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Antioxidant Properties of the Aerial Part
of Celery and Flaxseeds

Naouel OUIS! (EX)
Ahmed HARIRI?

Summary

The aim of the present study was to evaluate the antioxidant activity of essential oil and
extracts obtained from the aerial parts of celery (Apium graveolens L.) and from flaxseeds
(Linum usitatissimum (Linn.)). In vitro antioxidant activity was determined by 2,2-diphenyl-
2-picryl-hydrazyl (DPPH) and ferric reducing power assay. Results showed that the essential
oil of celery and methanol extracts of celery and flaxseeds exhibited a good scavenging
activity of DPPH radical respectively 84 + 0.4%, 79 + 0.5%, and 78 * 0.3% at concentration
of 1000 ug mL' comapred to the queous extracts. These results were lower than those found
with ascorbic acid 96.23 + 1.2% and catechin 94.50 + 1.4% at the same concentration. IC, is
defined as concentration of substrate that inhibits 50% of the DPPH radicals present in the
reaction medium. The positive control catechin and ascorbic acid displayed lower values of
IC,, (7.81 0.1, 31.5 + 0.3 uyg mL™"), followed by methanol extract of celery and flaxseeds (130
+ 0.2, 150 + 0.4 ug mL"), essential oil of celery (180 + 0.2 ug mL"), then aqueous extracts
of flaxseeds and celery (950 + 0.5, 980 + 0.4 pg mL™"). For aerial part of celery, significant
activities for reducing iron were obtained, values observed by optical density (OD) of 1.8
+ 0.2 for essential oil and 1.7 + 0.1 for methanol extract, while ascorbic acid and catechin
provided an OD of 2.069 + 0.03 and 2.66 + 0.016 in the same concentration 1000 ug mL™. The
results of the current study showed that flaxseeds and celery exhibited a higher antioxidant
activities that could be exploited in food and pharmaceutical industries.
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Introduction

Plants are real source of natural and medicinal bioactive
products once serving as the source of all drugs (Balandrin et al.,
1993). Actually, the use of aromatic and medicinal plants in herbal
medicine has been developed intensively by exploiting different
herbs, fruits and legumes. Oxidative stress has been hypothesized
to play a role in the pathophysiology of depression and anxiety
disorders and is closely linked to the immune-inflammatory
system. Oxidative stress occurs when redox homoeostasis within
the cell is altered. Many research projects were focused on
naturally bioactive products that could preserve human health
from oxidative stress damage caused by reactive oxygen species
(Rosenfeldt et al., 2013). The imbalance between ROS and
reducing agents may lead to chemical modification of biologically
relevant macromolecules (DNA, carbohydrates, proteins or lipids).
These patho-biochemical mechanisms cause the development of
different degenerative diseases including cardiovascular illness,
diabetes, cancer, atherosclerosis, neurodegenerative disorders and
arthritis (Adebayo et al., 2014).

Antioxidants are vital agents that possess the ability to protect
the body from damage caused by free radical induced oxidative
stress and retard the progress of several chronic diseases (Yamuna
and Padma, 2013). Actually, the possible toxicity of synthetic
antioxidant has been criticized. The commonly used synthetic
antioxidants such as butylated hydroxyanisole (BHA) and
butylated hydroxyl toluene (BHT) are restricted because they are
suspected to have some toxic effects and as possible carcinogens
(Imaida et al., 1983). Hence, the studies on natural antioxidants
have gained increasingly greater importance. Many antioxidant
substances, naturally occurring in plant source have been identified
as potential free radical or active oxygen scavengers (Duh, 1998).
Due to its richness in various bioactive compounds, plants have
been used for food preservation, pharmaceutical, alternative
medicine and natural therapies (Lis-Balchin and Deans, 1997). It
has long been acknowledged that some plant essential oils exhibit
antioxidant activity and it is necessary to investigate those plants
scientifically (Al-Bayati, 2008).

Linum usitatissimum (Linn.), commonly known as flaxseed or
linseed belongs to the family Linaceae. It has been consumed as a
food ingredient (Ghule et al., 2012) and plays an important role
in the field of diet and disease research due to its potential health
benefits associated with linolenic acid 57% and a major lignin,
namely ecoisolariciresinol diglucoside SDG (Milder et al., 2005).
Several studies indicate the potential of flaxseed as antidiabetic
(Prasad et al., 2000) and cardioprotective effect (Zanwar et al.,
2011), but very few studies evaluate antioxidant activity of flaxseed
and its association with ROS production.

Celery (Apium graveolens L.) belonging to the Apiaceae family
is a hepaxanthic herb valuable in the diets, where it provides low-
calories fiber bulk (Njoku Ugochi et al., 2011). Celery, an ancient
vegetable spice cultivated for the last 3000 years, has been found to
have both nutritional and pharmacological activities (Chevallier,
1998). This plant contains a lot of important pharmacological
substances (Momin et al., 2000). The oil and large doses of the
seeds should be avoided during pregnancy, as they can act as a
uterine stimulant. The characteristic odor of celery essential
oil is due to a series of phthalide derivatives (Jung et al., 2011).

Sedanolide, sedanonic anhydride, 3-n-butyl phthalide, and other
minor phthalides are reported to be the major components of
celery seed oil (Lund, 1978). Celery seeds possess a characteristic
aroma and pungent taste can be used as seasoning in cocktails
(Njoku Ugochi et al., 2011), and to treat bronchitis, asthma, liver,
and spleen diseases (Satyavati and Raina, 1976). Several substances
from celery seeds were reported for their anticarcinogenic
property (Zheng et al., 1993). The root is an effective diuretic
and has been taken for urinary stones and gravel. All parts are
used ethnomedically to treat mild anxiety and agitation, loss
of appetite, fatigue and cough and as an anthelminthic (Njoku
Ugochi et al., 2011). The major bioactive substances in the celery
include a class of phenolic compounds called furanocoumarins.
The main linear furanocoumarins in celery include the three
phototoxic  furanocoumarins, psoralen, xanthotoxin and
bergapten (Berenbaum, 1987). Hence, the present study is carried
out to determine the in vitro antioxidant activity of the essential oil
of celery and the extracts of celery and flaxseeds.

Material and Methods

Chemicals Substances

All chemicals and solvents (analytical grade) were purchased
from Sigma Aldrich (Munich, Germany), unless otherwise
specified.

Plant Material

The aerial parts of celery (A. graveolens) used in this study
were collected during April 2018 from the region of Mascara
(North-West of Algeria) and the flaxseeds (L. usitatissimum) were
purchased from herbalist in the region of Mascara. The studied
parts of each plant were the most used in traditional medicine
in the region. The species were identified taxonomically and
authenticated by the botanist at SNV faculty, University Mustapha
STAMBOULI of Mascara. The studied plants were washed with
tap water to remove all impurities and then with distilled water.
The samples were dried in darkness at room temperature and
chopped into small particles to increase the surface of diffusion.

Extracts Preparation

The dried seeds or plant material were made into fine
powder of 40 mesh size using the pulverizer. 10 grams of each
plant were macerated in hydro methanolic solution (methanol/
water 70:30 v/v) at ratio of 1/10 (w/v) with magnetic stirring
overnight at room temperature (Tiwari et al., 2011). This soaking
was repeated threefold by renewing the solvent every 24 hours
and then maceration of each solvent was combined. The hydro
methanol extract was recovered after filtration through Whatman
No.41 filter paper and concentration in a rotavapor (Buchi
Labortechnink AG, Postfach, Switzerland). For preparation of
aqueous extract, 10 grams of plant powder were macerated in 100
mL of distilled water at ratio of 1/10 (w/v) with magnetic stirring
overnight at room temperature. This operation was repeated three
times and then combined. The aqueous extract was recovered
after filtration through Whatman No.41 filter paper. The two
concentrated extracts for each plant were used for determination
of in vitro antioxidant activity.
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Isolation of Essential Oil

100 g of powdered plant (celery) in 500 mL of distilled water
were submitted to hydro-distillation for 3 hours, using a Clevenger-
type apparatus (ST15 OSA, Staffordshire, UK) until total recovery
of oil. The extracted essential oil was dried over anhydrous sodium
sulfate. In order to preserve its original quality, the oil was stored
at 4 °C until tested in an opaque glass bottle sealed to protect it
from air and light (main agents of degradation). The essential
oil yield was evaluated by gravimetric method and expressed in
terms of % w/w (ratio between the weight of the obtained oil and
the weight of the sample to be treated). The purity of essential
oil was determined by measurement of physicochemical indices
according to the European Pharmacopoeia (2000). The pH was
measured by using a digital pH meter apparatus and density by
density meter. The relative density (d,**) was determined, which
refers to the ratio of mass of the liquid sample and the mass of water,
both at 20 °C. Pycnometers were used according to the amount of
the essential oil available. The refraction index was evaluated in
a refractometer using sodium light of wavelength of 589.3 mm
(D ray), which was adjusted with distilled water (refraction index
of 1.3330), the samples being kept at 20 °C. The rotatory power
was measured by using a polarimeter. The miscibility with ethanol
is the volume of ethanol needed to solubilize one volume of the
essential oil (v/v). For evaluation of the acid index, a solution of m
in (mg) of essential oil was mixed with 5mL of 95% ethanol and 5
drops of phenolphthalein 0.2%. This solution was neutralized with
an ethanolic solution 0.1 M of KOH. The titration is over when the
pink color begins to appear and persists for at least 15 seconds;
we noted the volume V in (mL) of the KOH solution causing this
color change and it was calculated by using the following formula:

IL,=(.61xV)/m (1)

where: I, (acid index), V (volume in mL of the used KOH solution),
m (mass of the sample test in gram).

For determination of the saponification index, in a 250 mL
monocolumn flask equipped with a reflux condenser, the test
sample m (mg) was mixed with 25mL of 0.5 M alcoholic potassium
hydroxide and a few glass beads. The refrigerant was adapted and
refluxed for 30 minutes and 1mL of phenolphthalein was added
to the solution. The latter was titrated immediately with 0.5 M
hydrochloric acid (sample test). The blank test was carried out
under same conditions (blank test). The saponification index was
calculated by using the formula:

I=((V,-V,)x CHClx M.KOH) | m (2)
where: (I,) saponification index, (V,) volume in mL of HCI 0.5M
poured (blank test), (V,) volume in mL of HCl 0.5M poured
(sample test), (C.HCI) concentration of HCI in mol L, (M.KOH)
molar mass of KOH (56.10 g mol, (1) mass of the sample test in
gram.

The ester index (I,) was calculated from the saponification
index (I,) and the acid index (I,) according to the formula:
L=1-1, 3)
For determination of iodine value, in a 500 mL volumetric
flask, one gram of oil sample was mixed with 15mL of carbon
tetrachloride and 25 mL of Wijs solution. The flask was stoppered
and swirled to ensure complete mixing. The sample was then
placed in the dark for 30 minutes at room temperature. The
flask was removed from storage and 20 mL of 10% potassium
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iodide (KI) solution were added, followed by 150mL of distilled
water. The mixture was titrated with 0.1N thiosulphate (Na,S,0,)
solution added gradually and with constant and vigorous shaking
until the yellow colour had almost disappeared. 1.5 mL of starch
indicator solution was added and the titration was continued
until the blue colour disappeared. A blank determination was
conducted simultaneously. The peroxide present was evaluated by
titration against thiosulphate in the presence of KI using starch as
an indicator.

Evaluation of the Antioxidant Activity

DPPH Free Radical-Scavenging Activity

The antioxidant potential of extracts and essential oil of all
plants was determined in terms of hydrogen donating or radical-
scavenging capacity, using the stable free radical 2,2-diphenyl-1-
picrylhydrazyl (DPPH) as a reagent. The ability of the oil or extract
to scavenge DPPH was assessed by using the method described
by Shen et al. (2010) with some modifications. The samples to be
tested for their antiradical activities were prepared in methanol
to achieve the concentration of 1 mg mL™". Dilutions were made
to obtain concentrations of 500, 250, 125, 62.5, 31.25, 15.62, 7.81,
3.90, and 1.95 pg mL". A volume of 50 pL of each solution was
added to 1950 pL of methanol solution of DPPH (6.10° M) as free
radical source. The mixtures were stirred vigorously for 30 seconds
and then incubated in the dark for 30 min at room temperature.
The absorbance was measured using UV/Vis spectrophotometer
model Hitachi 4-2000 at 517 nm against pure methanol (Shimada
etal., 1992). Ascorbic acid and catechin were used for comparison
as positive control. Lower absorbance of the reaction mixture
indicated higher free radical-scavenging activity. The inhibition
percentage of DPPH was estimated using the equation:

DPPH radical scavenging activity (%) = ((A control - A sample) /
A control) x 100 4)

where: A control: absorbance of the control containing all reagents
except the oil or extract; A sample: absorbance of the sample
(presence of the essential oil or extract).

IC, defined as concentration of substrate that inhibits 50% of
the DPPH radicals present in the reaction medium was determined
from the % inhibition versus concentration plot, using a non-
linear regression algorithm.

Ferric-Reducing Power

The ferric reducing power of all tested samples was evaluated
by using the potassium ferricyanide-ferric chloride method
described by Yildirim et al. (2001). 1 mL of each tested sample
at different concentrations was mixed with 2.5 mL of 0.2 M
phosphate buffer pH 6.6 and 2.5 mL of 1% potassium ferricyanide
(K,Fe(CN),) solution,. After incubation for 20 min at 50 °C, 2.5
mL of 10% trichloracetic acid were added and the reaction mixture
was centrifuged for 10 min at 3000 rpm (Sigma laborzentrifugen
D-37620 Osterode am Harz, Germany). An aliquot of 2.5 mL of
the supernatant from each mixture was mixed in a test tube with
2.5 mL of distilled water and 0.5 mL of ferric chloride solution
(0.1%) prepared freshly in distilled water. After 20 min of reaction
time at 35 °C, the absorbance was recorded at 700 nm against a
blank containing all reagents except the essential oil (or extract)
solutions and ferric chloride. The control was achieved by different
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concentrations of ascorbic acid and catechin. Higher absorbance
of the reaction mixture indicated higher reducing power. Tests
were carried out in triplicate. The concentration providing 0.5 of
absorbance (IC, ) was calculated by plotting absorbance at 700 nm
against the corresponding sample concentration.

Data Analysis

All determinations were conducted in triplicates and results
for each measured parameter were expressed as mean * SD. Data
were statistically determined by analysis of variance ANOVA
using the level significance (P < 0.05) using Microsoft Excel and
SPSS statistics software 8.1.

Results and Discussion

Results of Physic-Chemical Characterization of Apium
Graveolens Essential Oil

The essential oil of the aerial parts of Apium graveolens L.
presents a limpid liquid aspect, volatile, mobile, with light yellow
color, strong and fresh smell. This oil was characterized by a
yield of 1.1 £ 0.2%. According to Marzouk et al. (2008), the plant
polymorphism, seasonal, geographical variation and nutritional
availability of plant affect extraction oil yields, which are higher
when plants are extracted during the flowering period. The
physic-chemical analysis (pH 5.3 + 0.1, density at 20 °C 0.91 +
0.02 g mL", relative density 0.96 + 0.02 g g, refractive index at
20 °C 1.345 + 0.003, rotatory power +3.22 * 0.15, miscibility with
ethanol at 96% 1/8 (v/v), acid index 8.246 + 0.020 mg KOH g EO,
ester index 94.283 £ 0.020 mg KOH g EO at 20 °C, saponification
index 104.10 £ 0.01, peroxide index 14 * 0.1 meq. O2 kg' EO,
carbonyl index 126.22 + 0.01, and iodine number 1.6 + 0.2)
showed the good quality of the studied oil.

Results of Antioxidant Activity

Free radical DPPH method and ferric reducing assay were used
for the evaluation of antioxidant activity. The use of more than one
method is recommended to give a comprehensive prediction of
antioxidant potential (Dini et al., 2009).

DPPH Free Radical-Scavenging Activity

Results showed that the antioxidant activity was directly
dependent on the concentrations used. As shown in Fig. 1,
the methanol extract and essential oil of celery show a higher
scavenging activity of DPPH radical (79 *+ 0.5% and 84 + 0.4%)
at concentration of 1000 ug mL" compared to the aqueous extract
(53 £ 0.3%) at the same concentration. This result was similar to
the % of inhibition of methanol extract of celery 88.31% reported
by Jung et al. (2011). A similar scavenging activity of DPPH
radical was obtained by methanol extract (78 + 0.3%) and aqeous
extract (54 £ 0.2%) of flaxseed. These results are lower compared
to those found with ascorbic acid and catechin (96.23 + 1.2%,
94.50 + 1.4%). Our results of antioxidant activity of celery were
in line with the results obtained by Yao et al. (2010) and Njoku
Ugochi et al. (2011). The presence of the C2-C3 double bond
configured with a 4-keto arrangement is known to be responsible
for electron delocalization from ring B and it increases the free
radical-scavenging property (Wojdylo et al., 2007). Kim and Lee

(2004) reported that caffeic and p-coumaric acids displayed a
good antioxidant property. Results of DPPH scavenging activity
of flaxseeds are in agreement with the report of Alachaher et
al. (2018). According to Derwich et al. (2011), the antiradical
activities could be associated with their chemical composition,
especially with their major compounds. The richness of celery and
flaxseeds in polyphenols (Berenbaum, 1987; Shahrani et al., 2019)
explains its antioxidant effect.

The IC, parameter commonly used to measure the antioxidant
activity is necessary for each sample to reduce 50% of DPPH
radical concentration in a defined period of time and a low IC,|
value corresponds to a higher antioxidant activity. It was used to
classify antioxidant activity of tested sample in comparison with
the standard. The positive control catechin and ascorbic acid
displayed lower values of IC_| respectively 7.81 + 0.1 and 31.5 +
0.3 pg mL", followed by methanol extract of celery 130 + 0.2 pg
mL" and flaxseeds 150 + 0.4 pg mL", essential oil of celery 180 +
0.2 ug mL", then aqueous extracts of flaxseeds 950 + 0.5 ug mL™
and celery 980 + 0.4 pg mL". Alachaher et al. (2018) found the
value of 220.05 for methanol extract of flaxseed. The obtained IC_
values of celery are higher to the value 88.73 pg mL™! for methanol
extract and 95.11 pug mL" for water extract reported by Jung et
al. (2011). According to Yao et al. (2010), the antiradical activity
of celery is due to the presence of flavonoids compounds such
as apigenin, luteolin, and kaempferol. The richness of flaxseed
extracts in flavonoids, phenolic compounds, glycosides, alkaloids,
and terpenoids (Alachaher et al., 2018; Hosseinian et al., 2006)
explains its good antioxidant power.

Reducing Power

The reducing power assay is often used to estimate the ability
of natural antioxidant to donate an electron or hydrogen to form
more stable product “reduction of ion” (Shimada et al., 1992; Ho
et al., 2012). The determination of the ferric reducing antioxidant
was based on the reduction of Fe™/ferriccyanide complex to the
ferrous form in the presence of antioxidants in the tested samples.
The Fe*? was then monitored by measuring the formation of Perl’s
Prussian blue at 700 nm. In fact, it is widely accepted that higher
absorbance at 700 nm is correlated to power reducing (Shimada
et al., 1992). This author reported that the reductive potential
might be related to the presence of phenolic compounds, such as
isothymol and carvacrol, due to the hydroxyl substitutions in the
aromatic ring which possess potent hydrogen-bonding abilities.
The reducing capacity of all extracts increased in a concentration-
dependent manner (Fig. 2).

For aerial part of celery, we note that significant activity for
reducing iron values was observed by optical density of 1.8 + 0.2 for
essential oil and 1.7 + 0.1 for methanol extract, while ascorbic acid
and catechin provide an OD of 2.069 + 0.03 and 2.66 + 0.016 in the
same concentration 1000 pg mL™. Our results are in agreement
with the work of Jung et al. (2011). For flaxseeds, the higher
activity was obtained by methanol extract 1.65 + 0.02 followed
by aqueous extract 0.8 + 0.01. We can classify power reduction
of iron as follows: catechin, ascorbic acid, essential oil of celery,
methanol extract of celery, methanol extract of flaxseeds, aqueous
extract of celery 0.9 + 0.02 and then aqueous extract of flaxseeds.
Several authors (Gao et al., 2000; Amarowicza et al., 2004) have
observed a direct correlation between antioxidant capacities and
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Figure 1. Free radical-scavenging activities of positive controls (ascorbic acid, catechin), essential oil of celery, methanol and aqueous extracts of celery and
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Figure 2. Antioxidant capacities of positive control (ascorbic acid, catechin), essential oil of celery, methanol and aqueous extracts of celery and flaxseeds. Values

represent Mean * SD; n=3; Confidence level P < 0.05

reducing power of certain plant extracts. The reducing capacity
(FRAP) is generally associated with the presence of reductones
(Krishnamoorthy et al., 2011). Reductones are reported to react
with certain precursors of peroxide, thus preventing peroxide
formation. According to Gordon (1990), antioxidant activity of
reductones is based on the breaking of the free radical chain by
donating a hydrogen atom. The marked antioxidant potential
of celery and flaxseeds may be attributed to the abundance of
polyphenols which may act as reductones to convert free radical
into more stable products and terminate free radical chain
reaction. Our results are in agreement with those reported by
Alachaher et al. (2018) and Sangeetha et al. (2010).

The positive control (catechin and ascorbic acid) displayed
lower values of IC, 53 + 0.3 and 58.3 + 0.4 ug mL", followed by
essential oil and methanol extract of celery (59 + 0.3, 62 £ 0.2 pg

mL™"), methanol extract of flaxseeds 64 + 0.2 pg mL"', then aqueous
extracts of celery 82 + 0.3 ug mL" and flaxseeds 100 + 0.1 pg mL™.

Conclusion

The results from this study demonstrate clearly that essential
oil of celery and methanol extract of celery and flaxseeds exert a
strong antioxidant potential determined by two methods: DPPH
free radical scavenging and ferric ion reduction. Our results denote
that methanol is the most efficient extraction solvent compared
to the water solvent. Apium graveolens L. species exhibits higher
antioxidant activity compared to Linum usitatissimum. It may
provide a valuable source of natural antioxidants for commercial
exploitation.
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