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Abstract Yacon (Smallanthus sonchifolius) is an Andean
tuberous root that is regarded as a functional food given that
it contains fructooligosaccharides (FOS), inulin and phenolic
compounds. The consumption of FOS and inulin improves the
growth of bifidobacteria in the colon, enhances mineral ab-
sorption and gastrointestinal metabolism and plays a role in
the regulation of serum cholesterol. Furthermore, the literature
reports that the consumption of these prebiotics promotes a
positive modulation of the immune system, improving resis-
tance to infections and allergic reactions. Certain studies have
demonstrated the potential of yacon as an alternative food
source for those patients with conditions that require dietary
changes. This review intends to describe the potential of
yacon as a prebiotic and its cultivation and industrial process-
ing for human consumption.
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Introduction

There is increasing interest in nutraceutical foods, which can
be defined as foods that offer physiological benefits to the
consumer beyond basic nutritional functions [1]. The con-
sumption of prebiotics, such as fructooligosaccharides
(FOS) and inulin, enhances certain physiological functions,
promotes the immune response and increases resistance to
pathogens [2].

Yacon is an Andean plant that is attracting global atten-
tion for its prebiotic advantages and benefits that are due to
its high content of non-digestible oligosaccharides (NDOs),
such as fructooligosaccharides and inulin, as well as pheno-
lic compounds [3, 4] (Fig. 1). Therefore, yacon’s tuberous
roots have been used as natural sweeteners and syrups for
digestive problems, particularly for balancing the intestinal
microbiota. The traditional Andean population attributes
anti-diabetic properties to the dry yacon leaves that are used
in the preparation of teas as part of low calorie diets [5, 6].

In addition to prebiotics, yacon contains flavonoids, pheno-
lic acids and tryptophan, which display antioxidant, anti-
inflammatory, antimicrobial and anticancer activities. The phe-
nolic compounds in yacon protect biomolecules, such as DNA,
lipids and proteins, against damage caused by free radicals [7].

Several studies show an increase in the efficiency of the
immune system as a result of the intake of nutraceuticals,
especially fructans. It has been shown that regular consump-
tion of these compounds increases resistance to infection by
intracellular pathogens and leads to a reduction in allergies
in the digestive tract. An increase in bifidobacteria in the
intestinal microbiota appears to be correlated with fructans
consumption [8].

Yacon has great potential to become a profitable product
for small-scale farming using organic cultivation [3]. In pro-
ducer countries, there is a wide variety of products derived
from yacon roots, such as flour, dehydrated products, slices or
“chips”, tea (dried leaves), juices, purees and sweeteners in the
form of syrup with a high FOS content [9].
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Fig. 1 The functional
properties of the yacon plant
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Due to the high demand for quality food, the inclusion of
yacon as a source of fructan-type prebiotics in the produc-
tion of different foods for human use represents a great
opportunity for both innovation and adding value in the
functional food industry. Therefore, this review summarizes
the current knowledge on yacon’s functional characteristics
and the effects of regular yacon consumption on human and
animal physiology.

Cultivation and Composition of Yacon Plant

Yacon is a crop found in the Andes, which includes a
widespread area from Venezuela to north-western Argentina
[10]. Yacon is cultivated between 900 and 3,500 m above
sea level in Peru, between 600 and 2,500 m above sea level
in Bolivia and Ecuador, and between 600 and 800 m above
sea level in Argentina [9, 11].

Yacon has been part of the Andean diet since pre-
Columbian times. In the last decade of the 20th century,
the cultivation of yacon spread to several countries outside
of the Andean region, such as western New Zealand, Eu-
rope, the USA and Japan, due to the medicinal properties of
its roots and leaves [9, 11]. The Czech Republic has been a
pioneer in yacon cultivation in Europe [12]. In Brazil, yacon
is becoming an important crop, especially in the State of Séo
Paulo [13]. In the early 1990s, a Brazilian farmer born in
Japan introduced this species to the Capao Bonito/Sao Paulo
region, where the tubers of 60-80 g are planted in beds 1 m
wide by 0.4 m high and spaced 1.4 m between rows and
0.9 m between plants [13].

According to Zardini [10], the name yacon is derived from
the Quechua term “yaku”, which means water. However,
yacon is also known in other regions by other names, including
(1) Arboloco, (2) Aricoma, (3) Jicama/chicama, (4) Yiquima,
(5) Jiquimilla and (6) Llacon. In English, it is known as “yacon
strawberry” and in French, the name is “poire de terre”.

Yacon was initially classified as Polymnia (Compositae,
Heliantheae), but further studies placed the species that

’Hypoglycemic effect‘

grow in Central and South America in the genus Smallanthus
[9]. The yacon used in the diet of the indigenous tribes that
inhabit the high mountains of the Andean region belongs to
the species Smallanthus sonchifolius, from the family
Asteraceae [11].

Yacon is sold in markets and fairs in the Andean region
[9]. In Peru, Bolivia, Ecuador and Argentina, it is generally
eaten at religious festivals, such as Corpus Christi and All
Souls’ Day. Yacon is generally consumed peeled and fresh,
like a fruit and in fruit salad with bananas, oranges and
papayas. Yacon can also be baked in the oven or consumed
in the form of a refreshing beverage by extracting its juice.

The roots of yacon can weigh between 200 and 500 g
each and can reach up to 2 kg. Each plant produces bunches
of 5-20 units, giving an average of 5 kg/plant (Fig. 2). The
freshly harvested roots are insipid, but after approximately
3-5 days of sun exposure, they become juicy and sweet. The
taste of sweet yacon has been described as similar to that of
a fresh apple or watermelon [14].

The chemical composition of yacon produced in the
Andean region is presented in Table 1. Fresh yacon roots
have a content of 69—83 % moisture, 0.4 to 2.2 % protein,
and 20 % sugars [9].

The oligosaccharides from yacon have repeated units of
[3-1.2-D-frutofuranosil with a terminal sucrose. The major
FOSs in yacon are kestose, nystose and 1-fructofuranosyl
nystose, similar to those found in Jerusalem artichoke tubers
(Helianthus tuberosus) [15, 16].

The sugar levels in yacon roots may vary depending on
factors such as location, farming, the growing season, har-
vest time and the post-harvest temperature (Table 2). In
Brazil, yacon root carbohydrates are composed of 34—
55 % FOS, 7-9 % glucose, 13—14 % fructose and 10—
13 % sucrose [15, 17]. However, in Peru, researchers have
found yacon roots with carbohydrates consisting of 40—
70 % FOS, 5-15 % sucrose, 5-15 % fructose and less than
5 % glucose (dry basis) [5, 11].

Yacon contains low-polymerization {3-oligosaccharide,
inulin, small amounts of vitamins and minerals and no
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Fig. 2 Yacon plants. a
Vegetative and reproductive
organs; b Yacon roots; ¢ Slices
of yacon root (Sources: a http://
www.motherearthnews.com/
multimedia/image-gallery.aspx?
id=74438&seq=1; b http://
yacon.wordpress.com/about/;

¢ G.T. [17])

starch. The most abundant minerals in yacon are calcium
and potassium. In addition, yacon juice is rich in free essen-
tial amino acids [18]. The tuberous yacon root is rich in
bioactive substances, such as phenolic compounds, ester
derivatives, methyl esters, and glycosides. These com-
pounds occur naturally in both the leaves and the roots.
Yacon juice contains 850 ppm of polyphenolic com-
pounds, such as chlorogenic acid, which is considered to
be yacon’s primary antioxidant, in addition to tryptophan
and caffeic acid derivatives [19]. The phenolic acids appear
to be responsible for some of yacon’s biological activities,
including its anti-hyperglycaemic and cytoprotective effects,
as well as waste disposal (Table 3). Yacon roots are rarely
used in cooking due to the browning reaction that takes
place very rapidly once the tissue is damaged. Yacon root
rapidly darkens in storage even at low temperatures. This
browning reaction appears to be related to yacon’s phenolic

Table 1 Chemical composition of yacon root

content, especially the levels of caffeic and chlorogenic
acids and endogenous polyphenol oxidase activity [20].

Yacon leaves have several phenolic compounds that en-
able epiphytic bacterial growth with very specific metabolic
properties, inhibiting the attack of pathogens [12]. Total
phenol levels in young yacon leaves are lower than in leaves
collected at the time of tuber harvest [4].

Polyphenols found in yacon leaves and bark produce an
acrid and astringent flavour, as well as impart a typical odor.
Polyphenols are also substrates for the enzymatic browning of
damaged tissues in yacon root, giving it a greenish or black
color due to a condensation reaction of polyphenol com-
pounds with amino acids and the enzymatic polymerization
of polyphenols. The phenolic and flavonoid compounds, how-
ever, can modulate lipid peroxidation involved in atherogen-
esis, thrombosis and carcinogenesis through antioxidant
activity against superoxide O, ions [12].

Components % Moscatto et al. [40] Lobo et al. [13] Ribeiro [43] Choque Delgado et al. [17]
Moisture 7.49+0.17 ND 8.09+1.74 8.02+0.08
Protein 6.48+0.15 2.64+0.07 4.50+1.26 2.45+£0.09
Lipids 0.31+0.01 0.61+0.02 0.67+0.19 0.87+0.10
Ash 3.56+0.02 3.85+0.06 2.88+0.13 2.53+0.14
Insoluble fibre ND 7.85%0.17 11.79+0.36 3.46+0.12
Carbohydrate® 82.16 ND ND 86.13
Calcium (mg/g) ND 0.83+0.01 0.22+0.40 ND
Magnesium (mg/g) ND 0.62+0.09 0.40+0.00 ND

Dry basis

ND Not determined

@ Estimated by the difference
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Table 2 Carbohydrate compo-
sition of yacon root

FOS Fructooligosaccharides,
ND Not determined

Carbohydrate % Moscatto Lobo et al. [13] Habib et al. [25] Choque Delgado
et al. [40] etal. [17]

Fructose 4.13 13.51 26.00 14.10

Glucose 1.96 8.97 10.01 7.30

Sucrose 3.25 13.42 10.00 10.5
FOS/fructans ND 55.33 52.00 34.31

1-kestose (GF2) 8.19 ND ND 13.99

Nystose (GF3) 5.36 ND ND 13.72
Fructofuranosyl-nistose (GF4) 4.03 ND ND 6.59

The Functional Effects of Yacon

Yacon administered as a dietary supplement is well tolerated
and produces no negative response, toxicity or adverse nutri-
tional effects [17]. In addition, yacon’s low glucose content

and high concentrations of fructooligosaccharides allow the
study of possible effects in patients with metabolic diseases,

Table 3 Findings on yacon phenolic acids in animal models

such as diabetes and metabolic syndrome [21]. In this regard,
yacon has been proven to reduce levels of glucose in normal
and diabetic rats with hyperglycemia [22].

Yacon source

Research, subject randomized,
dose and duration

Design and measures

Main findings

Author, year
and disease

Yacon tea

Crude extracts
from yacon
leaves

Leaf organic
extracts and
enhydrin

Tea extracts and
ent-kaurenoic
acid

Extracts from
yacon leaves

Rats (Sprague—Dawley)

Dose: 2 % oral yacon leave
tea ad libitum instead of
water for 30 days.

Rats (Wistar)

Dose: oral extracts
(400 mg/kg) or water for
3,7, 10, and 14 days.
Rats (Wistar)

Dose: methanol, butanol and
chloroform extracts (50, 10
and 20 mg/kg body weight)
by eight weeks.

Mice (albino)

Dose: yacon leaf tea extract
(200, 100 and 50 mg/kg
body weight) during 1-2 h

Rats (Wistar)

Fractions: DPPH and
xanthine/XOD

Body parameters: plasma glucose,
plasma insulin levels, body weight.

Renal parameters: kidney weight,
kidney-to-body weight ratio,
creatinine clearance, urinary
albumin excretion.

Plasmatic glucose and creatinine and
enzymatic activity of AST, ALT
and ALP.

Consumption of food, water, urine
volume, body weight of the animals.

The fasting and post-prandial blood
glucose and serum insulin levels.

Hypoglycemic activity (OGTT).

Dose optimization of each extract.

Hypoglycemic activity

Blood glucose level (OGTT)

Fractions were tested in superoxide
radical scavenging assays, as an
inhibition of lipoperoxidation of
subcellular membranes.

Yacon water extract produces
an increase in plasma insulin
concentration.

Decrease in plasma glucose
levels in normal rats.

Diabetic manifestations were
reduced as revealed by
clinical parameters.

The hydro-ethanolic extract of
yacon significantly reduces
the levels of glucose in
diabetic rats.

Effective glycemic control
in diabetic animals.

Increased plasma insulin level.

Caffeic, chlorogenic and
dicaffeoylquinic acids were
significant components.

Enhydrin was effective in
reducing post-prandial
glucose.

100 mg/kg BW yacon leaf tea
extract is effective in lowering
blood glucose levels of
normoglycaemic mice.

Lipoperoxidation was inhibited
of rat liver subcellular
membranes.

Rat hepatocytes were protected
against oxidative injury.

Aybar et al.
[22]

Diabetes.

Baroni et al.
[44]

Diabetes.

Genta et al.
[31]
Diabetes.

Raga et al.
[45]
Diabetes.

Valentova
et al. [6]

Oxidation
activity

OGTT Oral glucose tolerance test, DPPH 1,1-diphenyl-2- picrylhydrazyl, BV Body weight
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Because of its inulin and FOS contents, yacon has shown
important prebiotic characteristics. It resists digestion in the
upper digestive tract and is hydrolyzed and fermented by
colonic bacteria, such as lactobacillus and bifidobacteria
[23]. It has been shown that the association between pre-
biotics and probiotics has beneficial consequences for the
intestinal tract [5, 15]. Bifidobacteria inhibit the growth of
putrefactive bacteria in the colon and promote the absorp-
tion of Ca2" and PO4 ions as well B vitamin synthesis.
These bacteria can also stimulate the immune system [16].
In this regard, the consumption of yacon root leads to an
increase in short-chain fatty acids (SCFA) that protect
against colon cancer [24].

Certain investigations have shown that yacon promotes
several important aspects of health. An experiment using a
diabetic rodent model showed that FOS consumption could
improve insulin release and/or insulin-like activity [25]. The
authors commented that the regular intake of yacon flour exerts
lipid-lowering effects through the activation of the lipoprotein
lipase enzyme and a slight increase in fasting plasma insulin
levels [25]. Some authors state that the saccharides present in
yacon, particularly 3-(2—1) fructooligosaccharides, could
modulate the metabolic syndrome that occurs in type 2 diabe-
tes and dyslipidemia, which are considered to be risk factors
for atherosclerosis [4].

Polyphenolic compounds could alter glucose metabolism
and anti-hyperglycemic activity, acting as anti-diabetic agents
[26]. This effect on glucose metabolism may be mediated by
the insulin-like effect or by improvement in antioxidant status
[27]. In this regard, phenolic extracts of yacon leaves were
able to reduce glucose production in rat hepatocytes by in-
creasing glucokinase mRNA expression [28].

As natural antioxidants, polyphenol compounds are of
great importance to human health, particularly in protecting
cell membranes against damage from oxygen radicals.
Moreover, these compounds may play a role in cardiovas-
cular disease and cancer [20, 29]. Ethanolic extract of yacon
leaves was proven to exert antioxidant activity and
cytoprotective effects against tert-butyl hydroperoxide in a
model of oxidative damage in rat hepatocytes [7]. Trials in
humans have also reported the antioxidant activity of the
phenolic compounds present in yacon leaves, acting to
prevent chronic diseases, such as atherosclerosis, a disease
that involves free radicals in its development [12].

Studies of yacon syrup revealed that its consumption
over a long period produced beneficial effects on pre-
menopausal obese women with dyslipidemia and insulin
resistance [30]. The daily consumption of yacon syrup pro-
duced a significant reduction in body weight, waist circum-
ference and body mass index. A reduction in fasting serum
insulin and the homeostasis index was also observed. Fur-
thermore, ingestion of yacon syrup increased the frequency
of defecation and satiety [30].

@ Springer

A recent study evaluated the hypoglycaemic activity of
phenolic compounds in organic extracts from yacon leaves
in Wistar rats. The results indicated that enhydrin, the main
sesquiterpene lactone from yacon leaves, caffeic acids,
chlorogenic acids and three dicaffeoylquinic acids (CAF, 3-
CQ; 3.4-DCQ, 3.5 and 4.5-DCQ -DCQ) are related to its
hypoglycemic effect given that these compounds reduced
levels of blood glucose in diabetic animals [31]. Two newly
identified sesquiterpene lactones and 11 known melampolides
were isolated from yacon leaves. These compounds have been
shown to inhibit the production of nitric oxide (NO) in LPS-
treated macrophages [32].

Low pH and the production of SCFA due to the con-
sumption of prebiotics result in hypertrophy of the mucosal
cells, enlargement of the intestinal surface and enhanced
solubility of mineral ions [33]. Yacon consumption for
relatively short periods also resulted in increased intestinal
absorption of minerals and bone mass, favoring the biome-
chanical properties of bone in rats [13]. The enlargement of
the cecal wall observed after yacon consumption appears to
contribute to the increased mineral absorption in those ani-
mals. In fact, some studies show that daily consumption of a
combination of short- and long-chain inulin-type fructans
significantly increases calcium absorption and bone miner-
alization during pubertal growth. The effects of these dietary
factors on calcium absorption appear to be modulated by
genetic factors, including genetic polymorphism of a spe-
cific D-vitamin receptor [34]. It has been observed that the
consumption of inulin-type fructans also reduces osteoporo-
sis progression by increasing the bioavailability of calcium,
with a significant increase in bone density and bone mineral
mass [33].

Studies performed by Pinto and colleagues [35] showed
that yacon also produces antimicrobial compounds, which
could explain the fact that pesticides are not necessary for
yacon cultivation. These authors reported the inhibition of
aflatoxin production when aqueous and ethanol yacon ex-
tracts were added to Aspergillius flavus cultures [35]. Re-
cently, Joung and colleagues [36] showed that the n-hexane
fraction of yacon leaf extract has antimicrobial activity
against six different strains of methicillin-resistant Staphy-
lococcus aureus (MRSA) in the presence of 4,000 lux with a
minimal inhibitory concentrations (MICs) assay (15.6 g/ml).
No activity was detected when the tests were performed in
the absence of light.

Although rare, the literature shows two cases of adverse
effects after yacon consumption. The first case involved the
development of anaphylactic reactions by a 55-year-old wom-
an due to consumption of yacon root [37], and the second
report involved the development of renal lesions in rats fol-
lowing prolonged consumption of yacon leaf extracts [38].
Thus, clinical trials are still needed to determine the safety of
yacon as a dietary supplement in specific situations.
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Yacon Root Processing

There is great potential for commercial products that are
generated from yacon. In this sense, the National Research
Council ranked yacon as a promising raw material based on
its high fructans content [10]. Due to its high concentration
of fructose, yacon root is a fruitful source for the develop-
ment of natural sweeteners and syrups for people with
digestive problems. Yacon leaves are consumed in teas for
patients with diabetes or those who suffer from digestive
and kidney diseases [22].

Certain studies have shown that incorporating inulin and
fructans into various foods, especially baked goods, makes
them acceptable to consumers because of its sensory charac-
teristics. Yacon syrup has already been incorporated into
several product formulations that are considered to be “light”,
easy to chew and have a porous texture [39]. Likewise,
products using inulin are known for their sensory characteris-
tics, such as a neutral and mild flavour that increases palat-
ability, stability and acceptability [40].

There are already some industrial products derived from
yacon on the market, such as flour, candy, sliced chips, teas,
nutritional drinks and purees. “Chancaca” is a concentrated
sweetener with a high sugar content that Andean natives
prepare by boiling the root juice until crystallization,
resulting in solid blocks of a dark brown color [9]. Fructose
from yacon has a sweetening power 30—70 % greater than
that of sucrose, in addition to being a non-caloric sweetener
[13, 17]. Lastly, the presence of inulin in the yacon tubers is
of great interest to the industrialization of inulinase pro-
duced by microorganisms [41].

Other research has shown that vacuum drying would be
an appropriate way to increasing yacon’s shelf life, improv-
ing the appearance and preserving the characteristics of the
root. This process is relevant to adding value to the product
and would increase the product’s demand [42].

Conclusions

According to Pan American Health Organisation (PAHO),
the human health depends on both hereditary and environ-
mental factors, including lifestyle and access to adequate
food. In this respect, functional foods are gaining more
supporters due to the benefits associated with their con-
sumption. Yacon, a natural resource from the Andes, has
great potential as a functional food due to its high content of
fructooligosaccharides and inulin, which promote the devel-
opment of the colonic microbiota. In addition to the roots,
yacon leaves are also exploited because of their phenolic
compounds, which have antioxidant properties that protect
cell membranes against damage caused by oxygen radicals
and consequently, cardiovascular disease and cancer. Yacon’s

regular use may benefit patients with digestive and kidney
diseases, as well as those with diabetes and metabolic syn-
drome. The high levels of FOS and phenolic compounds
represent a potentially profitable niche for yacon in small-
scale farming systems, which are characterized by ecological
practices and local processing, thereby contributing to sustain-
able development of the region. An alternative product may be
sweet syrups and natural sweeteners for people with digestive
problems and obesity, reaching a broader group of beneficia-
ries. Currently, several clinical studies are being conducted to
evaluate the conditions necessary for the safe use of yacon as a
dietary supplement in groups other than the populations that
have traditionally used this plant in their diet.
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