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Abstract

Osmotic dehydration is an intermediate stage in drying processes in which water is extracted using a
hypertonic solution, but it is a slow process, especially in hard foods such as coconut. Microwaves use an
electromagnetic field which can raise the temperature in the depth of samples as a result of friction, which
facilitates mass transfer due to molecular expansion and increased porosity. The aim of this study was to
investigate the effect of a microwave pre-treatment on the quality of the osmotic drying of coconut and
optimize the whole process by response surface methodology (RSM). The independent variables were the
microwave power (Xi), the sugar solution concentration (X;) and the duration of the process (Xs.).
The responses (dependent variables) were the moisture content difference (MD), weight reduction (WR),
water loss (WL) and solids gain (SG). The results showed that the linear terms of X, and X3 had significant
effects on all the dependent variables but the linear term of X1 only significantly affected WL, SG and WR
(p < 0.05). The interaction of X1X; significantly affected WL and WR and the interaction of X,Xs significantly
affected all the dependent variables, but the interaction of X;1X3 only significantly affected MD (p < 0.05).
On the other hand, X2? significantly affected SG and WR (p < 0.05). The two-factor model (2FI) was able to
express the changes in MD and WL, but only the quadratic model adequately fitted SG and WR, the
determination coefficients being 0.98, 0.99, 0.99 and 0.99 respectively. Finally, the optimized condition was
obtained with a power of 900 watts, concentration of 47.80% and duration of 5 hours.
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Resumo

A desidratacdo osmotica é uma etapa intermedidria em processos de secagem, em que a agua é extraida
usando uma solugdo hipertdnica, mas é um processo lento, especialmente em alimentos duros como coco.
As micro-ondas usam um campo eletromagnético que consegue aumentar a temperatura na profundidade de
amostras como resultado de friccdo, que facilita a transferéncia de massa em razdo de expansao molecular e
aumento da porosidade. O objetivo deste estudo for investigar o efeito de um pré-tratamento com micro-ondas na
qualidade da secagem osmética de coco e otimizar todo o processo pela metodologia de superficie de
resposta (MSR). As varidveis independentes foram a poténcia das micro-ondas (X1), a concentracdo da solucao
de agucar (X2) e o tempo de processo (X3). As respostas (varidveis dependentes) foram a diferenga em contelido
de umidade (MD), a diminuicdo de peso (WR), a perda de dgua (WL) e o ganho em sélidos (SG). Os resultados
mostraram que os termos lineares de X, e X3 tiveram efeitos significativos em todas as varidveis dependentes,
mas o termo linear de X; somente teve efeitos significativos em WL, SG e WWR (p < 0,05). A interacdo XiX;
afetou WL e WR significativamente e a interacdo X,X; afetou todas as varidveis dependentes
significativamente, mas a interagdo X;Xs apenas afetou MD significativamente (p < 0,05). O termo X,? afetou
SG e WR significativamente (p < 0,05). O modelo de dois fatores (2Fl) expressou as mudancas em MD e WL,
mas apenas o modelo quadratico se ajustou a SG e WR, com os seguintes coeficientes de determinagéo: 0,98,
0,99, 0,99 e 0,99, respectivamente. Finalmente, a condicdo otimizada foi obtida com uma poténcia de
900 watts, concentracado de 47,80% e duracdo de cinco horas.

Palavras-chave: Metodologia de superficie de resposta; Redugdo de peso; Perda de agua; Ganho de sélidos;
Diferenca de umidade.

1 Introduction

Coconut (scientific name of Coco nucifera L.) is one of the most important crops in tropical and subtropical
regions (Kamalanathan & Meyyappan, 2014). It has some medicinal properties such as anti-inflammatory,
pain relief, moisturizing and antioxidant properties. The coconut palm is grown to produce various products,
including oil and milk from the mature coconut. The mature coconut shell is used to produce active carbon
and the green coconut shell is used as a natural absorbent in the removal of toxic metals (Sousa et al., 2007).
In recent years, delicious coconut snacks have been produced, such as small dehydrated cut pieces
(Silva et al., 2014).

Drying was one of the earliest methods of food processing and storage, involving the use of heat under
controlled conditions to remove most of the water from a food. Of the various drying methods, hot air oven
drying is the most common one used to preserve fruits and vegetables etc., but it has certain disadvantages
such as shrinkage, reduction in the rehydration ratio and undesirable changes in colour, texture, taste and
nutritional value, so food technologists are innovating new technologies to improve the quality of dried
products (Sivasakthi & Sangeetha, 2012).

Osmotic dehydration is a substitute for the intermediate stage or as a pre-treatment technology in
the food industry (Eroglu & Yildiz, 2010). This process consists of the immersion of a food sample
in a hypertonic solution, allowing for the partial removal of water, solute uptake and finally a decrease
in the water activity (aw). It has some benefits such as reducing the heat damage, leading to
preservation of the flavour, colour, nutritional value and structural quality (Herman-Lara et al., 2013;
Ramya & Jain, 2017).

Investigations have shown that increasing the temperature and concentration of the osmotic solution result
in increases in the water loss and solids gain and can reduce the total duration of the process, but it is still a
lengthy process (Behnam et al., 2013; Kamalanathan & Meyyappan, 2014; Corréa et al., 2016). Due to this
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problem, research is being carried out aimed at reducing the duration and increasing the final quality of osmo-dried
products. It has been reported that a combination of osmotic drying with other technologies such as pulsed
vacuum, ultrasonic and microwave pre-treatments, can lead to a quicker lowering of the moisture content
leading to an improvement in the final product quality (Sabahietal,, 2013; Corréaetal., 2016;
Junqueira et al., 2018).

One of these innovative methods is the use of microwaves. Incorporating the use of microwaves in
different processes is becoming more and more popular, because it is a fast, economic and energy
saving process which can improve the quality of the final products. Inside the microwave oven, the
inside of the material becomes very hot due to extreme fluctuations of the polar molecules, especially
water, and thus the resulting product is more expanded and porous due to the movement of steam from
the inside to the outside (Durance & Wang, 2002; Zhang et al., 2006; Valadez-Carmona et al., 2016).
It has been reported that a microwave pre-treatment can improve osmotic dehydration (Sabahi et al.,
2013).

Thus the aim of this study was to determine the optimum conditions for the microwave -osmosis of the
coconut drying process by using response surface methodology to maximize the percentage water loss and
weight loss and minimize the adsorption of solids and the final moisture content.

2 Material and methods

Mature coconuts (10 months old) were purchased from the local market. Sucrose and distilled water were
purchased from the Qatran Shimi Company (Iran) and Noor and Niroo Company (Iran), respectively.
The equipment used included a 900 watt microwave oven (Samsung, CE3110N manufactured in Malaysia),
a hot air oven (Memmert, 400 ULM, manufactured in Germany), a water bath (Memmert, WNB7,
manufactured in Germany), a 0.001 digital balance (Sartorius, TE313S, manufactured in Germany),
desiccator, cutting knives and drying paper.

To prepare the samples, the coconut meat was separated from its crust, and then cut into 0.5 x 1 x 1 cm
cubes using a sharp knife. The initial moisture content of the coconuts was determined and 50 g of coconut
cubes placed first in the microwave oven for 20 seconds and then in sugar solutions at 40 °C. The proportion
of fruit to solution was 1:5 w/w.

After removing the surface moisture using drying paper, the samples were weighed to determine the
WL and SG and finally placed in the hot air oven at 65 °C to reach a 7% moisture content on a wet weight
basis (Askari et al., 2004; Quanhong & Caili, 2005; Chenlo etal., 2006; Misljenovic et al., 2012;
Sabahi et al., 2013; Kamalanathan & Meyyappan, 2014).

2.1 Moisture Content Difference (MD)

The moisture content of the samples was determined according to the Association of Official Analytical
Chemists (2005) procedure and calculated using Equation 1.

MC = Mi—Md /Md x100 (D

MC is the moisture content of the coconut samples on a dry weight basis, M; is the weight of the samples
at time 1 and My is the weight of the dried samples (Equation 2).

MD = MC;~ MC, 2

MC; is the initial moisture content of the coconut samples; and MC;y is the final moisture content after
osmotic drying.
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2.2 Water Loss (WL)

To measure the water loss, a determined weight of the samples was removed from the osmotic
solution, placed in a petri dish and transferred to an oven at 105 © C. After reaching constant weight,
the final weight was recorded and the rate of water loss calculated according to Equation 3 (Islam &
Flink, 1982).

WL =[ (WixXi)—(WrxXr) |/ Wix100 (3)

X; and X; are the moisture contents of the fresh and dried samples, respectively; W; and W; are the initial
weight of the samples and the weight of the dried samples (g), respectively; and Wy is the decrease in
moisture content (%).

2.3 Solids Gain (SG)
The rate of solids gain was calculated according to Equation 4 using the parameters introduced previously

(Islam & Flink, 1982; Kamalanathan & Meyyappan, 2014):

SG =[Wrx(1-Xr)=Wix(1-Xi) |/ Wix 100 “4)

2.4 Weight Reduction (WR)

Weight loss was calculated according to Equation 5 (Kamalanathan & Meyyappan, 2014).

WR =WL - SG ®)]

2.5 Statistical analysis

Response surface methodology was used to optimize the process. Design expert software,
version 6.0.2, the composite center design, face center, alpha 1 and four central points in two
replications were used to examine the effects of three independent variables including the
microwave power (0, 450 and 900 watts), osmotic concentration (20%, 45% and 70% w/w) and
the duration of the osmotic process (1, 3 and 5 hours) on the four dependent variables (responses)
of WL, SG, MD and WR.

The significance or non- significance of the model coefficients were determined according to the P-value
(p < 0.05). The quality of the appropriate models was investigated from the (R?) and (fitted R?) and the lack
of fit. Also, three-dimensional graphs and regression models were produced for a visual and graphical
evaluation.

3 Results and discussions

Table 1 shows the data obtained from the 32 tests and the analyses of variance are shown in Tables 2 and 3.
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Table 1. Experimental values of the dependent variables.

Microwave Osttlc Duration of Moisture . . Weight
solution . . Water loss  Solids gain .
Run power concentration 0smosis difference WL (%) SG (%) reduction
(watt) ) (hour) MD (%) ¢ ¢ WR (%)
0
1 450 45 1 6.05 8.545 2.895 5.65
2 450 45 3 7.42 9.7998 3.0998 6.7
3 900 20 5 1.08 2.3616 0.0188 2.55
4 900 20 1 0.37 0.9149 0.0235 1.05
5 0 20 1 0.36 0.5753 0.1253 0.45
6 0 70 5 16.38 22.7786 6.9286 15.85
7 0 20 1 0.35 0.5712 0.1212 0.45
8 450 45 5 9.14 11.78 4.13 7.65
9 0 70 1 9.44 12.5773 3.7817 8.7956
10 450 20 3 0.7 1.3051 0.1051 1.2
11 450 70 3 15.46 20.8882 5.7382 15.15
12 0 45 3 7.29 9.2694 4.6217 4.6476
13 450 70 3 15.56 20.8503 5.7003 15.15
14 900 70 1 8.95 14.2358 1.9858 12.25
15 450 45 3 7.33 9.7033 3.1033 6.6
16 450 20 3 0.72 1.3069 0.1069 1.2
17 0 20 5 1.08 1.8287 0.4787 1.35
18 0 45 3 7.23 9.2249 4.6272 4.5977
19 0 70 1 9.16 12.4133 3.6677 8.7456
20 900 45 3 7.31 11.0831 2.3831 8.7
21 900 70 5 19.25 25.7793 6.3293 19.45
22 450 45 3 7.06 9.7554 3.1054 6.65
23 0 20 5 1.07 1.8208 0.4708 1.35
24 900 70 5 19.28 25.7293 6.3793 19.35
25 900 20 5 1.08 2.3616 0.0183 2.55
26 450 45 5 9.06 11.8373 4.1373 7.7
27 0 70 5 15.82 22.6798 6.8298 15.85
28 450 45 3 7.29 9.7971 3.0917 6.7
29 450 45 1 6.02 8.4929 2.8929 5.6
30 900 20 1 0.36 0.9657 0.0234 1.1
31 900 45 3 7.34 11.0439 2.3939 8.65
32 900 70 1 8.73 14.1821 1.9821 12.2

Table 2. Analysis of variance for the determination coefficients of the fitted models for MD and WL.

Moisture difference MD (%) Water loss WL (%)
Variables Regres'smn F-value P-value Regres'smn F-value P-value
coefficients coefficients
Xo (Intercept) 7.30 10.20
Linear
Xi(Microwave power) 0.28 2.63 0.1172 0.75 18.90 0.0002
X2(Sugar concentration) 6.54 1449.20  <0.0001 8.91 2693.35  <0.0001
X3(Time of osmosis) 2.17 159.77  <0.0001 2.77 261.39 <0.0001
2FI
XiX2 - - - 0.48 6.24 0.0191
X1Xs 0.45 5.55 0.0264 - - -
XoXs 1.97 105.50  <0.0001 2.39 154/98 <0.0001
Quadratic
X% - - - - - -
X2 - - - - - -
X2 - - - - - -
R? 0.9851 0.9918
Adj-R? 0.9823 0.9902
Lack Of ﬁt 16.61 (Non-significant) 15.28 (Non-significant)
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Table 3. Analysis of variance for the determination coefficients of the fitted models for SG and WR.

Solids gain SG (%) Weight reduction WR (%)
Variables Regres.smn F- P-value Regres.swn F-value P-value
coefficients value coefficients
Xo (Intercept) 3.37 6.65
Linear
Xi(Microwave power) -0.54 1.26 0.0005 1.29 98.75 <0.0001
Xo(Sugar 2.43 17829  <0.0001 6.48 249655  <0.0001
concentration)
X3(Time of osmosis) 0.91 38.39  <0.0001 1.87 207.64  <0.0001
2F1
Xi1X2 - - - 0.65 19.96 0.0001
X1Xs - - - - - -
XoXs 0.9 3798 <0.0001 1.48 104.97 <0.0001
Quadratic
X2 - - - - - -
X% -0.87 0.54 0.0008 1.15 29.42 <0.0001
X2 - - - - - -
R? 0.9918 0.9916
Adj-R? 0.9902 0.9896
Lack of fit 5.83 (Non-significant) 8.38 (Non-significant)

These results showed that, whereas in the case of MD and WL the quadratic models were not significant,
for WR and SG they were selected as the best fitted models. The determination coefficients for MD, WL
(2FI models), SG and WR (quadratic models) were 0.98, 0.99, 0.99 and 0.99 respectively. These
determination coefficients showed that the selected models could adequately estimate the drying conditions.

The analysis of variance tables (Tables 2 and 3) showed that the variable with the most significant effect
on MD was the sugar concentration, followed by the duration of the osmotic process, the interaction between
the concentration and duration, and the interaction between the microwave power and duration, respectively
(p < 0.05). Other parameters that had no significant effect were omitted from the model.

In the case of WL, the variable with the greatest influence was the sugar concentration. Followed by the
duration of the osmotic process, the interaction between the concentration and duration, the microwave power
and the interaction between the microwave power and concentration, respectively (p < 0.05). None of the
second-order parameters had a significant effect on WL.

For SG, the concentration of the sugar solution had the most significant effect followed by the duration of
osmosis, the interaction between the sugar concentration and duration, the microwave power and the second
order parameter of sugar concentration, respectively (p < 0.05).

In the case of WR, as with the other dependent parameters, the sugar concentration was the most significant
parameter followed by the duration, interaction between the sugar concentration and duration, the microwave
power, the second order parameter of sugar concentration and the interaction between the microwave power
and sugar concentration, respectively (p < 0.05).

A 3D plot of the combined effects of the independent variables on the dependent variables was produced
and the combined and interaction effects of the independent variables are represented in Figures 1-7.
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Moisture content differences (%)
@ Design points above predicted value

Q Design points below predicted value

035 I 1005 20

X1 = A Microwave
X2 = C: Time of osmosis

Actual Factor
B: Sugar concenteration = 45

Moisture content differences (%)

C: Time of osmosis (hour)

100 A: Microwave (watt)

Figure 1. 3D image of the effect of microwave power and duration of osmosis on MD.

Moisture content differences (%)
@ Design points above predicted value

Q Design points below predicted value
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X1 = B: Sugar concenteration
X2 = C: Time of osmosis

Actual Factor
A: Microwave = 450

Moisture content differences (%)

CTi f is (h
ime of asmosis (hour) B: Sugar concenteration (3s)

Figure 2. 3D image of the effect of osmotic solution concentration and duration of osmosis on the MD.
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Water loss (%)

@ Design points above predicted value

QO Design points below predicted value

05712 I 257793

X1 = A Microwave
®2 = B: Sugar concenteration

Actual Factor
C: Time of osmosis = 3

Water loss (%)

70 _ 900

50
40
B: Sugar concenteration (%)

30 A: Microwave (watt)

Figure 3. 3D image of the effect of osmotic solution concentration and microwave power on WL.
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Water loss (%)

C: Time of osmosis (hour)
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1 20 a0 B: Sugar concenteration (%)

Figure 4. 3D image of the effect of osmotic solution concentration and duration of osmosis on WL.
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Solid gain (%)
@ Design points above predicted value

Q Design points below predicted value
0.1051 I 9286

X1 = B: Sugar concenteration
X2 = C: Time of osmosis

Actual Factor
A Microwave = 450

Solid gain (%)

C: Time of osmosis (hour)

70

1 20 X B: Sugar concenteration (%)

Figure 5. Effect of osmotic solution concentration and duration of osmosis on SG.
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Figure 6. 3D image of the effect of osmotic solution concentration and microwave power on WR.
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Figure 7. The 3D image of effect of osmotic solution concentration and duration of osmosis on WR.

By analyzing the data obtained, it can be seen that for all the dependent variables (MD, WL, WR and SG),
the sugar concentration of the osmotic solution was the most significant independent variable (p < 0.05).
It has been reported that increasing the concentration of the solution leads to higher osmotic pressure
gradients which lead to greater WL (Phisut, 2012). Water loss itself, has a direct effect on the moisture
content, so increments in the concentration of the solution have a significant impact on lowering the final
moisture content and MD.

WR is a function of WL and SG. Greater WL and less SG result in a greater WR. On the other hand, higher
sugar concentrations lead to greater osmotic pressure gradients, more solids gain and more water loss (Phisut,
2012; Kaur et al., 2014). The results presented in Table 3 show that both SG and WR were greatly affected
by increasing the sugar concentration, but the changes in WR were more significant (p < 0.05). This indicates
that higher sugar concentrations induced greater solids gains but that their effects on water loss were much
more significant (Tables 1 and 2), which finally resulted in higher levels of weight reduction.

The present results were similar to those reported by El-Aouar et al. (2006), concerning the osmotic
dehydration of papaya; by Sivasakthi & Sangeetha (2012), concerning the osmotic dehydration of coconut;
by Sabahi et al. (2013), on celery; by Aydani et al. (2013), on orange; by Deepika & Murali Naik et al.
(2017), on radish slices and by Liu & Peng (2017), on strawberry.

The other independent variable which had a significant effect on all the dependent variables was the
duration of osmosis (p < 0.05), and it has been reported that by increasing the sample immersion time, they
will lose more water throughout their tissues (Mundada et al., 2011). Also, the SG and WR are totally related
to the process time, its greatest effect being observed during the initial period of osmosis, consequently
having a significant impact on further progression (Phisut, 2012; Shete et al., 2018).

Briefly one can say that with the passage of time so the reduction in weight is greater, but the rate of
reduction slows down due to different factors such as the lowering of the level of free water in the tissue,
dilution of the osmotic solution and inefficiency of the capillary tubes since they become plugged by solids,
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so a more lengthy treatment may be a useful way of increasing the water removal. It should be noted that this
phenomenon is now a one-way flux and a longer period of osmosis can result in greater solids gains too.
The present results were similar to those reported by El-Aouar et al. (2006), concerning papaya and by
Deepika & Gayathri (2015), concerning radish slices.

The third parameter with a great and significant effect on MD, WL, WR and SG, was the interaction
between the sugar concentration and the duration of the process (p < 0.05). As mentioned above, the time
and concentration were two important factors that could severely affect the independent variables due to the
reasons given. The results indicated that the interaction of these two factors was even more effective than the
microwave power. In fact, the longer the process time, combined with higher sugar concentrations, could
have the benefit of both independent variable, in the same time. These results were similar to those reported
by Yadav et al., 2012, concerning the osmotic dehydration of peach slices; by Shafiq & Singh (2010),
concerning the osmotic dehydration of Aonla slices and by Deepika & Gayathri (2015), concerning radish
slices.

According to the results obtained in the present research, the microwave power was the fourth important
factor (after sugar concentration, duration and the interaction between them), but it only affected WL, WR
and SG, and its interaction with duration significantly affected MD (p < 0.05).

Microwaves have a special heating mechanism due to their electromagnetic field, which leads to great
fluctuations of polar molecules such as water. This phenomenon causes a rise in temperature in the depth of
the samples as a result of friction, which leads to a rapid flow of water vapour from the inside to the outside
of the product and to higher levels of WL and WR (Sumnu et al., 2005; Aghilinategh et al., 2015; Meda et al.,
2016).

On the other hand, due to the rapid flow of vapour leaving the samples, and the high temperature inside
the tissues, the SG increases due to softer and more porous tissue and the expansion phenomenon.

These results were similar to results presented by Aydani et al. (2013), on oranges, by Meda et al. 2016,
on Saskatoon berries, by Karacabey et al. (2016) on Jerusalem artichokes and by Murali Naik et al. (2017)
on potato.

3.1 Optimized point

Two essential parameters can reduce ay: loosing water and increasing the molecule content. In osmotic
drying, the loss of more water has a direct impact on reducing a,.. However, on the other hand, the moisture
content differences between the raw and processed materials, is another key factor. The greater the water
removal, the higher the moisture content difference, which is the sign of a better osmotic dehydration process.
Also, although greater solids gains lead to lower ay levels, this can have a bad effect on the organoleptic
characteristics, and can change the original taste and flavor, so it is preferable to minimize the solids gain.
Thus a greater weight reduction can be a sign of good process quality since it means the sample has lost more
water with less solids gain (El-Aouar et al., 2006; Kamalanathan & Meyyappan, 2014).

So based on the optimization processes, the best conditions for the microwave- osmosis drying of coconut
samples were adjusted considering maximum levels for MD, WL and WR and minimum levels for SG. Thus
in order to find the optimum conditions using software, the best range was defined for each independent
variable, and the importance levels of each dependent variable then set. The greatest importance was given
to MD and SG since these two variables could significantly represent the quality of the final product.

By adjusting the software, the final optimized point could be reached using a microwave power of
900 Watts, a sugar concentration of 47.80% w/w and 5 hours of osmotic process.

After finding the predicted optimized point, a sample was dried according to the proposed conditions and
the independent variables examined and compared with the predicted ones. The results are shown in Table 4.
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Table 4. Predicted and experimental values for the responses at the optimized point.

Responses Predicted values Experimental values
MD 11.16 10.09+1.34
WL 15.03 13.83+1.03
SG 4.09 4.012+0.73
WR 10.78 10.78+1.63

4 Conclusion

According to the results, all three independent variables had significant effects on the drying conditions of
the samples directly or synergistically (interactive effect). In this case, the microwave power, sugar
concentration and the duration of osmosis had significant effects on WL, SG and WR (p < 0.05). Also, the
second order parameter of sugar concentration had a significant effect on SG and WR (p < 0.05).

The interaction effect between the microwave power and the sugar concentration had a significant effect
on WL, MD and WR (p < 0.05), and the interaction effect of sugar concentration and the duration of the
process significantly affected WL, SG and WR (p < 0.05).

The values for MD and WL were determined by two-factor models but quadratic models were required to
correlate well with the data for WR and SG. The optimized point adjusted by the software showed that the
optimum condition could be reached using a microwave power of 900 watts, a sugar concentration of 47.80%
w/w and a process time of 5 hours.
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