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Abstract

The aim of the study was to evaluate the effect of nitrogen fertilization on the content of inulin 
and microelements in tubers of Jerusalem artichoke (JA) and roots of chicory grown in the cli-
matic and soil conditions of north-eastern Poland. Three cultivars of JA and root chicory were 
grown in a field experiment. The content of inulin and micronutrients was determined in JA 
tubers and chicory roots harvested in autumn, JA tubers left in the ground over winter, and 
stored chicory roots. Jerusalem artichoke tubers fertilized with N (80 and 120 kg ha-1) contained 
more inulin (803.3 and 737.0 g kg-1 DM) than unfertilized plants (635.0 g kg-1 DM); the opposite 
was noted in chicory roots (without N fertilizer – 392.8 and 352.0 and 337.0 g kg-1 DM fertilized 
with 80 and 120 kg N ha-1 respectively). Inulin content was lowest in JA tubers and chicory 
roots harvested in the wet and cold 2017. The highest decrease in inulin content was observed 
in tubers left in soil over winter and stored roots. The concentrations of Zn, Mn and Fe were 
higher in JA tubers and chicory roots harvested in the wet seasons of 2016 and 2017, and the 
content of B and Cu was highest in the warm and dry 2018. The micronutrient content of JA 
tubers and chicory roots was less affected by cultivar and N dose then years of study. Cultivar 
exerted a significant influence on the content of Cu and Fe in JA tubers left in soil over winter, 
and on B content in stored chicory roots. The micronutrient concentrations in JA tubers over-
wintering in the soil and stored chicory roots were not affected by N fertilization. 
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INTRODUCTION

Plants of the family Asteraceae, including Jerusalem artichoke – JA  
(Helianthus tuberosus L.) and root chicory (Cichorium intybus L. var. sativum 
Bisch.), are a rich source of various phytochemicals. Both JA tubers and  
chicory roots are rich sources of prebiotics, including inulin, a type of dietary 
fiber (Jurgoński et al. 2011, Sawicka et al. 2021). Recent years have seen 
renewed interest in natural plant-derived products which are abundant  
in biochemical compounds with health-promoting properties, such as pheno-
lic compounds (Amarowicz et al. 2020), inulin (Sawicka et al. 2021), flavo-
noids and coumarins (Khalaf et al. 2018). JA tubers are renowned for their 
high nutritional value. They contain (g kg-1 FM) protein – 30.0, ash – 38.1, 
carbohydrates – 261.6, total sugar – 144.0, total dietary fiber – 24.0 (Sawicka 
2016), mostly inulin (Sawicka et al. 2021), minerals, bioactive compounds, 
including vitamins: complex B, A, C and E (Sawicka 2016), phenolic acids 
(Amarowicz et al. 2020), as well as unsaturated fatty acids (Pan et al. 2009). 
JA tubers exert cholagogic, diuretic, stomachic, and tonic effects, and they 
can be used as a remedy for diabetes (Kim et al. 2021) and rheumatism 
(Kays, Nottingham 2007). In addition, proteins have antimicrobial and anti-
cancer properties and protect against Parkinson’s and Alzheimer’s diseases 
(Bakku et al. 2022). Owing to their high content of nutrients and minerals, 
JA tubers are considered a valuable raw material for food processing (Zhang 
et al. 2021) as well as the cosmetic (Niziol-Lukaszewska et al. 2019) and 
pharmaceutical industries (Yang et al. 2015); they are also used as animal 
feed (Pinar et al. 2021). JA tubers are also a raw material for the production 
of bioethanol (Bhagia et al. 2017). 

Chicory is a popular vegetable in the Mediterranean countries, where  
it is consumed both raw and cooked, and used as a coffee substitute, a source 
of inulin, and animal feed (Cadalen et al. 2010). Chicory roots contain  
(g kg-1 DM) total carbohydrates (461.5), crude fiber (285.0), fat (65.40),  
protein (50.60), and crude ash (38.70) – Jangra, Madan (2018). Both chicory 
roots and leaves contain the following bioactive compounds: inulin, sesqui- 
terpene lactones, coumarins, polyphenols (caffeic acid derivatives) and natu-
ral flavonoids (Nwafor et al. 2017, Khalaf et al. 2018), alkaloids, terpenoids, 
sterols, tannins, various volatile compounds, oils and vitamins (Zarroug et al. 
2016). Those found in chicory roots exert anti-inflammatory, antimicrobial 
and antioxidant (Khalaf et al. 2018), antihyperglycemic (Azay-Milhau et al. 
2013), tranquilizing, immunological, hypolipidemic, hepatoprotective  
(Li et al. 2014), cardioprotective and gastroprotective effects (Al-Snafi 2016). 
Chicory roots are also an important source of prebiotics – dietary fiber and 
inulin, and antioxidants – phenolic compounds (Jurgoński et al. 2011). Inulin 
is hydrolyzed to fructose in the human body. Owing to its health-promoting 
and prebiotic properties, fructan (inulin) can be consumed by persons with 
diabetes (Perović et al. 2021). Chicory roots are often used for the indus- 
trial-scale production of inulin (Roberfroid 2007).
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Plants of the family Asteraceae are abundant in trace elements that are 
essential for human health. These minerals are required for physical  
and mental well-being (Zhang et al. 2021). Malnutrition is often associated 
with a micronutrient-deficient diet (FAOSTAT 2018). The adequate intake  
of micronutrients for adult men and women (per day) is as follows: Fe – 7.0 
and 6.0 mg, respectively; Mn – 3 mg; Zn – 7.5 and 9.4 mg, respectively;  
Cu – 1.3 and 1.6 mg, respectively (EFSA 2019). Unfortunately, the content  
of trace elements in plant products has decreased significantly in recent  
decades (Ekholm et al. 2007).

The concentrations of inulin and minerals content in plant material are 
determined by the varietal traits of crops, soil fertility, weather conditions 
during the growing season, fertilization, and maturity stage at harvest  
(De Mastro et al. 2004, Seiler, Campbell 2004, Tartoura et al. 2020). 

The aim of the study was to evaluate the effect of nitrogen fertilization 
on the content of inulin and microelements in tubers of three JA cultivars 
and roots of three chicory cultivars grown in the climatic and soil conditions 
of north-eastern Poland.

MATERIALS AND METHODS

Location of the experiment, methodological assumptions 
In 2016-2018, a plot experiment was conducted at the Agricultural  

Experiment Station in Tomaszkowo near Olsztyn, Poland. The station  
is owned by the University of Warmia and Mazury in Olsztyn (53°41′N, 
20°24′E). The experiment was established on a Eutric cambisol with the 
granulometric composition of medium loamy sand and loamy sand (agricul-
tural suitability class 5, soil quality class IVb) – WRB (2015). Each year, 
before establishing the experiment, topsoil samples (0-20 cm) were collected 
for chemical analyses. Soil pH and the content of available macronutrients 
and micronutrients, C-org. and N-total are presented in Table 1.

Three JA cultivars: Albik (club-shaped, white; Poland), Rubik (irregular 
to oval shaped tubers, purple; Poland) and Gute Gelbe (oval and round 
shaped, white; Germany), and three root chicory cultivars: Polanowicka  
(Poland), Chrysolite (France) and Orches (France) were grown. A separate 
field experiment was established for each plant species; in the treatment 
without organic fertilization, the preceding crop was oats. Agronomic treat-
ments were identical in all plots, and weeds were removed mechanically.

The factors of the experiment were: N fertilizer doses and JA/root chico-
ry cultivars. The experiment had a randomized subblock design (blocks – N 
fertilizer doses, subblocks – cultivars), with three replicates. Three levels  
of topsoil N fertilization were applied (urea – 46% N, single application)  
before sowing: 0, 80 and 120 kg ha-1. The fertilization regime included also 
32.5 kg P (granular triple superphosphate – 20.1% P) and 95.8 kg K (potash 
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salt – 50% K) per ha. Jerusalem artichoke tubers were planted in mid-April, 
in heated soil, at a depth of 8 cm, 40 cm apart; inter-row spacing was  
62.5 cm, and plant density was six plants per m2. Tubers were harvested  
in late autumn (until mid-November) and early spring (until mid-March). 
Chicory seeds were sown in the last ten days of April, in three rows, 15 cm 
apart; inter-row spacing was 40 cm; single plot area was 3.6 m2 (3 x 1.2 m). 
Roots were harvested between 10 and 20 October. They were weighed and 
stored for five months under controlled conditions (temp. 4°C). 

Chemical analyses
Five randomly selected JA tubers (from autumn harvest and after win-

tering in the ground) and chicory roots (weighing around 0.5 kg in total) 
were harvested from each plot and subjected to chemical analyses. Chemical 
analyses were also performed on chicory roots after 5-month storage. After 
rinsing under running water, they were diced into 1 cm × 1 cm × 1 cm cubes, 
freeze dried (Alpha 1-4LD laboratory freeze-dryer, Doncerv®-Martin Christ 
Gefriertrocknungsanlagen GmbH,), and ground in a laboratory mill (A11 
basic, IKA®-Werke GmbH & CO. KG Germany).

Inulin
Inulin was extracted from plant samples (5 g) using 20 mL of water. 

Following each extraction, tubes containing the extracts were centrifuged  
at 5000 x g for 15 min. Before the chromatographic analysis, the superna-
tants were passed through a 0.20 µm filter (Chromafil Pet 20/15 MS,  
Macherey-Nagel, Steinheim, Germany). Inulin was identified and quantified 
in the plant extracts by liquid chromatography using the 2695 Waters 
high-performance liquid chromatograph (HPLC) system with a 2414 refrac-

 Table 1
Soil characteristics before establishing the experiment

Characteristics Units Content Determination method
pH – 5.04-5.54 PN-ISO 10390:1997
C-org.

(g kg-1)
9.40-9.85 Vario Max Cube CN elemental 

analyzerN-total 0.71-0.76

Available 
forms of

P

(mg kg-1)

35.6-48.8 (PN-R-04023:1996)
K 94.2-124.0 (PN-R-04022: 1996+Az1:2002)
Mg 38.0-42.0 (PN-R-04020:1994+Az1:2004)
B 3.33-4.25

in a 1 mol HCl dm-3 extract  
(Ostrowska et al. 1991)

Cu 0.90-1.05
Zn 4.50-5.59
Mn 110.2-139.0
Fe 1250-1700
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tive index (RI) detector (Waters, Milford, MA, USA) and a Bio-Rad Aminex 
HPX-87H column (Bio-Rad, Woodinville, WA, USA); column temp. – 40°C, 
software – EmpowerTM 1 (Waters, Milford MA, USA); mobile phase – 0.5 mM 
H2SO4, flow rate – 0.5 cm3 min-1. In order to quantify inulin, peak areas were 
measured at specified retention time, based on calibration curves.

Micronutrients
The collected plant material was wet mineralized (Büchi Speed Digester 

K-439) in a mixture of nitric acid (HNO3) and chloric acid (HClO4) (4:1 ratio) 
with the addition of hydrochloric acid (HCl). The content of Cu, Fe, Mn  
and Zn was determined by atomic absorption spectrophotometry (AAS)  
on a Shimadzu AA-6800 spectrophotometer (Ostrowska et al. 1991). For B 
content determination, plant samples were dry mineralized (520°C) in the 
presence of calcium oxide (CaO), the resulting ash was dissolved in HCl  
(0.5 mol dm-3), and the B content was determined by the azomethine-H colo-
rimetric method on a Shimadzu UV – 1201 V spectrophotometer (Benedycka, 
Rusek 1994). The content of all chemical elements was expressed on a dry 
matter basis (drying temp. of 105°C).

Statistical analysis
The results were analyzed statistically by split-plot ANOVA (three-year 

series). Calculations were performed in the Statistica® program (1984-2017 
TIBCO Software Inc.). Differences between means were determined by the 
Tukey’s HSD test, and they were regarded as significant at p=0.05.

Weather conditions
In 2016, mean monthly temperatures from April to November were com-

parable to the long-term average of 1981–2010 (Table 2). In 2017, mean 
monthly temperatures were lower than the long-term average (excluding 
September and October). In 2018, mean monthly temperatures were higher 
than the long-term average. Precipitation levels were high in the first two 
years of the study, exceeding the long-term average by 25.7% and 45.5%, 
respectively. Abundant precipitation was noted in July, September and Octo-
ber 2017. In September 2016 and May 2017, precipitation levels were below 
the long-term average. In 2018, the amount of precipitation recorded during 
the growing season was 7% lower than the long-term average; May, June 
and September were very dry, whereas rainfall in July was almost twice  
as high as the long-term average.

In winter, when JA tubers were left in the ground, above-zero temp. 
(max. 4°C) were recorded in December in all years of the study, in March 
2016, and in February and March 2018. Below-zero temperatures were  
in the range of -0.4 to -4.6°C. Precipitation (rain and snow) levels in winter 
approximated (December 2017) or exceeded the long-term average, and they 
were lower than normal in January 2016, and in February and March 2017.
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RESULTS AND DISSCUSION

Inulin content
The inulin content of JA tubers was significantly affected by weather 

conditions during the study, cultivars, and N dose (Table 3). Inulin content 
was highest in JA tubers harvested in the first year of the study (2016),  
and lowest in those harvested in the second year (2017), which was wet and 
relatively cold (means for years of the study). Polish JA cultivars (Rubik  
and Albik) had similar inulin content, which was over 26% higher in the 
German cultivar Gute Gelbe (significant differences at p<0.05). The inulin 
content of JA tubers was significantly highest in cv. Gute Gelbe in the first 
year of the study (836.7 g kg-1 DM), and significantly lowest (533.3 g kg-1 DM, 
a difference of approx. 36%) in cv. Albik in the second year of the study.  
The N rate of 80 kg ha-1 induced the highest (significant) increase in the  
inulin content of JA tubers, whereas JA tubers grown without N fertilization 
had the lowest inulin content. 

In previous studies, the inulin content of Polish JA cvs. Albik and Rubik 
ranged from approximately 410 to 504 g kg-1 DM (Florkiewicz et al. 2007). 
Greater amounts of inulin in JA tubers (from approx. 460 to 609 g kg-1 DM) 
were reported by Michalska-Ciechanowska et al. (2019). Inulin accumulation 
was significantly higher in the early-maturing cv. Topstar than in the mid-

Table 2
Meteorological data during the experiment according to the Meteorological Station  

in Tomaszkowo

Month
2016/2017 2017/2018 2018/2019 1981-2010

x °C ∑ mm x °C ∑ mm x °C ∑ mm x °C ∑ mm
April 7.4 28.8 5.7 59.1 10.8 33.5 7.7 33.3
May 13.7 56.9 12.1 25.1 15.7 25.0 13.5 58.5
June 17.1 69.3 15.7 74.5 17.2 53.7 16.1 80.4
July 18.1 130.4 16.8 107.6 19.7 141.0 18.7 74.2
August 17.1 70.4 17.4 63.1 19.2 44.6 17.9 59.4
September 13.6 21.1 12.8 168.1 14.5 20.3 12.8 56.9
October 6.1 104.3 8.7 114.9 8.7 84.7 8.0 42.6
November 2.4 84,5 3,9 42,4 3.3 16.0 2,9 44,8
December 0.8 41.1 1.8 35.2 0.9 58.8 -0.9 38.2
January -3.4 20.2 -0.4 41.5 -2.5 43.5 -2.4 36.4
February -1.4 47.6 -4.6 3.1 1.8 31.5 -1.7 24.2
March 4.0 45.3 -1.3 10.4 3.9 47.2 1.8 32.9
x monthly/ ∑ 8.1 721.2 7.4 745.0 9.4 599.8 7.9 581.8
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late cultivars. In experiments conducted by Singh et al. (2019), the concen-
trations of inulin and fructooligosaccharides (FOS) in JA tubers were deter-
mined at 450 to 750 g kg-1 DM. In turn, Redondo-Cuenca et al. (2021) found 
that JA tubers had a high inulin content of 811 g kg-1 DM. In the work  
of Brkljača et al. (2014), the inulin content of JA tubers ranged from 82  
to 135 g kg-1 FM. 

In the present study, the inulin content of JA tubers (Table 3) was  
significantly modified by weather conditions and cultivar. According  
to Chekroun et al. (1994), weather conditions exert a considerable influence 
on the accumulation of oligofructans in JA tubers. Sawicka et al. (2021)  
evaluated the inulin content of JA tubers grown in an organic system  
in Poland and Lithuania, and found that it was higher in a wet growing sea-
son than in a season with lower precipitation (172 and 163 g kg-1 FM, respec-
tively). More inulin was in tubers cv. Albik than in cv. Rubik (185 and  
158 g kg-1 FM, respectively). Puttha et al. (2012) demonstrated that the inu-
lin content of JA tubers (553 to 740 g kg-1 DM) was determined by plant 
genotype. According to Puangbut et al. (2017), a genotype exerts a greater 
effect on inulin accumulation in JA tubers than the interaction between  
a genotype and environmental conditions.

In the current study, inulin concentration increased significantly in the 
tubers of JA plants fertilized with N, and it peaked when N was applied  
at 80 kg N ha-1 (Table 3). Matias et al. (2013) observed no differences in the 
inulin content of JA tubers in response to higher doses of NPK fertilizer. 
Michalska-Ciechanowska et al. (2019) analyzed the inulin content of JA  
tubers fertilized with K at three different doses (150, 250 and 350 kg  
K2O ha-1) and found that it peaked in response to the highest K dose. Culti-
vars responded differently to increasing K doses. Pinmongkhonkul et al. 
(2021) demonstrated that in organic cultivation areas, the inulin content  
of JA tubers was positively correlated with the soil levels of N, P and K. 

Table 3
Inulin content of JA tubers harvested in autumn (g kg-1 DM; mean±SE)

Variable
Cultivar Mean for year  

of studyRubik Albik Gute Gelbe

Year of  
study

2016 817.8±16.41 a 722.4±32.18 ab 836.7±5.46 a 792.3±15.26 A
2017 628.9±26.86 b-d 533.3±61.23 d 815.6±10.84 a 659.3±31.60 B
2018 615.1±50.92 cd 785.1±32.67 a 722.2±14.03 a-c 724.1±25.00 AB

N rate  
(kg ha-1)

0 570.7±51.95 c 549.1±43.55 c 785.1±16.87 ab 635.0±30.61 C
80 763.3±19.66 ab 823.8±18.08 a 824.2±9.99 a 803.3±10.72 A

120 727.8±32.81 ab 668.0±56.39 bc 815.1±11.17 ab 737.0±24.28 B
Means for cultivars 687.3±26.39 B 680.3±32.26 B 808.1±7.93 A –

Values followed by the different letters are significantly different according to the Tukey’s HSD 
test (p<0.05).
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The inulin content of JA tubers left in the ground over winter decreased 
in all years of the study due to biochemical processes, and the decrease 
ranged from around 37% in 2016 to 62% in 2017 – significant differences  
at p<0.05 (Figure 1) The decrease in the inulin content of JA tubers left  
in the ground over winter varied across cultivars, but their effect was not 

significant. The decrease in inulin content was greatest in cv. Rubik (approx. 
53%) and smallest in cv. Gute Gelbe (approx. 44%). The inulin content  
of JA tubers grown without N fertilization decreased after winter by around 
44.5%, and this decrease was significantly smaller relative to JA tubers  
fertilized with 80 and 120 kg N ha-1 (48% and 53%, respectively).

Černiauskiene et al. (2018) demonstrated that the largest amounts  
of inulin were obtained in spring from JA cvs. Albik and Rubik (from 330.7 
to 423.7 g kg-1 DM in March and April), and in autumn from cv. Sauliai 
(452.3 g kg-1 DM in October). According to Michalska-Ciechanowska et al. 
(2019), JA tubers are most abundant in inulin between mid-October and  
December, whereas the concentration of polyfructose decreases in successive 
months. In the cited study, inulin content was significantly lower in the tu-
bers of medium-late maturing cultivars (Violette de Rennes, Waldspindel) 
than in those of an early-maturing cultivar (Topstar). The inulin content  
of JA tubers stored in a refrigerator for one to five months ranged from 
35.9% DM (after two months of storage) to 43.7% DM (after four months  
of storage), compared with 47.8% DM in freshly-harvested tubers (Sennoi, 
Puttha 2021). Inulin concentration varied significantly across cultivars  
regardless of storage duration. 

Fig. 1. Changes in the inulin content of JA tubers left in the ground over winter (mean±SE; 
lower case letters for year of study, upper case letters for cultivars, and italicized upper-case 

letters for N dose; bars followed by the same letters do not differ significantly according  
to the Tukey’s HSD test at p<0.05)
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Similarly to JA tubers, the inulin content of chicory roots was signifi-
cantly affected by the weather conditions during the growing seasons, geno-
type, and N dose (Table 4). The inulin content of chicory roots was the high-
est in the humid and relatively warm 2016 (404.5 g kg-1 DM), and the lowest 
in the wet and relatively cold 2017 (difference of approx. 24%). The roots  
of cv. Orchies were most abundant in inulin, and the roots of cv. Polanowicka 
were least abundant in this polysaccharide. The inulin content was signifi-
cantly the highest in the roots of cv. Orchies grown in the first year of the 

study (464.4 g kg-1 DM), and the lowest in the roots of cv. Polanowicka grown 
in the second year (267.8 g kg-1 DM). Increasing N doses had a negative  
influence on the inulin content of chicory roots. The roots of chicory plants 
grown without N fertilization had the significantly highest inulin content 
(392.8 g kg-1 DM). The N dose of 120 kg ha-1 induced a significant decrease 
(over 14%) in the inulin content of chicory roots.

Shoaib et al. (2016) reported that the inulin concentration in chicory 
roots varied between 420 and 760 g kg-1 DM, and Redondo-Cuenca et al. 
(2021) demonstrated that the content of inulin and FOS in chicory roots 
reached 705 g kg-1 DM. Gałązka and Czarnecka (2002) found that inulin 
yields varied depending on the size of chicory roots and harvest date.  
The highest inulin yield was obtained from the largest roots harvested until 
mid-October. Jurgoński et al. (2011) found that the ethanol extract of dried 
chicory roots had the highest inulin content (601 inulin g kg-1 FM), and the 
extract of dried seeds had the highest mineral content. 

The inulin content of chicory roots decreased after five months of cold 
storage (Figure 2). The decrease in the inulin content was significantly the 
highest in chicory roots harvested in 2017 (approx. 70%) and significantly  
the smallest (approx. 65%) in those harvested in 2018. The decrease in the 
inulin content of chicory roots varied significantly across cultivars. The inulin 

Table 4 
Inulin content of chicory roots at harvest (g kg-1 DM, mean±SE)

Variable
Cultivar Mean for year  

of studyPolanowicka Chrysolite Orchies

Year  
of study

2016 323.3±10.91 ef 428.8±7.23 ab 464.4±14.21 a 404.5±13.28 A
2017 267.8±9.59 f 301.1±9.63 ef 357.8±10.50 d 308.9±9.13 C
2018 362.3±9.58 d 333.7±10.13 de 406.2 ±9.82 cd 367.4±8.00 B

N dose  
(kg ha-1)

0 353.8±14.82 b-d 382.1±18.00 a-c 442.5±18.92 a 392.8±12.04 A
80 305.3±12.15 cd 335.7±17.27 cd 414.9±15.67 ab 352.0±12.37 AB

120 294.3±15.79 d 345.9±24.02 b-d 371.1±13.90 bc 337.1±12.00 B
Means for cultivars 317.8±9.43 C 354.5±11.76 B 409.5±10.72 A –

Values followed by the different letters are significantly different according to the Tukey’s HSD 
test (p<0.05).
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content decreased by around 64% in the roots of cv. Polanowicka, whereas  
a significantly greater decrease (by approx. 68%) was noted in the roots  
of cvs. Chrysolite and Orchies. The decrease in the inulin content was greater 
in chicory roots fertilized with 80 and 120 kg N ha-1 than in the unfertilized 
treatment (approx. 69% and 67%, respectively vs. approx. 66%; non-significant 
differences). Also Cabezas et al. (2002) reported that the content of inulin,  
sucrose, fructose and glucose decreased in chicory roots and JA tubers stored 
in plastic bags in darkness at different temperatures. In the work of Haggag 
et al. (2017), the inulin content of artichoke (Cynara scolymus L.) heads  
decreased to a greater extent during storage at 5°C than at 0°C. 

Micronutrient content
The micronutrient content of JA tubers is presented in Table 5. The weather 

conditions had the greatest influence on micronutrient concentrations in JA 
tubers, and significant differences were found between the growing seasons. 
The wet seasons of 2016 and 2017 were conducive to the accumulation of Zn, 
Mn and Fe (excluding 2016) in JA tubers. In the warm and relatively dry 
2018, JA tubers were most abundant in B and Cu, and least abundant in Zn 
and Mn. The cultivar exerted a minor effect on the micronutrient content 
 of JA tubers. Gute Gelbe had the highest concentrations of Cu, Zn and Mn, 
but a significant difference relative to the other cultivars was noted only for 
the Cu content. In comparison with the control (unfertilized) treatment,  
N doses of 80 and 120 kg ha-1 increased the concentrations of the analyzed 

Fig. 2. Changes in the inulin content of chicory roots during storage (mean±SE; lower case 
letters for year of study, upper case letters for cultivars, and italicized upper-case letters  

for N dose; bars followed by the same letters do not differ significantly according  
to the Tukey’s HSD test at p<0.05)
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micronutrients, except for Cu. However, significant differences were obser- 
ved only in the Fe content, which was higher in JA tubers fertilized with  
120 kg N ha-1. In comparison with JA tubers harvested in autumn, JA tubers 
left in the ground over winter had a significantly higher Zn content.  
The concentrations of the remaining micronutrients in JA tubers were not 
affected by the harvest date.

The concentrations of micronutrients (excluding B) increased in the  
tubers of cvs. Gute Gelbe and Albik (excluding B) wintering in the ground 
(Figure 3). The greatest increase in the content of Cu, Zn and Mn was noted 
in the tubers of cv. Albik. Only the Zn content increased by around 25%-32% 
in JA tubers of all cultivars which were left in the ground over winter.  
The Fe content of JA tubers varied across cultivars. Over winter, the Fe con-
tent decreased by around 15% in the tubers of cv. Rubik, and increased  
by around 12% in the tubers of cv. Gute Gelbe. Only changes in the concen-
trations of Cu and Fe in JA tubers were significant. 

The zinc content, regardless of fertilization, was around 30% higher  
in JA tubers left in the ground over winter than in those harvested in autumn 
(Figure 4). In comparison with JA tubers harvested in autumn, the Mn con-
tent of tubers harvested in spring from the control treatment and the treat-
ment fertilized with 80 kg N ha-1 was approximately 10% higher, and it decrea- 
sed by around 8.5% in response to the application of 120 kg N ha-1. Overwin-

Table 5
Micronutrient content of JA tubers harvested in autumn (mg kg-1 DM; mean±SE)

Variable Cu Zn Mn Fe B
Year of study

2016 6.43±0.77 b 23.67±5.35 a 24.63±7.43 a 174.68±35.07 b 3.28±0.45 b
2017 7.01±1.20 ab 16.44±2.69 b 24.32±4.71 a 212.32±49.46 a 2.48±0.24 c
2018 7.32±1.19 a 13.50±2.60 c 11.31±2.13 b 181.19±69.12 b 3.56±0.60 a

Cultivar
Rubik 6.57±1.02 b 16.43±5.42 a 19.10±8.00 a 198.00±40.82 a 3.09±0.58 a
Albik 6.80±0.92 ab 17.65±6.00 a 19.52±7.81 a 185.35±54.48 a 3.26±0.72 a
Gute Gelbe 7.38±1.27 a 19.53±5.35 a 21.63±9.48 a 184.35±49.32 a 2.96±0.60 a

N dose (kg ha-1)
0 7.15±1.02 a 16.75±5.08 a 18.87±8.51 a 175.16±57.92 a 3.01±0.61 a

80 6.91±0.92 a 18.64±6.77 a 20.35±7.52 a 189.78±55.77 a 3.17±0.75 a
120 6.70±1.37 a 18.23±5.04 a 21.09±9.43 a 203.26±50.73 b 3.14±0.56 a

Harvest date
Autumn 6.87±1.07 a 15.62±3.71 b 20.29 ±9.16 a 193.32±50.56 a 3.11 0.61 a
Spring 6.97±1.19 a 20.12±6.43 a 19.88±7.90 a 185.48±53.78 a 3.11±0.68 a

Values followed by the different letters are significantly different according to the Tukey’s HSD 
test (p<0.05).
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tering affected also the Cu content of JA tubers; changes in the Cu content 
varied from -1.6% (unfertilized treatment) to 12.2% (120 kg N ha-1). Changes 
in the Fe content of JA tubers varied from -7.4% (unfertilized treatment)  
to 6.2% (80 kg N ha-1). Changes in the B content of JA tubers over winter 
were small and varied from -0.1% (80 kg N ha-1) to 2.8% (unfertilized treat-
ment). The statistical analysis revealed that N fertilization had no signifi-
cant influence on changes in the micronutrient content of JA tubers left  
in the ground over winter.

Fig. 3. The effect of a cultivar on changes in the micronutrient content of JA tubers left  
in the ground over winter (mean±SE, each element is marked with a different color;  

values for a single element followed by the same letters do not differ significantly according  
to the Tukey’s HSD test at p<0.05).

Fig. 4. The effect of N dose on changes in the micronutrient content of JA tubers left  
in the ground over winter (mean±SE; each element is marked with a different color;  

values for a single element followed by the same letters do not differ significantly according  
to the Tukey’s HSD test at p<0.05).
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The chemical composition and mineral content of JA tubers are deter-
mined by the environmental and soil conditions, cultivar, agronomic factors, 
and harvest date (Černiauskiene et al. 2018, Bogucka, Jankowski 2020, 
Sawicka et al. 2021, Wierzbowska et al. 2021). Research shows that micronu-
trient concentrations in JA tubers are as follows: Fe – 18 to 150, Cu – 2 to 
10, Mn – 2.0 to 100, Zn – 2 to 35.0, Se – 0.02, B – 9 to 13 mg kg-1 DM 
(Danilčenko et al. 2011, Ma et al. 2011). In this study, the micronutrient 
content of JA tubers was modified by the weather conditions, cultivar and  
N dose (Table 5). The levels of Cu, Zn and Mn were within the ranges report-
ed by the cited authors, whereas the B content was considerably lower, and 
the Fe content was higher. The weather conditions exerted the strongest  
effect on the micronutrient content of JA tubers. Sawicka (1996) and Cieślik 
(1998) also found that environmental conditions were the most important 
factor affecting the accumulation of Fe and Cu in JA tubers, which was pro-
moted by abundant rainfall and moderate temperatures. According to Sawicka 
(1996), high Cu levels in JA tubers are noted in favorable weather condi-
tions, whereas during dry spells, JA tubers accumulate more Zn and less Cu. 
Seiler (1990) observed significant differences in the content of Mn, Zn, Cu, 
and Fe between JA genotypes grown under identical conditions. In compari-
son with wild genotypes, the tubers of cultivated genotypes had higher con-
centrations of Mn, Zn and Fe, and a lower Cu content. The iron concentra-
tion was higher in JA tubers than in other root crops (rutabaga, turnip, 
potato). According to Danilčenko et al. (2011), high genetic variation  
in nutrient concentrations in various plant parts may be a key to identifying 
the origin of JA cultivars and clones. Terzić et al. (2012) analyzed the chemi- 
cal composition of JA tubers in wild genotypes collected in Montenegro and 
the USA, and reported the following concentrations of essential elements  
(mg kg-1 DM): Mn – 0.31 to 10.80, Fe – 25.91 to 389.10, Zn – 4.82 to 94.38, 
Cu – 3.35 to 17.12. The levels of Mn, Fe and Cu were higher in American 
genotypes, whereas the Zn content was higher in Montenegrin genotypes. 
Sawicka and Kalembasa (2011) demonstrated that JA cv. Rubik was more 
abundant in minerals than cv. Albik, but the concentrations of the analyzed 
micronutrients were more stable in the latter cultivar.

Catană et al. (2018) observed differences in the Fe content of JA tubers 
between red and white varieties (135.2 mg kg-1 DM and 126.1 mg kg-1 DM  
on average, respectively). In the current study, the tubers of cv. Rubik with 
red skin also had a higher Fe content (by approx. 7.5%) than the tubers  
of cvs. Albik and Gute Gelbe, both with white skin, but the noted differences 
were not significant at p<0.05 (Table 5). 

In the present experiment (Table 5), as in the studies of Gruca-Królikowska 
and Wacławek (2006), increasing N doses had no significant effect on the 
content of Cu, Zn, Mn, and B in JA tubers, only the Fe content increased  
in response to higher N doses. However, a rational and balanced mineral 
fertilization regime is required to achieve and maintain high nutritional  
value of JA tubers. In a study by Sawicka and Kalembasa (2011), the highest 
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content of Cu, Mn and Zn was noted in the tubers of JA plants fertilized 
with 150 kg N ha-1, whereas the content of Mo and Fe was the highest  
in treatments without NPK fertilization. The concentrations of Fe, Mo and 
Mn were significantly affected by PK fertilization. 

Izsaki and Kadi (2013) reported that the Fe content of JA tubers of the 
early-maturing cv. Tápiói Korai (determined on day 155 of the growing sea-
son and at harvest, on day 195) increased to 836 mg kg-1 DM, whereas the 
concentrations of other micronutrients decreased as follows: Cu – 11,  
Zn – 17, and Mn – 26 mg kg-1 DM. In the late-maturing cv. Tápiói Sima,  
the concentrations of the analyzed micronutrients decreased at harvest,  
on day 225 of the growing season (relative to earlier stages of tuber formation, 
i.e. days 155 and 195): Cu – 10, Zn – 20, Mn – 7, and Fe – 110 mg kg-1 DM.

Similarly to JA tubers, the accumulation of micronutrients in chicory 
roots was significantly modified by the weather conditions. (Table 6). Humid 
and warm weather (2016) was conducive to the accumulation of Zn and Mn, 
whereas a relatively dry and warm growing season (2018) contributed to an 
increase in the Cu and B content of chicory roots. High soil moisture content 
and relatively low temperatures were favorable for the accumulation of Fe  
in chicory roots. The concentrations of B, Zn and Fe were the highest in the 
roots of cv. Polanowicka, and the lowest in the roots of cv. Orchies (addition-
ally Mn). The roots of cv. Orchies had the highest Cu content, and the roots 
of cv. Chrysolite had the highest Mn content. However, significant differenc-
es between cultivars were observed only in the Fe and B content. Nitrogen 
fertilization had no significant influence on the concentrations of Cu, Zn, Fe 
and B in chicory roots. In comparison with unfertilized plants, the content  

Table 6 
Micronutrient content of chicory roots at harvest (mg kg-1 DM; mean±SE)

Variable Cu Zn Mn Fe B
Year of the study 

2016 5.57±0.92 b 25.80±2.35 a 51.55±11.62 a 164.01±31.72 b 1.36 ±0.31 b
2017 5.47±1.32 b 22.03±3.75 b 22.99±4.14 c 215.02±74.52 a 1.64 ±0.49 ab
2018 9.71±2.11 a 21.41±2.35 b 29.09±3.94 b 173.08±45.96 b 1.74 ±0.47 b

Cultivar
Polanowicka 7.29±2.72 a 23.65±3.24 a 33.28±9.97 a 204.17±71.03 a 1.80 ±0.60 a
Chrysolite 7.35±2.23 a 22.68±2.97 a 35.28±14.77 a 170.93±41.27 b 1.52 ±0.34 ab
Orchies 8.19±3.10 a 21.65±3.46 a 30.99±13.43 a 168.79±36.66 b 1.43 ±0.29 b

N dose
0 8.42±2.79 a 22.70±3.02 a 31.80±11.65 b 169.66±37.48 a 1.53 ±0.36 a

80 7.47±2.78 a 23.21±3.36 a 30.89±9.14 b 175.00±43.89 a 1.64 ±0.41 a
120 6.95±2.40 a 22.07±3.51 a 36.85±13.33 a 199.20±73.77 a 1.58 ±0.58 a

Values followed by the different letters are significantly different according to the Tukey’s HSD 
test (p<0.05).
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of Mn and Fe in chicory roots increased significantly in response to the appli-
cation of 120 kg N ha-1. The Cu content of chicory roots tended to decrease 
with increasing N doses. The concentrations of B and Zn were the highest  
in chicory roots fertilized with 80 kg N ha-1.

Massoud et al. (2009) determined the ash content of chicory (C. intybus L.) 
roots at 42.5 g kg-1 DM, whereas micronutrient concentrations were arranged 
in the following descending order (mg kg-1 DM): Fe – 17.7, Zn – 3.90,  
Cu – 3.62, and Mn – 3.12. Chicory is a rich source of minerals, in particular 
Fe. Jurgoński et al. (2011) reported that the ash content of chicory root  
ethanol extract was 38 mg kg-1 FM. In other studies, the crude ash content 
of chicory roots ranged from 38.7 (Jangra, Madan 2018) to 56.0 g kg-1  
(El Zeny et al. 2019). In another experiment, the ash content of chicory roots 
was 26.7 g kg-1 DM, and micronutrient concentrations (mg kg-1 DM) were as 
follows: Fe – 40.10, Zn – 1.90, and Cu 0.35 (Zheng et al. 2003). Nwafor et al. 
(2017) determined the mineral content (mg kg-1 DM) of chicory roots at  
Cu – 3.60, Mn – 3.10, and Zn – 3.90. In different parts of wild C. intybus 
plants grown in Romania (Stanciu et al. 2019), micronutrient levels were 
ranked as follows: Cu > Zn > Fe >Mn (highest content in leaves, except  
for Fe whose content was highest in flowers).

Root vegetables undergo physiological, chemical and biological changes 
during storage, which lead to quantitative and qualitative yield losses. 
Changes in the chemical composition of stored vegetables are affected by the 
cultivar, weather conditions during the growing season, and storage condi-
tions (Wierzbowska et al. 2021). Changes in micronutrient concentrations  
in chicory roots during storage varied across cultivars (Figure 5). In the roots 
of cv. Polanowicka, the content of Zn and Fe decreased by around 14%,  

Fig. 5. The effect of cultivar on changes in the micronutrient content of chicory roots during 
storage (mean±SE; each element is marked with a different color; values for a single element 

followed by the same letters do not differ significantly according to the Tukey’s HSD test  
at p<0.05)
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the Mn content decreased by 6%, whereas the content of Cu and B increased 
by >19% and >8%, respectively. The roots of cv. Chrysolite were characte- 
rized by the highest increase in the concentrations of Cu (approx. 25%) and 
B (20%), followed by Mn (approx. 10%). After storage, the content of B, Cu 
and Mn in the roots of cv. Orchies increased by 33%, 13% and approximately 
8%, respectively. The iron content decreased by around 15% in the roots  
of cv. Orchies, and by 4% in the roots of cv. Chrysolite. The cultivar had  
a significant (p<0.05) influence on changes in the B content of chicory roots 
during storage.

The effect of N doses on changes in the micronutrient content of chicory 
roots during storage is presented in Figure 6. The content of Cu and B  
in chicory roots increased with increasing N doses (by 11%-29% and  

14.5-26%, respectively). A decrease in the concentrations of Zn (1.6% to 9.3%) 
and Fe (6.3% to 16.0%) in chicory roots was observed in all treatments  
(0, 80 and 120 kg N ha-1). Changes in the Mn content of chicory roots were 
ambiguous. Different levels of N fertilization had no significant influence  
on changes in the micronutrient content of chicory roots during storage.

CONCLUSIONS

Jerusalem artichoke tubers were a richer source of inulin than chicory 
roots. The inulin content of JA tubers and chicory roots varied significantly 
across cultivars. Unlike chicory roots, JA tubers fertilized with N had higher 
inulin content than unfertilized plants. Weather conditions exerted  

Fig. 6. The effect of N dose on changes in the micronutrient content of chicory roots during 
storage (mean±SE; each element is marked with a different color; values for a single element 

followed by the same letters do not differ significantly according to the Tukey’s HSD test  
at p<0.05)
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the greatest influence on the inulin content of JA tubers and chicory roots. 
Inulin content was lowest in JA tubers and chicory roots harvested in the 
wet and cold 2017. The highest decrease in inulin content was noted in JA 
tubers left in the ground over winter and in stored chicory roots, harvested 
in 2017. The decrease in the inulin content of JA tubers and chicory roots 
was greater in unfertilized treatments (different N doses induced significant 
differences in inulin accumulation in JA tubers).

In comparison with chicory roots, JA tubers accumulated more B, less 
Cu, Zn and Mn, and comparable quantities of Fe. The content of Zn, Mn and 
Fe was higher in JA tubers and chicory roots harvested in wet growing sea-
sons (2016 and 2017), and the content of B and Cu was highest in the warm 
season with average precipitation (2018). Jerusalem artichoke and chicory 
cultivars had a minor effect on micronutrient concentrations, only Cu content 
was significantly higher in the tubers of cv. Gute Gelbe, and the content  
of Fe and B was significantly higher in the roots of cv. Polanowicka. Increa- 
sing N doses induced an increase in the Fe content of JA tubers, and a de-
crease in the content of Fe and B in chicory roots. The Zn content in tubers 
of all JA cultivars was higher after overwintering than harvested in the fall. 
The N dose had no effect on changes in the content of micronutrients in JA 
tubers overwintering in the soil. The concentrations of the analyzed micronu-
trients increased in cvs. Albik (excluding B) and Gute Gelbe. The concentra-
tions of Cu, B and Mn increased in stored chicory roots (except for Mn con-
tent in the 0 kg N ha-1 treatment). The roots of cvs. Chrysolite and Orchies 
were characterized by the greatest increase in micronutrient content (except 
for Fe content in both cultivars, and Zn content in cv. Orchies).

Author contributions 
J.W., B.C-A. – conceptualization; J.W., A.W. – formal analysis; J.W., 

B.C-A., B.B. – funding acquisition; J.W., B.C-A., B.B. A.W – methodology; 
J.W. – visualization; J.W., B.C-A. – writing-original draft preparation;  
J.W. – writing-review and editing. All authors have read and agreed to the 
published version of the manuscript.

ACKNOWLEDGMENTS

The publication was written as a result of the author’s internship in Slovak 
University of Agriculture in Nitra Faculty of Engineering, Institute of Agri-
cultural Engineering, Transport and Bioenergetics, co-financed by the Euro-
pean Union under the European Social Fund (Operational Program Knowl-
edge Education Development), carried out in the project Development 
Program at the University of Warmia and Mazury in Olsztyn (POWR.03.05. 
00-00-Z310/17).

Conflicts of interest 
The authors declare no conflict of interest. 



810

REFERENCES
Al-Snafi A.E. (2016), ‘Medical importance of Cichorium intybus. A review’. IOSR Journal  

of Pharmacy, 6(3), 41-56.
Amarowicz, R., Cwalina-Ambroziak, B., Janiak, M.A., Bogucka, B. (2020) ‘Effect of N fertiliza-

tion on the content of phenolic compounds in Jerusalem artichoke (Helianthus tuberosus L.) 
tubers and their antioxidant capacity’, Agronomy, 10(8), 1215, available: https://doi.
org/10.3390/agronomy10081215

Azay-Milhau, J., Ferrare, K., Leroy, J., Aubaterre, J., Tournier, M., Lajoix, A., Tousch, D. 
(2013) ‘Antihyperglycemic effect of a natural chicoric acid extract of chicory (Cichorium  
intybus L.): A comparative in vitro study with the effects of caffeic and ferulic acids’, Journal 
of Ethnopharmacology,150(2), 755-760, available: https://doi.org/10.1016/j.jep.2013.09.046

Bakku, R.K., Gupta, R., Min, C., Kim, S., Takahashi, G., Shibato, J., Shioda, S., Takenoya, F., 
Agrawal, G.K., Rakwal, R. (2022) ‘Unravelling the Helianthus tuberosus L. (Jerusalem  
artichoke, Kiku-Imo) tuber proteome by label-free quantitative proteomics’. Molecules, 
27(3), 1111, available: https://doi.org/10.3390/molecules27031111

Benedycka, Z., Rusek, E. (1994), ‘Suitability of a method using azomethine-H in determining 
boron in plants and soil’, Acta Academiae Agriculturae Technicae Olstenensis, 58, 85-90.

Bhagia, S., Akinosho, H., Ferreira, J.F.S., Ragauskas, A.J. (2017) ‘Biofuel production from  
Jerusalem artichoke tuber inulins: A review’, Biofuel Research Journal, 14, 587-599,  
available: Doi: 10.18331/BRJ2017.4.2.4

Bogucka, B., Jankowski, K. (2020) ‘Jerusalem Artichoke: Quality Response to Potassium Ferti-
lization and Irrigation in Poland’, Agronomy, 10(10), 1518, available: https://doi.
org/10.3390/agronomy10101518

Brkljača, J., Bodroža-Solarov, M., Krulj, J., Terzić, S., Mikić, A., Marjanović Jeromela, A. 
(2014), ‘Quantification of Inulin Content in Selected Accessions of Jerusalem Artichoke 
(Helianthus tuberosus L.)’, HELIA, 37(60), 105-112, available: Doi: 10.1515/helia-2014-0009

Cabezas, M.J., Rabert, C., Bravo, S., Shene, C. (2002) ‘Inulin and sugar contents in Helianthus 
tuberosus and Cichorium intybus tubers: Effect of postharvest storage temperature’, Jour-
nal of Food Science, 67(8), 2860-2865, available: DOI: 10.1111/j.1365-2621.2002.tb08829.x

Cadalen, T., Mörchen, M., Blassiau, C., Clabaut, A., Scheer, I., Hilbert, J.L., Quillet, M.C. 
(2010) ‘Development of SSR markers and construction of a consensus genetic map for  
chicory (Cichorium intybus L.)’, Molecular Breeding, 25(4), 699-722, available: https://doi.
org/10.1007/s11032-009-9369-5

Catană, L., Catană, M., Iorga, E., Lazăr, A.G., Lazăr, M.A. Teodorescu, R.I., Asănică, A.C., 
Belc, N., Iancu, A. (2018) ‘Valorification of jerusalem artichoke tubers (Helianthus tubero-
sus) for achieving of functional ingredient with high nutritional value’, “Agriculture for Life 
for Agriculture” Conference Proceedings, 1, 276-283, available: DOI: 10.2478/alife-2018-0041

Černiauskiene, J., Kulaitienė, K., Jarienė, E., Danilčenko, H., Žaldarienė, S., Jeznach, M. 
(2018), ‘Relationship between harvesting time and carbohydrate content of Jerusalem arti-
choke (Helianthus tuberosus L.) tubers’, Acta Scientiarum Polonorum, Hortorum Cultus, 
17(3), 41-48, available: DOI: 10.24326/asphc.2018.3.4

Chekroun, M.B., Amzile, J., El Yachioui, M., El Haloui, N.E., Prevost, J. (1994), ‘Qualitative 
and quantitative development of carbohydrate reserves during the biological cycle of Jeru-
salem artichoke (Helianthus tuberosus L.) tubers’, New Zealand Journal of Crop and Horti-
cultural Science, 22, 31-37, available: https://doi.org/10.1080/01140671.1994.9513803

Cieślik, E. (1998), ‘Mineral content in the tubers of new varieties of Jerusalem artichoke  
(Helianthus tuberosus L.)’, Zeszyty Naukowe AR w Krakowie, 342(10), 23-30.

Danilčenko, H., Jariene, E., Gajewski, M., Cerniauskiene, J., Kulaitiene, J., Sawicka, B.,  
Aleknaviciene, P. (2011) ‘Accumulation of elements in some organically grown alternative 
horticultural crops in Lithuania’, Acta Scientiarum Polonorum, Hortorum Cultus, 10(2), 23-31.

De Mastro G., Manolio,G., Marzi V. (2004) ‘Jerusalem artichoke (Helianthus tuberosus L.) and 



811

Chicory (Cichorium intybus L.): Potential crops for inulin production in the mediterranean 
area’ Acta Horticulturae, 629, 365-374, available: DOI: 10.17660/ActaHortic.2004.629.47

EFSA (2019) ‘Technical Report EFSA’, available: doi: 10.2903/sp.efsa.2017.e15121. (Accessed: 
25.11.2022).

Ekholm, P., Reinivuo, H., Mattila, P., Pakkala, H., Koponen, J., Happonen, A., Hellstroom, J., 
Ovaskainenb, M.L. (2007) ‘Changes in the mineral and trace element contents of cereals, 
fruits and vegetables in Finland’, Journal of Food Composition and Analysis, 20(6), 487-495, 
available: DOI: 10.1016/j.jfca.2007.02.007

El Zeny, T., Essa, R.Y., Badia, A., Bisar, B.A., Metwalli, S.M. (2019) ‘Effect of using chicory  
roots powder as a fat replacer on beef burger quality’, Slovenian Veterinary Reseach, 
56(Suppl 22), 509-514, available: DOI: https://doi.org/10.26873/SVR-788-2019

FAOSTAT (2018), ‘Faostat Agriculture Data’, available, www.apps.sao.org, (Accessed: 
25.11.2022).

Florkiewicz, A., Cieślik, E., Filipiak-Florkiewicz, A. (2007) ‘The cultivar and harvesting time 
influence on the chemical composition in tubers of Jerusalem artichoke (Helianthus tubero-
sus L.)’, Żywność-Nauka Technologia Jakość, 3(52), 71-81. (In Polish) 

Gałązka, J., Czarnecka, A. (2002) ‘Obtainment of the inulin and preparations of chicory roots’, 
Żywność-Nauka Technologia Jakość, 9(3), 46-54. (In Polish)

Gruca-Królikowska, S., Wacławek, W. (2006) ‘Metals environment. Part. II. Effects of heavy 
metals on plants’, Chemistry-Didactics-Ecology-Metrology, 11: 41-54. 

Haggag, I.AA., Shanan, S.A., Abo El-Hamd, A.S.A., Helaly, A.A., El-Bassiouny, R.E.I. (2017) 
‘Effect of temperature and modified atmosphere packaging on globe artichoke (Cynara 
scolymus L.) quality during storage’. Advances in Plants & Agriculture Research, 6(5), 138-145, 
available: http://dx.doi.org/10.15406/apar.2017.06.00227

Izsaki, Z., Kádi, G.N. (2013) ‘Biomass Accumulation and Nutrient Uptake of Jerusalem  
Artichoke (Helianthus tuberosus L.)’, American Journal of Plant Sciences, 4(8), 1629-1640, 
available: http://dx.doi.org/10.4236/ajps.2013.48197

Jangra, S.S., Madan, V.K. (2018) ‘Proximate, mineral and chemical composition of different 
parts of chicory (Cichorium intybus L.)’, Journal of Pharmacognosy and Phytochemistry, 
7(5), 3311-3315. 

Jurgoński, A., Milala, J., Juśkiewicz, J., Zduńczy, Z., Król, B. (2011) ‘Composition of Chicory 
Root, Peel, Seed and Leaf Ethanol Extracts and Biological Properties of Their Non-Inulin 
Fractions’, Food Technology and Biotechnology, 49(1), 40-47.

Kays, S.J., Nottingham, S.F. (2007) ‘Biology and chemistry of Jerusalem artichoke (Helianthus 
tuberosus L.)’, CRC Press Taylor and Francis Group, Florida, USA, pp. 496. available:  
DOI: https://doi.org/10.1201/9781420044966

Khalaf, A.H., El-Saadani, R.M., El-Desouky, A.I., Abdeldaiem, H.M., Elmehy, E.M. (2018),  
‘Antioxidant and antimicrobial activity of gamma-irradiated chicory (Cichorium intybus L.) 
leaves and roots’, Journal of Food Measurement and Characterization, 12(3), 1843-1851, 
available: https://doi.org/10.1007/s11694-018-9798-0

Kim, S.H., Kim, B.K., Park, B.Y., Kim, J.M., Lee, Y.J., Lee, M.K., Ye, S., Kang, M.Y. (2021), 
‘Effects of Jerusalem artichoke extract and inulin on blood glucose levels and insulin  
secretion in streptozotocin induced diabetic mice’, The Journal of Korean Diabetes,  
22(1), 60-70, available: https://doi.org/10.4093/jkd.2021.22.1.60

Li, G., Gao, H., Huang, J., Lu, J., Gu, J., Wang J. (2014) ‘Hepatoprotective effect of Cichorium 
intybus L., a traditional Uighur medicine, against carbon tetrachloride-induced hepatic  
fibrosis in rats’, World Journal of Gastroenterology, 20(16), 4753-4760, available: https://
doi.org/10.3748/wjg.v20.i16.4753

Ma, X.Y., Zhang, L.H., Shao, H.B., Xu, G., Zhang, F., Ni, F.T., Brestic, M. (2011) ‘Jerusalem  
artichoke (Helianthus tuberosus L.), a medical salt-resistant plant has high adaptability 
and multiple-use values’, Journal of Medicinal Plants Research, 5(8), 1272-1279.



812

Massoud, M.I., Wafaa, A., Amin, W.A., Elgindy, A.A. (2009) ‘Chemical and Technological  
Studies on Chicory (Cichorium intybus L) and Its Applications in Some Functional Food’, 
Journal of Agricultural Research Advances, 14(3), 735-756.

Matias, J., Gonzales, J., Cabanillas, J., Royano, L. (2013) ‘Influence of NPK fertilisation and 
harvest date on agronomic performance of Jerusalem artichoke crop in the Guadiana Basin 
(Southwestern Spain)’, Industrial Crops and Products, 48: 191-197, available: https://doi.
org/10.1016/j.indcrop.2013.04.010

Michalska-Ciechanowska, A., Wojdyło, A., Bogucka, B., Dubis, B. (2019) ‘Moderation of Inulin 
and Polyphenolics Contents in Three Cultivars of Helianthus tuberosus L. by Potassium 
Fertilization’, Agronomy, 9(12), 884, available: https://doi.org/10.3390/agronomy9120884

Niziol-Lukaszewska, Z., Bujak, T., Wasilewski, T., Szmuc, E. (2019) ‘Inulin as an effectiveness 
and safe ingredient in cosmetics’, Polish Journal of Chemical Technology, 21(1), 44-49,  
available: doi: 10.2478/pjct-2019-0008

Nwafor, I.Ch., Shale, K., Achilonu, M.Ch. (2017) ‘Chemical composition and nutritive benefits 
of chicory (Cichorium intybus) as an ideal complementary and/or alternative livestock feed 
supplement’, Scientific World Journal, art. ID 7343928, available: doi: 10.1155/2017/7343928

Ostrowska, A., Gawliński, S., Szczubiałka Z. (1991) ‘Methods of analysis and assessment of soil 
and plant properties’, IOŚ, Warszawa, Poland, pp. 334.

Pan, L., Sinden, M.R., Kennedy, A.H., Chai, H., Watson, L.E., Graham, T.L., Kinghorn, A.D. 
(2009), ‘Bioactive constituents of Helianthus tuberosus (Jerusalem artichoke)’, Phytochemi-
stry Letters, 2(1), 15-18, available: DOI: 10.1016/j.phytol.2008.10.003

Perović, J., Tumbas Šaponjac, V., Kojić, J., Krulj, J., Moreno, D.A., García-Viguera, C., 
Bodroža-Solaro, M., Ilić N. (2021) ‘Chicory (Cichorium intybus L.) as a food ingredient – 
Nutritional composition, bioactivity, safety, and health claims: A review’, Food Chemistry, 
336: 127676, available: DOI: 10.1016/j.foodchem.2020.127676

Pinar, H., Kara, K., Hanci, F., Kaplan, M. (2021) ‘Nutritional composition of herbage of diffe-
rent Jerusalem artichoke genotypes’, Journal of Animal and Feed Sciences, 30(2), 141-148, 
available: https://doi.org/10.22358/jafs/136053/2021

Pinmongkhonkul, S., Ganranoo, L., Timsom, Y., Jantapatak, Y., Boonriam, W. (2021) ‘Inulin 
evaluation of Jerusalem artichoke (Helianthus tuberosus) from organic cultivation areas, 
Phayao, Thailand’, International Journal of Agricultural Technology, 17(2), 627-640,  
available: http://www.ijat-aatsea.com/

PN-ISO 10390 (1997) ‘Soil Quality - Determination of pH’, Issued by the Polish Committee  
for Standardization: Warsaw, Poland, 1997, p. 15.

PN-R-04023 (1996) ‘Chemical-agricultural analysis of soil - determination of available phospho-
rus content in mineral soils’, Issued by the Polish Committee for Standardization: Warsaw, 
Poland,12 pp.

PN-R-04022: 1996+Az1 (2002) ‘Chemical-agricultural analysis of soil - determination of availa-
ble potassium content in mineral soils’, Issued by the Polish Committee for Standardiza-
tion, Warsaw, Poland, pp. 1

PN-R-04020:1994+Az1 (2004) ‘Chemical-agricultural analysis of soil - determination of availa-
ble magnesium content in mineral soils’, Issued by the Polish Committee for Standardiza-
tion, Warsaw, Poland, pp. 3

Puangbut, D., Jogloy, S., Yasuthee, W.V. (2017) ‘Genotypic variability for inulin content, tuber 
yield and tuber weight of Jerusalem artichoke (Helianthus tuberosus L.) germplasm’,  
SABRAO Journal of Breeding and Genetics, 49 (2), 144-154.

Puttha, R., Jogloy, S., Wangsomnuk, P.P., Srijaranai, S., Kesmala, T., Patanothai, A. (2012) 
‘Genotypic variability and genotype by environment interactions for inulin content of Jeru-
salem artichoke germplasm’, Euphytica, 183(1), 119-131, available: http://dx.doi.org/10.1007/ 
s10681-011-0520-0

Redondo-Cuenca, A., Herrera-Vázquez, S.E., Condezo-Hoyos, L., Gómez-Ordóñez, E., Rupérez, P. 



813

(2021) ‘Inulin extraction from common inulin-containing plant sources’, Industrial Crops 
and Products, 170, 113726, available: https://doi.org/10.1016/j.indcrop.2021.113726

Roberfroid, M.B. (2007) ‘Inulin-type fructans: functional food ingredients’, The Journal  
of Nutrition, 137(11), 2493-2502. DOI: 10.1093/jn/137.11.2493S

Sawicka, B. (1996) ‘Effect of some agronomic factors on zinc and copper content in tubers  
of Helianthus tuberosus L.’, Zeszyty. Problemowe Postępów Nauk Rolniczych, 434: 231-235. 

Sawicka, B. (2016) ‘Jerusalem artichoke (Helianthus tuberosus L.). Biology, Breeding, Useful 
Meaning’, Ed. WUP w Lublinie, ISBN: 978-83-72-59-251-2, pp. 241. (In Polish)

Sawicka, B, Danilcenko, H., Jariene, E., Skiba, D., Rachoń, L., Barba, P., Pszczółkowski, P. 
(2021) ‘Nutritional value of Jerusalem artichoke tubers (Helianthus tuberosus L.) grown  
in organic system under Lithuanian and Polish Conditions’, Agriculture, 11(5), 440, available: 
https://doi.org/10.3390/agriculture11050440

Sawicka, B., Kalembasa, D. (2011) Fluctuations of selected microelements in Helianthus tube-
rosus L. tubers due to diverse nitrogen nutrition’, Advances in Food Sciences, 33(3), 166-173.

Seiler, G.J. (1990) ‘Protein and mineral concentrations in tubers of selected genotypes of wild 
and cultivated Jerusalem artichoke (Helianthus tuberosus, Asteraceae)’, Economic Botany, 
44(3), 322-335.

Seiler, G.J., Campbell, L.G. (2004) ‘Genetic variability for mineral element concentrations  
of wild Jerusalem artichoke forage’, Crop Science, 44(1), 289-292, available: https://doi.
org/10.2135/cropsci2004.2890

Sennoi, R., Puttha, R. (2021) ‘Inulin content of Jerusalem artichoke (Helianthus tuberosus L.) 
tubers stored at 5°C in a refrigerator for different durations’, Australian Journal of Crop 
Science, 15(12), 1395-1398, available: doi: 10.21475/ajcs.21.15.12.p3158

Shoaib, M., Shehzad, A., Omar, M., Rakha, A., Raza, H., Sharif, H.R., Shakeel, A., Ansari, A., 
Niazi, S. (2016) ‘Inulin: Properties, health benefits and food applications’, Carbohydrate 
Polymers, 147: 444-454, available: https://doi.org/10.1016/j.carbpol.2016.04.020

Singh, R.S., Singh, T., Larroche, C. (2019) ‘Biotechnological applications of inulin-rich  
feedstocks’, Bioresource Technology, 273: 641-653, available: https://doi.org/10.1016/j. 
biortech.2018.11.031

Stanciu, G., Rotariu, R., Popescu, A., Tomescu, A. (2019) ‘Phenolic and Mineral Composition  
of Wild Chicory Grown in Romania’, Revista de Chimie, 70(4), 1173-1177, available: https://
doi.org/10.37358/RC.19.4.7087

Tartoura, E.A.A., El-Gamily, E.E., El-Shall, Z.S., Elsharqawy Manal, M.S. (2020) ‘Effect  
of organo-chemical fertilizers mixtures under the condition of irrigation intervals with  
magnetized water on yield and its components of Jerusalem artichoke’, Journal of Plant 
Production. 11(12), 1443-1452, available: https://dx.doi.org/10.21608/jpp.2020.149817

Terzić, S., Atlagić, J., Maksimović, I., Zeremski ,T., Zorić, M., Miklić, V., Balalić, I. (2012) ‘Ge-
netic variability for concentrations of essential elements in tubers and leaves of Jerusalem 
artichoke (Helianthus tuberosus L.).’, Scientia Horticulturae, 136: 135-144, available: DOI: 
10.1016/j.scienta.2012.01.016

Wierzbowska, J., Cwalina-Ambroziak, B., Bogucka, B. (2021) ‘The effect of nitrogen fertiliza-
tion on yield and macronutrient concentrations in three cultivars of Jerusalem artichoke 
(Helianthus tuberosus L.)’, Agronomy, 11(11), 2161, available: https://doi.org/10.3390/ 
agronomy11112161

WRB (2015) IUSS WORKING GROUP WRB. World Reference Base for Soil Resources 2014. 
International Soil Classification System for Naming Soils and Creating Legends for Soil 
Maps, Update 2015, World Soil Resources Reports 106, FAO, Rome, Italy, 2014, p. 188

Yang, L., He, Q.S., Corscadden, K., Udenigwe, C.C. (2015) ‘The prospects of Jerusalem artichoke 
in functional food ingredients and bioenergy production’, Biotechnology Reports, 5: 77-88, 
available: https://doi.org/10.1016/j.btre.2014.12.004



814

Zarroug, Y., Abdelkarim, A., Dorra, S.T., Hamdaoui, G., Felah, M.E.L., Hassouna, M. (2016) 
‘Biochemical characterization of Tunisian Cichorium intybus L. Roots and optimization  
of ultrasonic inulin extraction’, Mediterranean Journal of Chemistry, 6(1), 674-685, available: 
https://doi.org/10.13171/mjc61/01611042220-zarroug

Zhang, C., Hiradate, S., Kusumoto, Y., Morita, S., Koyanagi, T.F., Chu, Q., Watanabe, T. (2021) 
‘Ionomic responses of local plant species to natural edaphic mineral variations’ Frontiers  
in Plant Science, 12: 614613, available: https://doi.org/10.3389/fpls.2021.614613

Zheng, H.Y., Hu, Y.H., Xu, Y., Chang, Y.Q., Li, Z. (2003) ‘Analysis of the ingredients of chicory 
nutrition’, Journal of Jilin Agricultural University, 25(4), 462-465.


