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Celery, parsnip and black radish are edible root vegetables suitable for different sal-
ads. Fatty acids and acylglycerols are usually minor components of most foods, but 
in the human diet some of them, such as omega-3 and omega-6 fatty acids, are 
important for the growth, reproduction, good health, and prevention of cardiovascu-
lar disease. Therefore, identifying and comparing of the lipid composition of celery, 
parsnip and black radish root may have importance in choosing the root and pre-
dicting a nutritional and health value of food products. In this paper, the lipid content 
and fatty acids and acylglycerols composition in celery, parsnips and black radish 
roots were investigated and compared. The results indicate that the parsnip roots 
had the slightly higher lipid content (0.077 g kg-1) than celery and black radish roots 
(0.036 and 0.037 g kg-1, respectively). The lipids in celery and black radish roots had 
the highest content of free fatty acids (5.46 and 4.25 g kg-1), while the parsnip roots 
had the highest content of triacylglycerols (4.54 g kg-1). In the case of fatty acids, in 
the lipids found in celery and parsnip roots, linoleic acid was the most abundant 
(31.03 and 59.22%, respectively), and in the lipids of black radish roots, linolenic acid 
(55.71%) had the greatest value.   
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Introduction 

Celery, parsnip and black radish are edible root ve-
getables, cultivated and used worldwide for their nutri-
tional and medicinal values. Vegetables are often identi-
fied as the most important part of a diet, assuring life-long 
health and preventing the age-related disease [1,2]. Ce-
lery (Apium graveolens Linn.) belongs to the Umbelliferae 
family. It is valued as a spice due to its warm and pleasing 
flavor. Celery seeds contain a particular compound, 3-n-
butylphthalide, that has been shown to lower the blood 
pressure [3], and is used in weight-loss diets as it provides 
low-calorie dietary fibers [4]. Parsnip (Pastinaca sativa L.) 
has a sweet and nutty flavor with a parsnip-like aroma. 
It is a root vegetable related to the carrot, except for its 
light yellow color and, unlike the carrot it does not con-
tain beta-carotene. Instead, it has a stronger flavor and is 
richer in vitamins and minerals than most carrots. Parsnip 
is particularly rich in vitamin C and potassium and is also a 
good source of dietary fibers [5]. Consumption of parsnip 
has health benefits, as the high content of fiber prevents 
constipation and reduces blood cholesterol levels [6]. The 
black radish (Raphanus sativus L. var. niger) is a plant 
belonging to the Cruciferae family. In folk medicine, the 
black radish root has been used as a natural drug against 
flatulence, the formation of gallstones and onset of indi-
gestion [7-9] and for the stimulation of bile function [10,11]. 

Significant antiurolithiatic effects of black radish were 
also reported [12]. Since phenolic compounds take part 
in anti-mutagenic, anti-carcinogenic [13-15] and antioxi-
dant activities [16], have anti-inflammatory [17,18] and 
anti-fungal properties [19] and have the ability to reduce 
cardiovascular and carcinogenic risk [20], the phenolic 
compounds in celery, parsnip and black radish are often 
investigated [21-24].   

As lipids components, fatty acids are usually minor 
components of most foods but are major components of 
some specialty foods and/or supplements. Accordingly, 
FAO/WHO recommendations are carefully interpreted 
with respect to some fatty acids. Based on chemical cla-
ssifications i.e. the number of double bonds, fatty acids is 
broadly grouped into saturated fatty acids, monounsatura-
ted fatty acids and polyunsaturated fatty acids, as major 
groups. These groups of fatty acids are mainly associated 
with different health effects but also within each broad 
classification, the Expert Consultation recognized indivi-
dual fatty acids as unique biological properties with health 
effects. In human diet, fatty acid, myristic acid (14:0), pal-
mitic acid (16:0) (PA), and stearic acid (18:0) (SA) are 
indicated as major saturated fatty acids, oleic acid (18:1 
n-9) as the main monounsaturated fatty acid although in 
some populations erucic acid takes on this role. The two 
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principal families of polyunsaturated fatty acids that occur 
in nature are omega-6 (n-6) and omega-3 (n-3) fatty acids. 
They are biosynthetically derived from linoleic acid (18:2 
n-6) (LNA) and linolenic acid (18:3 n-3) (LNNA), respec-
tively, and can be synthesized in plants but not in animal 
tissue, and must be obtained from food [25]. Omega-3 
and omega-6 are important for growth, reproduction and 
good health, and for the prevention of cardiovascular dis-
ease [26,27], and accordingly must be included in human 
diet, ultimately from plants [28-30]. Therefore, identifying 
the lipid composition of edible plants may have great im-
portance. 

To best of our knowledge, there are only few data 
on the lipid content and composition in celery, parsnip, 
and black radish plant, especially roots. There are data 
that celery seeds contain 15% fatty oil with petroselinic 
(64.3%), oleic (8.1%), linoleic (18%), linolenic (0.6%), and 
palmitic acids [31]. Considering these facts, the aim of this 
research was to investigate at the same time and under 
the same experimental conditions and compare the lipid 
content (LC) and composition, with an emphasis on fatty 
acids and acylglycerols in celery (CR), parsnip (PR) and 
black radish roots (BRR). The identifying and comparing 
the lipid composition in these plants may have importance 
in choosing the root among celery, parsnip and black rad-
ish roots and in predicting the nutritional and health value 
of salads and other products for food industry. 

Materials and methods
 
Plant material
Celery (Apium graveolens L.) roots cv Golden Boy, 

black radish (Raphanus sativus L.) roots cv Niger and 
parsnip (Pastinaca sativa L.) roots cv Pannonian smooth 
were used. All roots were grown in Serbia and bought in 
a local store. The roots were various masses (from ap-
proximately 30 to 350 g), and the average mass of celery, 
parsnip and black radish roots was 200, 180 and 230 g, 
respectively. In order to obtain the samples for analyses, 
the mixed roots (about 1 kg) were cut in a cube shape 
(1.5 × 1.5 × 1.5 cm), dried at 35 °C for 6 h, left at the room 
temperature for 1 h and milled to an average particle size 
of 0.5 mm. 

Moisture content 
In order to compare the lipid contents, the moisture 

content of the samples was determined and the lipid con-
tent was expressed per dry matter. The sample moisture 
content was determined by using the analyzer (Scaltec 
SMO 01, Scaltec Instruments, Göttingen, Germany). The 
fresh plant material (10 g) was dried at 110 °C to a con-
stant weight, and the moisture content was read out on 
the analyzer display. Determinations were repeated in 
triplicate and the values represented as the means and 
standard deviation. 

Lipid content 
The lipid content in the samples was determined by the 

trichloroethylene duplicate extraction with reflux (1:20 w/v, 
at boiling temperature during 60 minutes). The extracts 
were combined and 3 mL of the obtained extract was 
dried at 110 °C to a constant weight. Then, the lipid resi-
due content was read out on the analyzer display (Scaltec 
SMO 01, Scaltec instruments, Germany). 

Based on the mass of the lipid residue, the volume of 
the combined extracts and the mass of the samples used 
for the lipid extraction, the lipid content was calculated 
and expressed as g kg-1 of the dry matter. For determina-
tion of fatty acids and the acylglycerols composition, the 
rest of combined trichloroethylene extracts was evapo-
rated under vacuum and the lipid residue was obtained. 
Determinations were repeated in triplicate and the values 
represented as the means and standard deviation. 

HPLC analysis
For HPLC analysis of isolated lipids, HPLC method 

[32] and the Agilent 1100 High Performance Liquid Chro-
matograph, a Zorbax Eclipse XDB-C18 column: 4.4 m × 
150 mm × 5 μm (Agilent Technologies, Wilmington, USA), 
and an UV/Vis detector were used. The lipid residue was 
dissolved into the mixture of 2-propanol/n-hexane, 5:4 v/v 
and filtered through 0.45 μm Millipore filters. The flow rate 
of the binary solvent mixture (methanol, solvent A, and 
2-propanol/n-hexane, 5:4 by volume, solvent B) was 1 mL 
min-1 with a linear gradient (from 100% A to 40% A + 60% 
B in 15 min). The column temperature was held constant 
at 40 °C. The components were detected at 205 nm. 

Monoacylglycerols (MAG), diacylglycerols (DAG) and 
triacylglycerols (TAG) were identified by comparing the 
retention times of the lipids components with those of 
standards. Their contents were determined by measuring 
the peak area from 3.445 to 4.580 min for MAG, the peak 
area from 5.276 to 8.677 min for DAG and the peak area 
from 10.907 to 15.815 min for TAG. Determinations were 
repeated in triplicate and the results represented as the 
means and standard deviation, and expressed as g of the 
component per kg of the lipid. 

GC analysis
For GC analysis, fatty acids methyl esters were pre-

pared. The lipid residue was alkaline hydrolyzed and 
methylated by methanol and boron trifluoride (BF3) as 
catalysts. The final fatty acids methyl esters concentration 
was about 8 mg mL-1 in heptane. For obtaining a methyl 
esters GC spectra, the HP 5890 SERIES II GAS-CHRO-
MATOGRAPH, HP with FID detector and 3396 A HP inte-
grator was used. The column was ULTRA 2 (25 m × 0.32 
mm × 0.52 μm) (Agilent Technologies, Wilmington, USA), 
the injector temperature of 320 °C, and the injector vol-
ume of 0.4 μL. The carrier gas was He at a constant flow 
rate of 1 mL min-1. The flame ionization detector was at 
350 °C and the split ratio was 1:20. Initially, the oven tem-
perature was 120 °C and it was maintained at 120 °C for 1 
min, then increased by 15 °C min-1 until 200 °C, increased 
by 3 °C min-1 until 240 °C, increased by 8 °C min-1 until 
300 °C and maintained at 300 °C for 15 min. Fatty acids 
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were identified by comparison of retention times of the li-
pids components with those of standards. Determinations 
were repeated in triplicate and the results are expressed 
as the percentage of the total area of identified fatty acids 
and non-fatty acids components. 

Statistical analysis
Software Statistica version 5.0 (StatSoft, Tulsa, Okla-

homa, USA) was used to perform the statistical analysis: 
the mean, standard deviation, the correlation coefficients 
and the cluster analysis. The mean and standard devia-
tions were obtained by using Descriptive Statistics, mark-
ing the Median & Quartiles and Confirm Limits for Means. 
In order to classify the samples into groups, the cluster 
analysis and the Euclidean method with the complete link-
age was used. 

Results and discussion
 
Lipid content
The moisture content in the studied samples of cel-

ery, parsnip and black radish roots was 0.877±0.12, 
1.173±0.15 and 1.216±0.14%, respectively. The lipid con-
tent in celery roots was 0.032±0.01 g kg-1, in parsnip roots 
it was 0.068±0.02 g kg-1 and 0.033±0.01 g kg-1 in black 
radish. Based on the moisture content in the studied sam-
ples, the lipid content calculated per dry matter was 0.036, 
0.077 and 0.037 g kg-1 in celery, parsnip and black radish 
roots, respectively. These results show the parsnip roots 
had the slightly higher lipid content than other roots.  

Acylglycerols composition
The lipid profile obtained by the HPLC analysis is pre-

sented in Table 1 and chromatograms in Figure 1. The 
lipids in celery roots and black radish roots had the high-
est content of free fatty acids (FFA) (5.46 and 4.25 g kg-1), 
while the parsnip roots had the highest content of TAG 
(4.54 g kg-1), and the content of FFA was also high (4.09 g 
kg-1). Based on the content of DAG, the lipids in the pars-
nip vary significantly from the lipids in celery and black 
radish roots, as the content of lipids in celery roots was 
1.39 and 1.73 g kg-1, and in parsnip roots the content of 
DAG was only 0.04 g kg-1. 

Table 1. Free fatty acids (FFA), methyl esters (ME), mono-
acylglycerols (MAG), diacylglycerols (DAG) and triacylglyc-
erols (TAG) content in celery, parsnip and black radish roots 
obtained by HPLC analysis

Fatty acids composition
The results of the GC analysis of celery, parsnip and 

black radish root lipids, with an emphasis on total mono-
unsaturated fatty acids (TMUFA), total polyunsaturated 
fatty acids (TPUFA), total unsaturated fatty acids (TUFA), 
total saturated fatty acids (TSFA) and the ratio of total 
unsaturated fatty acids to total saturated fatty acids 
(TUFA/TSFA) are shown in Table 2. Peaks with an area 
less than 0.15% of the total area are disregarded. 

Table 2. Components (% of total components) in lipids of celery, parsnip and 
black radish roots detected by GC analysis
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Figure 1. HPLC chromatograms of lipids from celery roots (a), parsnip roots 
(b) and black radish roots (c)
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The GC analysis showed that the lipids from celery 
roots contained 18 identified components, from parsnip 
10, and from black radish roots 6 components. Among 
non-fatty acid components in celery roots, the lipids 
included phtalic acid, valeric acid, myristicin, 3-n-butyl-
phthalide, perhydroazulene, behenic acid, silicic acid, 
ammoidin, bergapten, 1,2 benzenedicarboxylic acid and 
sitosterol. In these lipids, the monounsaturated oleic 
fatty acid was a non-identified component. In the pars-
nip root lipids, among the non-fatty acid components 
which were presented in celery root lipids, only phtalic 
acid, myristicin and 1,2 benzenedicarboxylic acid were 
identified, while the oleic fatty acid was present as well. 
Black radish root lipids had the smallest number of iden-
tified components, and there were no components which 
were identified in black radish root lipids and in celery 
and parsnip root lipids. 

1,2 benzenedicarboxylic acid was the only non-fatty 
acid component. It is interesting that the most abundant 
fatty acid was linoleic acid (31.03 and 59.22% in celery 
and parsnip roots, respectively) and in black radish roots, 
the lipids consisted of linolenic acid (55.71%). Regard-
less of these results, and considering the highest lipid 
content was found in celery roots, it is to be expected 
that the highest amount of linolenic acid was found in 
celery roots. In our available literature, there are no data 
on the composition of fatty acids in roots of the investi-
gated, as well as related plant species. However, there 
are data about the fatty acid composition of radish seeds 
lipids and vacuolar lipids isolated from root tissues of 
parsnip. According to this research, the most abundant 
fatty acid was linolenic acid (52-55% in radish seeds) 
[33], and linoleic acid (53.5% in vacuolar lipids of pars-
nip) [34]. These results are in accordance with our re-
search with regard to the most abundant fatty acids.

The content of total saturated fatty acids in celery, 
parsnip and black radish root lipids was 10.34, 15.19 
and 24.57%, respectively, and the content of total poly-
unsaturated fatty acids was 35.60, 74.96 and 73.13%, 
respectively. It is known that polyunsaturated fatty acids 
maintain the cell membrane fluidity and the membrane 
protein function. Hence, they regulate such processes 
as gene expression and cell signaling [25], and the 
highest proportion of polyunsaturated fatty acids in our 
studied samples was found in parsnip root lipids. Due to 
these results, the ratio of the total unsaturated fatty acid 
content to the total saturated fatty acid was the highest 
in parsnip root lipids (4.93) and the lowest in black rad-
ish root lipids (2.98), while in the celery root lipids it was 
3.44.

Correlation matrix and dendrogram 
The correlation coefficients between lipids param-

eters (LC, FFA, MAG, DAG and TAG, PAM, LNA, LNNA 
and STA, TSFA and TUFA) of celery, parsnip and black 
radish root lipids are presented in Table 3. 

Table 3. Correlation matrix between lipid components of celery, 
parsnip and black radish root (correlations are significant at 
p≤0.5)

The sample size was nine (N=9 (3x3): celery, parsnip 
and black radish root lipids with three determinations for 
each one). Only the correlations which were above the 
absolute value of 0.8 were taken into consideration and 
there were eight proper and five opposite correlations. 
The high lipid content indicated high FFA and MAG and 
low PAM, TSFA and TUFA. 

The opposite correlation between MAG and TUFA 
and between DAG and LNA, indicated that by a higher 
MAG content in the lipids of celery, parsnip and black 
radish roots, a lower content of unsaturated fatty acids is 
indicated, and with a higher content of DAG, the linoleic 
acid was less abundant. In the lipids of the investigated 
samples of vegetable roots, the high contribution of pal-
mitic acid was an indicator of a high contribution of lino-
lenic acid, stearic acid and TSFA. A high contribution of 
linolenic and stearic acid was also the indicator of high 
TSFA, and a high contribution of linolenic acid indicates 
a high content of stearic acid.  

Based on multiple variables and a cluster analysis, 
the celery, parsnip and black radish roots were con-
nected to each other. The number of variables was three 
(celery, parsnip and black radish roots) and the number 
of cases i.e. lipid parameters was eleven (LC, FFA, MAG, 
DAG, TAG, PAM, LNA, LNNA, STA, TSFA and TUFA). 
The obtained linkage distances are presented in the den-
drogram in Figure 2. 

Figure 2. Dendrogram obtained based on eleven parameters 
of lipids in celery, parsnip and black radish roots
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The celery and parsnip roots were connected to each 
other at a distance level of 41.1, and based on the ap-
plied lipid parameters were more similar to each other 
than to the black radish roots, as the linkage distance 
level of the black radish root and the celery and parsnip 
roots was 62.3. It shows that for salad and other food 
products, parsnip may be a better substitute for celery 
than black radish.

Conclusions
 
The results indicate that parsnip roots had the slightly 

higher lipid content than celery and black radish roots. 
The lipids in celery, parsnip and black radish roots had 
higher contents of free fatty acids and triacylglycerols. 
In the lipids found in celery and parsnip roots it was the 
linoleic acid, and in the lipids of black radish roots, the 
linolenic acid was the most abundant acid, so these veg-
etables are a good source of fatty acids important for 
human health. Cluster analysis, based on eleven lipid 
parameters, showed that parsnip may be a better substi-
tute for celery than black radish in food products.  
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KOMPARATIVNA ANALIZA SASTAVA ACILGLICEROLA I MASNIH KISELINA 
KORENA CELERA, PAŠKANATA I CRNE ROTKVE

Jelena S. Mitrović1, Nada Č. Nikolić1, Ivana T. Karabegović1, Zoran B. Todorović1, 
Miodrag M. Lazić1,  Gordana S. Stojanović2

1Tehnološki fakultet, Katedra za prehrambenu tehnologiju i biotehnologiju, Univerzitet u Nišu, Leskovac, Srbija
2Prirodno-matematički fakultet, Departman za hemiju, Univerzitet u Nišu, Niš, Srbija

Celer, paškanat i crna rotkva predstavlja povrće pogodno za pripremu različitih 
salata. Masne kiseline i acilgliceroli su komponente prisutne u hrani u maloj količini, 
ali u ljudskoj ishrani neke od njih, kao što su omega-3 i omega-6 masne kiseline, 
važne su za rast, reprodukciju, dobro zdravlje i sprečavanje kardiovaskularnih 
bolesti. Zbog toga je identifikacija i upoređivanje sastava lipida iz korena celera, 
paškanata i crne rotkve od značaja za izbor sirovine, kao i u proceni nutritivnih 
i zdravstvenih vrednosti prehrambenih proizvoda. U ovom radu je analiziran i 
upoređen sadržaj lipida, masnih kiselina i acilglicerola korena celera, paškanata i 
crne rotkve. Rezultati pokazuju da je sadržaj lipida u korenu paškanata veći (0,077 
g kg-1) u odnosu na koren celera i crne rotkve (0,036 i 0,037 g kg-1, respektivno). 
U korenu celera i crne rotkve, u lipidima je utvrđen najveći sadržaj slobodnih mas-
nih kiselina (5,46 i 4,25 g kg-1), dok je u korenu paškanata najveći sadržaj triacil-
glicerola (4,54 g kg-1). Od masnih kiselina u lipidima korena celera i paškanata, 
najzastupljenija je linolna kiselina (31,03 i 59,22%, respektivno), dok je u korenu 
crne rotkve najzastupljenija linolenska kiselina (55,71%).

Ključne reči: acilgliceroli, celer, masne 
kiseline, lipidi, paškanat i crna rotkva

(ORIGINALNI NAUČNI RAD) 
UDK 582.794.1:577.115:661.188.8

Izvod

Proceedings of the Nutrition Society, 66(1) (2007) 60-68.
[30]	A. R. Siddiqui, A. K. Harvey, P. G. Zaloga, Modulation of 

enzymatic activities by n-3 polyunsaturated fatty ac ids 
to support cardiovascular health, Journal of Nutritional 
Biochemistry,19(7) (2008) 417-437.

[31]	B. H. Sowbhagya, Chemistry, technology, and 
nutraceutical functions of Celery (Apium graveolens 
L.): an overview, Critical Reviews in Food Science and 
Nutrition, 54(3) (2014) 389-398.

[32]	M. Holčapek, P. Jandera, J. Fisher, B. Prokeš, Analytical 
monitoring of biodiesel by high-performance liquid 
chromatography with various detection methods, Journal 
of Chromatography A, 858(1) (1999) 13-31.

[33]	P. R. M. Gutiérrez, R. L. Perez, Raphanus sativus 
(Radish): Their Chemistry and Biology, The Scientific 
World Journal, 4 (2004) 811–837.

[34]	S. P. Makarenko, T. A. Konenkina, L. V. Dudareva, Fatty 
acids of plant vacuolar membrane lipids, Biochemistry 
(Moscow) Supplement Series A: Membrane and Cell 
Biology, 1(3) (2007) 228-233.

7(1) (2018) 28-34


