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ABSTRACT

Cholesterol oxidation products, which are more injurious to adult human than pure cholesterol, may occur in vivo or
during food processing through cholesterol autoxidation. Also current interest in natural products has stimulated the search for
new cholesterol-lowering agents from herbal sources. The aim of this study is to estimate the antioxidant activity of two
common spices -dry ginger (Zingiber officinale) and celery seeds (Apium graveolens) and to determine their efficacy in
controlling the cholesterol oxidation in fish lipid both in presence of enzyme and under non-enzymatic storage condition.
Antioxidant activity was evaluated from chloroform extract of these spices in terms of total phenol content, ferric reducing
activity, inhibition to peroxidation in linoleic acid system and metal chelating activity over a span of five weeks, and compared
against synthetic antioxidant-BHT (butylhydroxytoluene). Total cholesterol was estimated from tilapia fish lipid extracted post
refrigerated preservation (0-4°C) of spiced, homogenized fish muscle, at interval of one week on day 0, 7, 14, 21, 28 and 35.
Phenol content and ferric reducing activity was found to be higher in ginger. In terms of phenol content, inhibition to
peroxidation in linoleic acid and metal chelating activity, compared to ginger, antioxidation potential was found to increase in
celery after first two weeks. Though both of them could comparably inhibit cholesterol oxidation ginger showed its maximum
efficiency till first three weeks while celery till day 14, but in long run celery seeds were found to be more efficient in
controlling cholesterol oxidation product formation. Synthetic antioxidant BHT recorded a lower antioxidant potential but a
higher efficiency in controlling cholesterol oxidation.
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INTRODUCTION

Cholesterol, a monounsaturated lipid with a
double bond on carbon-5, is a relatively stable compound

free radicals. Peroxidation of cholesterol by singlet oxygen
produces primarily a C-5 oxygenated molecule: 5a-

and is only susceptible to oxidation under harsh conditions
in presence of oxygen, light, heat, radiation, free radicals,
metal ions, and other factors [1]. Cholesterol oxidation
products (COPs) are group of sterols structurally
analogous to cholesterol but contain an additional
hydroxy, ketone or epoxide group on the sterol nucleus
and/or a hydroxyl group on the side chain of their
molecules. They may also arise in vivo or during food
processing through cholesterol autoxidation which
involves several chemical reactions of cholesterol with

hydroperoxycholesterol [2]. This molecule may be later
rearranged giving 7a-hydroperoxycholesterol which is
progressively epimerized into 7B-hydroperoxycholesterol.
The most important autoxidation products are 7-keto and
7B-OH cholesterol [3]. 7a-OH or 7B-OH cholesterol are
further transformed into hydroxylated derivatives or into
7-keto cholesterol, C-5 and C-6 oxygenated derivatives,
i.e., 5,6a- or 5,6B-epoxides which are further transformed
into a triol derivative (Kumar and Singhal, 1992).Further
complications arise from the possible in vivo formation of
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some other oxysterols by enzymatic reaction. These
reactions mainly form oxygenated derivatives in C-7
position and other products result due to subsequent
reactions on the lateral chain at C-20, C-22, C-24, C-25
and C-27 [3].

Cholesterol oxidation products as well as fatty
acid oxidation in food system have been a concern for
adult human health. Cholesterol oxidation products
(COPs) are known to be more injurious to arterial cells
than pure cholesterol and are more directly connected to
the development of atherosclerosis and coronary heart
disease [1,4]. COPs deteriorate the bioavailability of
cholesterol by inhibiting cholesterol biosynthesis [5] and
dietary uptake of cholesterol [6]. COPs also impair a
membrane function, which results in altered membrane
permeability [7]. On the other hand, natural cholesterol
had no atherogenic or hypercholesterolemic effect and has
a much lower influence on the activities of most enzymes
than COPs.

24S-Hydroxycholesterol (cerebrosterol) is an
enzymatically oxidized product of cholesterol mainly
synthesized in the brain [8]. An overview of several
studies on cerebrosterol has suggested its possible
connection with neurodegenerative diseases [9]. It must be
noted that 24S-hydroxycholesterol was found in high
concentration in atheroma plates. Cholestanetriol and 25-
hydroxycholesterol, secondary COPs, which can be
derived from primary COPs, were reported to be the most
atherogenic among oxysterols studied [10,6] and caused
remarkably acute injury to the endothelium of rabbits. It is
well known that these compounds display cytotoxic, pro-
apoptotic, and pro-inflammatory activities. Several
investigations suggest that they act as endogenous
regulators of gene expression in lipid metabolism and as
cell signaling molecules [11]. Numerous studies show that
oxysterols are associated with various types of cancer
[12].

Current interest in natural products has stimulated
the search for new cholesterol-lowering agents from these
sources. Many herbal medicinal products were reported to
have a potential to reduce lipid and cholesterol in body
and to enhance the safety profile. Oxidative modification
of LDL cholesterol is thought to play a key role during
atherosclerosis.

Plants contain a variety of antioxidants (including
vitamins C and E and the carotenoids) that can markedly
inhibit oxidation of LDL cholesterol via a mechanism
involving scavenging of free radicals [13]. Ethanolic
ginger extract showed an ability of lowering liver
cholesterol and cholesterol oxidation in EO rats [14]. A.
graveolens extracts have different beneficial biological
activities as is reported by Jiao et al., (2003) [15]. The
isolated compounds from the seeds exhibited antioxidant
and inhibitory effects of cyclooxygenase and
topoisomerase enzymes (type | and II) [16]. Apium
graveolens L. has shown good antihyperlipidemic effect

and could be of value in reducing serum total cholesterol,
triglycerides, LDL-c and increasing HDL-c [17]. The aim
of this study is to estimate the antioxidant activity of these
two spices ginger and celery seeds and to determine the
efficacy of these two herbs in controlling the cholesterol
oxidation in fish lipid both in presence of enzyme and
under non-enzymatic storage condition.

MATERIAL AND METHODOLOGY
Chemicals

2-Thiobarbituric acid was purchased from Loba
chemie (India). Ammonium thiocyanate and ferric
chloride, choloroform, methanol, isooctane all other
solvents and reagents were procured from Merck (India).
All chemicals used were of analytical grade.

Spices

Dry ginger (Zingiber officinale) and celery seeds
(Apium graveolens) were bought from local market in
south Kolkata and grinded and sieved at125 micron.

Preparation of fish sample

Total amount of 3 Kg of Tilapia fish (each
having an average weight of 300 gram, length 6.5 inches
and age of 3 months) was procured from Chowbaga bheri
located in east Kolkata wetland. Fish muscles were
minced and homogenized in a blender. The mass was
further divided in 21 (4x5 + 1) equal portions each
weighing 100 gms for mixing the two spices, a synthetic
antioxidant BHT and one group as non-spiced control.
Thus four groups were made. Both natural and synthetic
antioxidant, powdered dry ginger and celery seeds having
particle size 125 micron and BHT were used at a
proportion of 10% by weight of the sample (ie. 10 gm
spice powder was used for each of 100 gm of fish sample)
and were put in the press-and-lock polythene freezer bag
(49 micron thickness) and stored in the freezer chamber of
a refrigerator at 0-4 °C. Four groups of samples were kept
in five batches and taken out for analyses at day 0, 7, 14,
21, 28 and 35. The experiment was repeated thrice.

ESTIMATION OF ANTIOXIDANT ACTIVITY IN
SPICES
Sample preparation for spices

An amount of 5 gm of spice sample was extracted
with 50 ml chloroform. It was further treated with
activated charcoal to decolourize, then centrifuged and
filtered with Whatman 1 filter paper. This solution was
used for execution of all the antioxidant tests mentioned.

Sample preparation of fish lipid

The fish oil extracted following Bligh Dyer method from
various spiced samples and non-spiced control on day 0, 7,
14, 21, 28 and 35 was taken in chloroform and the
antioxidant tests were performed following the stated
standard protocol.
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Extraction of lipid

It was done by Bligh and Dyer method (1959).
Homogenization of 100gm of blended fishes was done
with 1:1 methanolic chloroform and the filtered through
Whatman no. 1 filter paper. The organic layer were
separated through separatory funnel and dried with
anhydrous sodium sulphate. The solvent was removed at
low temperature (40 °C)
Weight of lipid = (weight of container + extracted lipid) -
(weight of container)
Lipid content (%) = amount of lipid extracted (g)/weight
of original sample (g) X 100
These lipids were used to estimate the total cholesterol
content.

Determination of total phenolic compounds

Total phenolic compound was determined using
Folin-Ciocalteu reagent using the modified method of
Wolfe et al., (2003). A sample solution of 0.2 mL was
pipetted in glass tube and 1 ml of Folin-Ciocalteu reagent,
0.8 ml of sodium carbonate (7.5%) was added to it. The
mixture was stored at room temperature for 30 min and
absorbance was recorded at 765 nm. Total phenolic
compounds were calculated using a standard curve
prepared with dilutions of gallic acid. Gallic acid (0 - 800
mg/L) was used to produce standard calibration curve. The
total phenolic content was expressed in mg of Gallic acid
equivalents (GAE) /g of extract.

Iron(111) to iron(l1)-reducing activity

The reductive potential of the extract was
determined according to the method of Oyaizu (1986).
Different concentrations of extracts and standard (0.2, 0.4,
0.6, 0.8, 1.0 mg mL™) in 1 mL of distilled water was
mixed with phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and
potassium ferricyanide (2.5 mL, 1% wi/v) was added to the
mixture, which was then centrifuged for 10 min at 1000 g.
The upper layer of solution (2.5 mL) was mixed with
distilled water (2.5 mL) and FeCl; (0.5 mL, 0.1% w/v) and
the absorbance was measured at 700 nm in a
spectrophotometer. Higher the absorbance of the reaction
mixture indicated greater reductive potential. Tannic acid
was considered as standard. The experiment was carried
out in triplicate set.

Antioxidant activity in a linoleic acid system
Antioxidant activity was evaluated by the
thiocyanate method [18]. Sample was added to 0.5 ml of
chloroform, linoleic acid emulsion (2.5 mL 0.02 M, pH
7.0) and phosphate buffer (2 mL, 0.2 M, pH 7.0) in a test
tube and stored in darkness, at 37 °C, to accelerate
oxidation. The linoleic acid emulsion was prepared by
mixing an equivalent weight of linoleic acid and Tween 20
in phosphate buffer (0.2 M, pH 7.0). The peroxide value
was determined by reading the absorption at 500 nm with
a spectrophotometer, after colour development with FeCl,

and thiocyanate at various intervals during incubation. The
peroxidation of linoleic acid was calculated as
peroxidation (%) = (AY/ A% X 100,

where A° = the absorption of the control reaction and

A' = the absorption in the presence of sample.

Metal chelating activity

The chelation of ferrous ions by the extracts and
standard was estimated by the method of Dinis et al.
(1994). Extracts were added in different concentrations
(0.2 to 1 mg mL™) to a solution of 1mM FeCl, (0.05 mL).
The reaction was initiated by the addition of 1 mM
Ferrozine (0.1 mL) and the mixture was shaken vigorously
and left standing at room temperature for 10 min. After the
mixture had reached equilibrium, the absorbance of the
solution was then measured spectrophotometrically at 562
nm. All test and analyses were done in triplicate and
averaged. The percentage of inhibition of ferrozine-Fe?*
complex formation was calculated using the formula given
below [19].

Pl = A(control) - A(sample or standard) X 100

(control)
A(control) = Absorbance of control reaction

A(sample or standard) = Absorbance of sample or
standard

Estimation of cholesterol in fish lipid

Cholesterol was estimated by CHOD - PAP
method. It is an enzymatic, colorimetric method with
cholesterol esterase, cholesterol oxidase, and 4-
aminoantipyrine.
In this method the blank contained only 1 ml of working
reagent. The standard contained 1ml reagent and 0.01 ml
cholesterol standard and the specimen contained 1 ml
reagent and 0.01 mL test sample. After 5 minutes of
incubation at 37 °C the absorbance of standard (Abs S)
and specimen (Abs T) was measured at 505 nm and
compared against reagent blank. The amount of
cholesterol was calculated by using this formula
Cholesterol in mg/dl= Abs T/Abs S * 200

Statistical analysis

The experiment was performed in triplicate and
data from three different experiments were subjected to
analysis of variance (ANOVA) (P < 0.05). Statistical
analysis was performed using the Statistical Package for
Social Science (SPSS 16.0 for windows, SPSS Inc.).

RESULTS AND DISCUSSION
Estimation of antioxidant activity in spices
Total phenol content

Phenolic compounds are considered to be
important plant materials because of their inhibitory effect
on autoxidation of lipids [20] and their radical scavenging
ability [21]. Therefore, it is important to determine the
total phenolic compound in the spices. From Figure. 1 it is
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explicit that highest phenolic content was recorded in
ginger followed by celery and BHT respectively. It is
reported that rhizome of ginger contains over twenty
phenolic compounds of which the important ones are
gingerols [22], shogaol and diarylheptanoids [23] whereas
twenty-nine phenolic compounds were isolated from the
root bark of fresh (Yunnan) ginger [24]. Celery belonging
to a part of the Umbelliferae plant family, is also rich in
phenolics like hydroxycoumarins (apigravin, celerin,
osthenol), isoquercitrin, and umbelliferone [25]. A gradual
and significant (P< 0.05) drop in the phenolic content with
time was observed in both ginger and BHT whereas
phenolic content of celery increased after day 14" and
gradually maintained linearity in slope for the rest of the
period. Increase in concentration might be due to the fact
that polyphenolic compounds are usually present as
glycosides in plant sources and hence might undergo
hydrolysis with time under suitable condition to release
the flavour molecules [26].

Iron(111) to iron(l1)-reducing activity

Fe(ll1) reduction is often used as an indicator of
electron-donating activity, which is an important
mechanism of phenolic antioxidant action [27]. The iron
(1) to iron (IN)-reducing activity is expressed as tannic
acid equivalents (mmol tannic acid/g sample). Figure.2
shows that the best activities were found for ginger. Celery
and BHT delineates a comparable ferric reducing activity.
All the additives had undergone a significant (P<0.05) fall
in their reducing potential with time. Celery recorded an
initial increase (P<0.05) till day 14 which was followed by
a significant (P<0.05) drop in the value after that. BHT
maintained a gradual decline in the activity with time.

Antioxidant activity in linoleic acid emulsion

Linoleic acid being a polyunsaturated fatty acid
easily undergoes autooxidation in air leading to
occurrence of coupled double bonds, and subsequently
secondary products, such as aldehydes, ketones, and
alcohols as a result of series of reaction (Dobarganes and
Velasco, 2002). Spices being natural antioxidants are
expected to inhibit the peroxidation. The graph (Figure. 3)
expresses the extent of peroxidation in linoleic acid system
with addition of spices. The lower peroxidation values in
linoleic acid indicate higher inhibition to peroxidation of
these spices. Comparatively higher value in case of BHT
than celery and ginger respectively indicates that higher
oxidation is occurring in linoleic acid system when BHT is
used. This implies that BHT could not inhibit the extent of
peroxidation effectively than celery and ginger.
Peroxidation in linoleic acid system had been most
successfully controlled when ginger is added to the
system. Hence the antioxidant activity order can be
expressed as ginger > celery > BHT. It is explicit from
Figure.3 that both celery and BHT had shown a significant
(P < 0.05) rise in the level of oxidation with time till day

14 and then has undergone a decrease in the subsequent
weeks (P < 0.05). On the contrary instead of reduction the
peroxidation has shown a sharp increase in value from 21°%
day. This indicates significant (P < 0.05) increase in
antioxidant activity of BHT and celery from day 14 and
fall in antioxidant potential of ginger with longer time
duration. With regard to gingerol and/or shogaol it is
estimated that for short-term storage at least, gingerol and
shogaol are relatively stable in the absence of a catalyst
such as strong acids or bases [28]. It can be thus inferred
that though ginger is more efficient antioxidant in the
initial days or for a shorter time span, celery followed by
BHT is more effective antioxidant in long run. This
change in the antioxidant activity in case of celery and
ginger after day 14, perfectly corroborates with the
increasing and decreasing phenolic content respectively
(Figure.1).

METAL CHELATING ACTIVITY

Ferrozine can quantitatively form complexes with
Fe?". However, in presence of other chelating agents this
complex formation is disrupted. This results in the
decrease in red colour intensity of the solution.
Measurement of colour reduction, therefore, allows the
estimation of the chelating activity of the coexisting
chelator. The ferrous ions possess the ability to move
single electrons by virtue of which it triggers propagation
of many radical reactions, even with relatively non-
reactive radicals [29]. Main strategy to avoid the reactive
oxygen species generation is through chelating metal ions.
Figure. 4 exhibits comparable metal chelating activity for
both celery and ginger followed by BHT. Metal chelating
activity of celery and ginger had increased steeply after
the first week and then followed a decrease in the
subsequent week. Celery had again increased slightly on
day 21% and maintained its linearity thereafter. After day 7
metal chelating activity of ginger declined gradually (P <
0.05).

Cholesterol estimation
The series of reactions involved in the assay
system are as follows:

1. Cholesterol esters are enzymatically hydrolyzed
by cholesterol esterase (CE) to cholesterol and free fatty
acids. (Equation 1)

2. Free cholesterol, including that originally present,
is then oxidized by cholesterol oxidase (CHOD) to
cholest-4-en-3-one and H,0,. (Equation 2)

3. In presence of peroxidase (POD), the hydrogen
peroxide formed effects the oxidative coupling of phenol
and 4-aminoantipyrine (4-AAP) to form a red-colored
quinoneimine dye. (Equation 3)

Cholesterol esters+H,O = Cholesterol + fatty acids ...(1)
Cholesterol +O, = Cholest-4-ene-3-one+H,0, .......... )
2 H,0,+ 4-AAP + Phenol = Quinoneimine dye + 4
H,0........(3)
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The above equations indicate that cholesterol is due to non-enzymatic oxidation occurring during storage.
measured from the amount of hydrogen peroxide Ginger and celery was found to exhibit a comparable
generated due to oxidation of cholesterol to its oxide. The antioxidant activity to control the oxidation of cholesterol,
hydrogen peroxide is basically generated from two whereas BHT was more efficient in this regard. Ginger
sources, one is due to enzymatic oxidation as a result of and celery recorded the lowest concentration of 4.46 mg/dI
addition of peroxidase and secondly due to non-enzymatic and 5.37 mg/dl on 21% and 14™ day respectively whereas
lipid oxidation occurring due to storage. Cholesterol BHT exhibited the minimum of 2.36 mg/dl on 28"
concentration of the fish oil extracted from refrigerated Though there is significant overall decrease in value due
spiced fish samples and control recorded over a span of to addition of spices, both celery and ginger could not
five weeks is shown in Figure. 5. It is observed that completely control oxidation till the end. It should be
cholesterol concentration in control (containing no spices) noted that till the last day only BHT could maintain a
increased significantly (P<0.05) with an uniformity during value lower than 1% day and decreased the concentration
this period and a remarkable rise is observed after day 14. uniformly till the end (P<0.05).

Cholesterol being a monounsaturated lipid is susceptible The above findings indicates that possibly both
to oxidation and hence undergoes autoxidation to form celery and ginger can remarkably control the cholesterol
cholesterol oxide product. Smith (1987) also suggested oxidation (P<0.05) which arrests the formation of COPs in
that the hydroperoxides of polyunsaturated fatty acids animal products.

formed during lipid oxidation initiates cholesterol

oxidation. The degree of oxide formation is related to CORRELATION STUDY

storage conditions and level of activator present. Therefore Correlation  between the parameters of
it is conceivable, that cholesterol oxidation should proceed antioxidant activities like phenol content, peroxidation in
in a way analogous to fatty acid oxidation. Since total linoleic acid, metal chelating and ferric reducing activity
cholesterol concentration cannot change during storage were determined. Phenol content has shown a good
period, the increasing value of cholesterol recorded in correlation with peroxidation in linoleic acid and ferric
control reflects the non-enzymatic oxidation of cholesterol reducing activity in case of all the three additives. Ginger
which accumulated considerable amount of hydrogen exhibited high positive correlation (0.869867) in phenol
peroxide with lipid oxidation. This peroxide developed the content & ferric reducing activity whereas has negatively
red colour with phenol and 4-AAP. correlated in phenol content & peroxidation in linoleic

Addition of spices recorded lower concentration acid and ferric reducing activity & peroxidation in linoleic
of cholesterol in all the cases. Presence of spice additives acid (-0.83348 and -0.95889 respectively). Phenol content
(ginger, celery, BHT) scavenge the peroxide generated of celery has negatively correlated with ferric reducing
due to enzymatic oxidation thereby resulting in reduction activity and peroxidation in linoleic acid (-0.78857, -
of the cholesterol values of the spiced fish oil. Though 0.57895 respectively) and showed a high positive
values in celery, ginger and BHT added fish lipid has correlation (0.930516) in ferric reducing activity &
shown a diminishing trend initially (P<0.05) ultimately peroxidation in linoleic acid system. Correlation, though
followed an increment (P<0.05) after 14™ 21% and 28" not high was found to be over all positive for metal
day respectively. This increasing gradient in the later chelating activity and peroxidation in linoleic acid system
period of storage is due to hydrogen peroxide generated (Tablel).

Figure 1. Total phenol content of spices (GAE; mg gallic Figure 2. Ferric reducing activities of spices (TAE; mg

acid /g of extract) Tannic acid /g of extract)
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Figure 3. Percentage of oxidation in linoleic acid system Figure 4. Metal chelating activities of the spices

on addition of spices
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Figure 5. Cholesterol content of the lipid after addition of spice additives
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Table 1. Correlation study of the antioxidant parameters
Ginger | Celery | BHT
phenol content: peroxidation in linoleic acid
-0.83348 | -0.57895 | 0.86253
peroxidation : metal chelating
0.485135 | 0.155132 | 0.604112
phenol content: ferric reducing activity
0.869867 | -0.78857 | 0.578347
ferric reducing activity : peroxidation
-0.95889 | 0.930516 | 0.543236
CONCLUSION arrests the formation of cholesterol oxidized products

This study has provided us with some interesting
and important findings. It clearly indicates the comparable
and high antioxidant activity of both celery and ginger
which is almost equivalent to commonly used synthetic
antioxidant BHT. Both celery and ginger can remarkably

(COPs) in animal products. Contrary to ginger, celery was
found to enhance its antioxidation potential after first two
weeks in terms of phenol content, inhibition of
peroxidation of linoleic acid and metal chelating activity.
Celery could control cholesterol oxidation with maximum
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efficiency till day [14] whereas ginger could do so till day ACKNOWLWDGEMENT
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