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ABSTRACT

The effect of temperature (30°, 40° and 50°C) and sucrose, glucose, and
fructose concentrations (40, 50 and 60%) on the osmotic dehydration of bananas and
strawberries were studied. It was found that the water loss (WL) and solid gain (SG)
were influenced by the temperature, the concentration of the osmotic agent and
duration of the osmotic process. The values of WL and SG were higher during
osmotic dehydration using glucose and fructose than sucrose solutions. The WL of
bananas and strawberries at 60% fructose, 50°C was 40.9% and 40.7% respectively,
while at 60% sucrose, 50°C it was 36.95% and 40.02% respectively. The same trend
was observed for SG which was 9.85% and 7.05% for fructose solution and 8.44%
and 6.87% for sucrose solution under the same previous conditions of concentration
and temperature.

A two-parameters equation was used to predict the kinetics of osmotic
dehydration and the final equilibrium point, and this model was found to correlate
highly (r2>0.98) with the experimental data of bananas and strawberries.
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INTRODUCTION

An important task of the food industry is to maintain food quality as
best as possible. Among the methods for preserving raw materials, osmotic
dehydration is the process by which products may well-retain texture and
nutritive value with marked decrease in water content to accomplish the
phase change. Depending on the properties of material, type of osmotic
solute, and conditions of the process, up to 70% of water can be removed
from the material by osmotic dehydration (Lenart and Cerkowniak; 1996). In
fruits, the usual osmotic dehydration agents are aquatic solutions of low-
molecular weight, pure sugars, or mixtures with corn syrup, etc. (Lewicki and
Lenart; 1995).

Two quantities may represent adequately the osmotic process: the
water loss (WL), indicating the water that diffuses from the fruit to the
solution; and the solid gain (SG) which represents the amount of solids that
diffuses from the solution to the fruit less the solids of the fruit that are lost to
the solution (Panagiotou et al., 1998).

Rahman and Perera (1996) stated that the use of the osmotic
dehydration process in the food industry has several advantages: quality
improvement in terms of colour, flavour, and texture; energy efficiency;
packaging and distribution cost reduction; chemical treatment not required;
and product stability and retention of nutrients during storage.
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Pokharkar and Prasad (1998) evaluated the mass transfer during
osmotic dehydration of banana slices at different syrup concentrations and
temperatures. They noticed that the water loss and sugar gain varied with
sugar concentration as well as temperature.

Waliszewski et al. (1997) investigated the effect of temperature (50°,
60° and 70°C), sucrose concentration (50, 60 and 70%) and pH (6, 7 and 8)
on the mass transfer during osmotic dehydration of banana chips.

Whole and blanched strawberries were osmotic dried in glucose
solutions prior to air drying to determine change in the effective diffusion
coefficient of the water in strawberries as a result of the pretreatments
(Alvarez et al., 1995). Also, Garrote et al. (1992) studied the osmotic drying of
strawberries in sugar solutions at 5° and 25°C.

The aim of the present study was to evaluate the effect of several
process variables (type of solute, solute concentration, temperature and
duration of osmotic dehydration) on the mass transfer phenomena in the
osmotic dehydration of bananas and strawberries, in order to calculate water
loss (WL) and solid gain (SG); and also to estimate both the amount of water
loss & solid gain at equilibrium (WL __ & SG_ ) and rate constant of water loss

. . o0 o0
& solid gain (S1 & Sy).

MATERIALS AND METHODS

Bananas (Musa sapientum; Welliams) and strawberries (Fragaria X
ananassa; Sweet Charli) of good and uniform quality were chosen.

Each banana was cut into cylinders or rings with a diameter of 2.5 cm
and thickness of 1.0 cm. Whole strawberries were perforated to facilitate the
mass transfer. Sucrose, glucose and fructose with a purity of 98% were used
as the osmotic concentration agent. The osmotic solutions used had three
different levels of sugar content, 40, 50, and 60% expressed in percentage of
weight of sugar per total solution weight (w/w).

The samples after slicing and initial weight recording were immersed
in sugar solution - the ratio of raw material to sugar solution was 1:4 (w/w)-
contanied in glass beaker, then placed in a water bath at constant
temperature (30°, 40° and 50°C) and process times of %, 1, 2, 4 and 6 hours,
then the samples were set to drain and blotted with a piece of tissue paprer to
remove surface water. After osmotic treatment, final moisture content and
final sample weight were measured. Experimental treatment was performed
in triplicate runs.

Moisture content analysis of the investigated samples was measured
according to the procedure mentioned by James (1995) and previously
published in more details by Ranganna (1986) using infrared moisture
determination balance FD-620 until constant weight of the samples which
gave the following results: fresh bananas; 75.4% + 1.4 (wet basis) and fresh
strawberries; 88.0% + 1.65 (wet basis).

Water loss and solid gain:

The water loss (WL) and solid gain (SG) of foodstuff after time t of

osmotic treatment are defined as:
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Mathematical modelling:
The kinetics of water loss and solid gain were fit to the model of
Azuara et al. (1992) as follows:

<Y alaal) duali
where:

WL is the amount of water lost by the foodstuff at time t.

SG is the amount of solid gained by the foodstuff at time t.

WLoo is the amount of water lost at equilibrium.

SG __is the amount of solid gained at equilibrium.

S41 and Sy are the rate constant of water loss and solid gain during
the osmotic process respectively, and

t is the osmotic dehydration time.

RESULTS AND DISCUSSION

The experimental data for water loss (WL) from bananas and
strawberries during osmotic treatment in sucrose, glucose and fructose
solutions (40, 50 and 60%) at different temperatures (30°, 40° and 50°C) are
shown in Figures 1 and 2. At the same manner, Figs. 3 and 4 depicts the
solid gain (SG) by bananas and strawberries respectively.

From Figs. 1 and 2, the values for water loss (WL) from bananas and
strawberries as calculated from equation (1) were increased with both
increasing the processing temperature, sugar concentration and duration of
the osmotic process. The values of water loss from both bananas and
strawberries were higher during osmotic treatment in glucose and fructose
solutions than sucrose solutions.
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Figl
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fig2
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fig3
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According to the principle of osmosis, the rate of water loss from the
fruit to the syrup with a high molecular weight solute is lower than that of
syrup with a small molecular weight solute when both syrups are at the same
mass concentration. This is due to low vapour pressure of the syrup with a
low molecular weight solute (Rahman and Perera, 1996).

Lenart (1992) found that the rate of water removal for osmotic
dehydration of apple decreases faster with reduced molecular weight of
sugar. With increased molecular weight of sugar the rate of water removal
from osmosed apple decreased. The same result was observed by
Panagiotou et al. (1999).

Panagiotou et al. (1998) found that the water loss from osmotic
dehydrated banana in 40% sucrose at 40°C after 0.5, 2 and 6 h was 8, 16
and 22% respectively. These results agree with the results of the present
study. Also, Viberg et al. (1998) noticed that the water loss of osmotic
dehydration of strawberry in 40, 50 and 60% sucrose solutions was 34, 36.5
and 43% respectively.

The experimental solid gain (SG) by bananas and strawberries during
osmotic treatment calculated from equation (2) is shown in Figs. 3 and 4. As
shown in Fig. (3), the solid gain by bananas reach up to 8-9% at the highest
levels of sucrose, glucose and fructose concentration, process temperature
and time of the osmotic process. While, the corresponding values for
strawberries are 6-7% (Fig. 4).

Lazarides and Mavroudis (1996) noticed that besides tissue
differences in structure, compactness, intercellular spaces, soluble solids
content etc., the larger specific surface played a substantial role in the solute
uptake.

In the present work, in all experiments the amount of sugar absorbed
by the samples increased with increasing initial concentration of sucrose,
glucose and fructose in the syrup. Higher temperatures also promoted faster
water migration from the sample. Water loss and solid gain appeared to
increase exponentially with time (Figs. 1 to 4). The same relationship
(exponential in character) was noticed by Beristain et al., (1990) and Conway
et al., (1983).

In the present study, a relationship between the final water loss and
osmotic dehydration conditions was found, that is to say, for every 10°C
increase in temperature, or by increasing the concentration of the sugar
solution by 10%, there was a corresponding increase in the final water loss
percentage. It was noticed that the water loss (WL) for both bananas and
strawberries osmodehydrated e.g., at 50°C and 50% sucrose solution, is
31.60% and 37.89% respectively which are almost similar to the WL for the
osmodehydrated ones at 40°C and 60% (31.69% and 36% respectively).
Conway et al., (1983) observed a similar trend.

On the other hand, the effect of osmotic dehydration can be
evaluated on the basis of the final moisture content taking into account also
the water loss and solid gain. The water loss / solid gain (WL/SG) ratio is of
particular importance. Therefore, changes in water loss have been analysed
to be presented as a function of solid gain.
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Increased molecular weight of the osmotic agent results in a
significant increase of the WL/SG ratio. For bananas, e.g.; at 50°C and 60%
sucrose, glucose and fructose solutions, the highest value of WL/SG ratio
was 4.38, 4.25 and 4.14 respectively. The same trend was observed under
the similar conditions for strawberries at which the WL/SG ratio was 5.83,
5.36 and 5.77 respectively.

The kinetics of water loss and solid gain gave fit with equations 3 and
5. Estimated parameters (WL _, Sq, SG__ and S») for both bananas and
strawberries are presented in Tables 1 to 4

The positive effects of the sucrose, glucose and fructose
concentration of the osmotic solution and of the process temperature on the
equilibrium water loss (WL ) of bananas and strawberries are illustrated in
Tables 1 and 2. The rate constant of water loss (S4), remained almost
constant as the solute concentration and temperature were increased for
bananas (Table 1), the correlation coefficient (r2) was > 0.98. While, for
strawberries (Table 2), the positive effect of solute concentration and
temperature was noticed on rate constant of water loss. Similar results were
obtained by Panagiotou et al., (1998), when using banana, kiwi fruit and apple
fruits.

Table (1): Estimated parameters of equation (3) for bananas
Sucrose solution
Temp. 40% 50% 60%

0 b e I e I s TG

30 [22.05| 0.97 |0.9913(26.98| 1.00 |0.9779|32.01| 1.04 0.9913
40 |25.76| 0.95 [0.9795(31.60| 0.92 |0.9835(35.23| 1.02 0.9793
50 (27.98| 1.16 |0.9927 (35.78| 0.85 |0.9724 (41.76| 0.86 0.9614
Glucose solution
Temp. 40% 50% 60%
e V\(lol;ogo syt r2 V\(/‘;So sy (L r2 \A(/ll)‘/o?o sy (h'1 r2

30 [24.50| 0.99 |0.9852(29.40| 1.07 |0.9955(35.18| 0.98 0.9974
40 |26.04| 1.10 [0.9892(32.47| 1.02 |0.9963(38.63| 0.97 0.9982
50 (28.30| 1.31 |0.9896(38.66| 0.95 |0.9952 (44.46| 0.88 0.9974
Fructose solution

Temp. 40% 50% 60%
(°C)

V\(I‘I’_/(SO s; (Y| r2 V\(l"LASO sy (Y| 12 V\(’l‘/o?o s b 12

30 |25.42| 0.98 [0.9933(30.59( 1.08 |0.9950|35.71| 0.97 0.9956
40 |28.11| 0.88 [0.9792(34.41| 1.20 |0.9946 (44.12| 0.93 0.9924
50 |31.07| 1.05 [0.9953(38.65( 1.15 |0.9967 |46.52| 1.06 0.9952
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Table (2): Estimated parameters of equation (3) for strawberries

Sucrose solution

Temp. 40% 50% 60%
(°C) [wL - WL - WL -
s |51 Ly r2 e |51 Ll r2 ose| S1 1y r2
30 [25.35( 0.49 |0.9855|28.43| 0.60 |0.9980 |30.46 0.82 0.9971
40 |36.74| 0.74 |0.993838.39| 0.97 |0.9892 (40.01 1.13 0.9925
50 [39.65[ 1.04 ]0.9926 |42.64| 1.18 ]0.9970|43.95 1.54 0.9994
Glucose solution
Temp. 40% 50% 60%
(°C) [wL - WL - WL -
se|s1 bl r2 ose|s1 bl r2 osP| S1.( Ll r2
30 |27.36( 0.47 [0.9699 |27.50( 0.65 |0.9810|27.81 0.87 0.9971
40 |37.08| 0.66 |0.9948|37.10| 0.94 |0.9904 |37.53 1.12 0.9939
50 |39.87| 0.96 [0.9893|41.08( 1.19 |0.9961 |41.03 1.54 0.9976
Fructose solution
Temp. 40% 50% 60%
(°C) [wL - WL - WL -
e 51 Ll r2 |51 Ll r2 oe| S1h 1) r2
30 [34.90( 0.27 |0.9474135.81| 0.34 |0.9815(35.02 0.48 0.9731
40 (39.45| 0.35 [0.9757(37.19| 0.59 [0.9905 |45.84 0.62 0.9982
50 [41.33| 0.45 ]0.9859140.33| 0.73 ]0.9951|50.78 0.67 0.9996
WL (%) = Water loss at equilibrium.
S1 fﬁ'l) = Rate constant of water loss.
Table (3): Estimated parameters of equation (5) for bananas
Sucrose solution
OTemp 40% _ 50% 60%
-0CC) o | S 01 v2g G00[S, 0| 2 [se_ea[s D] 2
300 | 5.720 | 0.39 |0.9877| 5.540 | 0.910 |0.9832| 7.040 | 0.880 [0.991500
a ]
400 | 5.950 | 0.460 |0.9874| 5.960 | 0.990 [0.9709| 8.470 | 0.750 (0.96940
a 0
500 | 6.650 | 0.630 [0.9867| 7.200 0.90 |0.9715| 9.71 0.73 | 0.9621
]
OTem Glucose solution
P 40%0] 50%0] 60%0]
o SG So(h" [ .2 S, (N 2 SG S, (N 2
gec)o P 0 rén sew(%)u 0 r0 %R 5 ren
300 | 8.270 | 0.270 [0.9890( 7.180 0.64 |0.9886[ 8.00 0.82 | 0.9949
a
400 | 9.440 | 0.280 |0.9676| 8.540 | 0.650 |0.9884| 8.360 | 1.020 (0.989500
a O
500 | 10.260 | 0.400 [0.9611| 9.150 | 0.770 |0.9779| 10.290 | 0.910 [0.99410
] ]
OTem Fructose solution
>mp 40%0] 50%0] 60%0]

0(C)0 %%@ s,(h| r2 SG (%) | S, hh| R2 SG (%) |S; Y| 2
300 | 9.270 | 0.380 |0.9892| 8.740 | 0.660 |0.9958| 8.860 | 0.800 |0.997600
a 0
400 | 12.040 | 0.370 |0.9784| 11.190 | 0.560 |0.9985| 11.980 | 0.560 [0.99640
a O
500 | 12.750 | 0.440 |0.9795| 11.73 0.66 [0.9918| 12.09 0.73 | 0.9976
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Table (4): Estimated parameters of equation (5) for strawberries
Sucrose solution
HTem 40% 50% 60%
b [ sc

o - 2 | SG -1 2 |SG - 2
0CO)| gy [S2(07H| 1 o [S207h R P [s207h) T

30 6.45 0.29 |[0.9849 | 7.40 0.30 [ 0.9904 | 7.24 | 0.40 |0.9834

40 7.63 0.34 (09943 | 7.91 0.44 | 0.9911 | 7.76 0.62 |0.9954

50 7.90 0.58 [0.9734| 8.19 0.64 |[0.9870 | 7.98 [ 0.90 |[0.9956

Glucose solution

HTem 40% 50% 60%
P- [ sc

o - 2 | SG - 2 |SG - 2
o(c) %) So(h™)| r (%30 So(h )| r (%3082(h) r

30 6.81 0.35 [0.9991 | 6.78 0.43 |0.9848| 6.77 | 0.52 |0.9753
40 7.42 0.40 |[0.9978 | 7.50 0.52 |0.9878| 7.69 | 0.59 |0.9921
50 8.24 0.60 |[0.9863 | 8.27 0.63 |0.9808| 8.25 | 0.78 |0.9918
Fructose solution
40% 50% 60%

p.
o SG -1 2 SG -1 2 SG 1 2
0c0)| Sow [s2 (Y| 2| e fs; b 2 |Somls; )

30 7.62 0.24 |0.9351| 6.89 0.33 |0.9853| 7.60 | 0.38 |0.9772
40 7.84 0.33 |0.9813| 7.47 0.47 |0.9906 | 8.36 | 0.53 |0.9979
50 8.02 0.42 [0.9912| 8.25 0.51 [0.9904]9.15 ] 0.55 |0.9932
SG (%) = Solid gain at equilibrium.

Sy (h'l) = Rate constant of solid gain.

OTem

Tables 3 and 4 represent the solid gain at equilibrium (SG ) and rate
constant of solid gain (S,) of bananas and strawberries. The effect of sugar
concentration on the equilibrium solid gain was very slightly positive, whereas
the effect of temperature was positive. The positive effects of sucrose,
glucose and fructose solutions concentration and process temperature on the
rate constant of solid gain (Sp) are more pronounced or evident for
strawberries than bananas. Azuara et al., (1996) found that the values of SG

, Sp and rZ for osmotic dehydration of apple disks in 70% sucrose solution
?a? 30°C were 7.93, 0.21 and 0.956 respectively.

CONCLUSIONS

* Low molecular weight solute caused higher water loss and solid
gain in osmotically dried bananas and strawberries than high molecular
weight solute, while solute concentration had a positive effect on water loss
and solid gain.

* During osmotic dehydration in sugar solutions, the amount of water
lost is much greater than the amount of sugar gained, showing that the net
result is the removal of water by osmosis.

* Regardless of osmosed product and osmotic agent the rate of
osmotic agent penetration is the highest at the beginning of the process (in
the first 60 minutes) and then falls down rapidly to approach zero after 6 to 7
hours.
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* Equations 3 and 5 were able to predict the kinetics of the osmotic
process and the equilibrium point using experimental data. The model may be
used to characterize osmotic dehydration of different types of foodstuffs,
without restrictions of geometric configurations.

WL, $1,5G and So are known, it is possible to calculate WL
and SG at any time of osmotic dehydration.
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