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ABSTRACT — The aim of this study was to evaluate the parameters of mass transfer
in the dehydration of yacon slices with different polyols as osmotic agents. The
samples were immersed on hypertonic solutions (40 °Brix) of xylitol, maltitol,
erythritol, isomalt and sorbitol at 25 °C. The kinetics of solid gain (SG), water loss
(WL) and water activity (aw) of the yacon slices were evaluated over 120 minutes of
osmotic dehydration. The effective diffusion coefficients of water and solids were
calculated by the diffusive model of Fick. The results showed that the SG was greater
in samples treated with solutions of erythritol and lower in isomalt and maltitol
solutions. Samples immersed in solutions of sorbitol and xylitol showed intermediate
SG. The samples treated in solutions of sorbitol, xylitol and erythritol presented
higher water diffusion coefficients and were more effective at reducing parameters of
WL and ayw than the other polyols. The model of Fick represented well the differences
between the kinetics of WL and SG for the tested polyols.

1. INTRODUCTION

Yacon is an eatable root originally from the Andean region of South America. Due to its
prebiotic properties, high content of fructooligosaccharides and low glycemic index, this
tubercle has been studied for controlling diseases as obesity and diabetes (Pereira et al., 2013).

The development of processing techniques to increase the shelf life of yacon and improve
its selling is important because it could allow the availability of the tubercle all-over the year
and by pass its perishability. On one hand, drying is a common method for food conservation.
On the other hand, the exposure to high temperatures for long periods in drying process
decrease the prebiotics, nutritional and sensory content of yacon (Lenart and Dabrowska, 1999).
The osmotic dehydration (OD) is a pretreatment to drying that could aid to preserve the
physical, chemical and nutritional characteristics of the dehydrated product with respect to the
fresh one (Mujumdar and Law, 2010; Ferrari et al., 2011; Vieira et al., 2014).

The OD process is function of the gradient of chemical potential between the product and

the osmotic solution. The higher the difference of the water activity between the solution and
the food, the higher the dehydration (Labuza, 1975). Factors like the nature and the molecular
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weight of the osmotic agent and the concentration of the solution define the water activity of the
solution. Solutions of polyols are widelly employed as osmotic agent (Sritongtae et al., 2011;
Chauhan et al., 2011). Due to their low caloric value, they are suggested as alternative
ingredient for food for diabetics and obese people.

The goal of this work was the evaluation of the mass transfer kinetics of five different
polyols (xylitol, maltitol, erythritol, isomalt and sorbitol) with the aid of the diffusive model of
Fick. The kinetics of water activity was also evaluated.

2. MATERIALS AND METHODS
2.1. Material

Yacon roots (Smallanthus sonchifolius) were obtained in the local market (Lavras, Minas
Gerais state, Brazil). The tubercles were washed, manually peeled and cut into slices of 2.00 x
2.00 x 0.50 cm with the aid of a form and a stainless knife. After cutting, the slices were soaked
for 3 minutes in a solution of citric acid 1% (weight/volume) to avoid enzymatic browning
(Reis et al., 2012). The fresh yacon presented average moisture content of 92.93 + 1.15% (wet
basis) and water activity (aw) of 0.985 £ 0.001. These values are close to those observed in the
literature (Lago et al., 2012; Pereira, et al., 2013).

The slices were then immersed in the osmotic solutions at 40 °B. The relation
roots:solution ratio was about 1:10 (w/w) to avoid dilution of the solution (Vieira et al., 2014)
and the temperature was maintained at 25 °C in a climate controlled chamber. Five different
solutions (xylitol, maltitol, erythritol, isomalt and sorbitol) were evaluated as osmotic agents.
The molecular weight of different polyols and the water activity of their solutions at 40 °B are
shown in Table 1.

Table 1 - Molecular weight of polyols and the water activity of their solutions at 40 °B

Osmotic Agent Molecular weight™ [g.mol!] Water activity
Erythritol 122.10 0.928+0.001
Xylitol 152.15 0.931+0.002
Sorbitol 182.17 0.944+0.002
Maltitol 344 .31 0.960+0.000
Isomalt 362.32 0.961+0.001

“Data obtained from the supplier (Nutramax, Catanduva, Sdo Paulo, Brazil).

The kinetics of osmotic dehydration were measured for each osmotic agent until 2 hours
with samples obtained in pre determinate periods (15, 30, 45, 60, 90 and 120 min). After
removal from the solution, each sample was immersed in a cold water bath for 20 seconds to
stop the dehydration process. Finally, they had their surface carefully dried with absorbent

paper.

The moisture content was determined in a vacuum drying oven at 70 °C until constant
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weight (A.O.A.C., 2002). The water activity determination was performed with the aid of
Aqualab equipment (model CX-2T, Decagon Devices Inc., Pullman, WA, EUA). Water loss
(WL) and solid gain (SG) were calculated in accordance with Equations (1-2), respectively.
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WL[%] = L 100 (1)
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The experimental data were used to determine the effective water and solid diffusion
coefficients according to Fick’s law of diffusion. The samples were considered as semi-infinite
plates of thickness, 2L. The internal transference of moisture is unidirectional, based on
Equation 3 (Crank, 1975):

oX 00X oX
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The initial conditions are as follows: the Des 1S a constant, and there is a uniform
distribution of the initial amounts of moisture and solids. The boundary conditions are as
follows: the superficial moisture and solids content is constant and equal at equilibrium (X.) and
there is no external resistance to water exit or shrinkage of the samples during osmotic
dehydration (Corréa et al., 2010). Considering the initial and boundary conditions, Equation 3 is
resolved as Equation 4, for effective diffusivity of water or solids (Deffwss):

2
(X-X,)_8 i ! exp ~(2n41] % Dy, f
(X,—-X,) #n°“<(2n+l) 417 4)

The calculations were carried out using a nonlinear estimation procedure by the software
Statistica for Windows 8.0® from StatSoft, Inc. (Tulsa, OK, USA). The fitting of the model was
verified by the coefficient of determination (r?) and standard error estimation (SE). The
statistical analyses of the diffusivity coefficients were calculated using the Tukey test (p<0.05)
to compare the means.

3. RESULT AND DISCUSSION

3.1. Kinetics of Mass Transfer

The analysis of the solid gain (SG) rates showed that mass transfer was attenuated after
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the first hour of osmotic treatment (Figure 1). Similar behaviour was observed in other OD
studies e.g., Maldonado et al. (2008) with yacon in sucrose solution 40 °B). The different SG
obtained for different osmotic agents can be attributed to the size of their molecules. The ones
with high molecular weight are more likely to be retained on the surface of the tissue, resulting
in low SG. On the other hand, smaller molecules diffuse more easily through the product matrix
(Chauhan et al., 2011). Samples treated with erythritol stood out due to their SG by the end of
the OD process (11.62 £ 1.15%). This result can be attributed to the low molar weight of
erythritol in relation to the other osmotic agents used in this study (Table 1). Lower SG were
observed for samples treated with maltitol and isomalt, 5.50 + 0.46% and 7.40 + 0.62%,
respectively. Samples subjected to treatments with sorbitol and xylitol showed intermediate SG
(9.62 = 1.26% and 9.62 = 0.81%, respectively). The same relationship was observed by
Sritongtae et al. (2011) in the osmotic dehydration of cantaloupe with sorbitol and sucrose.
They observed higher SG in sorbitol solution due to their smaller molecular size.
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Figure 1 - Kinetics of solid gains of yacon slices in OD with different polyols.

According to Corréa et al. (2010), the lower the SG, the better the preservation of the
original characteristics of the food. Therefore, the minimisation of SG during OD is highly
desirable. Hence, the use of erythritol solutions has a distinct disadvantage in food preservation
as erythritol carries out to high levels of SG in OD processes.

Similarly to SG, the water loss (WL) of osmodehydrated yacon slices increased in the first
hour, with a tendency to equilibrium after this period. This trend was observed for all the
different polyols tested The more pronounced rate of WL of the samples was driven by the
higher chemical potential gradient between the sample and the solution. At the end of the OD
treatment with different polyols, WL was more pronounced in samples treated with solutions of
sorbitol (66.95 £ 1.08%), erythritol (62.43 £ 1.96%) and xylitol (61.94 + 1.88%) and smaller in
samples treated with solutions of isomalt (53.25 + 2.67%) and maltitol (50.29 = 4.01%). The
same relationship was observed by Ferrari and Hubinger (2008) in osmotic dehydration of
melons in solutions of maltose and sucrose.
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Figure 2 - Kinetics of water loss of yacon slices during OD by different polyols.

The water activity (aw) of yacon slices during the osmotic dehydration process with
different polyols is shown in Figure 3. As observed for the other parameters, the first hour of
treatment resulted in the greatest reduction of aw. Higher reduction of aw was observed for
samples treated with lower aw solutions (Table 1). Thus, a greater reduction of aw was observed
in solutions with the lower molecular weight solutes: erythritol (0.936 + 0.002), xylitol (0.937 +
0.004) and sorbitol (0.956 + 0.001). These solutions also showed higher WL and SG than
solutions with higher molecular weight solutes. The aw is function of the disponible water and
the soluble solids, what could be related to the WL and SG. Samples immersed in solutions with
the smaller molecular weight solutes, maltitol and isomalt, achieved lower reduction in aw
(0.964 £ 0.005 and 0.973 £ 0.002, respectively). The reduction of aw followed the same trend as
seen for the WL of the samples and correlated with the molecular size of the osmotic agent.
However, it is noteworthy that the aw of the solutions are directly related to the molar mass of
the solute it is composed of. The ay of the osmotic solution decreases as the molecular weight of
the solute is reduced (Ferrari and Hubinger, 2008).
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Figure 3 - Kinetics of water activity reduction of yacon slices during OD by different
polyols.
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3.2. Effective Diffusion Coefficients of Water and Solids

The values effective diffusion coefficients of water (Defrw) and solids (Defrs) obtained for
the osmotic processing of yacon slices (Table 2) were found to be in the range of 10719 m2s’!.
These values are in agreement with literature values (Allalli ef al., 2010; Uribe et al., 2011). It
could be stated that the fitness of the model was not so high (r> and SE values). However, the
effective diffusivity identified the kinetics of the process and was adequate for quantifying the
influence of factors considered, the influence of the different osmotic agents.

Table 2 - Analysis of variance for the effective diffusion coefficients of water (Defw) and
for solids (Ders) in yacon slices during osmotic dehydration with different osmotic agents

: -10 -10
g;en;?“c ]?;f;;_’f]lo SE | | WL.[%] E;l;f;_’f]lo SE | | SGu.[%]
Xylitol | 4.172049° | 0.04 | 0.98 | 64.94£1.88 | 1.960.27¢ | 0.03 | 0.97 | 19.6123.58
Sorbitol | 2.8920.05° | 0.08 | 0.96 | 67.15£2.40 | 1.2020.18° | 0.05 | 0.96 | 21.4020.99
Erythritol | 2.5820.73 % | 0.03 | 0.96 | 68.03£1.69 | 2.2420.09° | 0.06 | 0.96 | 19.61=1.42
Maltitol | 1.82£0.71 €0 | 0.06 | 0.94 | 57.9822.85 | 1.3920.09° | 0.04 | 0.96 | 15.73+2.60
Tsomalt | 1.2520.189 | 0.05 | 0.96 | 53.83£1.15 | 0.9020.11¢ | 0.04 | 0.96 | 18.80+1.97

Values followed by the same letters are not significantly different according to the Tukey test
(p<0.05).

The molecular weight of the osmotic agent directly affects the ability of the solute and the
water to diffuse through the product matrix. A larger effective diffusivity coefficient for water
(Defw) and solids (Defrs) was observed in samples treated with lower molecular weight solutes.
The Defrw results agree with the results of the WL and aw, where the major water losses were
observed in samples treated in solutions with a greater chemical potential gradient or in
solutions with a lower water activity (Table 1). Furthermore, the Deffs results are in agreement
with typical SG trends; lower molar weight solutes diffuse quickly through the yacon slice
matrix.

4. CONCLUSIONS

For all the tested polyols, the WL and the SG increased in the first hour with a tendence to
the equilibrium after this period.

Osmotic agents of lower molar weight provided greater WL and reduction in ay than
higher molar weight agents.

Lower SG was observed in samples treated with isomalt and maltitol. Nevertheless, these
agents have not been the most effective agents in reducing aw and WL during the osmotic
process. Samples treated with erythritol reached the highest SG. Sorbitol and xylitol were the
most effective osmotic agents and are recommended for the osmotic treatment of yacon slices.
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Sorbitol and xylitol reduced the aw and the WL, and they had intermediary values for the
Detiw and SG from 60 minutes to osmotic process.
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6. NOMENCLATURE

aw Water activity WL Water loss

Detr Effective diffusivity X Moisture or solids content at instant t
Detis  Effective diffusivity of solids Xeq  Moisture or solids content at equilibrium
Detiw  Effective diffusivity of water Xo  Initial moisture content [Kg/100Kg]
FOS  Fructooligosaccharides X¢  Final moisture content [Kg/100Kg]
Mo Initial weight of sample [Kg] Xs0  Initial solid content [Kg/100Kg]

My Final weight of sample [Kg] xst  Final solid content [Kg/100Kg]

OD Osmotic dehydration z Generic directional coordinate

SG Solid gain L Characteristic lenght
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