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ABSTRACT

This study aim to evaluate the distribution of loibee compounds in the tubers of organically growrud
salem artichoke (JA) during the growing season ir22@014. Field experiments on the three JA cultivars:
Albik, Rubik and Sauliai, were carried out at theaomg farm in South Lithuania. The tubers were ufgdo

at the end of each month of the growing period 8$) in March—June (spring period) and August—
November (autumn period) and were analysed for théeats of dry matter, carbohydrates, phenolic com-
pounds, leuco-anthocyanins, catechins.

The significantly highest dry matter content in idbérs was determined in March of 2014 after they had
been exposed to sub-zero temperatures in the goilgdthe winter, while the amount of phenolic com-
pounds — at the beginning of the spring growingqgakrirhe significantly highest content of inulin@cto-

ber of 2014 was accumulated in the tubers of cvli@g46.08%), carbohydrates — in Albik tubers irpSe
tember of 2014 (44.23%), when the formation of neleta began. Significantly higher amounts of cate-
chins were determined in the second half of the grgwieriod. Cultivar and organogenesis stage had
a significant impact on the content of leuco-anyfamins in JA tubers. Substantial differences indbe-
tent of leuco-anthocyanins among the tested cuftiveere determined at the end of the growing season.
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INTRODUCTION

Jerusalem artichoke (JA) tubers are very differeiceutical and machinery industries, but also inidgal
from those of other root crops, in particular dog¢hie  with environmental problems due to their nutritibpna
main carbohydrate fructose and its polymers, namelfunctional, health-promoting and industrial propest
inulin and other oligosaccharides [Brkig et al. [Hafez 2013].

2014]. JA is a non-traditional crop with a wide gan Recently, increasingly more attention has been
of applications not only in the food, fodder, pharm given to the research on natural products and gplant

™honoratad @gmail.com

QO80

© Copyright by Wydawnictwo Uniwersytetu Przyrodniczego w Lublinie BY _NC__ND



Danilcenko, H., Jariene, E., Slepetiene, A., Sawicka, B., Zaldariene, S. (2017). The distribution of bioactive compounds in the
tubers of organically grown Jerusalem artichoke (Helianthus tuberosus L.) during the growing period. Acta Sci. Pol. Hortorum
Cultus, 16(3), 97-107. DOI: 10.24326/asphc.2017.3.10

which accumulate higher amounts of biochemicéand is applicated as a sugar substitute and fetaep
compounds. Most of these compounds have nut[Taper and Roberfroid 2002, Zhong et al. 2009].
tional and pharmacological importance which influ- During the growing period, biochemical composi-
ences tuber quality and taste of JA. It has beando tion, including the content of inulin, varies in JA
that the compounds present in the stems and ledvegtubers: its highest content was found in the autumn
JA provide tubers with antioxidant, antibacterialTherefore, JA tubers harvested in this season are
antifungicidal and anticarcinogenic properties, aihi most suitable for inulin extraction. Spring harvisst
are determined by such compounds as coumariithe most suitable for the production of fructose-
unsaturated fatty acids, polyacetylenes, phenels, sglucose syrup without enzymatic hydrolysis of inuli
quiterpenes. Antioxidant properties of JA are aisso(Zubr 1988, Kays and Kultur 2005]. The JA tubers
ated with the phenolic compounds present in tubeoverwintered in the soil could be used in food mdu
[Chen et al. 2013]. try because the shorter chains of inulin are mdie b
Chemical composition of JA tubers depends odogenic [Krivorotova and Sereikaite 2013].
the cultivation technology, and most importantlp, 0 Polyphenolsare one of the most important func-
the nutrition level [Baker et al. 1990, Cieslik 899 tional components found in plant-derived foods,
Chemical composition of tubers is also highly dewhere they are present mostly in bound form. Pro-
pendent on the soil type, its productivity, genetihealth properties of phenolic compounds are demon-
potential of a variety, and growth stage [Meijedanstrated by their anticarcinogenic and antimutagenic
Mathijssen 1991, Mclaurin et al. 1999, Sawicka anactivity, as well as cardiovascular protective efffe
Kalembasa 2013], which are largely linked to theiassociated mainly with decreased cholesterol cancen
maturity [Saengthobpinit and Sajjaanantakul 200%ration in plasma and prevention of arteriosclexosi
Rodrigues et al. 2007]. [Dixon and Paiva 1995, Duthie et al. 2000, Zhong et
JA tubers contain 20.4-31.9% of dry matter, cal. 2009, Gupta and Verma 2011]. The bioactive
which the main components constituting 13-20% aicompounds of JA have been extensively studied and
monosaccharides, disaccharides, polysaccharides #his plant has been found to be a rich source bfpo
the dominant one is inulin [Barta and Patkai 2007phenolics [Kapusta et al. 2013]. Several studies on
According to the data of Canadian scientists, tfphenolic compounds in sunfloweHdianthus an-
content of carbohydrates in fresh JA tubers wa843.nuus L.) have been reported as well [Tchone et al.
20.7%, and during later yield the content of glecos2006, Yuan et al. 2012]. Lattanzio et al. [2009]
increased and that of fructose decreased [Taper edemonstrated that the leaves of JA contained high
Roberfroid 2002]. Of the total carbohydrates préseiconcentrations of phenolics; however, still litike
in tubers, fructooligosaccharides accounted for 3(known about the phenolic composition of JA tubers.
54%, and the rest were saccharides, which were Catechins, which belong to the flavonoids, are or-
mainly sucrose and small amounts of fructose. Panganic compounds characterized by strong antioxidant
al. [2009] indicated that the content of fructoolig properties. Flavonoids are plant pigments of pHenol
saccharides in tubers varied from 20 to 40 mMgagd compounds. The oxidation of anthocyanins and fla-
kestose and nystose were the main fructooligosacclvonoids during the technological processing of raw
rides. JA tubers produces sediments, flakes and dregs that
Inulin and oligofructose are naturally occurringdeteriorate the commercial appearance of the prod-
resistant carbohydrates that have a variety of asesucts. These processes are the result of interaction
functional food ingredients. As a prebiotic, inulias between proteins and specific types of flavonoids.
been associated with enhancing the gastrointestirThe retaining of polyphenols in tuber tissues and
system and immune system. In addition to their roa high oxidase activity are the main reasons fer th
as prebiotics that selectively stimulate the groefth browning of tubers and by chopping, cutting or heat
beneficial bacteria in the intestines, these intype treating the integrity of tissues is broken [Guatal
fructans act as dietary fibre in the digestive eyst Verma 2011, Yuan et al. 2012].
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Detailed knowledge about the biochemical commaterial was ground on a GRINDOMIX GM 200
position in tubers at optimal harvesting time erabl knife-mill. The obtained powder was packed in air-
correct decisions with regard to their application tight containers prior to use. The content of dgt-m
food or feed products. ter (DM) was determined by drying samples to

Part of the results of this experiment was puta constant weight at a temperature of 1050C [LST

lished [Krivorotova and Sereikaite 2013]. Thisegi EN 12145:2001]. _ _
presents a more detailed analysis of the findirgs o  Carbohydrates. Carbohydrates in Jerusalem arti-
tained during the experimental period in years 201:choke tubers were quantified by the dinitrosaliyli
2014. acid method [Lindsay 1973].

The aim of this study was to evaluate the distribu- Inulin. Sugars in the sample are removed by ex-

cally grown Jerusalem artichokeHdlianthus tu- extraction balance. The aqueous extract is cldrifie
berosus L.) during the growing period. and finally treated with hydrochloric acid. Fruaos

by hydrolysis received is determined photometrcall
Inulin is calculated as fructose, is determinecthsy
ratio of solution A to solution of B (fructose stimd
solution). Fresh plant material briefly recorde®@t
Field experiments on three Jerusalem artichol100°C and then dried in an oven at 65-75°C [Nau-
cvs. Albik, Rubik, Sauliai were carried out at themann and Bassler 1976].
organic farm in South Lithuania in years 2012—2014. Phenolic compounds. The total content of phe-
The characteristics of these Jerusalem artichoke cnolic compounds was determined using the spectro-
tivars have been previously described [Krivorotovphotometrically. An analytical reaction was a psit
and Sereikaite 2013]. The soil of the experimentireaction of Berlin blue solution, which was obtaine
site according to the FAO-UNESCO soil classificafrom a mixture of iron and potassium hexacyanofer-
tion is Haplic Dystric Arenosol. Composite soil samrate (K;Fe(CN)). The content of phenolic com-
ples were taken with a sampling auger from randorpounds was calculated based on the light absorbance
ly selected points of each treatment replicate floen of the obtained solution at the wavelength 720 nm.
topsoil layer 0-20 cm depth before Jerusalem arThe solutions of gallic acid were used as a refa¥en
choke planting (in November, 2011). The soil agrcThe plant samples were homogenized in acidulated
chemical characteristics were as follows soilkgH 96% ethanol solution (20 : 1), the homogenate was
6.7-7.5, P 44.44-102.08 kg haK 53.95-81.34 kg centrifuged at 4500 rpm for 30 min [Gupta and Ver-
ha’. Soil agrochemical characteristics were mairma 2011]. The optical density of the solutions was
tained at a similar level during the whole studyipe measured using a spectrophotometer “SF-2000"
od. In the experimental area the soil was ditct(ZAO OKB Spectr).
drained and the relief was artificially levelleda- Leuco-anthocyanins. The leuco-anthocyanins we-
ing: the tubers were spaced 70 cm apart in each rcre quantified spectrophotometrically in acidulated
with rows 30 cm apart. The treatments were laid 096% ethanol at 520 nm using a spectrophotometer
in randomized experimental design with 4 replica“Shimadzu UV3600” (Shimadzu, Japan) [Krivencov
tions. The tubers of Jerusalem artichoke were upro1982,Chupahina and Maslennik@004 ].
ed at the end of each month of the growing season Catechins. To quantify catechins, the samples were
(8 times) in March—June (spring period) and Augusiground to a homogeneous state in acidulated 96%
November (autumn period). A 5 kg sample of tubelethanol solution (20 : 1), the homogenate was ieentr
was collected from each replicate. The tuber sasnplfuged at 5000 rpm for 10 min. One ml of the extract
were washed with tap water, weighed and air-driewas added to the tubes with 4 ml vanillyl reagemt a
for 24 hours to reduce the water content. All s&spl hydrochloric acid (2.5 ml 5% alcoholic solution of
were oven-dried at 70-80°C for 24 hours. The drievanillyl with 47.5 ml conc. HCI). Measurements were

MATERIALS AND METHODS
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performed with a spectrophotometer
UV3600” (Shimadzu, Japan) at 520 nm [Krivencoimental years varied. In March—November of 2012—
1982,Chupahina and Maslennik@@04].

“Shimadzture and distribution of rainfall during the experi

2014 during the Jerusalem artichoke tubers growing
the vegetative season was average regarding air tem

Table 1. The weather conditions during the growing periodperature, while in, July, August, October, November

in 2012-2014

Air The . The
Months Yearstemperatur: standard Rainfall standard
C) rgte of (mm) rgte of

climate* climate*

2012 2.2 -1.2 7.1 7.5

March 2013 2.7 2.5 7.0 8.0
2014 4.3 4.0 12.1 125

2012 0.8 1.0 235 23.9

April 2013 8.2 8.5 36.3 29.0
2014 7.6 7.2 76.3 26.0

2012 12.7 12.0 12.9 125

May 2013 11.8 11.0 28,5 29.0
2014 155 16.0 2.3 4.2

2012 125 12.6 57.4 55.0

June 2013 16.9 17.0 5.0 58.3
2014 15.7 16.0 56.6 57.3

2012 22.2 225 747 35.6

July 2013 16.3 17.0 31.2 31.2
2014 20.3 20.5 134 18.2

2012 18.3 18.9 60.0 48.2

August 2013 16.3 17.0 15.7 325
2014 15.0 159 485 36.3

2012 13.6 14.0 7.5 9.6
September2013 14.2 14.0 6.5 7.3
2014 115 11.3 14.5 14.8

2012 10.1 10.0 515 25.3

October 2013 7.8 8.0 7.2 8.9
2014 2.9 3.0 23.4 18.9

2012 5.8 5.9 47.5 25.3
November 2013 3.1 3.0 0.8 1.2
2014 4.6 4.5 22 1.3

* The standard climate normal (SCN) is a 30 yearage from 1981

to 2010

of 2012 and in April, November of 2014 was ex-
tremely wet, but in June, August of 2013 was ex-
tremely dry comparing with average rainfall (tajp. 1

Statistical analysis

The data were statistically processed using one-
way ANOVA and management module of the inte-
grated system STATISTICA. The standard deviation
and the least significant difference at a 95% S$igni
cance level were estimated using the Fisher's LSD
test (P < 0.05).

RESULTS

The great differences in dry matter content in the
tubers in the tested varieties correlated withttae
vesting date. From the beginning of intensive ghowt
in spring period and development of the tubers, the
dry matter content was redistributed to other plant
parts. In April, May and late June downward treiid o
dry matter content was found in all tested JA cvs
tubers.

The highest dry matter content in tubers was ob-
served in March of 2014 when the spring growing
period started and when average regarding rainfall
and air temperature: in Sauliai — 26.31%, in Rubik’
— 25.26% and in Albik — 24.87% (tab. 2).

In late August in all experiment years, after new
autumn tubers had developed, the highest dry matter
content compares with others cvs was determined in
cv. Albik (19.69-23.19%) (tab. 2). After the tubers
had reached full maturity and the plants started to
decay, the positive tendency of accumulation of dry
matter content was established in all tested ade-|
pending the meteorological conditions in the end of

The weather conditions during the tubers growinvegetative period (in November) the highest amount
period in 2012-2014 were compared with the stanof dry matter was accumulated in the tubers of lAlbi
ard climate normal (SCN) of 30 years (1981-201(cv. (tab. 2).
data (the weather data were obtained from the \aren Such trend remained during the rest of the tuber
Meteorological Station, Lithuania). The air temperadevelopment stages.
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In this study the changes of quantity of inulin irRubik and Albik respectively was in November,
JA tubers of the cvs Rubik, Sauliai and Albik arewhile in Sauliai — in October (46.08%) in 2014.
presented at various periods of plant life cycleThe tubers were growing intensively during the
Our research showed that the quantity of inulithem X organogenesis stage (in September), while during
tubers of the three tested cvs was decreasingtfiem the XI organogenesis stage (in October) the growth
beginning of March till the vegetative end of sgrin stopped but intense accumulation of reserve méderia
tubers (in June). The significantly highest conment started (tab. 3).
tion of inulin 30.92% and 32.08% in the tubers of

Table 2. The distribution of DM content in Jerusalem artichdlbers during the growing period (%)

Harvesting month

Years Cultivars

March April May June August  September  October Ndvem

Sauliai 25.89ab 20.48ac 11.60d 6.50c 20.20a 25.12ab23.53a 22.93a

2012 Albik 22.12b 21.61ab 12.43bd 7.13d 23.19a 23.71lac 2.6 26.50c
Rubik 24.95a 19.82a 13.56d 11.58d 18.80bc  20.93bc .302a1 23.02a

Sauliai 24.90ab 19.74ac 11.61d 7.50c  16.39a 20.34ab21.90a 21.18a

2013 Albik 24.11b 21.35ab 13.56bd 11.26d 21.62a 21.53ac 27.48c 24.34c
Rubik 23.29a 18.10a 14.68d 11.13d 16.36bc 16.69bc .5720 21.62a

Sauliai 26.31ab 20.84ac 12.92d 9.08c 17.64a 22.81ab19.68a 18.79a

2014 Albik 24.87b 25.73ab 14.59bd 12.40d 19.69a 15.81ac 25.64c 25.12c
Rubik 25.26a 21.86a 15.77d 15.39d 16.95bc  16.68bc .1530 21.62a

The same letters in the row show no significarfedéinces between the means (p < 0.05)

Table 3. The distribution of inulin content in Jerusalemdarbke tubers during their growing period (% d.m.)

Harvesting month

Years Cultivars

March April May June August September October Ndvem
Sauliai 31.53h 39.07g 18.05b 15.07a 23.62c 38.44g 5.08h 44.079
2012 Albik 28.87a 22.66b  14.20e 6.60c 18.99b 12.38d @6.6 31.00a
Rubik 22.60h 28.94g 27.50e 10.20a 16.16c 14.90b 8d1.3 29.92e
Sauliai 30.53h 38.07g 17.05b 14.07a 22.62¢c 37.449 4.08h 43.07¢g
2013 Albik 27.87a 31.66b 13.20e 5.60c 17.99b 11.38d @5.6 32.00a
Rubik 21.60h 27.94g 26.50e 11.20a 15.16c 13.90b 8d0.3  28.92e
Sauliai 32.53h 40.07g 19.05b 16.07a 24.62c 39.44g 6.08h 45.079g
2014 Albik 29.87a 23.66b  15.20e 7.60c 19.99b 13.38d a@y.6 32.08a
Rubik 23.60h 29.94g 28.50e 9.20a 17.16c 15.90b #2.38 30.92e

The same letters in the row show no significarfedénces between the means (p < 0.05)
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Table 4. The distribution of phenolic compounds contentslé@musalem artichoke tubers during their growing qukri
(mg 100 g'*d.m.)

Harvesting month

Years Cultivars March April May June August September October Ndvem
Sauliai 9.2cd 9.99d 6.57bc  3.53ab 6.38bc 3.72ab 3b3.1 3.03ab
2012 Albik 11.05b 11.22b  16.39c 11.18b 9.24ab 5.12a 2.05 1.69a
Rubik 16.69c 6.95c 16.28d  7.03c 15.64d 3.10b 1.58a .55al
Sauliai 9.35cd 10.09e 6.32a  2.98ab 5.88bc 3.69ab 03a3. 3.00a
2013 Albik 11.00d 11.02d 16.26e 10.78d 8.65¢c 4.56b 1.62a 1.09a
Rubik 15.55e 6.08c 15.89%e 6.59c 14.64d 2.45b 1.08a .32al
Sauliai 10.02cd 10.56d 7.00bc  3.55ab 6.66bc 3.92ab 3.33b 3.34ab
2014 Albik 11.22d 11.69d 17.22e 11.63d 9.68¢ 5.65b 2.32a 1.85a
Rubik 17.58e 7.28c 16.99e 8.03c 15.99d 3.56b 2.11a .98a1

The same letters in the row show no significarfedénces between the means (p < 0.05)

During the Xll organogenesis stage (in Novemthe plants started to decay, the most significedtic-
ber), the tubers started the polymerisation of ratetion in the phenolics content 3.00 mg 108(m Sau-
als as well as intense accumulation of inulinliai), 1,09 mg 100 ¢ (in Albik) and 1,32 mg 1007
The tubers reached full maturity and it was estalin Rubik) was estimated in November of 2013
lished that the highest amount of inulin was accumi(tab. 4). Plants grown under stress conditionsnofte
lated in Sauliai cv. tubers. According Taper anproduce and accumulate phenolic stress metabolites.
Roberfroid [2002] at this stage, the tubers of Saru During winter time monosaccharides glucose accu-
lem artichoke contained approximately 11.7% inulimulates higher concentrations in the tubers, i tha
and 6.3% sugar. case early in the spring, the higher concentratibn

In the tubers of all tested cultivars the total phetotal phenolic accumulated in the tubers of alteés
nolics concentration varied during the whole grayvincultivars compared to November. Water deficiency is
period. At the beginning of the spring period thesupposed to stimulate synthesis of phenolic stress
content of phenolic compounds in tubers was highmetabolites in tubers. The period of March—May was
than in the autumn growing period. The highest coidrier than in August and November, and the higher
centrations of phenolic compounds were estimated amount of total phenol concentration of tubers was
2014 in March in the tuber of Rubik cv. (17.58 m¢estimated. Similar results obtained and others re-
100 g% and in May in the tubers of Albik cv. searches [Terziet al. 2012, Kapusta et al. 2013] and
(17.22 mg 1009) (tab. 4). declared as well that these differences may be the

When the plants started to accumulate the nutresult of genetic variation of tested cultivars.
ents, a significant decrease in the content of plien In this study the changes in the carbohydrate
compounds was estimated in all the 3 cultivars icomposition in JA tubers of the cvs Rubik, Sauliai
June. At the beginning of autumn vegetative pericand Albik are presented at various periods of plant
(in August) in Sauliai and Rubik cvs tubers wag-estlife cycle. The amount of carbohydrates in the tabe
mated the increasing of total phenolic content evhilof all cultivars was gradually increasing from #ved
from the September until the end of November — trof May (tab. 5). When leaf growth is prevailinggsu
decreasing of them was identified in all tested cvar accumulation in the tubers declines and thestext
tubers. After the tubers had reached full matuaiig of tubers becomes spongy. Significantly the highest
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content of carbohydrates (2014) in tubers accumulethus it might be presumed that growth stage had the
ed for cv. Sauliai in June (36.99%), for Albik ilef® greatest impact on their content, which was 16 gime
tember (44.23%), and for Rubik in August (40.00% greater than that at the beginning of the growing
at an intensive new tuber growth stage. During ttseason. Organogenesis stage and cultivar of JA had
process of tuber maturing, the content of assigslata significant impact on the catechins accumulation
declines [Taper and Roberfroid 2002]. Carbohydraiand variation in the tubers. Significantly the hegh
content began to decline in September, except content of catechins was determined in August in
Albik and kept declining until the end of the grogi 2014 in the tubers of both Rubik (826.23 mg 109 g
period in November. and Sauliai (442.59 mg 100%y A sudden increase
Significantly higher content of catechins was dein the quantity of catechins was determined in Asigu
termined in the second half of the growing periocwith the beginning of new tuber growth (tab. 6).

Table 5. The distribution of carbohydrate contents in Jdaraaartichoke tubers during their growing periodd%.)

] Harvesting month
Years Cultivars

March April May June August  September October Ndvem
Sauliai 4.87a 6.58b 4.23a 36.66f 32.89% 20.36d 110.5 7.21b
2012 Albik 17.06c 14.71b 7.12a 18.44d 32.04f 43.33g Q4.3 17.62c
Rubik 11.90a 14.04a 14.85ab 17.94b 38.87f 35.30e 6429. 20.07c
Sauliai 3.88a 5.65b 3.65a 37.60f 31.98e 19.63d c9.55 6.66b
2013 Albik 16.11c 13.87b  6.00a 17.58c  32.00e 42.89f 4.0 17.60c
Rubik 10.99a 13.45a 13.99ab 16.99b  37.82e 34.22¢ 6430. 19.00c
Sauliai 5.23a 7.35a 4.89a 36.99¢ 33.45d 21.56¢ 91m0.8 8.02a
2014 Albik 18.00b  15.32b 8.00a 19.0b 32.89d 44.23e 25.89 18.89b
Rubik 12.99a 15.40a 15.69ab  18.99b 40.00f 35.89%¢ 6688. 21.08c

The same letters in the row show no significarfedéinces between the means (p < 0.05)

Table 6. The distribution of catechins content in Jerusadetithoke tubers during the growing period (mg 10@ign.)

Harvesting month

Years Cultivars

March April May June August  September  October Ndvem

Sauliai 50.13a 68.08a 51.22a 65.56a 436.89b  2112.91a365.5b 395.15b

2012  Albik 41.95a 71.39a 167.15b 155.34b 101.76ab 56.80a 40.58a 35.68a
Rubik 170.25a 207.75a  284.82ab 286.14ab 814.23b 9489. 126.38a 116.36a
Sauliai 49.98a 67.26a 50.00a 63.23a 418.26b 199.03a326.26b 366.15b

2013  Albik 41.03a 65.65a 158.25b  145.26b  99.56ab 53.25a 35.26a 32.27a
Rubik 167.65a 200.99a 268.26ab 265.14ab 798.89ab .89a9 124.26a 110.36a
Sauliai 52.36a 68.99a 53.56a 65.66a 442.59b 214.258372.12b 400.25b
2014  Albik 43.95a 73.95a 169.32b 159.66b 110.67ab 60.08a 45.55a 38.56a
Rubik 170.66a 215.56a 301.0l1ab 299.64ab  826.23b 9485. 136.22a 124.63a

The same letters in the row show no significarfediinces between the means (p < .05
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Table 7. The distribution of leuco-anthocyanins content @ru3alem artichoke tubers during their growing perio
(mg 100 g*d.m.)

) Harvesting month
Years  Cultivars

March April May June August  September  October  Ndvem
Sauliai 28.40a 9.04a 49.45¢c 56.57c 7.01a 19.02a 57B3. 35.64b
2012 Albik 42.04d 33.62c 21.27b 45.08d 13.14a 15.62b  5G4. 62.33f
Rubik 10.62a 34.25b 47.68c 34.26b 34.49b 14.19a 626.4 25.62ab
Sauliai 26.13a 8.13a 48.55b 54.69b 6.18a 17.56b 5928. 32.49ab
2013 Albik 40.02c 29.18b 20.89b 44.77c 12.18a 14.18a 5&0. 61.63e
Rubik 10.12a 34.18a 46.89¢ 32.66d 32.29d 13.29b 6t8.2 24.26¢c
Sauliai 30.40a 10.14a 51.69c¢ 61.21d 10.18a 19.99a 5.65B 36.56b
2014 Albik 43.32e 33.89d 21.89c 46.08a 14.52a 16.69b  6%3. 65.89g
Rubik 11.65a 36.56¢cd 49.65a 33.89c 35.59cd 15.29b .18Bt 26.62bc

The same letters in the row show no significarfedénces between the means (p < 0.05)

Comparison of the tested JA cultivars helped tferent high transpiration during physiological tube
determine significant differences in the content cdevelopment; tuber number and diameter are im-
leuco-anthocyanins. With the intensive growth oportant for dry matter accumulation [Rodrigueslet a
tubers, depending on the weather conditions, durir2007]. The lack of soil moisture reduces tuber and
May-June a significant increase in the content «dry matter yield [Barta and Patkai 2007, Danilcenko
leuco-anthocyanins was determined (tab. 7). et al. 2009]. Maturity, growth habit, mineral and

The highest content of leuco-anthocyaninmoisture affect dry matter content in tubers.

(61.21 mg 100 d) was determined in June in the JA contains a relatively large total dry matter-con
tubers of Sauliai as well in the tubers of Albikdantent (20%), of which polymer — fructose — inulin
Rubik the highest content of leuco-anthocyaninaccounts for 80% [Saengthobpinit and Sajjaanantakul
(21.89 mg 100 ¢ and 49.6 mg 1009 was found in  2005]. Growing and climate conditions as well as
May in 2014 when new tubers were forming (tab. 7tuber maturity influence oligosaccharide concentra-
From the beginning of September until the end of Jtion in JA tubers. In the conditions of high aimte
tubers vegetative period amount of leuco-anthocperature and low humidity tubers of JA accumulate

anins has a tendency increasing. less dry matter and inulin [Zubr 1988]. During the
growing season, inulin is accumulated at greater
DISCUSSION guantities in stems and leaves compared to tubers

[Zubr 1988]. The mature tubers produce complex

The pattern of dry matter accumulation varieorganic compounds, thus the content of inulin in-
among JA clones due to differences in growth chacreases. After the tubers reach maturity, the @sce
acteristics, photoperiodic requirements, time ahpl of hydrolysis becomes more intensive, thus the con-
ing, location and other factors [Barta and Patkdent of these compounds decreases [Krishnappa 1989,
2007]. The great differences in dry matter content Barta and Patkai 2007].
the tubers in the tested varieties correlated with Phenolic compounds are widespread in the plant
harvesting date. The reduction is due to several faworld and play a significant role in the lives déipts.
tors: the different soil moisture content and tlife d They are involved in the processes of photosyrghesi
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and respiration, affect the processes of growth aiThere is evidence that accumulation of particular
development, can serve as an energy material of plisoluble saccharides in the cells during the adiaptat
cells and are also involved in redox processes period may be of great significance to preservatibn
cells, as components of the phenol oxidase systeviable tissue at low temperatures. Anderson and
[Gupta and Verma 2011, Yuan et al. 2012]. PhenolMarkham [2006] determined that glucose and sucrose
compoundsare characterized by an antioxidant activas well as other signalling molecules, i.e. phyteho
ity, which binds free radicals, removes radioactivmones, regulate physiological, metabolic and devel-
materials (Sr, Co) from human organism, suppressopmental processes of the majority of the plants.
inflammations and regulate the intestine activitye Catechins and leuco-anthocyanins are important
quantity of bioactive phenolic compounds and thegroups of polyphenols, which strengthen the capilla
accumulation properties depend on various factoies, kills germs, have astringent properties as agl
such as JA cultivar, growth and tuber storage conccapacity to neutralise radicals and slow down the
tions. These compounds act as chemical signals oxidation process [Tchone et al. 2006]. It has been
cellular, extracellular as well as extra organismireported that the body mass index (BMI) correlates
levels of plants, for instance, in allelopathiceiatc- with the amount of malondialdehyde and thiobarbitu-
tion among plants, fungi and microorganisms [Anric acid-reactive substances in the bl¢Steyn et al.
dersen and Markham 2006]. Kaluzewicz et al. [2002002]. In our study, anthocyanin group, namely,
indicated that the stages of organogenesis and icatechins were dominant in JA tubers and have vari-
cultivar of JA had a significant influence on theous physiologic effects. At beginning of June the
change in the phenolics content. According to Duthconcentration of catechins exhibits values incregse
et al. [2000], Kapusta et al. [2013], the total phiees  to August in the tubers of Sauliai and Rubik aftext
content in JA tubers is 25.20 mg 100 d.m. The it was established suddenly the exhibits valuespof
effects of light on the accumulation of phenolierco weight dropping sharply up to September and later
pounds in plant tissues may be explained by proviuntil the end of vegetative period the significaati-
ing energy for carbon assimilation thus providin@tions not have been observed.
carbon resources for biosynthesis. High temperature Carbohydrate availability is a prerequisite for-cat
during cultivation may generally promote the phenolechins accumulation. Our research showed that sig-
ic content of the plants. During tissue differetidia  nificantly the highest content of carbohydratesidou
and organ development the phenolic profiles ofteaffects the more active synthesis of catechinsun A
undergo remarkable changes indicating that thegust in the tubers of all tested JA cultivars.
metabolism is integrated into programs of growttl an  Leuco-anthocyanings a highly unstable group of
development [Steyn et al. 2002]. It could be comducflavonoids whose chemical properties are closest to
ed that in March—June when the tubers growing prthose of polyphenols — catechins. It has been ob-
cess is very intensive, depending on cultivar, aboserved that in most cases leuco-anthocyanins “be-
mentioned factors could effect on the differentuacc have” as anthocyanins as well they are good “help-
mulation of total phenolic amount. ers” for the formation of vitamin P complex [Lattan

In wintering plants, the content of polysaccharidezio et al. 2009, Pan et al. 2009]. An experimerihwi
and disaccharides decreases. Of these, monosacdJA tubers revealed that the highest amount of leuco
rides are formed, which increase the osmotic poteanthocyanins was produced under optimum water
tial, resistance to cold, energy potential of mantsupply. Naturally, not only the genetics are expect
During the hardening process, the plant cell aceumto determine the chemical composition as other as-
lates saccharides which increase the concentrafionpects — extrinsic factors: environmental conditjons
the cell juice, and thus reduce the water potentiecooler temperatures growing conditions — and the
Saccharide accumulation affects stabilisation dif ceintrinsic factor: the cultivafSteyn et al. 2002]. Our
structures [Taper and Roberfroid 2002, Tunglanresearch showed that the great differences in {euco
2003, Rodrigues et al. 2007, Danilcenko et al. 200¢anthocyaningontent in the tubers in the tested varie-
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ties correlated with the organogenesis stage (krveBrkljaca, J., Bodroza-Solarov, M., Krulj, J., TefziS.,
ing date) and the JA cultivar had a significant actp Miki¢, A., Jeromela, A.M. (2014). Quantification of

on the content of leuco-anthocyanins in tubers. inulin content in selected accessions of Jerusaldgm
choke Helianthus tuberosus L.). Helia, 37(60), 105—

112.
Chen, F., Long, X., Yu, M., Liu, Z., Liu, L. (2013Phe-

o . . nolics and antifungal activities analysis in indist
Significantly the hlghest dry matter content in qll crop Jerusalem artichokeHdlianthus tuberosus L.)
_tested Jerusalem artichoke cvs tubers was detemine |oaves Ind. Crop Prod., 47, 339—345,
in March of 2014 after they had been exposed te SUbhypahina, G.N., Maslennikov, M. (2004). Methods of
zero temperatures in the soil during the wintere Th  analysis of vitamins. Workshop, Kaliningrad, 45-48.
significantly highest content of inulin in Novemb#r  Cieslik, E. (1998). Amino acid content of Jerusalarti-
2014 was accumulated in the tubers of cvs Rubik and choke Helianthus tuberosus L.) tubers before and after
Albik, while in October in Sauliai. The total phéno storage in soil. Proc. Seven Semin. Inulin, Belgium
ics content accumulated more at the beginning @f th 86-87.
spring growing period compared with that at the enidanilcenko, H., Jariene, E., Aleknaviciene, P. (2008).
of it in November. Significantly more content of Quality of Jerusalem ArtichokeHglianthus tuberosus
carbohydrates accumulated when the formation of L.) Tubers in Relation to Storage Conditions. Nait.B
new tubers began in August, whereas accumulated Hort- Agrobot. Cluj-Napoca, 36(2), 23-27.
more amounts of catechins in tubers were determin@gnilcenko, H., Jariene, E., Taraseviciene, Z., Ale-
in the beginning of the second half of the growing kn.aV|.C|ene, P., Kul.a|t|ene, J., Kita, A., Qajewsk|,,M.
period. Substantial differences in the contenteaf | Bliznikas, S., Luksiene, Z. (2909)' Quality and ?’We.
. . aspects of some new generation food products it Lith
co-anthocyanins among the tested cultivars were ) i .

. . . uania. In: Food Quality and Safety, Krasnowska, G.,
determined at th.e end of the_groyvmg period. Pekasa, A. (eds.). Wyd. UP we Wroctawiu, Wroctaw,
In summary, it can be maintained that the autumn- ¢,
harvested tubers of the cv. Sauliai are best sdorce Dixon, R.A., Paiva, N.L. (1995). Stress-induced phe-

inulin and fructooligosacharides as natural ingzati nylpropanoid metabolism. Plant Cell. 7(7), 1085-2.09

for novel food preparation. The spring-harveste@uinie, G.G., Duthie, S.J., Kyle, JAM. (2000). Plant
tubers of the cvs Sauliai, Rubik and Albik are most polyphenols in cancer and heart disease: implioatio

suitable for processing into flour, juice, extraatjps as nutritional antioxidants. Nutr. Res. Rev., 13;17(%
or other dry products because they contain the-higBupta, Ch., Verma, R. (2011). Visual estimation aretsp
est concentrations of dry matter, total phenolizs-c trophotometric determination of tannin content amne

CONCLUSIONS

centration, carbohydrates at that time. tioxidant activity of three common vegetable. Idt.
Pharm. Sci. Res. 2(1), 175-182.
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