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In the study, celery root and celeriac stalk and leaf extracts were prepared using heat-assisted extraction, 

and the total polyphenol concentration (TPC) and anti-DPPH radical potential of the obtained extracts 

were determined. The TPC values of the extracts were from 2.67 to 13.43 mg gallic acid equivalent/g, fol-

lowing the trend: ethanol celeriac leaf sample>water celeriac leaf sample>ethanol celeriac stalk 

sample>water celery root sample. Ethanol celery root and water celeriac stalk samples showed signifi-

cantly lower TPC. The anti-DPPH activity follows the trend: ethanol celeriac leaf sample>water celeriac 

leaf sample>water celery root sample>water and ethanol celeriac stalk samples>ethanol celery root sam-

ple. The IC50 values (the concentration of the sample necessary to neutralize 50% of free radicals) varied 

in a range of 63.9 to 326.4 mg/mL. Both phenolic yield and antioxidant activity achieved the highest lev-

els in the ethanol celeriac leaf sample. 
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1. INTRODUCTION

Celery (Apium graveolens), as an edible herb, was used in tradi-
tional therapy for cardiovascular diseases, high blood glucose 
levels, and hypertension, and as an antifungal, anti-
inflammatory, anticoagulant, antioxidant, and antitumor agent 
(Al-Asmari et al., 2017; Tyagi et al., 2013)[1,2]. Various parts of 
celery are also employed in hepatic, spleen, and brain diseases, 
pain, and sleep problems (Al-Asmari et al., 2017). The constitu-
ents of celery include glycosides, steroids, polyphenols 
(furanocoumarins and flavones), as well as trace elements (so-
dium, potassium, calcium, and iron) (Hussain et al., 2013; 
Tyagi et al., 2013) Celeriac (Apium graveolens var. rapaceum) 
shows anticancer properties due to the presence of flavonoids, 
volatile oil, vitamins, and minerals in the root, stalk, and 
leaf(Turner et al., 2021). In addition, celeriac is a rich source of 
phthalides with health benefits on the central nervous system 
and cardiac performance, including anti-thrombotic modulation 
and protection against cerebral ischemia and high blood    
pressure (Lin et al., 2005; Turner et al., 2021).  

Heat-assisted extraction represents a novel procedure for ex-
tracting different biologically active components from various 
herbal materials. Namely, the employment of thermal energy 
enhances the efficiency of the extraction by cell disruption, in-
creasing membrane permeability, and breakdown interactions 

between polyphenols and other compounds, such as lipids or 
proteins (Jovanovic et al., 2017; Mustafa and Turner, 2011). 
Additionally, high temperature causes a decrease in the vis-
cosity of the extraction solvent, allowing better penetration of 
the extraction medium into the plant material (Jovanovic et 
al., 2017; Miron et al., 2011). In comparison to traditional ex-
traction protocols, heat-assisted extraction provides faster 
kinetics reducing time and energy costs (Jovanovic et al., 2017, 
2017). In modern times, novel extraction procedures (ultra-
sound-, microwave, and enzyme-assisted extractions, sub- and 
supercritical extractions, extraction employing natural deep 
eutectic solvents, etc.) can be used for the extraction of phyto-
constituents from celery root and celeriac stalk and leaf 
(Rahaman et al., 2023). However, the mentioned techniques 
require expensive devices and reagents or time-consuming 
pre-treatment. Since the celery root and celeriac stalk and leaf 
are dominantly edible plants with medicinal properties and 
are used in culinary, the focus of the present research was on 
the extraction method that can be performed in ordinary condi-
tions without complex apparatus. Namely, heat-assisted 
extraction, although a traditional extraction technique, can pro-
vide a satisfactory extraction yield by using simple and one-step 
operational protocol. The presented manuscript also follows 
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world trends in the field of green chemistry, due to the em-
ployed extraction mediums (water and ethanol). Namely, 
according to the literature, ethanol, water or hydroethanolic 
mixtures are GRAS (Generally Recognized As Safe) solvents 
(Gil-Martín et al., 2022). In addition, celeriac stalks used for 
the extract preparation represent agro-food waste. Also, ac-
cording to Rupérez and Toledano study (2003), both stalks 
alone and stalks with leaves represent two celery residues 
from the food industry. 
Therefore, in the present study, heat-assisted extraction from 
A. graveolens root and A. graveolens var. rapaceum stalk and leaf 
was performed and the polyphenolic yield and DPPH radical 
neutralization potential of the prepared extracts were investi-
gated. 

2. MATERIALS AND METHODS  

2.1. Extraction protocol 

Celery root and celeriac stalks and leaves, purchased in the lo-
cal market (Belgrade, Serbia), were washed and wiped off to 
remove excess water and subsequently cut and shredded us-
ing a mixer grinder. Fresh plant material was used for the 
extraction. Heat-assisted extraction from fresh and shredded 
celery root and celeriac stalks and leaves was performed at 
60°C in the incubator shaker (IKA, Germany) and water or 
30% ethanol (Fisher Science, United Kingdom), at a ratio of 
1:20 g/mL (1 g of plant material and 20 mL of the extraction 
solvent), during 20 min. The samples were filtered and stored 
at 4°C before further analytical experiments. 

2.2. Total polyphenol content 

The total polyphenol concentration (TPC) was measured in a 
modified Folin-Ciocalteu method(Sari et al., 2023). The ab-
sorbance of the mixture (extract, water, Folin-Ciocalteu 
reagent, and sodium carbonate) was read at 765 nm against a 
blank (UV-VIS Spectrophotometer UV-1900i, Shimadzu, Ja-
pan) after incubation of 2 h. The data was expressed as mg of 
gallic acid equivalents per g of fresh herbal material (mg 
GAE/g). Sodium carbonate was from Fisher Science (United 
Kingdom), while Folin-Ciocalteu reagent and gallic acid were 
from Merck (Germany). 

2.3. DPPH radical neutralization capacity 

The antioxidant activity of the prepared extracts was exam-
ined in the DPPH test [13], and 2,2-diphenyl-1-picrylhydrazyl 
– DPPH was from Sigma-Aldrich (Germany). In the DPPH 
test, 200 μL of the extract and 1800 μL of ethanol DPPH• radi-
cal solution was mixed. The absorbance was measured at 517 
nm after the incubation of 20 min, and the data are presented 
as IC50, the concentration of the sample necessary to neutralize 

50% of DPPH radicals. 

2.4. Statistical data processing 

Statistical data processing was done in STATISTICA 7.0 soft-
ware (one-way ANOVA and Duncan’s post hoc test). The 
statistically significant differences were at p<0.05, n=3. 

3. RESULTS AND DISCUSSION 

The TPC and DPPH radical neutralization potential of celery 
root and celeriac stalk and leaf extracts were examined. The 
data are shown in Table 1. In the preliminary study, ultra-
sound-assisted extraction and different extraction buffers were 
employed but the polyphenol content and antioxidant capaci-
ty of the extracts were significantly lower in comparison to the 
extracts obtained using heat-assisted extraction and water-
ethanol mixture (data not shown), probably because of the 
degradation potential of ultrasound waves, as well as produc-
tion of free radicals by ultrasound. 
As can be seen from Table 1, the polyphenol yield was from 
2.67 to 13.43 mg GAE/g of fresh plant material, and the trend 
was as follows: ethanol celeriac leaf extract>water celeriac leaf 
extract>ethanol celeriac stalk extract>water celery root extract. 
Ethanol celery root and water celeriac stalk samples showed 
significantly lower phenolic concentrations. In the case of cel-
ery root, water extract showed significantly higher TPC in 
comparison to ethanol parallel. In contrast, ethanol celeriac ex-
tracts had significantly higher values of phenolics compared 
to aqueous extracts using both plant organs (stalks and 
leaves). The same trend can be observed for the antioxidant ca-
pacity (shown in Table 1). The anti-DPPH potential of the 
extracts follows the trend: ethanol celeriac leaf extract (73.9 ± 2.6 
mg/mL)>water celeriac leaf extract (97.4 ± 2.5 mg/mL)>water 
celery root extract (161.9 ± 2.9 mg/mL)>water and ethanol celer-
iac stalk extracts (~210 mg/mL)>ethanol celery root extract (326.4 
± 9.7 mg/mL). Therefore, it can be concluded that antioxidant 
potential follows the trend of the phenolic content in most 
cases (higher TPC=higher antioxidant activity, i.e., lower IC50 
value) and both phenolic yield and antioxidant potential 
achieved the highest values in ethanol celeriac leaf extract. 
Septiana et al. (2023) have shown that the application of etha-
nol as an extraction solvent in celery extracts provided higher 
TPC and DPPH free radical scavenging potential in compari-
son to water. Since different extraction mediums gave the best 
results for different plant materials, every herbal matrix re-
quires investigation of the appropriate extraction solvents for 
achieving the highest extraction efficiency in terms of TPC and 
antioxidant capacity (Batinić et al., 2022). Additionally, the 
differences in the TPC can be due to the use of various parts of 
the plant matrix in the process. Namely, the concentration of 
flavonoid compounds, as a large group of phenols with antiox-

Table 1. The total polyphenol concentration (TPC) and DPPH radical neutralization    

potential of celery and celeriac extracts. 

Plant material Extraction medium TPC (mg GAE*/g) IC50 DPPH (mg/mL) 

Celery root 
water 3.94±0.08d 161.9±2.9c 

30% ethanol 2.67±0.07e 326.4±9.7e 

Celeriac stalk 
water 2.75±0.13e 209.3±2.6d 

30% ethanol 4.66±0.17c 211.5±3.3d 

Celeriac leaf 
water 12.21±0.41b 97.4±2.5b 

30% ethanol 13.43±0.18a 73.9±2.6a 

*GAE, gallic acid equivalent; IC50, the concentration necessary to neutralize 50% of free DPPH radi-

cals; analysis of variance (one-way ANOVA) and Duncan’s post hoc test (the differences marked as 

different letters in each column were considered statistically significant at p<0.05, n=3). 
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idant potential, varies between different species, as well as the 
organ of the used herb (Anokwuru et al., 2011; Batinić et al., 
2022). Golubkina et al. study (2020) reported that the TPC was 
higher in celery leaf and stalk samples in comparison to root 
parallels. Also, the study that dealt with industrial celery by-
products showed that the stalk possessed a higher polyphenol 
yield and radical scavenging potential than the root  (Beltrán 
Sanahuja et al., 2021). The neutralization of DPPH radicals is 
possible by the reducing potential of flavonoid compounds 
(Hirano et al., 2001) presented in the obtained extracts. Ac-
cording to the literature data and HPLC analysis, quercetin 
glucosides are the main compounds in celery root extracts, 
while the assay also quantified lower content of other flavo-
noids, including apigenin and luteolin glucosides, and 
naringenin (Nikolić et al., 2011). Various studies have shown 
that catechin, epicatechin, rutin, and quercetin are present in 
celery leaf extracts (Ashoush et al., 2017; Ingallina et al., 2020). 
Malonylated and acetylated derivatives of flavonoid com-
pounds were also revealed by HPLC analysis in celeriac 
products (Kaiser et al., 2013). The fact that some extracts ob-
tained in the present study showed better anti-radical activity 
despite lower TPC (the absence of a strict correlation between 
TPC and antioxidant activity) can be explained by the pres-
ence of some non-phenolic compounds which can enhance the 
reactions of neutralization of free radicals (Özyürek et al., 
2011). 

4. CONCLUSION 

The aim of the present study was to compare different extrac-
tion mediums (water and water-ethanol mixture) and various 
plant parts in terms of polyphenol yield and antioxidant capaci-
ty. Therefore, celery root and celeriac stalk and leaf extracts 
were prepared using heat-assisted extraction, and the phenolic 
content and anti-DPPH radical capacity of the extracts were 
measured. Different extraction solvents gave the best results 
for different herbal sources; thus, it can be concluded that eve-
ry material requires the investigation of the appropriate solvent 
to achieve the highest phenolic yield and antioxidant poten-
tial. The highest phenolic yield and antioxidant activity were 
obtained for ethanol celeriac leaf extract, therefore further anal-
yses will be aimed to perform the chemical characterization of 
the above-mentioned sample and its components responsible 
for the radical scavenging, and other biological properties. 
Thus, the most prominent extract will be chosen for further 
experiments which should include a wider spectrum of in 
vitro, in silico, or in vivo tests related to the biological potential 
of the extract. 

ACKNOWLEDGMENTS 

The present research was supported by the Ministry of Sci-
ence, Technological Development and Innovation of the 
Republic of Serbia (451-03-66/2024-03/200019). 

CONFLICT OF INTEREST  

The authors declare that they have no financial or commercial 
conflict of interest. 

REFERENCES 

Al-Asmari, A., Athar, Md. T., and Kadasah, S. (2017): An updated 
phytopharmacological review on medicinal plant of arab region: 
Apium graveolens Linn, Pharmacognosy Reviews, 11(21), 13. 
https://doi.org/10.4103/phrev.phrev_35_16 

Anokwuru, C., Godswill Nduka, A., and Olusola, A. (2011): Effect of 
extraction solvents on phenolic, flavonoid and antioxidant activi-

ties of three Nigerian medicinal plants, Nature and Science of Sleep, 9, 
53–61. 

Ashoush, Y. A. M., Ali, A. M. F., Abozid, M. M., and Salama, M. S. M. 
(2017): Comparative study between celery leaves and broccoli 
flowers for their chemical composition and amino acids as well as 
phenolic and flavonoid compounds, Menoufia Journal of Agricultural 
Biotechnology, 2(1), 1–13. https://doi.org/10.21608/mjab.2017.175909 

Batinić, P., Čutović, N., Mrđan, S., Jovanović, A., Čirić, K., Marinković, 
A., and Bugarski, B. (2022): The comparison of Ocimum basilicum 
and Levisticum officinale extracts obtained using different extraction 
solvents and techniques, Lekovite Sirovine, (42), 43–43. 
https://doi.org/10.5937/leksir2242043B 

Beltrán Sanahuja, A., Ponce Landete, M., Domingo Martínez, M. I., 
Prats Moya, M. S., and Valdés García, A. (2021): Optimization of 
Volatile Compounds Extraction from Industrial Celery (Apium 
graveolens) By-Products by Using Response Surface Methodology 
and Study of Their Potential as Antioxidant Sources, Foods, 10(11), 
2664. https://doi.org/10.3390/foods10112664 

Gil-Martín, E., Forbes-Hernández, T., Romero, A., Cianciosi, D., 
Giampieri, F., and Battino, M. (2022): Influence of the extraction 
method on the recovery of bioactive phenolic compounds from 
food industry by-products, Food Chemistry, 378, 131918. 
https://doi.org/10.1016/j.foodchem.2021.131918 

Golubkina, N. A., Kharchenko, V. A., Moldovan, A. I., Koshevarov, A. 
A., Zamana, S., Nadezhkin, S., Soldatenko, A., Sekara, A., Tallarita, 
A., and Caruso, G. (2020): Yield, Growth, Quality, Biochemical 
Characteristics and Elemental Composition of Plant Parts of Celery 
Leafy, Stalk and Root Types Grown in the Northern Hemisphere, 
Plants, 9(4), 484. https://doi.org/10.3390/plants9040484 

Hirano, R., Sasamoto, W., Matsumoto, A., Itakura, H., Igarashi, O., 
and Kondo, K. (2001): Antioxidant Ability of Various Flavonoids 
against DPPH Radicals and LDL Oxidation., Journal of Nutritional 
Science and Vitaminology, 47(5), 357–362. 
https://doi.org/10.3177/jnsv.47.357 

Hussain, M. T., Ahmed, G., Jahan, N., and Adiba, M. (2013): Unani de-
scription of Tukhme Karafs (seeds of Apium graveolens Linn) and its 
scientific reports, International Research Journal of Biological Sciences, 
2, 88–93. 

Ingallina, C., Capitani, D., Mannina, L., Carradori, S., Locatelli, M., Di 
Sotto, A., Di Giacomo, S., Toniolo, C., Pasqua, G., Valletta, A., 
Simonetti, G., Parroni, A., Beccaccioli, M., Vinci, G., Rapa, M., 
Giusti, A. M., Fraschetti, C., Filippi, A., Maccelli, A., Crestoni, M. E., 
Fornarini, S., and Sobolev, A. P. (2020): Phytochemical and biologi-
cal characterization of Italian “sedano bianco di Sperlonga” 
Protected Geographical Indication celery ecotype: A multi-
methodological approach, Food Chemistry, 309, 125649. 
https://doi.org/10.1016/j.foodchem.2019.125649 

Jovanovic, A., Petrovic, P., Ðordjevic, V., Zdunic, G., Savikin, K., and 
Bugarski, B. (2017): Polyphenols extraction from plant sources, 
Lekovite Sirovine, (37), 45–49. https://doi.org/10.5937/leksir1737045J 

Kaiser, A., Hartmann, K. I., Kammerer, D. R., and Carle, R. (2013): 
Evaluation of the effects of thermal treatments on color, polyphenol 
stability, enzyme activities and antioxidant capacities of innovative 
pasty celeriac (Apium graveolens L. var. rapaceum (Mill.) DC.) 
products, European Food Research and Technology, 237(3), 353–365. 
https://doi.org/10.1007/s00217-013-1998-6 

Lin, G., Chan, S. S.-K., Chung, H.-S., and Li, S.-L. (2005): Chemistry 
and biological activities of naturally occurring phthalides, 611–669 
in Studies in Natural Products Chemistry, Elsevier. 
https://doi.org/10.1016/S1572-5995(05)80065-1 

Miron, T. L., Plaza, M., Bahrim, G., Ibáñez, E., and Herrero, M. (2011): 
Chemical composition of bioactive pressurized extracts of Romani-
an aromatic plants, Journal of Chromatography A, 1218(30), 4918–
4927. https://doi.org/10.1016/j.chroma.2010.11.055 

Mustafa, A., and Turner, C. (2011): Pressurized liquid extraction as a 
green approach in food and herbal plants extraction: A review, An-
alytica Chimica Acta, 703(1), 8–18. 
https://doi.org/10.1016/j.aca.2011.07.018 

Nikolić, N., Cvetković, D., and Todorović, Z. (2011): A characteriza-
tion of content, composition and antioxidant capacity of phenolic 
compounds in celery roots, Italian Journal of Food Science, 23, 214–
219. 

Özyürek, M., Güçlü, K., Tütem, E., Başkan, K. S., Erçağ, E., Esin Çelik, 
S., Baki, S., Yıldız, L., Karaman, Ş., and Apak, R. (2011): A compre-
hensive review of CUPRAC methodology, Analytical Methods, 3(11), 
2439. https://doi.org/10.1039/c1ay05320e 



Research Art icle   Lekovite sirovine vol. 44 (2024) – e004 4 

 
 

Rahaman, A., Kumari, A., Farooq, M. A., Zeng, X.-A., Hassan, S., Kha-
lifa, I., Aadil, R. M., Jahangir Chughtai, M. F., Khaliq, A., Ahmad, 
N., and Wajid, M. A. (2023): Novel Extraction Techniques: An Effec-
tive Way to Retrieve the Bioactive Compounds from Saffron ( 
Crocus Sativus ), Food Reviews International, 39(5), 2655–2683. 
https://doi.org/10.1080/87559129.2021.1967377 

Rupérez, P., and Toledano, G. (2003): Celery by-products as a source 
of mannitol, European Food Research and Technology, 216(3), 224–226. 
https://doi.org/10.1007/s00217-003-0663-x 

Sari, K. R. P., Ikawati, Z., Danarti, R., and Hertiani, T. (2023): Micro-
titer plate assay for measurement of total phenolic and total flavo-
noid contents in medicinal plant extracts, Arabian Journal of 
Chemistry, 16(9), 105003. https://doi.org/10.1016/j.arabjc.2023.105003 

Septiana, E., Rahmawati, S. I., Izzati, F. N., Ahmadi, P., Wulandari, D. 
A., Bustanussalam, B., Warsito, M. F., and Putra, M. Y. (2023): Bio-
logical Activity of Celery Extract Using Different Extraction 

Methods, 312–326 in I. Nurlaila, Y. Ulfa, H. Anastasia, G. Putro, R. 
Rachmalina, R. Ika Agustiya, N. Sari Dewi Panjaitan, R. Sarassari, 
A. Lystia Poetranto, and S. Septima Mariya, eds., Proceedings of the 
1st International Conference for Health Research – BRIN (ICHR 2022), 
Atlantis Press International BV, Dordrecht. 
https://doi.org/10.2991/978-94-6463-112-8_30 

Turner, L., Lignou, S., Gawthrop, F., and Wagstaff, C. (2021): Investi-
gating the factors that influence the aroma profile of Apium 
graveolens: A review, Food Chemistry, 345, 128673. 
https://doi.org/10.1016/j.foodchem.2020.128673 

Tyagi, S., Chirag, P., Dhruv, M., Ishita, M., Gupta, A. K., Usman, M., 
Nimbiwal, B., and Maheshwari, R. (2013): Medical benefits of Api-
um graveolens (celery herb), Journal of Drug Discovery and 
Therapeutics, 1(5), 36–38. 

 

 


	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Extraction protocol
	2.2. Total polyphenol content
	2.3. DPPH radical neutralization capacity
	2.4. Statistical data processing

	3. RESULTS AND DISCUSSION
	4. CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	REFERENCES

