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In the last years, besides having 
nutritional function and providing 

sensory appeal, food should also provide 
a third function which is related to 
a specific physiological response 
produced by, what is called, functional 
foods (Zeraik et al., 2010).

Tu b e r o u s  r o o t s  o f  y a c o n 
(Smallanthus sonchifolius) are described 
as the functional food with higher 
content of fructooligosaccharides (FOS) 
in nature (Santana & Cardoso, 2008) 
and its consumption has provided 
medicinal effects on chronic disease 
control, such as diabetes, blood pressure 
and cholesterol levels (Oliveira et 
al., 2013). Besides, yacon roots are 

considered a fiber-rich prebiotic food 
(Quinteros, 2000). The consumption can 
be in natura, juice or derived products, 
like syrup, flour, jelly, functional drink 
based on yacon, among others (Borges 
et al., 2012).

Other main components of yacon 
tuberous roots are water and other 
carbohydrates such as sucrose, fructose 
and glucose. Root water content ranges 
from 83% to 90%, which characterizes 
yacon as a highly perishable as well as 
a low calorie food (1.0-1.5 kcal g-1). It 
has low ash contents and the minerals 
present in this vegetable are calcium, 
phosphorus, magnesium, sodium, iron 
and, most importantly, potassium. 

Yacon presents relatively low levels of 
proteins, lipids and vitamins (Santana & 
Cardoso, 2008); it also contains phenolic 
compounds, such as chlorogenic and 
caffeic acid, flavonoids and other 
antioxidant substances (Castro et al., 
2012).

Due to i ts  characterist ics as 
functional food, its consumption has 
been stimulated, representing a new 
product to be exploited and applied 
to social, agricultural, technological 
and scientific levels (Borges et al., 
2012; Gusso et al., 2015). However, 
variations in physical and chemical 
compositions of yacon tuberous roots 
were verified in studies involving 

ABSTRACT
The post-harvest quality of yacon tuberous roots produced at 

different altitudes and planting times were characterized in this study. 
The experiment was conducted in the South of Espírito Santo State 
in two locations, one at 837 m altitude and the other one at 113 m 
altitude. The experimental design, in each place, was randomized 
blocks with four replications, and the treatments consisted of three 
planting seasons: April (autumn), July (winter) and September 
(spring). After harvest of the tuberous roots, we evaluated pH, 
titratable total acidity, moisture content, soluble solids, reducing 
sugars, crude fiber and ash, as well as color, hardness (maximum 
force recorded in the first penetration or compression cycle) and 
chewiness index (energy required to chew food, given by gumminess 
x elasticity). Tuberous roots grown at 837 m altitude, independent of 
planting times, presented higher soluble solids content and lighter 
juice, conferring better quality. However, at 113 m altitude, from 
April to July, the roots showed better quality, since it presents lower 
hardness and lighter juice.

Keywords: Smallanthus sonchifolius, post-harvest quality, 
instrumental coloration, sensorial traits.

RESUMO
Caracterização física e química de raízes tuberosas de yacon 

produzida em diferentes altitudes e épocas de plantio

Objetivou-se caracterizar a qualidade pós-colheita de raízes 
tuberosas de yacon produzidas em diferentes altitudes e épocas 
de plantio. O experimento foi conduzido no sul do Espírito Santo 
em duas localidades, a 837 e 113 m de altitude. O delineamento 
experimental adotado em cada localidade foi blocos ao acaso, com 
quatro repetições e, tratamentos constituídos por três épocas de 
plantio: abril (outono), julho (inverno) e setembro (primavera). Após 
a colheita das raízes tuberosas avaliou-se pH, teores de acidez total 
titulável, umidade, sólidos solúveis, glicídios redutores, fibra bruta 
e cinzas, além de, cor, dureza (força máxima registrada no primeiro 
ciclo de penetração ou compressão) e índice de mastigabilidade 
(energia requerida para mastigar o alimento, dada por gomosidade 
x elasticidade). As raízes tuberosas cultivada em 837 m de altitude, 
independente da época de plantio, apresentaram maiores teores de 
sólidos solúveis e suco mais claro, conferindo melhor qualidade. 
Entretanto, quando cultivada em 113 m de altitude, os plantios de 
abril a julho proporcionaram melhor qualidade da raíz por apresentar 
menor dureza e suco mais claro.
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cultivation and processing of this root in 
different countries (Herman et al., 1999; 
Quinteros, 2000; Vasconcelos et al., 
2010). The authors believe that besides 
the differences of inputs and cultural 
practices used in yacon cultivation, these 
variations may be related to altitudes and 
planting times in which yacon is grown, 
considering that optimal development of 
yacon occurs at temperature between 18 
and 25°C, and low evening temperature 
seems to be necessary to form tuberous 
roots properly (Seminario et al., 2003).

Given the above, the aim of this study 
was to determine physico-chemical 
characteristics of yacon tuberous roots 
at different altitudes and planting times.

MATERIAL AND METHODS

The experiment was installed in 
two growing altitudes, in Ibatiba-ES 
[20°17’S, 41°37’W, altitude 837 m 
(high altitude)], in Alegre-ES [20°45’S, 
41°29’W, altitude 113 m (low altitude)], 
from April, 2013 to April, 2014.

The local climate in the South of 
Espírito Santo is Aw, with two well-
defined seasons along the year, rainy 
summer between October and March 
and dry winter from April to September; 
average annual temperature of 23°C, 
and annual rainfall around 1,200 mm 
(Pezzopane et al., 2012).

Rainfall and monthly average 
temperature, maximum and minimum, 
were collected at the closest automatic 
weather station, INMET in Alegre-
ES (20°21’S;  41°33’W; 758 m 
altitude), INCAPER, located in the 
municipality of Iúna-ES. Between 
April and September, 2013, in Iúna, 
the accumulated rainfall was 252.2 mm 
and average temperatures, maximum 
and minimum, were 24.58 and 14.00°C, 
respectively. In Alegre, accumulated 
rainfall was 229.2 mm and average 
temperatures, maximum and minimum, 
were 28.38 and 16.92°C, respectively. 
Between October, 2013 and April, 
2014, in Iúna, accumulated rainfall was 
1,021.2 mm and average temperatures, 
maximum and minimum, were 27.73 
and 17.50°C, respectively. In Alegre, 
accumulated rainfall was 1,162.6 mm 
and average temperatures, maximum 

and minimum, were 31.89 and 20.43°C, 
respectively.

Soils, in both places, were classified 
as Typic Hapludox, medium texture 
(Embrapa, 2014) and base saturation 
(V) 46.6%. At high and low altitudes, 
respectively, the authors also observed 
the values of pH= 6.20 and 6.37; P= 54 
and 37 mg dm-3; K= 80 and 57 mg dm-3; 
Ca= 2.12 and 1.50 cmolc dm-3; and Mg= 
0.87 and 0.71 cmolc dm-3.

In each locality, the experimental 
design was randomized blocks, with 
four replicates. The treatments consisted 
of three planting times in 2013: April 
(autumn), July (winter) and September 
(spring).

At full flowering (over 80% of the 
stand), harvest at high altitude, was 
performed as follows: a) planting date 
on April 2013, harvested after 270 days, 
on January 2014; b) planting date on 
July 2013, harvested after 240 days, 
on March 2014; c) planting date on 
September 2013, harvested after 180 
days, on March 2014. At low altitude, 
harvests were performed as follows: a) 
planting date on April 2013, harvested 
after 240 days, on December 2013; b) 
planting date on July 2013, harvested 
after 180 days, on January 2014; c) 
planting date on September 2013, 
harvested after 210 days, on April 
2014; the experimental unit consisted 
of five 4-m plant rows, spacing 1.0 m 
between rows and 0.5 m between plants, 
totalizing 8 yacon plants per plant 
row. However, only the tuberous roots 
harvested in the useful area, represented 
by the central 5 m2 of each plot, were 
used for evaluations.

In each place, soil was plowed 30 
cm deep and, then, harrowed. Tanned 
bovine manure was applied at the dose 
of 180 g per plant. Bovine manure 
showed the following nutrients: N= 
14.21 g kg-1; P= 4.75 g kg-1; K= 5.28 
g kg-1; Ca= 4.29 g kg-1 and Mg= 1.92 
g kg-1. Rhizophores of approximately 
35 grams were planted in furrows at 10 
cm depth, in the desired spacing. During 
growing cycle, spontaneous plants were 
controlled and sprinkler irrigation was 
performed weekly, using 30 mm of 
water depth, split into two applications, 
mainly in the months of lower rainfall 
(June, July, August and September, 2013 

and January and February, 2014).
Tuberous roots were harvested 

and sent to Laboratório de Química 
de Alimentos of UFES, where they 
were washed and sanitized. In order to 
analyze moisture, 100 g of fresh roots, 
previously peeled and chopped into 
chips, were weighed. This material 
was taken into a dryer under forced 
air circulation at 65ºC until reaching 
constant mass. Moisture content was 
determined based on the difference 
between initial and final dry mass 
(Instituto Adolfo Lutz, 2008). After 
moisture determination, dry roots 
were crushed and crude fiber content 
determined in accordance with AOCS 
method 18 (2003), using fiber digester 
Marconi MA-444/CI. Fresh roots were 
incinerated in muffle at 550°C, to obtain 
ash content (Instituto Adolfo Lutz, 
2008).

Then, part of roots was peeled, 
chopped into slices, and put into a 
domestic juice extractor device. After 
extraction, juice was filtered and 
submitted to analyses: pH, titratable 
total acidity, soluble solids, reducing 
sugars and color (Instituto Adolfo Lutz, 
2008).

The pH was determined with the aid 
of a benchtop pH meter (Ion pHB500). 
Titratable total acidity was determined 
putting a 5-g aliquot of juice into a 
125 mL Erlenmeyer flask, in which the 
authors added 50 mL of water and 2 to 
4 drops of phenolphthalein solution, 
titrated with 0.01 mol/mL sodium 
hydroxide solution up to pink coloration. 
Soluble solid content was determined 
using a digital bench refractometer 
(Atago Abber DR-A1). Reducing sugar 
content was determined by transferring 
5-g aliquot of juice into a 100-mL 
volumetric flask, in which the authors 
added 100 mL of distilled water until 
complete the volume and, transferred to 
a burette. In a 250-mL flat bottom flask, 
each of the Fehling solution, A and B, 
were transferred with the aid of 10-mL 
pipettes, and, then, 40 mL of water 
was added. The solution was heated on 
electric plates and shaken until boiling 
and drops of the burette solution were 
added into the boiling solution until this 
solution went from blue to colorless. 
The same steps were performed for 
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standard glucose solution.
Immedia te ly  af ter  the  ju ice 

extraction, color coordinates were 
determined according to CIELAB chart 
for colors, using color coordinates L*, 
a* and b*, in which coordinate L* is 
related to luminosity (0= black and 
100= white), coordinate a* positive 
tending to red, a* negative tending 
to green and b* positive tending to 
yellow and b* negative tending to blue 
(Hunterlab, 2000). Color was analyzed 
by using reflectance and transmittance 
spectrophotometry (Konica-Minolta 
CM-5).

Fresh root texture was determined 
using a Brookfield CT3 Texture 
Analyzer. The computer software 
TexturePro CT v1.4 build 17 (Windows 
NT 6.1 – Build 7601: Service Pack 1) 
was used to collect data. The device was 
programmed to measure directly texture: 
hardness and chewiness. To perform this 
analysis, probe TA 39 (2-mm diameter 
and 20-mm length) was used. Root 
samples were previously selected in 
standard sizes (5-cm diameter) and 
chopped (5-cm thickness). The used 
parameters were: pre-test speed = 2.0 
mm/s; test speed = 2.0 mm/s; post-test 
speed = 2.0 mm/s; and distance = 5 mm.

Obtained data were submitted to 
joint analysis of variance (ANOVA) 
involving the two growing altitudes, 
837 and 113 m, using F test at 5% 
probability, and average comparison 
using Tukey test at 5% probability. 
Statistical analyses were done using 
computer program Genes (Cruz, 2006).

RESULTS AND DISCUSSION

Any significant differences for pH 
values and color coordinate b* of the 
extracted juice of yacon tuberous roots 
was noticed (Table 1). Titratable total 
acidity did not also range among planting 
times, at both growing altitudes. These 
results denote that yacon root flavor, 
slightly acidic (inferior pH, but close 
to 7), and the influence of yellow color 
(b* positive) in the juice extracted from 
these roots, were similar, it means, they 
are related to growing and planting time.

The pH values of the yacon 
tuberous roots juice ranged from 6.57 

to 6.83 (Table 1). These values, close 
to neutrality, presented low titratable 
total acidity contents, between 0.071 
and 0.088% (Table 1), similar to the 
values verified by Prati et al. (2009) and 
Castro et al. (2013). These results allow 
characterizing yacon as a low acidity 
food and, consequently, more susceptible 
to deterioration by microorganisms 
(Braga et al., 2013). Yacon roots kept 
similar pH values, however, titratable 
total acidity of the roots grown at 837 
m altitude was lower (Table 1), since 
a greater quantity of organic acids had 
been used as carbon source for sugar 
synthesis (Awad, 1993), corroborating 
the higher soluble solid contents (Table 
2). These results suggest that yacon 
produced at 113 m altitude shows 
higher content of antioxidants, such 
as chlorogenic acid, ferulic acid and 
caffeic acid (Simonovska et al., 2003) 
than the yacon plant produced at 837 
m altitude. Comparing with other roots 
and tubers, yacon has high quantity of 
phenolic compounds, about 200 mg 100 
g-1 (0.2%) of edible part (fresh mass), 
considering the chlorogenic acid present 
in 48.5±12.9 μg g-1 of fresh pulp in an 
experiment conducted by Valentová & 
Ulrichová (2003).

Root moisture contents were close, 
between 88.86 and 91.21%, however, 
statistic difference occurred in relation 
to a low variation coefficient (Table 1). 
This high moisture content contributes 
positevely to its low energetic value 
(Santana & Cardoso, 2008). On the other 
hand, it reduces in a significant way its 
shelf life in non-refrigerated conditions 
(Scher et al., 2009). In relation to 
growing altitudes, the roots produced at 
113 m altitude showed higher moisture 
content (Table 1) corroborating the 
lower soluble solid content (Table 2). 
Considering planting times, independent 
of altitude, higher moisture contents was 
noticed in roots planted in April (Table 
1), probably due to higher soil moisture 
in the rainy planting season (summer), 
favoring water absorption.

Root soluble solid contents ranged 
from 8.58 to 13.6°Brix (Table 2), values 
similar to the ones verified in other 
researches (Quinteros, 2000; Prati et 
al., 2009; Lago et al., 2011). Planting 
in September, at both altitudes, provided 

higher soluble solid content, however, 
independent of planting season, the 
roots produced at 837 m altitude showed 
superior average comparing to the ones 
produced at 113 m altitude (Table 2), 
probably due to warmer temperatures 
at higher altitudes, which contribute 
to lower root respiratory rates and, 
consequently, lower carbohydrates 
consumption. Morevoer, yacon was 
described as neutral to photoperiod for 
formation of stems and roots (Seminario 
et al., 2003), warmer temperatures 
may also contribute to more efficient 
tuberization process (Rodríguez-Falcón 
et al., 2006) and lower occurrence 
of photorespiration (Kerbauy, 2013), 
favoring carbohydrates transportation 
from leaves to tuberous roots. The 
authors highlight that lower moisture 
content produced at 837 m altitude (Table 
1) could also contribute, thus being the 
soluble solids more concentrated or less 
diluted.

The observed results suggest that 
yacon produced at 837 m altitude, 
mainly planting in September, may show 
greater market acceptance in natura for 
its sweetness, since higher soluble 
solid contents were verified (Table 
2). Due to high positive correlation 
(r= 0.84) between soluble solid and 
fructooligosaccharides (FOS) contents 
(Hermann et al., 1999), roots produced 
at this altitude may present higher 
contents of this carbohydrate, which has 
aroused many researchers’ and also food 
industry interest as this is a bioactive 
component with prebiotic claim and 
stable to most food industry processes 
(Borges et al., 2012).

Reducing sugar contents ranged 
from 3.43 to 5.36% (Table 2), values 
similar to the ones verified by Prati et 
al. (2009), 3.94%, and lower than the 
ones obtained by Lago et al. (2011) in 
yacon juice presenting soluble solid 
concentration of 10°Brix, considering 
that 7.8% for glucose and 16.42% for 
fructose. In average, growing altitude 
did not influence on reducing sugar 
contents, however, the authors noticed 
differences in relation to planting time 
at each altitude. Lower reducing sugar 
contents were verified in roots planted 
in July, at 837 m altitude, and in April 
at 113 m altitude, corroborating lower 
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soluble solid contents (Table 2). Some 
studies demonstrated changes in sugar 
chemical composition of yacon roots 
after harvest: polymerized sugars 
tend to depolymerize as time goes 
on, it means, FOS are hydrolyzed to 
simple sugars by the action of fructan 
hydrolase enzyme, which converts 
them to fructose, sucrose and glucose. 
Nevertheless, this conversion is slower 
on roots stored under refrigeration 
temperatures (Graefe et al., 2004).

Crude fiber content ranged from 
13.38 to 28.49%, on dry basis (Table 
2), values lower than the ones found 
by Vasconcelos et al. (2010) (33.15%). 

Similarly to what occurred to reducing 
sugar content, the growing altitude did 
not influence on crude fiber content, 
however, some differences were 
observed in relation to planting time 
within each altitude. At 837 m altitude, 
higher crude fiber content was noticed 
in roots planted in April (Table 2), 
probably due to a longer growing cycle, 
since reduction of protein content and 
increase of dry mass and crude fiber 
contents are verified as the plant gets 
older (Santos et al., 2014). At 113 m 
altitude, root crude fiber content during 
growing cycle of yacon planted in 
September (Figure 1), mainly from 

November, 2013 (maximum average 
temperature over 30°C), was prejudicial 
to plant development, tuberization 
process, and, consequently, crude fiber 
accumulation by the roots. 

Yacon tuberous roots of this study, 
independent of altitude and planting 
time, showed crude fiber contents (in 
dry basis) high enough to be considered 
a fiber-rich food (Quinteros, 2000). This 
high content makes yacon a fiber-rich 
food supplement, as pointed out by 
Vasconcelos et al. (2010), producing 
flour from this root, they verified a 
percentual composition of 47.42 and 
12.21% bs of crude fiber, respectively.

Ash contents in natura ranged from 
0.16 to 0.55%, on wet basis (Table 2), 
being directly related to accumulation of 
minerals, such as calcium, phosphorus, 
magnesium, sodium, iron and, mainly, 
potassium (230 mg 100 g-1 fresh edible 
mass or 1 to 2% dry mass), which is 
present in great quantities in fruits which 
are generally consumed in Brazil, just 
like bananas, oranges, lemons, guavas, 
apples, papayas, watermelons, melons, 
pears, among others (Rodrigues et al., 
2011). The highest average ash content 
occurred in the roots produced at 113 
m altitude, nevertheless, planting in 
September, the average was significantly 
higher than the ones planted in April and 
July, which did not differ among them 
(Table 2). The highest temperatures 
at 113 m altitude, mainly during the 
cultivation cycle of yacon planted in 
September, may have contributed to 
an increase in plant transpiration rate, 
favoring nutrient absorption by the 
roots, and also for a photorespiration 
increase, decreasing efficiency of 
photosynthesis (Kerbauy, 2013). 
Thus, most of the nutrients were not 
assimilated and translocated to the plant 
shoot, corroborating higher ash content 
in roots produced at 113 m altitude 
(Table 2). At 837 m altitude, the authors 
could also notice a difference in ash 
contents in the roots, however, showing 
less discrepancy between planting times, 
being greater when planting in April and 
September, which did not differ among 
them, and less in the planting of July 
(Table 2).

In general, the samples showed 
moderate luminosity (L*) (average 
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Table 1. Physical and chemical characteristics of yacon tuberous roots grown at different 
altitudes and planting times. Ibatiba/Alegre, UFES, 2013/14.

Growing altitude pH Acidity2

 (%)
Moisture
(%, bu) b*3

837 m 6.78 a1 0.071 b 88.96 b 42.88 a
113 m 6.66 a 0.088 a 90.40 a 38.72 a
Planting time
April 6.83 a1 0.076 a 91.21 a 41.90 a
July 6.76 a 0.076 a 88.86 b 44.07 a
September 6.57 a 0.086 a 88.97 b 36.43 a
CV (%) 4.05 9.49 0.73 10.35

1Averages followed by same letters, vertically, do not differ by F test for growing altitudes, 
and Tukey for planting times, both at 5% probability; 2Acidity expressed in % malic acid; 
3Coordinate b* color.

Table 2. Chemical characteristics of yacon tuberous roots grown at different altitudes and 
planting times. Ibatiba/Alegre, UFES, 2013/14.

Planting time
Growing altitudes (m)

837 113 837 113
Soluble solids (°Brix) Reducing sugar (% m/m)

April 12.30 b 8.58 c 4.84 a 3.43 b
July 11.33 c 9.25 b 4.16 b 5.36 a
September 13.60 a 11.65 a 4.91 a 4.89 a
Averages1 12.41 A 9.83 B 4.64 A 4.56 A
CV(%) 2.34 7.91

Crude fiber (% bs) Ashes (% bu)
April 28.49 a 21.30 b 0.25 a 0.36 b
July 19.68 b 25.68 a 0.16 b 0.35 b
September 19.20 b 13.38 c 0.23 a 0.55 a
Averages1 22.46 A 20.12 A 0.21 B 0.42 A
CV(%) 8.99 8.54

1Horizontally, compare averages between the growing altitudes for each variable, where same 
capital letters do not differ by F test at 5% probability; 2Vertically, averages of planting times 
within each growing altitude followed by same lowercase letters do not differ by Tukey test 
at 5% probability.
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of 38.00), with the predominance of 
the yellow component (b* positive) 
(average of 40.80) over the red 
component (a* positive) (average of 
3.72), which contribution in color was 
little showing quite low values, showing 
yellowish juice color extracted from 
yacon tuberous roots (Tables 1 and 3). 
In Brazil, yacon tuberous roots generally 
show light yellow or intense yellow 
colors, being the carotenoids, pigments 
responsible for the yellow, orange and 
red coloring of vegetables, in addition 
to some of them being precursors of 
vitamin A (Quinteros, 2000).

Roots produced at 837 m altitude 
provided lighter juices (higher L* 
average) and with less influence of red 
color (lower b* average) comparing to 
roots produced at 113 m altitude (Table 
3). At 837 m altitude, the influence of 
these two color coordinates was similar 
at planting times. On the other hand, 
at 113 m altitude, the roots planted 
in September provided a darker juice 
(lower L*) and with less influence of 
red color (lower b*) comparing with the 
roots planted in April and July (Table 3). 
This less influence of red color occurred 
due to high temperature during growing 
cycle of planting in September at this 
altitude, considering that above 30oC 

inhibition of the synthesis of lycopene, 
carotenoid responsible for the red 
coloration in vegetables occurs without 
affecting β-carotene, responsible for 
yellow coloration (Awad, 1993). Darker 
color of juices extracted from the 
roots grown at 113 m altitude, mainly 
considering planting in spring can be 
related to their higher acidity (Table 1), 
since darkening reactions are caused 
by polyphenoloxidase and peroxidase 
enzymes, and the presence of phenolic 
compounds, such as chlorogenic and 
caffeic acids, make yacon roots more 
susceptible to these reactions (Seminario 
et al., 2003). These results suggest that 
yacon juice from roots planted in 
September, at 113 m altitude, has lower 
market acceptance due to its darker 
color, which contributes to a worse 
product appearance.

In relation to atributes concerning 
texture, similar values (average) for 
hardness (force required to deform 
them), were noticed among the roots 
produced at 837 and 113 m altitude 
(Table 3). However, roots grown at 837 
m altitude showed higher chewing rate 
(energy required to disintegrate them 
into a ready-to-swallow state), probably 
in relation to a lower moisture content 
(Table 1) and, consequently, higher dry 

mass content. At 837 m altitude, similar 
hardness values occurred among roots 
planted in different planting times, 
however, planting in April promoted 
higher chewing rate (Table 3) in relation 
to their higher ash and crude fiber 
contents (Table 2), whereas roots planted 
in winter and spring did not differ among 
them (Table 3). At 113 m altitude, roots 
planted in September showed quite 
significantly higher values of hardness 
and chewing rate, in relation to ash 
contents, which were also significantly 
high (Table 2), when comparing with 
roots planted in April and July, which 
did not differ among them (Table 3). The 
authors highlight that hardness of roots 
planted in September at 113 m altitude 
was above 60% higher than the average 
of roots in other treatments.

Texture, appareance and flavor 
are the three quality attributes which 
establish food acceptance by the 
consumer (Mohsenin, 1986). Thus, the 
authors concluded that yacon tuberous 
roots produced at 837 m altitude, 
independent of planting time, showed 
higher soluble solid contents and lighter 
juice, resulting in a better root quality. 
Nevertheless, roots produced at 113 m 
altitude, the plantings in April and July 
provided better quality of yacon since it 
presents less hardness and lighter juice.
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