR-Indian Institute of Spices 
Research, Experimental Farm, 
Peruvannamuzhi, Kozhikode and cinnamon 
bark from Cheemeni Estate, The Plantation 
Corporation of Kerala Ltd., Kannur District, 
Kerala . 
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Pl'eparatioll of spice extracts 

Black pepper berries, cinnamon bark, peeled 
ginger rhi zomes and cured turmeric rhi zomes 
were dried to a moisture level of 10% and 
powdered in a cyclotech mill. The powdered 
spice (500g each) was successively extracted 
with hexane, chloroform and methanol in a 
soxhlet apparatus for 30 h. The extracts were 
filtered and evaporated to dryness using rotary 
evaporator. The yield of solvent-free ex tra cts 
was recorded and the extracts were stored at 
4°C till further use. 

Alltioxidallt potelliial 

DPPH radical scavCllgillg assay 

Each extract (0 .5 g) was dissolved in 100 mL 
methanol (5000 ~g mL") and used as the s tock 
solution. Working s tandards of varying 
concentration were prepared and used for the 
assays. The hydrogen atom donating property 
of the spice ex tracts were determined by the 
decolourization of the methanol solution of 2, 
2-diphenyl-1-picrylhydrazyl (DPPH) (Blois 
1958). Working standards of various extracts 
was added to 1 mL of 0.004% DPPH (in 
methanol) the reaction mixture was made up 
to 5 mL with methanol and incubated in dark 
at room temperature for about 30 min. After 
incubation, the decrease in absorbance of the 
mixture was read at 517 nm and the percent 
inhibition was calculated. BHA was used as 
standard. The DPPH radical scavenging 
activity was expressed as ICso value, which 
indicate the effective concentration of the extract 
for scavenging 50% of DPPH free radicals. 

Phospholllolybdelllllll assay 

Total antioxidant capacity of the ex tracts was 
estimated based on the reduction of 
molybdenum - VI to molybdenum - V by the 
sample and the subsequent formation of a green 
phosphate/molybdenum - V complex at acidic 
pH (Prieto et al. 1999). Varying concentration 
of the extracts was added to 1 mL reagent 
solution and incubated in a boiling water bath 
at 95°C for 90 min. Subsequently, the solution 
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was made up to 4 mL using methanol and the 
absorbance was read at 695 nm . Ascorbic acid 
was used as the s tandard. The antioxidant 
potential was expressed in terms of MAAEg" 
of extract. 

Ferric reducillg power 

The compounds with antioxidant properti es 
tend to form a colored complex with potassium 
ferri cyanide, trichloroace ti c acid and fe rri c 
chloride. The yellow color of the tes t solution 
changes to various shades of green and blue 
depending on the reducing power of the active 
compound. The ferric reducing potential is 
based on the principl e of increase in the 
absorption of the reaction mi xture which 
indi ca tes in c reased antiox idant potential 
(Oyaises 1986). 

Different concentrations of th e aqueous 
solution of ex tracts (0.5 mL) were mixed with 
(2.5 mL) phosphate buffe r (0.2 M, pH ~ 6.6) and 
(2 .5 mL) potassium ferricyanide ([K,Fe(CN), l, 
1 % w/v). The reaction mixtures were incubated 
at 50°C for 30 min . Trichloroacetic acid (10% 
w/v, 2.5 mL) was added to the reaction mixture. 
An aliquot of solution (2.5 mL) was mixed with 
0.5 mL of FeCI, (0.1 % w/v,) and 2.5 mL distilled 
water was added. The absorbance of the sample 
was Ineaslired at 700 111n. Ascorbic acid was 
used asJhe staudiU.d . ..Jll antioxidan potential 
of extracts was ex pressed as MAAE g" extract. 

Total phenol call tell I: 

The total phenol content of each extract was 
assessed by Folin-Ciocalteu phenol reagent 
m e thod (Single ton et af. 1999) . Varying 
concentrations of the extracts were made up to 
3 mL using reagent grade water to which the 
Folin-Ciocalteu phenol reagent (0.5 mL) was 
added and incubated at room temperature for 
3 minutes. To th e reaction mixture, 2 InL 
Na 2CO, solution (20%) was added and the 
mixture was kept in boiling water bath for 
about 1min, cooled and the absorbance of the 
solution was measured at 760 nm. Gallic acid 
was used as standard. The phenolic content was 
expressed as mg gallic acid equivalents per gram 
of the extract. 
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Statistical analysis 

The data were analyzed using Excel (Microsoft 
Inc.) and SPSS version 5.0 softwa re. Signifi cant 
diffe rences be twee n sa mples were analyzed 
u sin g analys is of variance (ANOVA) and 
Duncan's multiple-range test (P<0.05). Pea rson 's 
corre la tion was used to d e te rmine the 
co rre lation of antioxidant potential of 
chloroform and -methanol ex tracts by DPPH 
free radical-scaveng ing activity, 
phosphomol y bd enum method and fe rric 
reducing power assay on total phenoli c content. 
Data obtained were re ported as mean ± 
standard deviation. 

Results and discussion 

The recovery of solvent extracts from the 
powdered black pepper berries, cinnamon bark 
and rhi zomes of ginger and tlll'meric is given 
in Table 1. The antioxidant potential of the 
various spice extracts are indicated in Table 2. 
DPPH Free radical scavenging acti vity of spice 
ex tracts was expressed in terms of ICso values, 
which varied between 11 .9 ~lg mL" to 1507.3 
~lg mL" for diffe rent spice extracts. The highest 
activity was obse rved with methanol ex tra ct 
of cinnamon with ICso value of 11.9 flg mL" 
which was followed by chloroform extract of 
turmeric (ICso ~18.2 ~g mL") whereas ICso value 
orBRA was 5.4 fI g m L'\"Statistical analysis of 
the data indica te d that the free radi ca l 
scavenging activity of m ethanol ex tract of 
cinnamon and chloroform extra ct of tlll'meric 
were not significantly different and free radi ca l 
scavenging activity of the sequential ex tracts 
wa s in the order, m e thanol ex tract of 
cinnamon, chloroform extract of turmeric > 
chloroform extract of ginger, hexane extract of 
turmeric, hexane extract of ginger> methanol 
extract of black pepper > methanol extract of 
ginger> chlorofonn extract of cinnamon, 
chloroform extract of black pepper > methanol 
extract of turmeric > h ex ane ex tract of 
cinnamon > h exane extract of black pepper. 
Studies by Oyas et al. (2013) using ethyl acetate 
extract of cinnamon, turmeric and ginger 
revealed that the cinnamon extract had 
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Table 1. Recovery (%) of the variolls spice extracts 

Spice Hexane Chloroform Methanol 

Black pepper 

CinnanlOl1 

Ginger 

Turmeric 

10 

2.8 

3.0 

9.0 

6.0 

0.8 

1.2 

7.6 

4.0 

22.1 

4.2 

9.2 

maximum DPPH scavenging activity followed 
by turmeric and ginger extracts. 

Antioxidant activity of the extracts by 
phosphomolybdenum assay varied from 0.27-
2.99 MAAE g" of extract where as that of BHA 
was 3.68 MAAE g". The chloroform extract of 
turmeric showed the highest antioxidant 
potential by this method (2.99 MAAE g" of 
extract) followed by the m ethanol extract of 
cinnamon (2.34 MAAE g" of extract). BHA 
showed 3.68 MAAE g" by 
phosphomolybdenum method. Statistical 
analysis revealed the following order of 
antioxidant by activity by this method: 
chloroform extract of turmeric> methanol 

Table 2. Antioxidant potential of spice extracts 

Spice Extract 

Black pepper Hexane 

Chloroform 

Methanol 

Cinnamon 

Ginger 

Turmeric 

BHA 

Hexane 

Chloroform 

Methanol 

Hexane 

Chloroform 

Methanol 

Hexane 

Chloroform 

Methanol 

DPPH Assay 
IC (Ilg mV 
of so extract) 

h 
1507.3 

, 
195.7 

, 
60.8 

689.2' 
, 

166.3 
• 11.9 

36.2 
b 

b 
31.3 

d 
136.0 

b 
35.7 

• 18.2 
f 

325.3 

5.4 

Sara llyn et al. 

ex tract of cinnamon> chloroform extract of 
cinnamon, hexane extract of tunneric, 
chloroform extract of ginger> methanol extract 
of turmeric > methanol ex tract of black pepper, 
chloroform extract of black peppe r, hexane 
extract of cinnamon, hexane extract of ginger 
> me thanol extract of ginger> hexane extract 
of black pepper. There was no significant 
difference among the antioxidant potential of 
chlorofonn extract of cinnamon, hexane extract 
of turmeric, and chloroform extract of ginger. 
Similarly, methanol extract of black pe pper, 
chloroform extract of black pepper, hexane 
extract of cinnamon and hexane ex tract of 
ginger were on par with respect to their 
antioxidant activity. 

The antioxidant potential of the spice extracts 
by FRP method varied between 0.20-1.56 MAAE 
g" of extract with 2.34 MAAE g" for BHA. 
Highest antioxidant activity was obtained with 
methanol extract of cinnamon which was 
followed by chloroform extract of turmeric (1.47 
MAAE g" of extract); but statistical analysis of 
the data indicated that these two were not 

PM assay FRAP method TPC 
(MAAEg" (MAAEg" (mg GAEg" 
of extract) of ex tract) of extract) 

, f 
0.27' 0.28 16.03 

, b f 
0.90 0.73 25.97 

, b 
38.24 

, 
0.93 0.74 

, , f 
0.86 0.27 33.33 

, 
0.37 

, 
35.00'" 1.31 

b . . 
2.34 1.56 244.67 

0.82' 
, 

103.67 
, 

0.34 
, , 

125.00 
, 

1.25 0.45 
f , d 

0.43 0.20 72.66 
, , 

1.28 0.38 120.00 
• • b 

2.99 1.47 158.67 
d , 

47.00 
, 

0.95 0.41 

3.68 2.34 

Values with the same superscript within each column are not s ignificantly different (P<O.OS). 
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s ignifi cantly different. By FRP method th e 
antioxidant potential of sequential extracts was 
as follows: m e thanol extract of cinnamon, 
chloroform extract of turme ric> m e thanol 
extract of black pepper, chloroform extract of 
black pepper> chloroform extra ct of g inger, 
methanol ex tract of turmeric, hexane extract 
of turmeric, chlorofonn ex tract of cinnalnon, 
hexa ne extract of g inger, hexane extract of black 
pepper, hexa ne extract of cinnamon, methanol 
ex tract of ginger. The data showed superior 
antioxidant potential of chloroform extract of 
tUrJneric and methanol ex tract of cinnamon 
among the 12 extracts and the least activity was 
observed with hexane extract of black pepper. 
However the antioxidant potential of all four 
spices tested are lower than that of the synthetic 
antioxidant BHA. 

Total phenolic content of the spice extracts, 
varied between 16.03-244.67 mg CAE g" extract. 
The results showed that the me thanol extract 
of cinnamon had the highest total phenol 
content (244.67 mg CAE g" extract) followed 
by chloroform extract of turmeric (158.67 mg 
CAE g" extract). The antioxidant potential of 
the spice extracts showed direct correlation with 
total phenolic content. Total phenol content of 
chloroform extracts showed significant 
correlation with DPPH assay(r ~ -0.98), 
phospho molybdenum method eO.~ and 
FRP (r~0.61). Total phenol content of methanol 
extracts showed significant correlation with 
DPPH (r~ -0.58), phosphomolybdenum method 
(r~ 0.90) and FRAP (r~ 0.87). Similar correlation 
between antioxidant activity and total phenol 
content was reported by Cai et al. (2004), Shan 
et al. (2005), Wu et al. (2006), and Wong et al . 
(2006) also. Spices like cinnamon and turmeric 
are very important not only for their culinary 
proper ty but also for th e ir antioxidant 
mediated activity. Further investigations are 
warranted to pinpoint the specific compounds 
responsible for the antioxidant activity of these 
extracts and their in vivo efficacies. 

Acknowledgements 

The authors are thankful to Indian Council of 
Agricultural Research, New Delhi for the 

31 

financial support and Mr. K. Jayarajan, ICAR
Indian Institute of Spices Research, Kozhikode 
for the statistical analys is. 

References 

Bartley J & Jacobs A 2000 Effects of drying on 
fl avou r compound s in Aus tralianMgl'Ow n 
ginger (Ziffgiber officiffnle). J. Sci. Food Agri. 
80: 209- 215. 

Blois M S 1958 Antioxidant determinations by the 
use of a stable free rad ical. Nat . 181: 1199-
1200. 

Ca iY, Luo Q, Sun M & Corke H 2004 Antioxidant 
activity and phenoli c compounds o f 11 2 
Chinese medicinal plants associated with 
anticancer. Life Sci. 74: 2157- 2184. 

DlIgasani S, Pichika M R, Nadarajah V D, 
Balijepalli M K, Tandra S & Korlakllntab J 
N 2009 Comparative antioxidant and 
antiMinfiammatory effects of [6]M 
gingerol,[8]-gingerol, [lO]-gingerol and 
[6]-shogaol. J. Ethnopharmacol. 127: 515-
520. 

Grzanna R, Lindmark L & Frondoza C G 2005 
Ginger: an herbal medicinal product w ith 
broad anti-inflammatory ' actions. J. 
Med. Food 8: 125-132. 

Katia S A & Regina S F 2013 Antioxidant activity 
of black pepper (Piper ffignlllf L.) oil obtained 
by s upercritical C02 III lberoa merican 
ConLer.e nce OJ1 Sup ercr iti ca i Fluids 
Cartagena de Indias (Colombia). 

Kurokawa M, Kumeda C A, Yamamurn J, 
Kamiyama T & Shiraki K 1998 Antipyretic 
activity of cinnamyl der ivatives and 
related compounds in influenza virus 
infected mice. Eul'. J. Pharmacal. 348: 45-
51. 

Oyaises M 1986 Studies in product of browning 
reaction. Antioxidant activity of product 
of browning reaction. Jpn. J. Nutr. 40: 307-
315. 

Oyas A A, SallU N P & Pal A K 2013 Antioxidant 
activity and antimicrobial property of 
some Indian spices. IntI. J. Sci. Res. Pub. 3: 
2250- 3153. 

Parthasa rathy V A, Chempakam B & John 
Zachariah T 2008 Chemistry of spices, 
CAB!, UK. 



32 

Prieto P, Pineda M & Aguila r M 1999 
Spectrophotom etric quantitation of 
antiox idant ca pacity throu gh the 
formation of a phos phomolybd enum 
complex: s pecific appli ca tion to th e 
determination of vitamin E. Anal. 
Biochem. 269: 337- 341. 

Shan B, Cai Y Z, Sun M & Corke H 2005 Antioxidant 
capacity of 26 spi ce ex tra cts and 
characteri za tion of th eir phenoli c 
constituents. j. Agri. Food Chem. 53: 7749-
7759. 

Shaughnessy 0 T, Setzer R W & DeMarini D M 
2001 The a ntimutagen ic effec t of 
vani llin and cinnamaldehyde on 
spontaneous mutation in Sa lmonella TA 
104 is due to a reduction in mutations at 
GC but not AT sites. Mutat. Res. 480/481: 
55- 69. 

Sher w in E R, Brancn A L, Davidson P M & 
Sa lmincn S 1990 Food Additives. Marvel 
Dekker Inc, New York, pp.139- 193. 

Shukla Y & Singh M 2007 Cancer preventi ve 
properties of ginger: a brief review. Food 
Chem. Toxico!. 45: 683-690. 

Snr(lIl yn e t a l. 

Si ngleton Vi Orthofer J~ & Lall1uela- Rave tos R 
1999 Ana lys is of total phenol s and 
ot he r oxidation sub s trates and 
antioxidants by mean s of Folin
Ciocalteu re age nt, Oxidants and 
antiox id ants, pa rt A, me thod s in 
enzymology, Academic Press, 299: 152-
178 . 

Warrier P K,- Nambiar V P K & Ramankutty C 
1995 Indian Me dicinal Plants. O ri ent 
Longman Ltd ., Madras. 

Wong C, Li H, Cheng K & Chen F 2006 A systematic 
su rvey of antio xid ant activity of 
30 Chi nese medicinal plants us in g th e 
ferric reducing antioxidant powe r assay. 
Food Chem. 97: 705- 711. 

Wu C Q , Chen F, Wan g X, Ki m H J, He G Q, 
Haley-Z itlin V & Hu a ng G 2006 
Antiox idant co ns titu e nts in feve r 
few (T(lI/fl cetlll1l partilell;lfl1l) ex tract and 
their chrornatographic quantifi cati o n . 
Food Chem. 96: 220- 227. 


