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Abstract

The present work asmed to evaluate the antioxddant acthities as well as phytocherical analysis of leaf extracts
of same commonly used leafy spices such as  Murraya koenigh (M), Cavlandrum sativam (G5) Trigenelia
Fenum-arascum (Tig) and Mentha x piperifa (Mp). Lyophilised plant extracts (LPEs) were obtained by hot
water extrachion (HWE) process followed by rotavap and lyophilisation. Among the herbs tested, Mk srmmd
the haghest antisadant actiity in DPPH scavenging (77.35 % mg” of LPE), superowide anion radical
scavenging (60.21 % mg” of LPE) and hydrogen perowdde scavenging (57.21 % mg” of LPE) model. T
showed least activity in DPPH scavenging (33.15 % mg of LPE) and superoxide anion radical scavenging
(25.36 % mg of LPE) assay while Cs had the least activity in hydrogen peraxide scavenging (43.70 % mg " of
LPE) system. Phytochemical investigations revealed the presence of major primary and secondary metabalites.
M possessed highest amount of phenalics (5.70 mg GAE g of LPE), soluble sugars (66.18 mg GLE gt of
FTW) and proteins (69.84 mg BSAE g of FTW) and plant pigments (total chlorophyll 6.22 mg g~ of FTW and
sotal carotenoid 0.19 pg g7 of FTW) among the herbs. SD5-PAGE and HPLC finger printing had been performed
for anabyss of protein patterns and phenolic compounds respectively, In conclusion, addibon of culinary herbs
and keafy spices that show high to moderate antioxidant activity with an excellent amount of phytochermicals in
detary items would go a long way In assuring human health and wellness as well as enhancement of the
disease fighting capacity against oxidative stress related disorders.

Key words: Culinary herbs, Leafy spices, Anticeidant actvity, SDS-PAGE, HPLC, Phytochemcals, Human
haalth, Cradative stress refated disorders.

Introduction D;lildillwe h?:ress aulmd mu_sing mmﬂnr:t of
Celluar omolecules Wiz, Elmlfd 25,

Currently, one of the most numerously proteins, lipids and nucleic acids; membrane
pronounced keyword related to f‘?ﬂd'muh' damage, decreasing membrane fuidity. Such
disease concept is ROS le., Reactive Giygen — yop0n0 in tum leads to several ROS-mediated
Species. ROS chemically includes all U'I'-'._E-E diseases or disorders such as cancer, acquired
orygenated free radical (OFR) spedes oo podeficiency  syndrome,  malaria,
E‘E’”mﬁm o gngiet oxygen  (10a), cardiovascular disease, stroke, gastric ulcer,
SUDEEI'ﬂﬂdE anian .{E?';' % h'&'"E'fﬂW] radicals diabetes, malignant tumours, rheumatic joint
(OH"), peroxyl radicals (ROO"), nitric owide inflammation, arthritis, cataracts, Parkinson's
radical (NO”), peroxynitrite (ONOD") as well and Alzheimer's disease, old-age symptoms
as some non-radical forms  (hydrogen and aging etc. (Halliwell and Gutteridge, 1984;
perovide, H0;; hypochlorous acid, HOO), Maxwell, 1995; Halliwell, 2000; Young and
frequently generated in biclogical systems by \y o ncide 2001 Moskovitz ef al, 2002
endogenous or exogenous factors. ROS, Heinecke, 2003). Scientific reports advocate
surprisingly besides playing super roles In -y yhece diseases or disorders can be
energy production, phagocytosis, regulation of controlled or cured by regular intake of dietary
cell grnﬁ'ﬂ‘l and ||'IIE‘-|'E_E"LIIEI' ﬁigﬁa'lﬂgr or antioxidants (A.[ﬂ'l.ll et al, 2005: Alasalvar et
synthesis of biclogically important compounds al, 2005) as antioxidant molecules scavenge
(Haliweell, 1997}, hammer the living systems free radicals by inhibiting initiation and
when produced in  excess, resulting in breaking chain propagation or suppressing the
“Correspornding author formation of free radicals by binding to the
E-rnail: uonbu2(1 2@gmail.com metal lons, quenching hydrogen percxide and
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superoxide and singlet owygen (Shi er al,
2001). Natural antioxidants present in dietary
food-adjuncts or foodstuffs have only recently
attracted attention because of their presumed
safety concern as well as high therapeutic
attributes. Different parts and products of
plant such as fruits, vegetables, culinary herbs
and spice etc. contain a wide variety of
phytochemicals and provide a storehouse of
natural antiowidants, Phytochemicals such as
cargtenaids, phenolic compounds, flavonoids,
terpencids, alkaloids, nitrogen compounds,
vitamins, and some enzymes show remarkable
anticxidant potentiality.

In most of the contemporary culsine
culinary herbs and leafy spices have been
employed to impart diverse flavor, aroma,
color and taste to various foods and drinks
arpund the world. Foods and drinks In
combination with culinary herbs are full of
pharmacological agents,; they act as drugs in
the body and strengthen body's defense
systemn. [neffective defense system may lead
to @  high-risk of various disease
developments, Majority of the present day
diseases are reported to be due to the shift in
the balance of the pro-oxidant and the
antioxidant homeostatic conditions in the
body. Pro-oxidant conditions dominate either
due to the increased generation of the free
radicals caused by excessive oxidative stress
of sadentary lifestyle, or due to the poor
scavenging system in the body caused by the
depletion of the dietary antioxidants (Schulz ef
af, 2000; Dringen, 2000). In diet-based
therapies, research Imvestigations hawve been
carried out to evaluate the madicinal
impartance of various culinary herbs and leafy
spices. Hence the present study attempts to
assess the healing power of culinary herbs
and leafy spices In terms of antioxidant
patentiality and explore their use in daily lives
for the benefits of human heaith and
management of diseases.

Materials and methods
Plant materals and sample collection

Fresh leaves or aeral pars of curry tree,
coriander, fenugreek and peppermint were
collected from local vegetable super market,
Shivrmardir [FE242° 29 637 M and

B8921'40.52" E) Siliguri, Darjeeling. Plant
specdmens were identified and authenticated
taxonomically by Prof. AP, Das, Department
of Botany, University of Narth Bengal, Siliguri,
WB and Herbarium specimens were prepared
(Table 1).

Extraction and preparation of lyophilized
extract

For HWE, a modified method after Aliakbariu
and Tajlk (2012) was followed. A 10 g of
freshly washed and finely chopped leaf
samples was extracted for 30 min under
darkness by refluxing with HPLC grade
deoxygenated water (1:10, w/v) at 100 °C in
a temperature controlled water bath shaker
with gentle agitation. After cooling, each
sample was filtered through Whatman filter
paper (Grade 1) and the sold residues
obtained were further treated with same
procedure bwice, The filtrate fractions from
every extraction process were pooled and
concentrated under reduced pressure at 40 °C
in a rotary evaporator equipped with chiller,
followed by lvophilisation in a vacuum freaze-
dryer to abtain the lyophillzed crude extracts.
The lyophilised extracts were weighed and re-
dissolved in same Auid to prepare stock
solutions of desired concentrations and
subsequently stored In air tight vials at -20°C
until use for analyses.

Determination of
extractive value

The water soluble extractive [WSE) value was
expressed in percentage (%) and was
determined using the formula: %% WSE =
(Weighthechized cude wamet [ WEIONE g pim
matenat) X 100, Water-spluble extractive value
plays an important role in evaluation of cude
plant extracts. It was observed that highest
WSE value was in M koenigid (7.73 %),
followed by M piperts (575 %) and T,
foenum-graecurm (4.96 %), and lowest in &
sativem (2,05 %)

Determination of total moisture content

Molsture content of leaf samples was
determi using a laboratory oven kept at
105 £ 3L for 24 h, The moisture content (%)
was calculated according to ADAC (1975),
using the following formula; Total moisture

water soluble
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Table 1. List of the herbs used in the present study akeng with their reported uses

English Bengall Schentific Tamanomic Culinary use Medicinal use
COmman vernacular name farmiily
name name
Curry tree Karlpata  Mwraya Rutaceas  As splce in For curing dysentery,
Aoeiwigi (L) different food vomiting; essential ol
Sprendg. preparations, from leaves exhibeted a
curry powder, strong antibacterial and
plckle, chutney, antifungal activity.
saUsages and
SEa50MnNgs.
Conander Dhaonay Coriandrum Aptaceae A5 seasaning in An appetite stemalant;
sabvum L, curries, salads and  leaves have
soup; & garnish  antibacterial and
an cooked dishes;  antifungal properties;
in gravies and as  useful for headaches,
green cuery paste,  muscle pain, stiffness
and arthritis.
Fenugresk Methi Trigonelia Fabaceae  In Spicy soups Leaf showed
foantm- and stews; as anticholestenclemac,
grascum L. garnish; anti-inflarmmatory,
SEEFSONING in antitumas, carminatve,
curies, salads and  expectorant, febrifuge,
SALSES; hypoglycaemic,
microgreens used  parasiticide,
in salads,
Peppermint Pudina Mentha x Lamiaceae  In foods and Pain refiever,
oerta L. drinks stimulating, stomachic,
preparation, carminative, anti-
confectioneries spasmodic,
and sweel Bquors,  treatment of
sauces and cholera and diarrhoea.
salads; as garnish
and stuffing.

content (%) = [(Weightoea - Welghtma)/
Weightan] x 100. The experiment was
performed in triplicates (n= 3).

Analysis of antoxidant activities

Determination of total polyohenal content
The total polyphenol content was assayed
cpectrophotometrically at Aqsp with FCR using
gallic acid as the standard (Taga af al, 1984).
The total polyphenol content (TPC) was
calculated as gallic acid eguivalents (GAE)
from a calibration curve of gallic acid standard
solutions and expressed as mg of GAE g' of
LPE. The experiment was performed In
triplicates (a1 = 3).

L7

Detarmmation of todal favonoid comfent

Total flavonoid content was  estimated
spectrophotometrically at Ay using the
method described by Ordon ez af al (2006).
Tatal flavonoid content (TFC) was calculated
as catechin equivalents (CAE) from a
calibration curve of (+)-catechin standard
solutions and expressed as mg of CAE g of
LPE. The experiment was performed in
triplicates (a2 = 3).

OFPH free radical scavenging actvity

The DPPH’ scavenging activity was monitored
at hsir using the method of Yen & Duh (1994),
with slight changes. Free radical scavenging
(FRS) activity expressed as percentage
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inhibition (% 1) of the DPPHs radical was
calculated according to the formula given by
Viuda-Martos ef af (2010} FRS activity (% 1)
= [{A = A A x 100, where A, refers to the
absorbance of control (L = 0 min) and A, is the
absorbance of sample plus DPPHs (I = 30
min).  The experiment was performed in
triplicates (7 = 3).

SUDSOVIR AN Scavenging activity

The superoxide anlon  radicals  (0y)
scavenging activity was determined according
to the method described by Nishikimi ef .
(1972). Percentage of Oy scavenged at Awg
was measured using the formula: Superoxide
anion scavenging (SAS) activity (% 1) = [(A; -
A)Ag] x 100, where A, was the absorbance
of control, and A, was the absorbance of
sample extract at Asg. The experiment was
performed in triplicates (n = 3).

Hydrogen perowide scavenging activily

The hydrogen peroxide (H;0;) scavenging
activity was carried out following the
procedure of Ruch ef al (198%). The
percentage of H,0; scavenging at A;x by the
extracts and standard were calculated using
the following equation: H,0; scavenging (HPS)
activity (%) = [(A; - A) [ A x 100, where A
was the absorbance of control and A, was the
absorbance of test sample at A The
experiment was performed in triplicates (n =
3).

Phytochemical screening of extracts
Qualitative analysis of phytochemicals

Phytochemical screening to detect  the
presence or absence of some significant
phytochemicals wiz.  phenols, flavonoids,
tannins,  alkaloeds, cardiac  glycosides,
sapondns, lerpenes, steroid, efc.  were
performed according to standard methods
(Harborne, 1973; Trease and Evans, 1989
Sofowora, 1993). The tests were based on the
visual observation of colour change,
chomophor  formation or formation of a
precipitation after addition of specific reagents
or treatments,
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Quantitative analysis of phytochemicals
Eslimation of total soluble sugar content

For the estimation of total soluble sugar
content, Anthrone’s method as described by
Plummer {1978) was followed. Total soluble
sugar (TS5) content was calculated from a D-
glucose calibration curve and results were
expressed as mg of glucose equivalents (GLE)
g' of fresh tissue weight (FTW). The
experiment was performed in triplicates {7 =
3),

Estimation of total soluble protein content

Total soluble protein was extracted using the
standard protocol given by Chakraborty et 3.
(1995) and quantification was done according
to Lowry et & (1951) using BSA as standard.
Total soluble protein (TSP} content was
calculated as BSA equivalents (BSAE) from a
calibration curve of BSA and expressed as mg
of BSAE g of fresh tissue weight (FTW). The
experiment was performed in triplicates (n =
3).

Estimation of total carotenadd contentd

Carotenoids were extracted and estimated
according to the method given by
Lichtenthaler (1987). Absorbances of the
sample were observed spectrophotometrically
3t Asas, Aeez am Ay @nd the total carotenoid
content (TCR) was calculated by using the
formula: TCR = A — (0.114 Ay - 0.638
Aws) pg g fresh tissue weight (FTW). The
expeniment was performed in triplicates (n =
3).

Estimation of tolal chioraphyll content

Chiorophyll was extracted according to the
method of Harbone (1998). Total chiorophyll
content was estimated by observing the
absorbance at &45 nm and 663 nm and
calculated by the formula: total chiorophyll
content (TCL) = (20.2 Agss + B2 Agz) mg g
fresh tissue weight (FTW). The experiment
was performed in triplicates (n = 3).

SDS-PAGE analysis for profein pattern

To analyze the protein patterns of the
samples, SDS-PAGE was performed on 10%
resolving gels, as described by Sambrook et
. {1989).
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HPLC  fingerprint
OO TS

For HPLC fingerprimt analysis of phenalic
compourds present in  leal  exracts, a
Shimadzu system (Shimadzu Corp., Kyoto
Japan) was used, A flow rate of 1 ml min’,
and gradient elution of acetonitrile-water-
acelic acid (10:86:4, v/w/v) (solvent A) and of
acetonitrile-water-acetic acid (80:16:4, viv/v)
(solvent B). 0-50 min salvent B from 0-100%;
and imection volume of 20 pl were applied:
whereas the separation of compounds was
monitored at 280 nm and 320 nm (Parl and
Latha, 2004).

Table 2. Qualtative detection of

s for Phenolic

phytochemicals
Phytochemical E g g g E
category ; 3 '
E O R S
Reducng + + + +
SUGANS
Fhanois + + + *
Flavonoids + + + +
Tannins + + = +
Alkaloides + + +
Cardiac -+ + s +
glycosides
SEpONInS - . + +
Terpenes =
Steroids + + +
Anthraquinones + - +
Witarmen C * + + +
+ = present, - = absent
Statistical analysis of data

Experimental analyses wera carried out in
triplicate (n=3) and data ware expressed as
mean + standard deviation (SD). Statistical
analysis was carried out by SPSS software

(IBM 5PS5, USA). One-way analysis of
variance was peformed by ANOVA
procedures,

Result and Discussion

Because of their enchanting favoral and
loptastic gualities, culinary herbs and leafy
spices have always been prized to Indian
cuisine, Besides, these botanicalk are an
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excellent source of versatile phytochemicals
which have been reported to show good
antloxidant  activity. Matural anticxidants
presert in culinary herbs and leafy spices are
responsible for inhibiting or preventing the
deadly effects of owidative stress, Herbs and
spices contain free radical scavengers like
polyphenols, phenolic acids and fRavonoids.
Polyphenols form a complex group of
molecules assodated with the cell walls of
most plant spedes. This group of compounds
ranges from simple phenolic acids (e.g.,
caffeic acid) to high-molecular-weight tannins.
Polyphenals have various applications, such as
in the production of paints, paper, cosmetics,
as tanning agents, and as natural colorants
and preservatives in the food industry. In
addition, some phenolic compounds are
antibiotics and anti-diarrheal, antiulcer, and
anti-inflammatory agents and can be used in
the treatment of diseases such as
hypertension, vascular fragility, allergles, and
hypercholesterolemia (Bravo, 1998; Higdon
and Frei, 2003).

Preliminary phytochemical study of the
extracts from M koenigi C sathvem T,
foenum-graecum and M. piperta showed the
presence  of major plant  secondary
metabolites wz reducing sugars, phenciic
compounds, flavoricids, cardiac  giycosides
and vitamin C, etc. but tannins, alkaloids,
saponins, steroids and  anthraguinones
occured in some of them (Table 2). Such
secondary metabolites contribute significantly
towards the biclogical activities of plant
extracts such as antioxidant, antimicrobial,
hypoglycemic, antidiabetic, anti-inflammatory
activities etc. (Negi et a/, 2011).

In wire  antioxidant  activity,
principally, can be determined by hydrogen
atom transfer (HAT) method and single
plectron transfer (SET) or electron transfer
(ET) method (Joon & Shibamoto, 2009). HAT
based methods measure the ability of an
anticidant to scavenge free radical by
hydrogen domation to form a  stable
compound. SET based methods detect the
ability of the antioxidant to tramsfer one
electron to reduce compound  including
metals, carbonyls and radicals (Prior et al,
2005; Huang et al, 2005), Superoxide arion
scavenging (SAS) assay, hydrogen peroxide
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scavenging (HPS) assay, etc. Invalve HAT
method, and the assays of total polyphenaiic
content (TPC), total flavonold content (TFC)
etc. are of ET method, while DPPHe assay
include both the method predominantly via
SET method (Karadag ef af, 2009
Badarinath ef &/, 2010). The relatively stable
radical DPPH has been used widely for the
determination of primary antioxidant activity,
that is, the free radical scavenging activities of
pure anticadant compounds, medicinal plants
and fruit extracts and food materials {Purchit
e af, 2005). Superoxide anion is a weak
oxidant that gives rise to generation of
powerful and dangerous hydroxyl radicals as
well as cinglet oxygen, both of which
contribute  to oadative  stress.  Superoxide
anion scavenging activity |s correlated to the
total flavonoids (Thaipong ef af, 2006).
Hydrogen Peroxide radical scavenglng activity
i comelated to the presence of phenolic
compounds. Generally, extracts that contain a
high amount of phenalic compounds exhibit
high antioxidant activity.

Antioxidant  activity in terms  of
scavendging potentiality of hot water extracts
of M. koenigh, C sathvum, T. foenum-gragcum
and M. piperita have been evaluated. All of
them could act as potential radical scavengers
in a concentration oriented fashion {Fig. 1).
Interestingly M. koenigh showed the highES‘lt
antioxidant activiies scoring 77.354 % mg
of LPE in DPPH scavenging, 60.205 % mg™ of
LPE in superoxide anion radical scavenging
and 57.209 % mg' of LPE in hydrogen
peroxide scavenging assay, followed by M.
piperita, Extract from 7. foenum-graecum
showed least scavenging activity in DPPH
scavenging (33.145 % mg' of LPE) and
superoxide anion radical scavenging (25.369
% mg? of LPE) system while C. sativum had
the least activity in hydrogen peroxide
scavenging assay (43.695 % mg ' of LPE) .

The quantitative estimation of total
moisture content, total soluble sugar, total
soluble protein contents, total chiorophyll
content, total carotencid content present in
the herb samples have been depicted In Table
3, Total moisture content among the herb
samples was found In a range of B9% Ilo
708, The total soluble sugar content of was
found highest in M koenigh (68.18 mg GLE g

&0

" of FTW) and lowest in T, foenum-graecum
(53.17 mg GLE g ' of FTW), while content of
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Flg. 1. Scavenging aclivity of the herb extracts. A DPPH
scavenging activity, B, Superowade anion  scavenging
activity, amd C. Hydrogen poeroxice scavengng ackaty,

soluble protein was highest in M. koenigi
(69.507 mg BSAE g of FTW) and lowest in C.
satvurm (35.027 mg BSAE g' of FTW),
Pigment analysis revealed that A koenigd
contained highest amount of total chlorophyll
{6.223 mg g of FTW) and carotencid (0,150
ug g of FTW) content. 7. foenum-graecum
and M. piperita showed the lowest chiorophyll
content (1.539 mg g of FTW) and lowest
carotenoid content (0.063 pg g of FTW)
respectively. Garg ef al, 2012 also reported
that chlorophyll content was higher in curry
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leaves due to the darker shade of green, then
the coriander,

Chiorophyll has been suggested as an
effective antioxidant since it scavenges free
radicals such as 1, 1-diphenyl-2-picrylhydrazyl
(Khalaf et af, 2008). Carotenoids that include
xanthophylls and carotenes have the ability to
detoxify various forms of activated oxygen
and triplet chiorophyll that are produced as a
result of excitation of the photosynthetic
complexes by light. Dietary carotenoids are
thought to provide health benefits due to their
rode as antiowidant molecules. SDS-PAGE
analysis of proteins from the four herbs
revealed the presence of a large number of
bands in all cases, but not much difference
was obtained among the herbs (Fig. 2).

The study also revealed that among
the herbs M koenigi ranked highest and C
sativum was lowest in total phenolic content
and total flavonoid content (Table 4).Total

phenolic content and total flavonold content In
extracts of M. koenigi was found as 5.70 mg
GAE g of LPE and 1.68 mg CAE g" of LPE.
Leaf extract from C satfvum contained 2.55
mg GAE g of LPE as total phenolic content
and 0.66 mg CAE g of LPE as total flavonoid
content. HPLC analysis of the phenals from all
four herbs was carrled out and results are
shown in fig. 3. Among the four, maximum
number of peaks was obtained in Mkoemigir
and the least in M. piperfita. The health
benefit of phenclics is directly linked to their
antioxidant potentiality. Phenolics act as
effective antioxidants is mainky due to their
redox properties, which allow them to béhave
as reducing agents, hydrogen donors, and
singlet oxygen quenchers. The .potential
hazard from oxidative stress in the body may
be compensated through the consumption of
a diet exclusively rich in antioxidant phenolics
including polyphenals, phenolic acids and

Table 3. Nutritional and pigment contents of the herbs

List of herbs  Total Total soluble  Total soluble  Total chlorophyll  Total carotencid
moisture sugar content”  protein content” content®
content* content”

M koemigii  78.83+ 0.16 68.18 £ 0.8/ 69.84 £ 0.39 6.22 £ 0.37 0.19 £ 0.01
C satvum 82,11+ 067 6255065 3500045 2336 = 0.10 0.12 = 0.00
T. foanum-

o 7041 £0.72 54.17 £ 0.57 35.03 = 0.53 1.639 £ 0.09 0.07 £ 0,00
M. piperits 8956+ 050 56.42+0.07 4553061 2.040 = 0.02 0.06 + 0.00

Content expressed as mean £ 50 in a. percentage, b, mg GLE g™ of FTW, c. mg BSAE g of FTW, d. mg g™ of
FTW, e. pg g of FTW. Fresh tissue welght is abbreviated as FTW,

— - e
H“'
-""'""Ir—

pes

Fig. 2. SD5-PAGE analysis of protem of the herbs, Lane
.?;;-;m,.-fﬂr weight markers in KD#; 2 - Tha. 3- Mp; %

Hfi
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Table 4. Total phenol and flavonoid

contents®,

Herb samples TPC THC

M. koeniglf 5.70 £ 0.20 1.68 + 0.26
O sativim 2.55 + 0.05 0.66+0.12
T. foenum- 3.45 £ 0.10 1.33+0.18
graecum

M. piperita 5.06 £ 0.01 1.75+ 0.18

'quntﬁ'utexm'ﬁmdasrmmt sD, TPC as mg GAE
a ﬂfLF'Earth‘FEasrngEhEg -:JFLF'E
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flavonoids. According to  Scalbert  and
Williamson (2000) the amount of total human
intake of phenolic compounds is about | g
day' consisting two-thinds of flavonolds and
one-thirds of phenalic acids.

Conclusion

Recently much attention has been focused on
the analysis of dietary foods and food
companents. Food beyvond its basic nutritional
values has played some functional effects on
prevention of diseases and maintenance of
good health, Functional foods as the concept
“any food or food ingredient that may provide
a health benefit beyond the traditional
nutrients it contains™ (Thomas and Ead, 1994)
are the centre of aftraction for searching
newer well-accepted functional foods from
culinary herbs and leafy spices. As culinary
herbs and leafy spices are full of variety in
bicactive phytochemicals including antiouxidant
molacules and nutricomponents they can be
incorporated as  functional foods in our
everyday’s diels to rejuvenate ourselves.
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