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CELERY (APIUM GRAVEOLENS L.) AS A SOURCE OF
PHYTOCHEMICALS WITH ANTIOXIDANT AND
ANTIBACTERIAL EFFECTS

Vesna Durovic!, Leka Mandi¢', Marija Igrosanac?, Mirjana Radovanovic?,
Marijana Pesakovic?, Jelena Mladenovi¢!, Dragutin Dukic¢!

Abstract: The aim of this work was to investigate the content of phytochemicals
in celery root and its antioxidant and antibacterial potential. The content of total
phenols in celery root was 2.99 mg GAE g, total flavonoids 1.38 mg RE g7, total
tannins 1.87 mg GAE g' and vitamin C 12.7 mg 100 g'. Antioxidant activity
measured by the DPPH method and expressed in % inhibition were 42.26 % or 2.38
pmol TE g'. Antibacterial activity was tested on pure cultures of Enterococcus
faecium, Listeria monocytogenes, Staphylococcus aureus, Salmonella enteritidis, E. Coli and
Serratia marcescens. Listeria monocytogenes showed the highest sensitivity while the
Salmonella enteritidis and E. coli were the most resistant.
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Introduction

Many aromatic plants have been used as vegetable and flavoring ingredients in
cooking and in traditional medicine. Celery (Apium graveolens L.) is an aromatic
plant from the Apiaceae (Umbelliferae) family. The whole plants including leaf,
stem, seed and root are used in cooking as soups and salads due to its aroma and
essential oil (Aboody, 2021). According to the assessment report of the Committee
on Herbal Medicinal Products (HMPC) of the European Medicines Agency on
Apium graveolens has been known as a medicine since ancient times in Greece.

Celery is a good source of vitamins A and C, carotenes, tocopherols and
secondary metabolites such as flavonoids (including quercetin, apigenin,
kaempferol, isorhamnetin and luteolin), alkaloids, terpenoids, tannins, saponin,
phenolic acids (caffeic acid, p-coumaric acid, ferulic acid) and volatile compounds
(limonene, myrcene, a-pinene, [3-selinene) (Kooti et al., 2014; Al-Asmari et al., 2017).
Thanks to the presence of these components, celery has a high antioxidant potential
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(Kooti and Daraei, 2017) and the ability to remove OH and DPPH radicals (2,2-
diphenyl-1-picrylhydrazyl) (Kooti and Daraei, 2017; Emad et al., 2022).

Celery is used to treat cardiovascular diseases, strengthen the heart and lower
blood pressure. It has anticoagulant properties. Celery root was used to reduce
potassium and increase calcium in cardiac tissues (Khalil et al., 2018). Celery has
many pharmacological activities: antimicrobial, antifungal, antiparasitic, anti-
inflammatory, antioxidant, antidiabetic, anti-spasmolytic, hepatoprotective,
cardioprotective, neuroprotective, cytoprotective and analgesic activity, etc.
(Khairullah et al., 2021). The essential oils of celery have anti-bacterial effects on
Streptococcus faecalis, Staphylococcus albus, Staphylococcus aureus, Salmonella typhi,
Shigella dysenteriae and Streptococcus pyogenes (Khalil et al., 2018).

The content and chemical composition of celery depend on genetic and
environmental factors, as well as applied agrotechnical measures such as
fertilization, irrigation, growing method and harvesting method (Powanda et al.,
2015).

In this study, celery root was investigated as an aromatic herb in traditional
Serbian cuisine, which is known to have strong pharmacological activity and a high
content of antioxidants. They were tested for their content of biologically active
compounds (the content of ascorbic acid, tannin, phenolic and flavonoid
compounds) and their antioxidant and antibacterial activity.

Material and methods
Sample preparation and analysis

The samples (Apium graveolens L.) were harvested at full maturity in 2021 from
individual producers, who cultivated them in the vicinity of the town Trstenik,
Rasina district, Serbia. The sample (roots) was ground and dried. Samples were
extracted with 50% ethanol at 25 °Cin an ultrasonic bath for 30 min., and after that
24 h maceration at room temperature. The extracts were filtered and then
centrifuged at 5000rpm for 10 min. The clear supernatants were used for the
determination of the total phenolic, flavonoids, tannin content and antioxidant
activity. For antibacterial activity, the extracts were evaporated in a nitrogen
atmosphere under a vacuum, in a water bath at 60 "C.

Determination of dry matter content in the samples was performed by
gravimetric method at 105°C , drying to constant mass. The ash content was
determined by burning at 550 °C for 14 h.
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The total phenolic content was determined using a modified Folin-Ciocalteu
colorimetric method (Singleton et al., 1999; Liu et al., 2002). The tannin content in
the sample was determined using (PVPP) insoluble polyvinyl-polypirrolidone
(Makkar, 2003). The flavonoid content (FC) was determined using Zhishen et al.
(1999) method. The antioxidant capacity of the extracts was studied through the
evaluation of the free radical-scavenging effect on the 1.1-diphenyl-2-
picrylhydrazyl (DPPH) radical (Brand-Williams et al., 1995). The estimation of
ascorbic acid was determined by the titration method (Tillmans’ method).

The antibacterial properties of plant extract were tested against Gram-positive
bacteria (Enterococcus faecium ATCC 6057, Listeria monocytogenes ATCC 13932 and
Staphylococcus aureus ATCC 25923) and Gram-negative bacteria (Salmonella
enteritidis ATCC 13076, E. coli WDCM 0013 and Serratia marcescens ATCC 43862).
The strains used in the tests were sown 24 h before the experiments. After this
period, the bacterial inoculum was suspended in saline, corresponding to 0.5 of the
McFarland scale, approximately 1.5 x 108 CFU/mL. The minimum inhibitory
concentration tests were performed using the microdilution method with resazurin
as an indicator (Javadpour et al., 1996). Resazurin is a molecule that serves as a
redox indicator. In response to the metabolic activity of living cells, resazurin (blue)
is reduced to resorufin, which has a pink color and is fluorescent. The MIC is
defined as the lowest concentration at which no growth is observed (Oliveira et al.,
2022).

Results and discussion

The content of moisture, dry matter and ash in celery roots was shown in
Table 1. It can be especially noted that the celery root has a high content of ash
or mineral substances (8.94%). This is in accordance with literature data
showing that celery root has a significant content of minerals such as K, P, CA,
Se, Ni and others (Qureshi et al., 2014). Researchers state that every part of the
plant contains minerals necessary for the human body, with the most of them
being in the leaves (Dong and Zhao, 2004).

Table 1. Content of moisture, dry matter and ash in the samples

Sample Moisture Dry matter Ash content,
content, % content, % %
Celery root 7.22 92.78 8.94
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In this study total phenols, flavonoids, tannins and vitamin C content as
well as antioxidant activity were detected in celery roots. The results are shown

in Table 2.

Table 2. Content of total phenols, flavonoids, tannins, vitamin C and
antioxidant activity

Samples Total Total Total DPPH, DPPH, Vitamin
phenolics, flavonoids, tannins, % umol TE g1 C,
mg GAEg' | mgREg! | mg GAE g' | inhibition (mg/100g)

foe;fry 299:007 | 1.38:017 | 1.87+0.01 | 42.26:3.61 | 2.38:024 | 12.70+0.15

The vitamin C content of celery root was 12.7 mg 100g™". Similar results for
vitamin C are reported by Qureshi et al. (2015). However, the content of vitamin
C is significantly higher in the leaves compared to the roots (Meng-Yao et al.,
2017). The content of total phenols in celery root was 2.99 mg GAE g7, total
flavonoids 1.38 mg RE g and total tannins 1.87 mg GAE g (Table 2). Tang et al.
(2015) and Jung (2011) reported amounts of phenolic compounds in celery (4.64
g GAE 100 g7). Antioxidant activity measured by the DPPH method and
expressed in % inhibition were 42.26% or 2.38 pmol TE g (Table 2). Phenolic
compounds and flavonoids are mainly responsible for the antioxidant activity
of plants (Masuoka et al., 2012). There are many studies that have demonstrated
the antioxidant activity of Apium plants (seeds, roots and leaves) in vitro and in
vivo (Salehi et al., 2019).

This study also investigates the antimicrobial activity of Apium graveolens
against six bacterial strains. The MIC and MBC values of celery extract were
used to evaluate the bacteriostatic and bactericidal properties. MIC and MBC
values were determined based on bacterial growth on MHA (Muller Hinton
Agar). MIC and MBC of celery root extract are shown in Table 3.

Table 3: The effect of the extract on the tested bacterial cultures

Bacteria MIC MBC Dovicin

mg/mL mg/mL pg/mL
1. Enterococcus faecium ATCC 6057 100 >100 <0,24
2. Listeria monocytogenes ATCC 13932 50 >100 <0,24
3. Staphylococcus aureus ATCC 25923 100 >100 0,24
4. Salmonella enteritidis ATCC 13076 >200 >200 1,95
5. E.coli WDCM 0013 >200 >200 0,92
6. Serratia marcescens ATCC 43862 100 >100 <0,24
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The results showed different degrees of inhibition of antibacterial activity
against some of the tested microorganisms. From the obtained results it can be
seen that Listeria monocytogenes ATCC 13932 showed the highest sensitivity
while the most resistant were Salmonella enteritidis ATCC 13076 and E. coli
WDCM 0013.

The structure of the cell wall of Gr- bacteria is more complex compared to
the structure of Gr* bacteria, because it contains a thin layer of peptidoglycan,
surrounded by an outer membrane made of lipopolysaccharides, while in Gr*
bacteria there is no outer membrane, but a thick layer of peptidoglycan (Silhavy
et al., 2010). The strong hydrophobic outer membrane of Gr- bacteria acts as a
strong permeability barrier (Nikaido, 2003 ) and limits the diffusion of active
substances from the agent (Pierozan et al., 2009).

A. graveolens contain tannins, phenols, flavonoids, vitamin C (Table 2), in
accordance with that, literature data show that phytochemicals in plants have
antimicrobial activity, especially flavonoids (Mickymaray, 2019). The main
mechanism of the antibacterial action of the phenols and flavonoids is DNA
inhibition, membrane degradation and deterioration of energy metabolism (Al
Aboody et al., 2020). This is consistent with literature data which show that
extract of celery leaves and roots demonstrated antibacterial activity against
different bacteria (Sipailiene et al., 2005, Emad et al.,, 2022) and that Apium
plants have a role in the prevention of microbial growth (Maxia at al., 2012;
Edziri at al., 2012; Baananou et al., 2013).

Conclusion

Recently, there has been a growing interest in using natural antioxidants
from plant sources instead of synthetic compounds. Various plants from the
Apiaceae family including Apium graveolens present a good source of
antioxidants such as phenolic acids, flavonoids, tannins, stilbenes, coumarins,
lignans, carotenoids, tocopherols and ascorbates. Of these phenolic compounds,
especially phenolic acid and flavonoids make the main contribution to
scavenging free radicals as well as inhibition of different gram-positive and
gram-negative bacteria.
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