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Abstract
Yacón root is a natural source of fructans, which has many potential benefits. Convective drying has been applied to increase the
shelf life of yacón roots. However, this processingmay lead to detrimental effects on the physicochemical functionality. The drying
was investigated using different conditions (drying temperatures of 45 °C, 50 °C and 55 °C at a drying air velocity of 2 m/s and
60 °C at a drying air velocity of 2m/s, 3 m/s and 4m/s). The dried samples were compared to the original yacón with regard to their
physicochemical properties. From all the properties that were studied, the color of the dried material and the elastic modulus of the
reconstituted yacón were the most important properties beingminimized respectively. The results of this investigation indicate that
the best drying conditions, where the physicochemical properties of the samples are kept closest to the original material, are
obtained either by using temperatures of 55 °C and 2 m/s or using higher temperatures but increasing the air velocity.

Nomenclature
FOS Fructo oligosaccharides
Xaq Free moisture
maq The amount of water remaining after drying

at a certain time
ms Total solids in the sample
DM Dry matter
WIS Water insoluble solids
WSS Water soluble solids
d32 Surface-weighted mean of the particle size
d43 Volume-weighted mean of the particle size
i Index of population
di Particle diameter of population i
L Lightness
a Green/red color component
b Blue/yellow color component
aw Water activity
F variation between sample means
p Significance
PC1 Principal Component 1
PC2 Principal Component 2

1 Introduction

Improved healthy aspects of food products is a well
established trend in the food industry, and one of the identified
aspects is the need to enhance the intake of dietary fibers.
Dietary fibers are defined as polysaccharides and lignins that
are non-digestible in the intestinal tract. These components
provide different functional properties when applied in food
products as they can modify or improve the texture and shelf
life of foods [1].

One of the components of dietary fibers, the inulin-type
fructans, has received particular attention due to their ability
to interact with the texture properties of food products [2, 3].
Inulin-type fructans are linear poly carbohydrates consisting of
β (2← 1) fructosyl-fructose linkages [4]. They provide prop-
erties such as the ability to increase the absorption of calcium
and magnesium [5]. They also present prebiotic properties due
to their capacity to stimulate the growth of beneficial and de-
creasing the growth of harmful bacteria in the intestine [6].

Yacón (Smallanthus sonchifolius) is a natural source of
inulin-type fructans, and it grows in the Central Andean re-
gions limiting with the Amazon basin between 1800 and
3500m above sea level, and it is cultivated especially in coun-
tries like Bolivia, Peru, Ecuador, and Argentina. Yacón, a
member of the sunflower family (Asteraceae), is a perennial
plant that grows up to 1.5 to 2.5 m and produces large
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tuberous roots. The roots have different tissue colors: white,
yellow, orange, and purple depending on the variety of the
plant and the region where it grows [7].

Fruits and vegetables that are dried change many quality
properties like the loss of vitamins and other nutrients, alter-
ations in color and texture, density and porosity but these
losses are highly dependent on the condition and the method
of drying [8]. The shrinkage and toughness of the dried prod-
uct are increased when the drying of the product is extended
possibly leading to reducing rehydration capacity [9]. The
effect in the rehydration capacity is possibly produced because
the water loss creates cracks when leaving the drying material
that produces structural damage in the food material [10].

Convection drying is a drying process in which the
material receives heat from the air flow. The increase of
the temperature in the material is related to the difference
between the temperature of the air flow and the surface
of the material. Convection drying presents advantages
like providing control of the temperature of drying.
However, the problem is when the drying reaches a low
amount of moisture in the material, the rate of moisture
loss begins to decrease and the rest of the drying time
that can be long is spent trying to eliminate the last re-
mains of moisture [9].

The objective is to describe the sensitivity of the physico-
chemical functionality towards the drying parameters of con-
vective drying of yacón.

2 Material and methods

2.1 Preparation of yacón paste

The measurement devices and accessories used during the
experiments and their technical specifications are given in
Table 1.

Yacón roots with orange tissue were purchased from a local
market in the city of La Paz that were cultivated from the
region of Sorata, Bolivia on three different months of the year
(from April to August). The roots were washed, peeled under
distilled water with ascorbic acid for 1 min to avoid oxidation.
The material was cut into small pieces and minced in an
Oster® blender (Model: 4172–051, Mexico) to obtain a
yacón paste. Ascorbic acid (3 g/l disintegrated material) was
added as an antioxidant while the root was minced. The yacón
paste was stored at -20 °C in many polypropylene containers
of 100 mL between 3 and 7 days. To perform the experiments
the yacón sample was thawed at room temperature for at least
two hours.

2.2 Drying methodology

Samples of 100 g of yacón paste were weighed in a Petri dish
(diameter = 14 cm, height = 2 cm) and spread. The average
thickness of the sample inside the Petri dish was 3 mm. The
sample was put into a convective drying tunnel oven

1400 mm

325 mm
2 - - 4 m/s

Balance

Sample

Finely  
meshed  
netting

Finely  
meshed  
netting

Fig. 1 Schematic sketch of the
dryer set-up

Table 1 Measuring devices and
accessories used and their
technical specifications

Device Brand Model Range Uncertainty from
manufacture

Blender Oster 4172–051

Chroma meter Konica Minolta CR-400 0.01–160.00%

Centrifuge Beckman Coulter Allegra X-1512

Laser particle size analyzer Mastersizer 2000SM 0.02 to 2000 μm ±1%

Water activity meter Aqua Lab 3 0.030–1.000 ±0.3%

UV-Vis spectrophotometer Varian Cary-50 0.001–3 A ±1%
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according to Skjöldebrand [11] with only the upper surface of
the sample in contact with the flow of air (Fig. 1). The relative
humidity of the drying chamber is low. It is determined by the
humidity in the air outside the cabinet and it becomes between
6 to 13% depending of the drying temperature (45 °C and
60 °C respectively). Six different experiments were carried
out for three yacón samples: four at different temperatures
(45 °C, 50 °C, 55 °C, 60 °C) with an air velocity of 2 m/s
and two experiments with a temperature of 60 °C using dif-
ferent air velocities (3 m/s, 4 m/s). The experiments were run
in duplicate.

During each drying procedure, the weight of the sample
and sample holder was recorded every minute until the end
of the drying process. The end of the drying was established
when the sample reached a constant weight. After completed
drying, the samples were kept at room temperature completely
sealed in polypropylene containers.

The drying rate and the extent of drying were followed by
measuring the free moisture representing the amount of

moisture present in the void spaces of the sample [12] and is
represented by the eq. (1):

X aq ¼ maq

ms
ð1Þ

Where maq in the sample is the amount of water remaining
after drying at a certain time, and mS represents the total solids
in the sample that can be found using the dry matter of the
undried yacón.

2.3 Characterization of the dried samples of the yacón

2.3.1 Determination of dry matter, water activity and color
of the dried samples

For the determination of the dry matter (DM) one gram of the
different dried materials obtained was dried in a vacuum oven
at 70 °C for 16 h and then weighed to obtain the dry matter of
the dried samples. The results are expressed as g dry matter
(DM)/100 g sample.
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Fig. 2 Drying curves expressed
as free moisture (Xaq) as a
function of time (min) at different
drying temperatures and air
speeds

Table 2 Least-square means and significance of influence (F and p-
values) for different drying temperatures at 2 m/s on the drying time
and drying rate (one-way ANOVA). The R2 values are also given (n = 3)

Temperature (°C) Drying time (min) Drying rate (min−1)

45 363 0.024

50 317 0.028

55 283 0.033

60 230 0.036

F 14.55 5.08

Significance (p) 0.001 0.029

R2 0.84 0.65

Table 3 Least-square means and significance of influence (F and p-
values) for different air speeds at 60 °C on the drying time and drying
rate (one-way ANOVA). The R2 values are also given (n = 3)

Air speed (m/s) Drying time (min) Drying rate (min−1)

2 230 0.036

3 197 0.040

4 173 0.043

F 7.55 0.44

Significance (p) 0.023 0.662

R2 0.71 0.13
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The water activity was measured using a water activity
meter (Aqua Lab series 3) with a cooled mirror condensation
detector. About one gram of each dried sample was put in a
cup (d = 4 cm, h = 1 cm) in a uniform way and applied into the
sample drawer of the water activity meter around 4 to 5 min
per sample.

The color (CIE Lab color space) of the dried material
was measured using a colorimeter (Chromameter CR-400,
Konica Minolta) over the homogeneous surface of one
gram of dried yacón sample without any treatment. It mea-
sures the parameters L*, a* and b* to describe the color.
Parameter (L*) expresses the lightness of the sample and
changes from dark (0–50) to light (51–100). Parameters
(a*) and (b*) do not present specific limits. Parameter
(a*) expresses the perceived red/green color balance of
the sample; negative values indicate green and positive
values indicate red. Parameter (b*) expresses the perceived
yellow/blue color balance of the sample, where negative
values indicate blue and positive values indicate yellow.
For all the characterization of the dried samples, two rep-
licates were used.

2.4 Characterization of the original and reconstituted
yacón paste

2.4.1 Reconstitution of the dried samples into a paste

The dried samples were reconstituted with pure water at a
volume of 40 mL to the same dry matter (10.85%,
14.43%, and 11.94%) as the raw yacón paste from which
they originated. After mixing using a magnetic stirrer, the
samples were allowed to equilibrate for approximately
one hour at room temperature before any measurements
were performed.

2.4.2 Determination of water-insoluble solids and soluble
solids of the pastes

Two grams of yacón paste was suspended in 10 mL of
distilled water to determine the water-insoluble solids
(WIS) of the original and the reconstituted paste. The
mix was centrifuged at 3000 x g for 20 min at 20 °C
(Allegra X-1512, Beckman Coulter Inc. USA). The super-
natant was filtered (paper filter 1F, Munktell Filter AB,
Sweden) to recollect any residue in the suspension. The

residue was washed out of any sugar repeatedly using
distilled water until the washing liquid had a refractive
index of about zero. The residue was dried in an oven at
105 °C for 16 h and then weighed. The results are
expressed as g WIS/100 g dry matter. The total water-
soluble solids (WSS) were determined by drying all the
supernatants collected from the water-insoluble solids
measurements in an oven at 105 °C for 16 h and then
weighed. The results are expressed as g WSS/100 g dry
matter and both the determination of WIS and WSS were
performed in duplicate.

2.4.3 Particle size distribution of the yacón paste

The particle size distribution (PSD) of the solids of the differ-
ent yacón pastes (refractive index of the suspension = 1.339)
was measured using a laser diffraction analyzer (Malvern
Mastersizer Hydro 2000 SM) in the 0.1–1000 μm interval
and performed in duplicate. The most common descriptions
of the particle size distribution are given as the surface-
weighted mean (d32) and the volume-weighted mean (d43).
The parameters d32 and d43 are calculated using the following
equations:

d32 ¼ ∑inid
3
i

∑inid
2
i

ð2Þ

d43 ¼
∑inid

4
i

∑inid
3
i

ð3Þ

where i is the index of population and d is the particle diameter
of population i.

2.4.4 Rheological properties of the yacón paste

A controlled-stress rheometer (Malvern Kinexus Pro) equipped
with a four blade vane geometry (d = 21 mm, height = 45 mm)
giving a gap of 3 mm was used to perform the sinusoidal os-
cillatory tests. The purpose of using the vane geometry is to
eliminate the slip phenomenon. The linear viscoelastic region,
defined as the initial linear part (LVR) when applying a stress
sweep test from 0.02 to 100 Pa at 1Hz at 20 °Cwas determined.
The measurements were performed in duplicate.

Table 4 Mean and standard
deviation of the dry matter, water
activity and color (L*, a* and b*)
of the different types of yacón
before drying. (n = 2)

Yacón sample Dry matter (g/100 g sample) aw L* a* b*

1 14.4 ± 0.8 0.987 ± 0.003 52.7 ± 1.0 1.78 ± 0.07 14.2 ± 0.7

2 11.9 ± 0.8 0.991 ± 0.002 54.9 ± 0.4 1.64 ± 0.06 13.0 ± 0.6

3 10.8 ± 0.3 0.995 ± 0.001 57.6 ± 0.6 1.57 ± 0.03 11.8 ± 1.6
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2.4.5 Determination of inulin-type fructans content
in the yacón paste

The content of inulin-type fructans in the yacón paste was
determined by applying an enzymatic method described by
Steegmans et al. [13]. The total content of inulin-type fructans
is expressed as g inulin-type fructans/100 g dry matter. The
measurements were performed in duplicate.

2.5 Statistical analysis

The results were statistically treated using one-way analysis of
variance (ANOVA, p < 0.05) using one of the three design
parameters (yacón sample, drying temperature and air veloc-
ity). The correlations between properties were determined by
using the Pearson correlation coefficient. Principal
Component Analysis (PCA) was performed having two prin-
cipal components showing loading plots and score plots.
Minitab® 14.1.0.0 was used for statistical analysis, graphics
and data processing. The precision of measurements is esti-
mated from the variation between replicates.

3 Results and discussion

3.1 The drying procedure of yacón

The average drying curves of the samples are shown in
Fig. 2.The average standard deviation of each point in the

curve varied from 0.2 to 0.8. It can be noted that the higher
the temperature, the steeper the drying curves, which is in
accordance with the results of drying carrots as given by
Prabhanjan et al. [14] and the results of drying tomato slices
as given by Coşkun et al. [15].

The time necessary to dry the sample decreased when the
drying temperature increased (see Fig. 2). This is because
higher temperatures provides larger heat flux, higher water
vapor carrying capacity and a larger water vapor activity gra-
dient. The increase of air velocity in the samples at the same
temperature (60 °C) also enhances the rate of drying, because
air is responsible for the transfer of the heat as well of the
evaporating water from the sample during the drying.

Before the drying, the moisture content of the different
yacón was around 88%. The moisture content was calculated
using the dry matter of the yacón samples. During the drying
process the critical moisture concentration was reached after the
removal of themajority of water (free moisture ≈ 0). During this
latter part of the drying, the removal of hygroscopic moisture
begins, but the quantity of the water remaining is usually low.
The first section of the drying is faster than after reaching the
critical moisture concentration [9]. The moisture content after
the drying of yacón samples are between 13% and 4% depend-
ing of the drying temperature and air velocity used. By analyz-
ing the drying curves, we can obtain the drying time and the
drying rate. The drying rate represents the amount of free mois-
ture per unit of time and is obtained from the first steep slope of
the curves given in Fig. 2. The drying time is read off when
reaching the critical moisture concentration.

Table 6 Least-square means and
significance of influence (F and p-
values) of drying temperature
using 2 m/s on the dry matter, the
water activity (aw) and the color
(L*, a* and b*) of the dried
samples of yacón (one-way
ANOVA). The R2 values and the
relative standard error between
replicates are also given (n = 2)

Temperature (°C) Dry matter (g/100 g sample) aw L* a* b*

45 89.3 0.49 56.6 9.7 29.6

50 89.2 0.47 52.4 11.2 32.3

55 91.9 0.41 57.3 12.5 37.5

60 93.3 0.39 60.3 15.0 39.7

F 10.64 7.39 2.67 7.93 5.26

Significance (p) 0.000 0.002 0.075 0.001 0.008

R2 0.61 0.52 0.29 0.54 0.44

Standard error between replicates (%) 0.51 0.91 1.0 5.9 2.7

Table 5 Least-square means and
significance of influence (F and p-
values) of yacón type on the dry
matter, the water activity (aw) and
the color (L*, a* and b*) of the
dried samples of yacón (one-way
ANOVA). The R2 values and the
relative standard error are also
given (between replicates, n = 2)

Yacón type Dry matter (g/100 g sample) aw L* a* b*

1 92.1 0.39 56.1 10.3 27.9

2 90.7 0.46 59.1 11.3 35.7

3 92.7 0.42 60.5 14.4 36.1

F 2.49 6.77 1.76 10.05 11.2

Significance (p) 0.099 0.003 0.187 0.000 0.000

R2 0.13 0.29 0.10 0.38 0.40

Standard error between replicates (%) 0.44 0.94 1.2 6.0 2.5
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The effects of the drying parameters, such as drying tem-
perature and air velocity, on the drying time and the drying
rate can be seen in Tables 2 and 3 using one-way ANOVA.

From the results presented, the drying time is significantly
influenced by both the drying temperature and the air velocity.
Similar observations were found in studies in which both the
air velocity and temperature during the drying had a signifi-
cant influence on the drying time of garlic slices [16] and
bananas [9]. For instance, the drying times of bananas were
about 520 and 320 min at 50 °C and 70 °C, respectively, using
an air velocity of 3.3 m/s [9]. Comparing these results with the
drying time of yacón at 50 °C and 60 °C using 2 m/s, the
drying time of yacón is quicker than the drying time of banana
when considering that the bananas were dried using a higher
air velocity. Prabhanjan et al. [14] obtained a drying time of
390 min at 45 °C and 90 min at 60 °C during convective air
drying of carrots at an air velocity of 1.7 m/s and these drying
times were significantly lower in comparison with those of
yacón achieved in this investigation especially at the higher
drying temperatures.

The drying temperature was the only variable that signifi-
cantly increased the drying rate. The drying rate of the yacon
samples were (0.028 min−1 at 50 °C and 0.036 min−1 at 60 °C
using an air velocity of 2m/s) where the drying rate of bananas
[9] was lower (0.001 min−1 at 50 °C and 0.003 min−1 at 70 °C
using an air velocity of 3.3 m/s). This similar trend was also
observed in Mohan [17] and Darıcı [18].

The air velocity helps to reduce the drying time, but its
effect is less significant than the temperature. Krokida et al.
[19] obtained similar results on the influence of air velocity
when drying different types of vegetables.

3.2 Characterization of the dried samples

Dry matter, water activity and color (L*, a* and b*) was
performed in yacón samples before drying (Table 4) and
from the dried yacón obtained at different drying condi-
tions (Tables 5, 6 and 7).

The initial dry matter of yacón before drying varies be-
tween 10.8 and 14.4 g/100 g sample. In Table 5, the dry matter

Fig. 3 Pictures of yacón samples: a) before drying; b) after drying at 45 °C, 2 m/s; c) after drying at 50 °C, 2 m/s; d) after drying at 55 °C, 2 m/s; e) after
drying at 60 °C, 2 m/s; f) after drying at 60 °C, 3 m/s; g) after drying at 60 °C, 4 m/s

Table 7 Least-square means and
significance of influence (F and p-
values) of air speed using 60 °C of
drying temperature on the dry
matter, the water activity (aw) and
the color (L*, a* and b*) of the
dried samples of yacón (one-way
ANOVA). The R2 values and
relative the standard error
between replicates are given (n =
2)

Air speed (m/s) Dry matter (g/100 g sample) aw L* a* b*

2 93.3 0.39 60.3 15.0 39.7

3 92.8 0.41 61.1 11.9 29.3

4 94.6 0.39 63..4 11.6 31.1

F 4.56 0.25 0.64 2.20 7.44

Significance (p) 0.028 0.779 0.543 0.145 0.006

R2 0.38 0.03 0.08 0.23 0.50

Standard error between replicates (%) 0.31 0.93 1.3 5.9 1.9
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of dried material is about 92 g/100 g for the different samples,
which tells us that the dried sample preserves about 8% of
internal water after the drying procedure. The water activity,
aw, is also low enough for good preservation of the dried
samples. The type of yacón significantly influences the water
activity, in where yacón 1 had the lowest value.With regard to
the color in the different samples of yacón before and after the
drying there is an increment in all the parameters (L*, a* and
b*) after drying. The increase is higher with regard to the
values of a* and b* which is observed in a darker coloration
in the dried samples (Fig. 3).

In Table 6, the dry matter of the yacón dried samples in-
creases with temperature, reaching the highest value of 93 g/
100 g sample at 60 °C and this effect is significant. Similar
effects of the drying temperature on the dry matter have also
been seen for the drying of fruits like the Tunisian dates by
Borchani et al. [20]. The drying temperature significantly in-
fluences the water activity giving the lowest value at the
highest temperature. The effect of the temperature on the wa-
ter activity was similar to that of powders of different date
varieties [20].

The color of the dried samples is a visual representation of
the effect of the different drying conditions. The drying tem-
perature does not significantly influence lightness (L*) [21],
but the yellowness (b*) and redness (a*) is enhanced in the
dried samples with drying temperature. The drying of savory
leaves by Nikjooy and Hashemi [22] showed there is an effect
of rising the temperature on the color of the dry material par-
ticularly at the highest temperatures similar to the results ob-
tained here for yacon. After the drying, the samples acquire a
strong orange color (high a* and b* values). This change of
color might be produced by oxidation, Maillard, and
caramelization reactions [23] resulting in the formation of col-
ored substances induced by the high temperatures that are
applied to a food product for a longer period.

In Table 7, the dry matter significantly increased by the air
velocity, whereas the air velocity did not significantly influ-
ence the water activity.

Although the air velocity does not seem to influence the
majority of the color parameters significantly except for (b*),
there is still a reduction of the drying time on increasing air
velocity, thereby lowering the probability of reactions taking

Table 8 Least square means and
the significance of influence (F
and p-value) on the physico-
chemical properties (WIS, WSS,
d32, d43, elastic modulus and FOS
content) of 3 different types of
fresh yacón using one-way
ANOVA. The R2-values and the
relative standard error between
replicates are given (n = 2)

Yacón type WIS
(g/100 g DM)

WSS
(g/100 g DM)

d32 (μm) d43 (μm) Elastic
modulus (Pa)

FOS content
(g/100 g DM)

1 8.2 91.8 1.4 335.2 850 26.4

2 13.8 86.2 1.2 296.1 2250 22.4

3 11.2 88.8 1.3 305.5 1700 24.6

F 17.4 17.42 32.29 921.5 99.5 661.6

Significance (p) 0.02 0.022 0.009 0.000 0.002 0.000

R2 0.92 0.92 0.95 0.99 0.98 0.99

Standard
error between
replicates (%)

6.2 0.72 0.89 0.22 4.7 0.25
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Fig. 4 Behavior of the redness
(a*) of the dried yacón as a
function of the drying
temperature and air speed
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place that will change the properties of the color of the sample.
This effect of the drying conditions (temperature and air veloc-
ity) can be observed in Fig. 4 by analyzing the parameter (a*).

3.3 Characterization of the reconstituted yacón

The three types of fresh yacón used for the drying procedures
were characterized by evaluation of the chemical parameters
(WIS, WSS, and FOS), structural (particle size d32 and d43)
and rheological (elastic modulus) parameters (Table 8).

In Table 8 the physicochemical properties of the yacon
before drying is shown. Yacón 1 represents the least amount
of water-insoluble solids but has the highest content of fruc-
tooligosaccharides, whereas yacón 2 has the largest water in-
soluble content and the highest elastic module of all the sam-
ples. In the case of yacón 1, which has the least amount of
water-insoluble solids, the value of the elastic module is the
lowest. All the measured properties of the three original
yacons were significantly different.

The results of the characterization of the reconstituted
yacón prepared from the dried samples obtained from the
drying were analyzed in the same way as the original yacón
pastes, i.e. chemically, structurally and rheologically. The re-
sults were further analyzed using one-way ANOVA to allow
us to describe the properties as a function of the design

parameters: yacón type, drying temperature and drying air
velocity (see Tables 9, 10 and 11).

It is interesting to compare the properties of the dried and
reconstituted yacon (Table 9) with the fresh yacon (Table 8). It
can be observed that by drying yacon there is a substantial loss
in WIS, elastic modulus, and FOS. This is especially pro-
nounced for yacon 2, which after drying has the lowest WIS
and elastic modulus among the three tested yacons, whereas
the same yacon 2 is the one with the highest WIS and elastic
modulus when being fresh. The smallest particles (d32) do not
changemuch on drying, whereas the larger ones (d43) increase
somewhat. The reason for this behavior on drying can be due
to cellular breakdown and further disintegration of the cellular
wall causing mainly a loss in WIS and consistency of the
paste.

In Table 10, it can be observed that the amount of water-
insoluble solids increased significantly with the drying tem-
perature but decreased again at the highest temperature of
60 °C. Huang et al. [24] found a similar behavior related to
the insoluble solids working with the drying of citrus by-
products with temperatures of 50 °C, 60 °C and 70 °C. This
different behavior at the highest temperature of 60 °Cmight be
produced by a loosening of pectin and cell wall structures that
can occur at this high temperature thereby increasing their
solubility [24].

Table 10 Least-square means
and the significance of influence
(F and p-value) of the drying
temperature using 2 m/s of air
speed on the physicochemical
properties (WIS, WSS, d32, d43,
elastic modulus and FOS content)
of reconstituted samples made of
the powders of yacón (one-way
ANOVA). The R2-values and the
relative standard error between
replicates are given (n = 2)

Temperature
(°C)

WIS
(g/100 g DM)

WSS
(g/100 g DM)

d32 (μm) d43 (μm) Elastic
modulus (Pa)

FOS content
(g/100 g DM)

45 5.86 94.1 1.28 401.6 843 12.2

50 6.20 93.8 1.40 404.4 1017 15.1

55 7.92 92.1 1.29 394.9 1267 14.3

60 5.32 94.7 1.21 407.0 636 17.2

F 2.98 2.98 0.27 0.02 1.59 1.38

Significance (p) 0.044 0.044 0.85 0.997 0.224 0.276

R2 0.31 0.31 0.04 0.002 0.19 0.17

Standard
error between
replicates (%)

3.9 0.86 0.65 0.23 2.8 0.14

Table 9 Least-square means and
the significance of influence (F
and p-value) of yacón type on the
physicochemical properties (WIS,
WSS, d32, d43, elastic modulus
and FOS content) of reconstituted
samples (one-way ANOVA). The
R2-values and the relative
standard error between replicates
are given (n = 2)

Yacón type WIS
(g/100 g DM)

WSS
(g/100 g DM)

d32 (μm) d43 (μm) Elastic
modulus (Pa)

FOS content
(g/100 g DM)

1 6.6 94.5 1.32 323.7 792 15.9

2 5.5 93.4 1.56 351.9 802 9.1

3 7.8 92.1 0.88 530.9 1600 16.3

F 6.15 6.15 72.2 109.6 10.77 22.5

Significance (p) 0.005 0.005 0.000 0.000 0.000 0.000

R2 0.27 0.27 0.81 0.87 0.39 0.57

Standard
error between
replicates (%)

3.6 0.81 0.60 0.23 3.3 0.15
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Both parameters of the particle size distribution (d32 and
d43) are not significantly influenced by the air velocity or by
the drying temperature.

The drying temperature has not a significant influence on
the rheological behavior. However, it can be observed that
amount of water-insoluble solids and elastic modulus change
similarly, and the drying temperature significantly influences
the WIS. Thus, the temperature has an indirect influence on
the loss of texture.

The influence of the air velocity at 60 °C on the physico-
chemical properties of the reconstituted samples is shown in
Table 11. Although the air velocity has no significant influ-
ence on the physicochemical properties, there is a tendency
that an increase in the air velocity reduces the loss of water-
insoluble solids and increases the elastic modulus (this is al-
most significant).

Figure 5 shows the behavior of the elastic modulus at dif-
ferent drying conditions, where yacón samples at 60 °C and
2 m/s had the lowest value of elastic modulus, but by increas-
ing the air velocity the elastic modulus started to increase
again up to the highest level of all the dried samples.

3.4 Relationship between properties

We can analyze the correlation between the physicochemical
properties of the dried and reconstituted yacón statistically by
using Principal Component Analysis (PCA), and the results
are presented in a loading plot and a score plot (Figs. 6 and 7).

There is a positive correlation between water-insoluble
solids and elastic modulus using Pearson coefficient correla-
tion (r = 0.940, p = 0.005). Another correlation between water
activity and the elastic modulus (r = 0.972, p = 0.001) ob-
served using Pearson coefficient correlation, suggests that
with a better network of the yacón suspension the better the
water is held in the network.

In the loading plot (Fig. 6), the principal component 1
(PC1) explains 60% of the variation, and the principal com-
ponent 2 (PC2) explains 22% of the variation, respectively.
There are positive correlations between many physicochemi-
cal properties, especially between water insoluble solids
(WIS) and the elastic modulus. The parameter d43 presents a
positive correlation withWIS and elastic modulus, and for the
latter, the values of the Pearson coefficient correlation are r =
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Fig. 5 Behavior of the Elastic
modulus (Pa) of the reconstituted
yacón as a function of the drying
temperature and air speed

Table 11 Least-square means
and the significance of influence
(F and p-value) of air speed using
60 °C of drying temperature on
the physicochemical properties
(WIS, WSS, d32, d43, elastic
modulus and FOS content) of
reconstituted yacón samples
made of the powders of yacón
(one-way ANOVA). The R2-
values and the relative standard
error between replicates are also
given (n = 2)

Air speed (m/s) WIS
(g/100 g DM)

WSS
(g/100 g DM)

d32 (μm) d43 (μm) Elastic
modulus (Pa)

FOS content
(g/100 g DM)

2 5.32 94.7 1.21 407.0 636 17.2

3 6.82 93.2 1.17 394.5 1057 12.2

4 7.84 92.2 1.20 410.8 1566 11.6

F 2.44 2.44 0.04 0.03 3.57 3.42

Significance (p) 0.121 0.121 0.959 0.970 0.054 0.060

R2 0.24 0.24 0.005 0.004 0.32 0.31

Standard
error between
replicates (%)

4.0 0.97 0.61 0.24 4.0 0.15
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0.543, p = 0.000, whereas those between d43 and WIS are r =
0.703, p = 0.000. This latter relationship suggests that when
WIS and the elastic modulus of the reconstituted paste are
higher, the insoluble part is more aggregated (a higher d43).

Analyzing the score plot of the principal component anal-
ysis (Fig. 7) and taking into consideration the loading plot, we
observe tendencies between the different drying conditions.
Most of the samples dried at 55 °C, 2 m/s and at 60 °C, 4 m/
s are similar and tend to present high values of the elastic
modulus and water-insoluble solids. The samples dried at
60 °C, 2 m/s, which have the lowest value of water-
insoluble solids and elastic modulus are dissimilar with the
samples dried at 55 °C, 2 m/s and at 60 °C, 4 m/s, and those
scores are mostly concentrated in the upper left corner oppo-
site to the high elastic modulus and WIS.

4 Conclusions

Yacón roots have great potential for application in the food
industry for its content of fructo oligosaccharides but the high
content of water in yacón roots makes it difficult to preserve
the root for a longer period of time. Drying is a suitable way to
preserve yacón roots as it easily allows for a reduction of the
water so a range of water activity of 0.3 to 0.5 is achieved.

According to the results, it is best to dry yacón when
aiming for a minimal alteration of the overall physicochemical
properties either by using relatively high temperatures of
55 °C and 2 m/s or the highest temperature of 60 °C but then
with a higher air velocity of 4 m/s. Evidently, the higher the
drying temperature the faster the drying of the yacón and
thereby avoiding alterations of the overall physicochemical

Fig. 7 Score plot of the
physicochemical properties of the
reconstituted yacón (PC1 and
PC2 explains 82% of the
variation)
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Fig. 6 Loading plot of the
physicochemical properties of
reconstituted yacón (PC1 and
PC2 explains 82% of the
variation)
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properties. This does not hold, however, for a drying temper-
ature of 60 °C, where detrimental effects in the properties of
yacón occur. Increasing the air velocity from 2 to 4 m/s helps
to decrease the detrimental effects in the properties of yacón
when a temperature of 60 °C is used.

Besides, by analyzing both the PCA and the Pearson coef-
ficient correlation, it can be observed that many properties in
the yacón, i.e. water insoluble solids and elastic modulus,
correlate well with each other.

In conclusion, even for the drying conditions that show
properties of the dried yacón more similar to the fresh sample,
there is always a loss in some of the physicochemical proper-
ties of yacón, after drying.
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