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Abstract

Jerusalem artichoke (Helianthus tuberosus Linne) is a tuberous perennial plant of the Asteraceae family, which originates
from North America, and is also known as wild sunflower or topinambur (TPB). It is characterized by good tolerance to
frost, drought and poor soil, strong resistance to pests and plant diseases. For ages it was cultivated due to being both an
edible tuber and having healing properties. In folk medicine, TPB leaves are used for the treatment of bone fractures and
pain. TPB tubers are rich in sugar and have therefore been used for the production of functional food ingredients, such as
inulin. Moreover, TPB is one of the potential crops for bioenergy production, such as bioethanol, biobuthanol and biodiesel,
and chemicals (lactic acid, butyric acid). A number of bioactive compounds from the above ground parts of this plant have
been isolated which have demonstrating antifungal, antioxidant and anticancer activities. In recent years, a number of
animal experiments have been carried out to assess the health properties of TPB. Obtained results show that TPB possess
a wide spectrum of medical applications, e.g. reduction in the levels of plasma glucose, total cholesterol and triglyceride.
Interestingly, TPB has been shown to be a valuable alternative source of prebiotic compounds. This review article presents
recent scientific reports on the chemical and biological properties of TPB and its potential use as a prebiotic diet supplement.
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Characteristics of TPB. TPB is a perennial herbaceous
plant of the Asteraceae family, genus Helianthus. Helianthus
tuberosus belongs to the same genus as sunflower (H. annuus).
It is an old species which originates from North America [1]
and in the 17th century was brought to Europe where it grows
naturally [2]. Today, it is widely cultivated in many countries.
TPB develops underground stolons forming shaped tubers
similar to potatoes. The colours of the tubers range from pale
brown to white, red and purple [3].
TPB can be developed under different environmental
conditions because it is characterized by good tolerance
to frost, drought and poor soil. Moreover, cultivation of
wild sunflower does not need too much management and
protection due to its strong resistance to pests and plant
diseases [3, 4]. Its fast growth is a good natural control against
weeds [5].
TPB produces sugars in the above ground parts of the plant
and stores them in the roots and tubers. Tubers consists of
water (75–79%), carbohydrates (15–16%), proteins (2–3%)
and fat (2–3%). Additionally, other microelements such as
phosphorus (P), potassium (K), calcium (Ca), magnesium
(Mg) and ferrum (Fe) are present and constitute 0.5% of the
fresh weight. Tubers also contain vitamins such as vitamin C
and A [6]. Among the carbohydrates found in tubers, inulin
can constitute as much as 80% or more. The remaining sugars
are in the form of fructose, sucrose, and glucose [7].

Inulin is a storage polysaccharide found in many plants and
classified as fructans. Chemically, it is a linear biopolymer of
D-fructose units connected by β (2, 1) glycosidic linkages that
are terminated by D-glucose molecules bonded to fructose
by (2→1) α-bond (Fig. 1) [8]. The degree of polymerization
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Figure 1. Chemical formula of an inulin
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Biofuels. Due to the high content of inulin, TPB is one of the
potential crops for bioenergy production, such as bioethanol,
biobuthanol and biodiesel. Inulin found in TPB tubers can be

easily converted by using different technologies. For decades,
TPB has been used for ethanol production. Interestingly, in
19th century TPB tubers were used for beer production in
France [26].
There are two different methods for bioethanol production
from TPB. The first involves inulin hydrolysis and sugar
fermentation. Typically, inulin from TPB tubers needs to be
hydrolyzed into fermentable sugars (fructose and glucose) by
mineral acids or inulinase enzyme. Next, sugar is fermented
into ethanol by using yeasts. The most commonly used strains
in alcohol production are Saccharomyces cerevisiae and
Zymomonas mobilis. During this process, the fermentable
sugar loss caused by separation and transfer of sugars from
hydrolyzer into fermenter is observed. The second method
for bioethanol production from TPB is characterized by
simultaneous inulin hydrolysis and sugar fermentation. This
process is carried out in one bioreactor using a mixture
of inulinase or mineral acids and yeast. In contrast to the
first method, in this process signiﬁcant reduction of the
fermentable sugar loss is observed. Importantly, a direct
conversion of inulin into ethanol decreases the production
costs [3].
TPB tubers have also found application in the production
of biodiesel. In research carried out by Cheng et al. [27] on
hydrolysate of TPB, tubers were used as the source of carbon
for lipids accumulation by Chlorella protothecoides. Next,
lipids were extracted and converted into biodiesel through
the chemical reactions of transesterification. In subsequent
studies, Sung et al. [28] used TPB tubers for lipid production
by yeast Cryptococcus sp. under the following reaction
condition – 117 °C for 49 min. At this optimal condition,
1.73 g/L/d of lipid was produced in a day, which is more than
by using the defined medium containing pure fructose as a
substrate. Obtained results suggest that TPB tubers are a good
and cheap substrate for biodiesel production.
Inulin from TPB is also used for biobutanol production.
Research carried out by Sarchami and Rehmann [29] focused
on optimizing enzymatic hydrolysis of TPB tubers to maximize
inulin conversion, and further fermentation of hydrolyzate
to butanol by Clostridium saccharobutylicum DSM 13864.
Obtained results indicate that the experimental range for
inulin conversion was a temperature of 48 °C, pH of 4.8, and
substrate concentration of 60 g/L. C. saccharobutylicum DSM
13864 used 45.6 g/L sugar to produce 9.6 g/L butanol. The
yield and the acetone-butanol-ethanol concentration was
0.33 gsolvent/gsugar and 14.9 g/L, whereas in a study by Chen
et al. [30] Clostridium acetobutylicum L7 was able to ferment
enzymatic hydrolyzate of TPB. The culture used 62.9 g/L
sugars to produce 11.21 g/L butanol, resulting in a yield of
0.29 gsolvent/gsugar.

Figure 2. Multiple applications of TPB

Chemicals. The next significant use for TPB has been found
in generating chemicals, such as lactic acid and butyric acid.
Lactic acid has been employed in many fields, such as the
food, pharmaceutical and chemical industries. Andersen
and Greaves were the first to use TPB tubers to produce
D-lactic acid [31]. Ge et al. [32] used mixed culture of
Aspergillus niger and Lactobacillus sp to produce L-lactic
acid in the fermentation process. The maximum L-lactic
acid concentration of 120.5 g/L was obtained after 36 h of
fed-batch fermentation. Wang et al. [33] used TPB powder to
obtain high-optical purity of L-lactate using a thermophilic
Bacillus coagulans strain. The final product concentration
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of inulin varies according to species, cultivar, production
conditions, physiological age, among other factors, and
generally ranges from 2–60 fructose residues. TPB and
chicory have an inulin content of 150 g kg-1 fresh weight
basis, and 750 g kg-1 dry weight basis [8, 9]. Inulin is also
present in vegetables such as leeks and onions, as well as in
fruits such as banana. This D-fructose polymer is a water
soluble fibre, which can initially be found in high levels in the
stems which, by the end of the growing cycle is transferred
to the tubers [6].
Inulin, apart from being an important reserve material
found in plants, is also a natural prebiotic. Prebiotics are
defined as non-digestible food ingredients that selectively
stimulate the growth of probiotic bacteria in the gut [10].
Prebiotics confer many health benefits on the gastrointestinal
tract, immune system and brain function, as well as increasing
absorption of minerals, regulating blood lipids, and reducing
cancer risk [11]. Among the widely-known prebiotics, inulintype fructans are the most commonly used.
Inulin is indigestible by the human small intestinal
digestive enzymes but is fermented by certain bacteria (e.g.
Bifidobacterium and Lactobacillus) in the large intestine
by lactate and short-chain fatty acids (SCFAs) [12]. Specific
types of prebiotics, such as inulin and fructooligosaccharides
(FOS), have been shown to stimulate Bifidobacterium growth
and to reduce harmful bacteria in the human colon [13]. FOS
and inulin have also been reported as immune modulating
agents [14].
Multiple applications of TPB. For decades, TPB has been
used as green or brackish fodder for animals [15]. TPB is
mainly cultivated for the production of functional food
ingredients, such as soluble fibre (inulin), oligofructose
and fructose [16, 17]. TPB is one of the potential crops for
bioenergy production, e.g. bioethanol, methane and biogas
[18]. Interestingly, it is possible to extract some bioactive
compounds from TPB stems and leaves which are used in
the pharmaceutical sector [19, 20]. In folk medicine, TPB
leaves are used for the treatment of bone fractures, skin
wounds, swelling and pain [3]. Moreover, a number of
bioactive compounds demonstrating antifungal, antioxidant
and anticancer activities have been isolated from the aboveground parts of the plant [3, 19–24]. Due to the high content
of inulin, TPB represents a valuable alternative source of
prebiotic compounds [25]. Various possibilities of using TPB
are presented in Figure 2.
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TPB has potentially positive effects in the relief of symptoms
of diabetes by repairing the liver damage caused by STZ.
Similar to TPB, chungkookjang (CKJ; fermented soybeans)
has also been considered to modulate energy and glucose
metabolism. Yang et al. [41] evaluated an anti-diabetic effects
of TPB and CKJ supplementary diet in diabetic rats. Animals
were divided into four experimental groups (diabetic-control,
CKJ, CKJ+TPB, and TPB). CKJ, CKJ+TPB and TPB groups
were fed for eight weeks on experimental diets containing 5%
lyophilized CKJ, 5% lyophilized CKJ+5% lyophilized TPB,
or 5% lyophilized TPB, respectively. The diabetic-control
group had diet without CKJ and TPB. Obtained results
indicated that TPB improved insulin sensitivity, whereas
CKJ potentiated glucose-stimulated insulin secretion and
enhanced β-cell function in the pancreas. Chang et a. [42]
investigated the molecular mechanisms and physiological
responses of the TPB supplementation in rats in the prevention
of type 2 diabetes and non-alcoholic fatty liver disease via a
transcriptome analysis. Results obtained indicated that a diet
containing 10% TPB significantly reduced the expression of
genes malic enzyme 1 (Me1), decorin (Dcn) and nicotinamide
phosphoribosyltransferase (Nampt), whereas fructose feeding
increased the expression of these genes. Moreover, rats in the
group containing fructose in the diet demonstrated hepatic
triacylglycerol) accumulation and hepatic steatosis, whereas
TPB supplementation significantly decreased these changes.

IRS
EF
LIN
S
ON
FIR
E
LIN
ON

of 134 g/L was obtained and the optical purity was 99%. In
addition to the production of lactic acid, TPB is also used
in the preparation of the butyric acid. In studies carried out
by Huang et al. [34], TPB hydrolysates were used to produce
butyric acid by immobilized Clostridium tyrobutyricum
during fed-batch fermentation, where the maximum
concentration of butyric acid obtained was 60.4 g/L. TPB
also has potential for generating other chemicals, such as
citric acid [35], succinic acid [36] and sorbitol [37].
Bioactive compounds. In addition to the wide use of TPB
tubers, the leaves also have important applications. They
are used, for example, in folk medicine for the treatment of
bone fractures, skin wounds, swelling and pain [3]. It has
been shown that bioactive compounds isolated from the
above ground parts of TPB have an positive effect on health.
Phenolic acid isolated from TPB leaves have antifungal
activities [22], while chlorogenic and isochlorogenic acids
have good antioxidant properties [20]. Moreover, ethyl acetate
has activities against breast cancer, lung cancer and epithelial
cervical cancer [21]. In studies carried out by Liu et al. [22],
the antifungal properties of TPB leaves extracts was studied
against several fungi, such as Rhizoctonia solani, Gibberella
zeae, Alternaria solani and Botrytis cinerea. To extract
TPB leaves, several different solvents were used (petroleum
ether, ethyl ether, ethyl acetate and water). Obtained results
suggest that TPB leaf extracts exerted different antifungal
activities, depending on the solvent. The inhibitory effects
of extracts of organic solvents were significantly higher than
those of aqueous extracts. Similarly, results of other studies
conducted by Chen et al. [24] proved that three out of six
phenolic acids (caffeic acid, 3,4-dicaffeoylquinic acid and
1,5-dicaffeoylquinic acid) isolated from TPB leaves were
identified as being responsible for Gibberella zeae inhibition.

TPB studies in animal experiments. Considering the varied
spectrum of TPB applications in both industry and widelyunderstood medicine, in recent years, researchers have
started investigating the potential use of TPB as a dietary
supplement in many diseases. One of the first stages of the
research was to assess the potential therapeutic properties
of new substances by using animal models.

Diabetes. Taking into account the significant influence of
TPB and inulin diet on the regulation of glucose levels, a
number of animal experiments have been carried out to
assess the health properties of TPB in animal models of
diabetes. Zacky et al. [38] investigated the biological effects of
TPB tubers on glycaemic response in diabetic rats. Obtained
results indicated that a diet containing TPB tubers reduced
serum glucose levels, total cholesterol, LDL cholesterol
and triglycerides in hyperglycaemic rats, compared to the
positive control. In addition, improvements in liver and
kidney functions were observed, which may have been the
result of the TPB tubers added to the diet.
`Abdel-Hamid et al. [39] investigated anti-fibrotic effects
of TPB tubers by biochemical analysis of liver enzymes
activities and total bilirubin levels. Obtained results suggest
that TPB treatment has a promising hepatoprotective effect
against carbon tetrachloride (CCl4)-induced fibrosis via
modulation of apoptotic signaling and fibrogenic activity.
Results obtained by Wang et al. [40], using streptozotocin
(STZ)-induced diabetic rats, indicated that treatment with

TPB as prebiotic. Gut microbes play an important role
in the health and disease of the host. Prebiotics are nondigestible fibre substances used as a substrate for beneficial
bacteria which promote the growth of intestinal bacteria.
As mentioned above, inulin is one of the most common
natural prebiotics used as a dietary supplement, and TPB is
one of the main sources for inulin from higher plants. [43].
Due to the high content of inulin, TPB also represents a
valuable alternative source of prebiotic compounds [25]. This
property of TPB was used in studies carried out by Samal
et al. [44]. The aim of their experiment was to investigate the
effect of dietary supplementation with TPB tuber powder as
a prebiotic on the growth of probiotic bacteria in the gut, as
well as its growth performance and nutrient digestibility in
rats. Animals were on a 12-week diet supplemented with 0,
2, 4 and 6% of TPB tubers. Obtained results indicated that
the addition of TPB to the diet did not affect feed intake nor
the growth performance of rats. Moreover, the apparent
absorption of minerals such as calcium and phosphorus
was observed. Diet supplementation with TPB tuber
powder increased the population of Lactobacillus spp. and
Bifidobacterium spp. microbiota in the caecal, colonic and
rectal digesta. Valdovska et al. [45] investigated the effect of
TPB and probiotics on the gut microbiota of weaning pigs.
Animals were fed for five weeks on an experimental diet
supplemented with TPB and two probiotics (Lactobacillus
reuteri and Pediococcus pentosaceus) in different doses.
Obtained results demonstrated that supplementing the diet
with both probiotics and TPB (5% of basal diet) improved
the levels of faecal Lactobacillus, and reduced the levels of
enteric pathogens in faecal samples, compared with the
control group. Moreover diet supplementation with TPB
alone significantly increased the regeneration process in the
intestine of pigs. Boonanuntanasarn et al. [46] investigated
the effects of dietary supplementation with inulin and TPB
on intestinal microbiota of Nile tilapia fingerlings. Nile
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compounds isolated from above ground parts of TPB have
a positive effect on health, with antifungal, antioxidant and
anticancer properties. Additionally, TPB possesses a wide
spectrum of medical applications, such as in the reduction
of plasma glucose or total cholesterol and triglyceride levels.
The problem of a properly balanced diet affects most of the
population and is mainly caused by the wide availability of
processed food. Inadequate diet leads to metabolic disorders,
which consequently cause a number of diseases of the
digestive system, as well as disorders of the nervous system,
according to the latest research.
Since it is known that the intestines play the role of a second
“brain” in the body, scientists are conducting intensive research
in the search for new natural supplements that will positively
affect the proper functioning of the intestines. According to
the results of recent research, TPB has all the predispositions to
be included in the group of very valuable natural supplements
that regulate metabolism and intestinal function through
prebiotic properties, and impact on gut microbiota.
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tilapia larvae were fed for 12 weeks on experimental diets
supplemented with inulin at as dose of 2.5 and 5.0 g/kg, and
TPB at 5.0 and 10.0 g/kg from the first feeding. Obtained
results demonstrated that in fish fed a dietary supplementation
of 5.0 g/kg, inulin and TPB at both levels had higher lactic
acid bacteria counts and Bifidobacterium spp. compared to
fish fed the basal diet.
Results obtained from the last preliminary screening
experiments conducted by the authors of the current study
also confirmed the additive impact of TPB supplementary
diet on the probiotic bacteria in the gut of mice (data not
published). All experiments were performed on adolescent
male Albino Swiss mice. Animals were divided into three
experimental groups (TPB, Inulin and Control). According
to the manufacturer’s recommended daily intakes, mice
received TPB (Organic, Sieniawa, Poland, 250 mg/kg), inulin
(66 mg/kg) via oral administration No side-effects on body
weight, food intake or behaviour were observed. To evaluate
any changes in gut microbiota, microbiological analysis was
performed of the faecal samples from each group by
inoculating on petri dishes with selective media. Bacterial
counts were recorded as colony-forming units (CFU)/ml.
Obtained results showed that TPB stimulated growth of one
of the most common probiotic bacteria – Lactobacillus
gasseri, as well as the Enterobacteriaceae family (Escherichia
coli, Enterobacter asburiae, Kliebsiella oxytoca (Fig. 3).

Figure 3. Impact of TPB supplementary diet on intestinal microbiota in mice.
Routine media used for culturing and subculturing examined isolates included TSA
(Tripticasein Soy LAB-AGAR, Biocorp), TSB (Tripticasein Soy BROTH, Biocorp), MRS
(MRS LAB-AGAR, Biocorp), Mueller-Hinton agar (Bio-Rad) with blood, Sabouraud
(Sabouraud Dextrose LAB-AGAR, Biocorp). Semi-quantitative results were read
after incubation in conditions proper for both aerobic and anaerobic bacteria,
as well as for fungi. For each morphotype, the semi-quantitative colony counts
were calculated by the number of colonies visible on the agar plate (or on the part
of the agar plate in the case of very high growth of microorganisms) in relation
to the dilution (100× or 1000×), and results reported as colony-forming units
per milliliter (CFU/ml). Isolates identification included colony morphology and
mass spectrometry protein profiles analysis by matrix-assisted laser desorptionionization time-of-flight mass spectrometry (MALDI-TOF MS), using a MALDIbiotyper (Bruker Daltonik, Germany)

Due to the fact that only preliminary screening studies
were carried out, it would be beneficial to conduct studies on
a larger group of animals to avoid high standard deviations,
and to obtain statistically significant results. However, a
tendency was noted for an increased amount of microbiota
in the studied animals. This may undoubtedly indicate a
positive effect of the TPB diet on gut microbiota, and thus on
the proper functioning of intestinal microbiome homeostasis.
CONCLUSIONS

TPB is a potential crop for bioenergy production – bioethanol,
biobuthanol and biodiesel, as well as chemicals. Bioactive
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