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UE to several bioproducts derived from Jerusalem artichoke (JA), it has several ecological

and economical benefits in bioenergy production, functional foods and human health.
These bio-based multi-products include fructose, inulin, antioxidants, natural fungicides and
bio-ethanol. This study included the assessment of some biochemical components of in vitro
calli cultures, in vivo tubers and leaves of three JA cultivars and their significant role for human
health. Inulin as a functional food ingredient, fructose, protein and polyphenols were selected.
The most important findings demonstrated that the crude content in tubers of any studied JA
cultivar was 4-5 folds that in calli cultures. The lowest values of fructose among JA fractions
were recorded for calli derived from the three studied cultivars. Both calli culutres and leaves
of all studied JA cultivars showed the highest crude protein comparing with the tubers. The
total soluble phenols were higher in calli cultures of all JA cultivars than which recorded with
both of leaves and tubers. This is the first report handles the comparison among calli cultures,
tubers and leaves of three JA cultivars in their content of the bioactive compounds. Further
investigations are required not only to determine the fractionations of the bioactive compounds
but also different approaches of plant biotechnology techniques should be employed to increase
the studied bioactive components particularly the inulin and fructose in calli cultures of the
investigated JA cultivars.

Keywords: Helianthus tuberosus L., Plant biotechnology, Calli cultures, Bioactive compounds,
Inulin, Polyphenols, Protein

Introduction

Jerusalem artichoke (Helianthus tuberosus L.) has
a growing body of literatures (Kaszas et al. 2020a)
because of its importance in the agricultural,
economical, ecological and industrial sectors. It is
considered as a promising crop for producing raw
materials for foodstuff or functional foods, animal
feed and biofuel production as an energy crop in

recent years (Lv et al. 2019 and Zhao et al. 2020).
It is a perennial crop belonging to the Asteraceae
family, which includes the sunflower genus and it
is well known as wild sunflower or topinambur or
sunchoke (Lv etal. 2019). Jerusalem artichoke had
been cultivated during the food crisis in the past,
but now it is mainly considered as a ‘“non-food
energy crop” or as a biorefinery crop (Johansson
et al. 2015) or to be as a source for both the
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inulin and forage (Lv et al. 2019). This crop has
powerful ecological restoration features including
a large biomass, rapid growth, low management
cost, low water and nutrient requirements and
strong adaptability which make its cultivation
supporting food security (Kaszas et al. 2020a and
Zhao et al. 2020).

Jerusalem artichoke; a tuberous perennial
plant; might be cultivated as edible tubers,
animal feedstock and folk medicine. JA could be
propagated in vivo (seeds, tubers, rhizomes, stem
cuttings and slips) or in vitro through tissue culture
techniques (Abdalla et al. 2014). The tubers of JA
are the main organ for feed and food processing,
which have some changes during its development.
These changes may require the following periods
of weeks to reach to the maturity of tubers: the
9% week for forming creeping stems, the 17%
week for forming tubers, the 22™ week for tubers
swelling and the 24" week for tubers maturation
(Zhao et al. 2020).

The tubers of JA are the main storage organ of
this plant, which have a high content of inulin and
fructo-oligosaccharide (Kaszas et al. 2020b). This
inulin could be stored in the tubers as fructose-
based inulin, used as a polysaccharide compared
to other common plant species that store
carbohydrates as sucrose-based starch (Zhao et al.
2020). The inulin of JA has several health benefits
such as reducing diabetes risk, improving the food
taste in the human diet, lowering blood sugar and
its fat, promoting the absorption of minerals and
vitamins, regulating intestinal microbial flora and
preventing the obesity as a prebiotic (Green et al.
2020 and Wan et al. 2020). Nowadays, inulin is
widely used in several industries particularly the
foods and pharmaceutics. In the food sector, inulin
may use as a fat replacer, sweetener thickener and
water-retaining agent, whereas it could be applied
in the pharmaceutics as a drug carrier, stabilizer
and auxiliary therapeutic agent for certain diseases
(Qiu et al. 2018 and Wan et al. 2020).

It is well established that JA was originated
from North America with wide ecological
adaptability. The genus of Helianthus is known
with a remarkable genetic variability in its
genotypes and clones, including about 66 species
native to the United States and South East of
Eastern and Central Canada. JA can grow in
Mediterranean regions under nearly zero applied
fertilizers or organic matter or applied pesticides
(De Santis and Frangipane, 2018). It is also could
be cultivated under different climatic zones due to
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its tolerance to abiotic stresses, great ecological
resiliency and high photosynthetic efficiency
(Shao et al. 2019). Many studies have evaluated
the potential of JA under different stresses such
as drought (Puangbut et al. 2017), waterlogging
(Yan et al. 2018) and salinity (Shao et al. 2019;
Yue et al. 2020 and Zou et al. 2020). The chemical
composition of JA tubers is an important issue,
which may differ among cultivars depending
on production conditions, harvest periods,
postharvest storage and processing methods (Qui
etal. 2018).

Human health is the main target that
researchers are focusing on it through several
agricultural practices or approaches including
biofortification (Szarka et al. 2020), and the
sustainable plant nutrition (El-Ramady et al.
2020). Based on upon above, this study aimed to
assess some biochemical components of three JA
cultivars through the in vivo tubers, leaves and in
vitro calli culture samples including measurements
of (fructose, polyphenols and crude protein) and
inulin (in tubers and calli cultures).

Materials and Methods

This study was carried out on three cultivars
of Jerusalem artichoke (i.e., Balady, Fuza and
Alba). The three cultivars were selected from
three different locations. The tubers of Balady
and Fuza were obtained from Giza and Ismailia,
respectively in Egypt, whereas the tubers of
Alba cultivar were obtained from Debrecen
University, Hungary. All collected tubers were
cultivated at the Experimental Farm of Faculty
of Agriculture, Cairo University, Egypt (30°01’
N, 31° 12" E). Stem-derived calli cultures of the
three cultivars,which were obtained as described
by Abdalla et al. (2019), tubers and leaves of
in vivo growing plants of those cultivars were
dried in the oven at 45°C for three days then
ground into powder samples. The biochemical
parameters (i.e., polyphenols, crude protein and
fructose) were measured in dried samples during
2019 at Department of Agricultural Botany,
Plant Physiology and Biotechnology, Debrecen
University, Hungary (47° 33'N; 21° 36’ E) (Table.
1 & Fig. A).

Polyphenols content of dried samples of tubers,
leaves and calli cultures of the three JA cultivars
was determined spectro-photometerically using
UV-spectrophotometer (2100 pro, Amersham Bio-
Sciences, Amersham, UK) according to Singleton
and Rossi (1965).The crude protein content was
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measured in dried samples of tubers, leaves and
calli cultures of the three JA cultivars, where the
samples were digested into 250-mL Kjeldahl
digestion tubes and the Kjeldahl digestion tubes
were transferred to a Digestor (VELT, VWRLtd.)
and incubated at 350 °C for 90min using sulfuric
acid (98%). The digested samples were used for
measuring the total nitrogen (N) content using the
titration method described by A.O. A. C. (1990).
The crude protein of the samples was calculated
using the following equation:

Crude protein (%)= total N content %6.25;

Whereas Fructose content was measured using
the instrument of Synergy™ HTX Multi-Mode
Microplate Reader (USA). The measurement of
fructose content was carried out using BioVision
Fructose Assay Kit colormetrically with UV-Vis
absorbance at 570 nm (Fig. B). While, inulin
content was measured in the dried tubers and calli
cultures of the three cultivars of JA according to
Nguyen et al. (2009) in the Lab of Feed and Food,
Agricultural Research Centre, Egypt and reported
by Abdalla (2020)

TABLE 1. The information about samples which were analyzed in the current study

samples

Important dates for the study scheme

In vivo samples
Tubers of Balady
Tubers of Fuza

Tubers of Alba
Leaves of Balady

Leaves of Fuza
Leaves of Alba
In vitro samples
Callus of Balady

At the end of 2014 and the beginning of 2015: the tubers of studied JA cultivars
collected from Giza and Ismailia in Egypt for Balady and Fuza, respectively and
Debrecen in Hungary for Alba cultivar.

During 2015-2018: the collected tubers were cultivated in Experimental Farm of
Faculty of Agriculture, Cairo University, Egypt.

The cultivated plants of the three cultivars were the source of tubers and leaves
which were taken for chemical analysis

Stem-derived calli cultures of the three studied cultivars was obtained by Abdalla
et al. (2019)

During 2019: all biochemical measurements (except inulin) of in vivo and in vitro
samples of studied JA cultivars were assessed at the Department of Agricultural

Callus of Fuza

Botany, Plant Physiology and Biotechnology, Debrecen University, Hungary

Callus of Alba

Fuza Alba Balady

Fig. A. General features of JA plant. Photo (1): the cultivated JA plant at vegetative stage, photo (2): the tubers
of each cultivar, photo (3): the leaves of each cultivar, photo (4): the stem derived calli cultures of one of
the studied cultivars, photo (5): the cultivated JA plant at flowering stage. Photos (1, 5) at Demonstration
Garden, Agricultural Botany, Plant Physiology and Biotechnology Dept., Debrecen Uni., Hungary (2019)
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We clarify that the quality assurance for
obtained results was achieved during the
performance of this study by applying the
internal and external quality assurance systems
at the Central Laboratory of Debrecen University
according to MSZ EN ISO 5983-1:2005 (for
Total N). The study was designed in completely
randomized design in three replicates, Duncan’s
Multiple Range Test was used for all the obtained
data after tabulating to statistically analyze and
comparing among means of different fractions
(tubers, leaves and calli cultures) of the three
cultivars according to Snedecor and Cochran
(1990). All statistical analyses were performed
using analysis of variance technique by means of
Co-STAT computer software package.

Results and Discussion

Inulin content

As presented in Table 2, the obtained results
clearly showed that there were significant
differences among JA cultivars in thier content of
inulin in the tubers and Alba was the best. Also,
calli cultures of the three cutivars showed up
significant differences in thier content of inulin
and the highest value recorded for Fuza. On the
other hand, the inulin content in tubers of each
cultivar represented about 4-5 fold that of its calli
cultures.

The most important finding might emphasize
that the calli culture of all studied JA cultivars
contains a considerable amount of inulin (ranged
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Fig. B. Some steps used during the measurement of fructose in JA using instrument of Synergy™ HTX Multi-

Mode Microplate Reader at Debrecen University. These steps stared by selecting proper buffers, adding
the buffer to samples, then centrifuging and finally measuring the fructose content at 570 nm

from 8.62 to 13.09 % of dry weight), whereas, the
tubers of JA are the main organ that store inulin,
as tubers of different JA cultivars contain inulin
more than 46% of dry weight. This content of
inulin in JA calli cultures may open a new field
for increasing this amount of inulin using in vitro
tools to produce the desirable amounts of inulin
for human health on the industrial scale. So,
further studies should be done by employment
plant biotechnology techniques to enhance the
accumulation of inulin in calli cultures of these
JA cultivars under investigation using either
precursors or elicitors. Besides, hairy root
cultures for optimizing inulin production could
be initiated from calli cultures or in vitro plantlets
of Jerusalem artichoke. Moreover, cell suspention
cultures should be established from calli cultures
of the studied JA cultivars for maximization
the production of inulin. In this context, few
literatures have been published where Inulinase
activity (an indicator for inulin accumulation) in
calli cultures and regenerated shootlets derived
from leaf and nodal stem explants of Jerusalem
artichoke was determined (Taha et al. 2007).
Moreover, a promising protocol for enhancement
the accumulation rate of inulin in suspension
cultures of Jerusalem artichoke using biotic
elicitors was established (Taha et al. 2012).

Fructose content

The measured fructose content in different
JA cultivars and their fractions (tubers, leaves
and calli cultures) was tabulated in Table 3. In
general, the fructose content in tubers recorded
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TABLE 2. Inulin (fructo-oligosaccharide) content (%) of dry weight of tubers and calli cultures of Jerusalem

artichoke cultivars

Cultivar Tubers Calli cultures
Balady 46.18¢c 8.62b
Fuza 47.83b 13.09a
Alba 49.72a 10.58ab
F-test wk %

Each value was the average of 3 replicates. Values followed by different letters in the same column were significantly

differed by Duncan’s test at 0.05 level

TABLE 3. Fructose content (mg I"!) in tubers, leaves and calli cultures of JA cultivars

Fructose content (mg 1)

. Tubers Leaves Calli cultures
Cultivar
Balady 34.50c - 11.94a
Fuza 74.99b 6220a e
Alba 106.4a 46.65b 9.38b
F_test %% %% %%

Each value was the average of 3 replicates. Values followed by different letters in the same column were significantly

differed by Duncan’s test at 0.05 level

Note: the dashed lines (-----) means that samples were missed

the highest values compared to that of the leaves
and calli cultures in each cultivar. The highest
fructose content belonged to the tuber of Alba
cultivar (106.4 mg 1""). The most striking result
to emerge from the data in Table 3 is that the
fructose content in calli cultures of the three
studied cultivars recorded the lowest values of
fructose among JA fractions, hence, there is an
urgent need to work on increasing the fructose
content in JA calli cultures in the future by plant
biotechnology techniques. The most attracting
attention from the obtained data was the very
high content of fructose in tubers of Alba cultivar.

The promising resultin this work represented
in possessing the calli cultures of Balady
and Alba cultivars a considerable amount
of fructose (11.94 and 9.38, respectively),
although this amount in tubers and leaves
are much higher than in calli cultures. This
distinguished finding may encourage us to
work on discover a new in vitro technique
to increase the harvested fructose from calli
cultures of JA for human health.

After starch and sucrose, fructose represents
the third largest storage carbohydrate in plant
species. The plants, which contain fructose,

are mostly growing in cold temperate zones
including Asteraceae, Gramineae and Liliaceae
families. Plant fructans (polysaccharides) have an
important role in processed foods, which could
maintain human health. These fructans also are
optimal sweetener and nutrient for diabetes and
hypertension patients as well as alternatives for
fats in foods such as ice cream, yogurt, and jelly
pudding (Yang et al. 2019).

Fructose as a keto-hexose or isomer of
glucose, is metabolized almost completely in
the liver of humans unlike glucose (Qi and
Tester 2019). Fructose could be produced to
be involving inulin, which is a fructan and is a
potential source of inulo-oligosaccharides and
fructose for using in pharmaceuticals and foods.
Fructose is characterized as a recommended for
diabetics, an alternative sweetener to sucrose,
the sweetest natural sugars and has a low
glycemic index compared to sucrose (Prangviset
et al. 2018). Fructose could be used for making
capsule formulations and solutions for injections
and infusions as well as for the innumerable
pharmaceutical industries because of its wide
physiological roles in human body (Singh et al.
2018).

Env. Biodiv. Soil Security Vol. 4 (2020)
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Polyphenols content

The obtained results showed significant
differences in the content of polyphenols among
the JA cultivars for each fraction (Table 4). The
calli cultures of the three JA cultivars contained
the highest polyphenols followed by tubers then
leaves, except Alba cultivar which was higher in
leaves than tubers. On the calli cultures level, the
polyphenols of Alba cultivar had the highest value
(56.40ug g), whereas the lowest one belonged
Balady cultivar (49.22 ug g).

Itis noted that all JA fractions including tubers,
leaves and calli cultures of the three cultivars have
a considerable amount of polyphenols ranged
from 33.19 to 56.40 ug g'. The highest values of
polyphenols were recorded by calli cultures for all
studied JA cultivars. This result might give us a
great chance to produce the phenolic compounds
via plant biotechnology for different purposes.

Phenolic compounds are considered the most
distinguished group of bioactive compounds in
different plant sources. It is reported that JA is a
source of phenolic compounds, which mainly are
phenolic acids (Rashmi and Negi, 2020). Phenolic
acids also are very common compounds found in
plant-derived foods as secondary metabolites,
which have many potential health benefits.
These phenolic compounds in JA tubers are
considered as powerful antioxidants, antiviral,
antibacterial, anticarcinogenic, anti-inflammatory
and vasodilatory actions (Amarowicz et al.
2020). Many phenolics in plants could be used
as functional additives in foods because of their
role in delaying the microbial growth, inhibition
of lipid oxidation and then prolong the shelf-life
of foods (Rashmi and Negi, 2020).

Phenolic compounds in plants, more
than 8000 structures are known, represent an
important secondary metabolites group, which

have biological roles in promoting the human
health. These phenolic compounds also include
the phenolic metabolites or polyphenols,
which classified into flavonoid (e.g., flavones,
flavanones, flavonols, and anthocyanidins) and
non-flavonoid compounds (e.g., phenolic acids,
lignans, tannins and lignins). These polyphenols
have an effective role in the natural medicine
as antioxidant, antimicrobial action and anti-
inflammatory (Dziato et al. 2016).

Crude protein content

In the current study, the crude protein content
of JA fractions in the three studied JA cultivars
was listed in Table 5. The crude protein in both
leaves and calli cultures of JA was around 3 folds
that in tubers and they are nearly similar. There
were significant differences among cultivars in
crude protein content for each fraction alone.
On the level of both JA fraction and cultivar, the
maximum crude protein content was belonged to
calli cultures of Alba (25.84%), whereas the lowest
one was recorded for the tubers of Alba cultivar
(7.56%). These results confirmed that the leaves
of JA are the main organ of the plant containing
proteins compared to tubers. This explains why
the green biomass of JA is used as green forage
for animal feeding, while the tubers for human
nutrition as a source of inulin and fructose. The
result reported that the highest values of crude
protein were slightly higher in case of leaves
and calli cultures than tubers giving a very good
impression on the possibility to produce enough
amounts of proteins from calli cultures through
plant biotechnology techniques.

Proteins are considered an essential component
in the daily diet of human, which represent a
main source of the amino acids. The ingestion
of amino acids may stimulate the postprandial
muscle protein synthesis and physical activity.
The human body needs every day about 80 g per
100 kg' of body weight as a sufficient supply of

TABLE 4. Polyphenols content (ng g") in tubers, leaves and calli cultures of JA cultivars

Polyphenols (ng g")
. Tubers Leaves Calli cultures
Cultivar
Balady 43.88a 39.78a 49.22b
Fuza 46.85a 33.19b 51.04b
Alba 37.39b 40.12a 56.40a
F_test % %k %%

Each value was the average of 3 replicates. Values followed by different letters in the same column were significantly

differed by Duncan’s test at 0.05 level

Env. Biodiv. Soil Security Vol. 4 (2020)



BIOCHEMICAL ASSESSMENTS OF SOME IMPORTANT COMPONENTS... 273

TABLE 5. Crude protein content (%) in tubers, leaves and calli cultures of JA cultivars

Total crude protein content (%)

. Tubers Leaves Calli cultures
Cultivar
Balady 8.43a 23.64b 23.70c
Fuza 8.56a 24.82a 24.33b
Alba 7.56b 22.18¢ 25.84a
F_test %% * % f %

Each value was the average of 3 replicates to compare between means of the same column. Values followed by the same

letters were not significantly different by Duncan’s test at 0.05 level

amino acids for healthy adults. It is well stated that
“the dietary protein is an essential nutrient required
to preserve muscle mass as well as vital function
and regulates whole-body metabolic health”. The
main sources of plant proteins include oil plants,
leguminous plants and pseudo-cereals like quinoa
and amaranth. The protein derived from soy bean is
the only plant-based protein source, which has been
extensively investigated for human health (Weindl
et al. 2020). Although JA is mainly cultivated for
inulin production from their tubers, it could produce
significant amounts of leaf protein concenrtate and
economic bioactive phytochemicals from freshaerial
biomass (Kaszas et al. 2020a).

Globally, there is an urgent need to address
the health problems caused by malnutrition. It is
well known that proteins are considered essential
macro-nutrients for human nutrition.The quality
of nutritional protein mainly depends on its
bioavailability and digestibility, the profile of
amino acids and processing effects (Sa etal. 2019).
There is an increasing global trend for plant-based
diets due to plant proteins are versatile alternative
replacing animal source in human nutrition, as well
as functional ingredients for product formulation
(Sa et al. 2020). It is reported that proteins content
in JA tubers might reach up to 10% of dry matter,
whereas the content of free sugars (e.g., glucose,
sucrose and fructose) is much lower compared to
protein content and rarely exceeds 6—8% of dry
matter (Niziot-tukaszewska et al. 2018).

Conclusion

Jerusalem artichoke is considered a promising
crop for producing non-food raw materials or
bio-based multi-products, which include inulin,
fructose, antioxidant and bio-ethanol. This crop
has unique advantages being strong adaptability to
many environmental conditions, a biorefinery and
a prebiotic-rich crop. The cultivars and fractions
of this crop may differ in their biochemical
properties as investigated in the current study.
Three cultivars of JA have been selected from
three locations, which collected and cultivated in

Giza for three years. The most important findings
of this study might emphasize on the biochemical
composition of the studied JA cultivars
particularly in vitro calli cultures as a first report.
These bioactive compounds including inulin,
fructose, protein and polyphenols are considered
very important for human health. The high content
of polyphenols in calli cultures of all studied JA
cultivars and the considerable amounts of both
inulin and fructose in calli cultures also might
be exploited in producing these vital compounds
at the industrial level in the future through plant
biotechnology techniques. This research also may
suggest that the calli cultures of JA can depend on
it in supplying our demand from inulin, fructose,
protein and phenolic compounds in the future.
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