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ABSTRACT

Today, drying is one of the important processes in food industry to increase durability of fruits and vegetables.
Using osmotic and ultrasound processes before dehydration with hot air maintains nutritious materials in product
and the need to thermal energy to eliminate the water of product is reduced. In this test, avocado was washed and
peeled before osmotic dehydration and soya protein with level 5% was used) and Aloe Vera syrup was used as
osmotic medium. Concentration of Aloe Vera was 35%, 55%. The slices of fruits were under ultrasound process for
30min (25kHz) and 180min (without ultrasound) and ambient environment and for additional drying, it was
performed in hot air dryer at constant temperature 70 °C. The results showed that by ultrasound, Shrinkage was
reduced considerably and PH and rehydration were increased. Sensory evaluation regarding color, aroma, flavor,
texture and total acceptance between coating samples and non-coating samples showed that non-coating samples
had high acceptability compared to coating and control samples.
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INTRODUCTION

Avocado belongs to Lauracea family (1) and its scientific name is Persea Americana (2). Other common names as
applied are alligator pear, Avocado (3). The origin of this tree is Mexico (4). Today, it is cultivated widely in arid
and semi-arid areas. It has pear form fruits with circular core (5). Due to high fat, Avocado is high energy source
and it is of great importance from nutritional aspects and it is a simple food or it is used as an important part in
formulation of pharmacological and

cosmetic products (6). The flesh of avocado has 15-30 oil based on the type of variety and ecology of the region. In
addition to fat, avocado is high-energetic food for diabetics (7). It is rich source of vitamins and proteins. It has high
values of mineral namely potassium. Also, it has high fiber among other fruits including 75% non-solved fiber and
25% dissolved fiber (8). In developing countries about 5 to 15% of products are wasted. Drying products reduces the
waste. Drying food namely fruits and vegetables is used to increase durability of product and it is also used as one of
the important processes in food industry. One of the benefits of drying compared to other methods as freezing,
canning and ray is maintenance of product under natural conditions, reduction of weight and volume of product and
reduction of packing, warehousing costs, distribution of product and creating variety in manufacturing products. Hot
air is a conventional method for drying food. Although it has adverse effects as change of color, stiffness of texture
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and reduction of quality on final product (9). To improve quality of products, some methods as osmosis, blanching
before drying are used by researchers and their effects on qualitative properties of dried products are investigated
(10). According to the researchers, osmotic pre-treatment for its easy and controllable method is a good pre-process
for drying fruits (11). Osmotic dehydration is a process to eliminate a part of water of plant and animal products by
submerging it in hypertonic solution and required driving force for transfer of water from food texture to osmotic
solution is the difference between osmotic pressure of hypertonic solution and food texture and can be used as an
independent stage or in combination with other processes as drying by air, freezing, frying, microwave, canning and
etc. (12). Due to the application of osmotic solution (process waste) as the natural source of color, flavor and
antioxidants, this process is economical and it also can control mass transfer coating during the process and reduce
absorption of dissolved sold materials. Generally, coating materials before osmotic dehydration process without
negative effect on water exit avoids the influence of dissolved sold materials to food texture. Cellular walls can be
remained as complete and their thickness is similar to the thickness of new sample. Dehydration process by osmotic
method leads to reduction of Shrinkage of final product compared to the samples as dried directly under hot air (10).
Using coating besides control of osmotic process reduces food value and maintains organoleptic features as well
(13). Also, in this study, ultrasound pre-treatment is used. Using ultra-sound waves increases humidity influence
coefficient and reduces drying process. Due to cavitation, ultrasound waves create rapid expansion and contractions
in matter as similar to compression and releasing of a sponge and water can exit solid matrix and creates micro
channels for easy mass transfer during drying by hot air (14). Ultrasound drying is of great commercial importance.
In this method, food is less damaged and is dried with low humidity percent (15). In this study, we investigated the
combinational pre-treatment of coating and ultrasound osmotic dehydration process in drying process of avocado
slices by hot air. The present study aimed to provide dried product of Avocado with good qualitative features.

Materials and Methods

Isolate of soya protecin with Amisoy was purchased from Netherland Elmeray Company. Aloe Vera: It was
purchased from Kimya Khorasan.

2.1.Preparation

This fruit (Avocado)was provided from local market from Tehran of one variety. To reduce respiratory and

biological activities to testing time in refrigerator, it was kept at temperature 4 C. At the beginning of test, Avocado
was washed and peeled, then by nicer dicer made in Germany was divided into circular slices with thickness 10mm.
Avocado slices and their thickness were controlled with caliper with precision 0.02 mm.

2.2.Coating

To coat product before osmotic dehydration, Whey soya protein with level 5% was used. For coating process,
avocado slices were submerged for 60s in coating 0.05. After coating of Whey, the specimen was put for 2min on
filter paper to eliminate extra gel. Finally to fix coating, the specimen was put in hot air oven for 15min at

temperature 70 C (16).

2.3.0smotic and ultrasound dehydration

In this study, Aloe Vera syrup was used as osmotic medium. Aloe Vera concentration was selected 35%, 55%. The
dehydration process temperature during the process and in all treatments was constant and equal to ambient

temperature (25 C) The ratio of Avocado to osmotic medium was 1 to 4 (17). The tests were performed by applying
dynamic conditions (agitation of osmotic solution) during once per hour (18). After coating and coating fixation,

122



Mohammad Mehdi Nemat Shabhi et al Int. J. Pharm. Res. Allied Sci., 2016, 5(4):121-131

slices were under ultrasound (25 kHz) for 30min and 180 min osmotic (without ultrasound). After dehydration
process, avocado slices were taken out of osmotic medium and they were washed with deionized distilled water and
were put on filter paper (Wattman) to absorb water and for additional drying, they were put in hot air dryer equipped

with air fan at fixed temperature 70:.,: (29).

2.4.Qualitative test

2.4.1.PH

Also, PH was measured by digital pH meter (3510 model, Jenway company) (14).
2.4.2.Shrinkage

To measure Shrinkage, the specimens were dried at required temperature and then Shrinkage was determined by the
following equation (20).

=

UaSKG =

=

In this equation, Vo is fresh avocado slice (cm3) and V is volume of avocado slice and after drying (cm3). The
samples volume was computed by toluene displacement method.

2.4.3.Rehydration

The specimen rehydration was computed via calculation of increase of weight of sample after 3 hours of submerging
in distilled water at ambient temperature compared to dried weight before submerging at ambient temperature (21).

2.4.4.Sensory evaluation

Sensory evaluation test was performed by a group of sensory analyzer composed of 5 food industry experts. All
evaluations were performed by product-oriented sensory test (scoring method of severity of a property) with 5-point
hedonic scoring. Some questionnaires were provide and 5 questions were asked of each person and 5 choices were
used for the responses. The questions were color, flavor, taste, aroma, touch and total acceptance. It is worth to
mention that age group of analyzers as men and women were 25-50 years old (22).

3.Data analysis method

This test was factorial test in fully randomized design with 3 replications. The comparison of mean of Tukey HSD
was performed by Dunckan test at 5% level and to perform variance analysis, SAS software, version 9.1 was used
and chart was ploted with Excel 2007.

Results and Discussion
4.1.PH

Based on the effect of time and concentration type of dehydration medium during osmotic and ultrasound
dehydration on PH of Avocado, the highest amount was observed in solution 35% and ultrasound for 30min (Chart
1). The results showed that the mutual effect of time and concentration of dehydration medium under ultrasound and
osmotic medium was significant at level 5%. Sugar and acidic materials (ascetic acid) were absorbed from osmotic
medium to fruit texture and increased acidity and reduced PH. By increasing drying time of specimen, 55% at

o

temperature 70 C, due to level hardening and increase of sugar in Avocado to organic acids (ascetic acid) increased
acidity and reduced PH in specimen 55% compared to specimen 35% (23). Absorbed organic acids from osmotic
solution can reduce PH of production and phenolase enzyme activity and browning is reduced (24, 16, 14). As
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drying time of specimen under dehydration with ultrasound was lowered due to cavitation compared to osmotic
dehydration, the specimen were less exposed to hot air oven. Thus, less amount of sugar was remained in Avocado
and were converted to organic acids in ultrasound and acidity was reduced in ultrasound and increased PH (23).
Eshraghi et al., (25) evaluated the effect of ultrasound on drying Kiwi slices and stated that by increase of ultrasound
time, humidity time 20% was reduced. Also, drying time was reduced and the specimen were dried at short time.
Radmard Ghadiri (26) by various temperatures during dried plum showed that the increase of PH led into the
increase of temperature and drying time.

5.7 + a
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T 555 -
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545 A
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35 55

The type of pretreatment and concentration

Figure 1. The effect of time and dehydration medium on PH of Avocado during dehydration process

Based on the effect of coating on PH in avocado, the highest PH value was observed in non-coating specimen with
significant difference at level P<0.05(Chart 2).

As drying time of coated samples were less than non-coating samples, dehydration was higher in coated samples
compared to non-coating samples and food coating increased osmotic dehydration efficiency (Jalayi et al., ). The
increase of drying time in non-coating specimen caused that samples were exposed to hot air of oven at much time
(Seraji et al., ). Thus, high amount of sugar in Avocado was converted to organic acids and acidity was reduced and
PH was increased and this increased the sugar of sample to organic acids and increased acidity and reduced PH (27).
Tavakolipour et al., during Rheum drying found that by increase of temperature, sugar in fruit was converted into
organic acids and acidity was increased and PH was reduced.
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Figure 2. The effect of coating of osmotic dehydration medium on PH of avocado

4.2.Shrinkage

Based on the effect of medium type and using ultrasound pre-treatment on Shrinkage in Avocado, the lowest
Shrinkage in ultrasound 30min in solution 55% was observed (Chart 3)

Under ultrasound pre-treatment, less Shrinkage is observed compared to osmotic specimen and in osmotic media,
less Shrinkage was observed in solution 55% compared to 35% solution. By the increase of concentration, solid
absorption was increased and Shrinkage was reduced. Due to long osmotic dehydration time (180min) and level
hardening at high concentrations, less Shrinkage was observed at concentrations 55% of osmotic solutions compared
to concentrations 35%. Shahidi et al., (27) evaluated the effect of osmotic and ultrasound pre-treatment on some
properties of dried banana by hot air method and stated that by increase of concentration, solid absorption percent
was increased and Shrinkage was reduced. High concentrations and long dehydration time created a hard crystal
layer on surface. This state during drying created hardening and avoided Shrinkage.

Ultrasound pre-treatment and cavitation reduced connection of water molecules to food and the specimen was dried
at short time and Shrinkage was reduced (26).

Jambrak et al., (28) evaluated the effect of ultrasound on mass transfer and rehydration in drying button
mushrooms, Brussels cauliflower sprouts and the results showed that in pre-treatment samples with ultrasound, mass
transfer was increased and hot air drying time was reduced and re-absorption of water was increased and Shrinkage
and texture damage were less. Schossler et al., (29) showed that ultrasound pre-treatment reduced drying time due to
the increase of effective diffusion of humidity. In addition, ultrasound reduced Shrinkage and increased volume ratio
compared to control treatment.
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Figure 3. The effect of time and dehydration medium on Shrinkage of Avocado during dehydration process

Based on the effect of coating on Shrinkage in Avocado, the highest Shrinkage was observed in non-coating
specimen with significant difference at level P<0.05 (Chart 4). By increase of drying time in non-coating specimen
compared to coating samples, reduced connection of water molecules to food and sample was dried at short time and
Shrinkage was reduced (26). Based on the effect of coating on Shrinkage in Avocado, the highest PH was observed
in non-coating samples and lowest value in non-coating samples with significant difference at level P<0.05.
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Figure 4.The effect of coating on Shrinkage of Avocado during osmotic dehydratio

4.3.Re-hydration

Based on the effect of time, type and concentration of dehydration medium during osmotic dehydration and
ultrasound on re-hydration in Avocado, the highest rehydration wasobserved at ultrasound 30min in solution 35%
with significant difference at level P<0.05. Less re-hydration was observed in osmotic state compared to ultrasound
due to solid absorption in osmotic process and this was effective on cells permeability and re-hydration was reduced
(27). The results of studies of Bakalis and Caradonoze (2005), Rastogi et al., (2004), Leoyiki (1998) and Fakhri
Shahidi et al., (2011) showed that osmotic dehydration process had negative effect on re-hydration and the reason
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was rapid saturation of lower layer of food texture with sugar and less hydration of sugar layer compared to natural
texture of food. The osmotic solution concentration was effective on re-hydration as by increase of osmotic solution
concentration due to high solid absorption, rehydration of samples was reduced (27). Ultrasound waves increased re-
hydration compared to osmotic (without ultrasound) due to microscopic channels of cavitation and sponge effect.
Dried samples with ultrasound had porous texture compared to dried sample by osmotic solution (without
ultrasound) and control sample and it absorbed water better (26). Eshraghi et al., (25) evaluated the effect of
ultrasound on drying Kiwi slices and stated that the increase of ultrasound time increased rehydration of dried Kiwi
samples compared to control sample. As ultrasound waves can create sponge state in product, it can absorb water
easily and it can achieve maximum water absorption. Jambrak et al., (2006) applied ultrasound waves for rapid
drying of button mushrooms, Brussels sprouts and cauliflower. By the increase of ultrasound time, due to creating
high microscopic channels, based on cavitation, the sample has highly porous texture compared to control sample
and also it has good water absorption. The increase of re-hydration in control sample was less in ultrasound waves
compared to dried sample (Chart 10). They are consistent with the results of Jambark et al., (2006). Ashraghi et al.,
(25) evaluated drying Kiwi slices with ultrasound and stated that by increase of ultrasound time, due to high
microscopic channels, due to cavitation and sponge effect, the dried Kiwi sample had highly porous texture
compared to control sample and it had good water absorption compared to control sample. Cavitation had
considerable role in separation of water connected to food. The required time for drying was reduced and Shrinkage
was reduced and re-hydration was also increased. The results of Jambark et al., (2006) and Blanko et al., (2006) and
Dolavtuski (30) regarding drying time showed that increase of rehydration in control sample was higher than dried
samples at osmotic state (without ultrasound). Based on the negative effect of osmotic process on rehydration and
rapid saturation of lower layer of food texture with sugar and less dehydration of sugar layer compared to natural
texture of food is justified (27).
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Figure 5. The effect of time and dehydration medium on rehydration of Avocado during dehydration process

The results of variance analysis of rehydration of Avocado during osmotic dehydration showed that the effect of
coating at statistical level 5% was significant on Avocado rehydration property (P<0.05). Low rehydration in
coating samples compared to non-coating due to solid absorption in osmotic process and this was effective on
permeability of cells and rehydration was reduced by samples (27). The maximum increase of solid absorption in
non-coating was observed. Absorption of dissolved solid in coating samples was less than non-coating samples. The
results showed that materials coating before osmotic dehydration prevented the influence of solid materials of
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solution to food texture and had no negative effect on water exist
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Figure 6.The effect of coating on rehydration of Avocado during osmotic dehydration process
4.4.Sensory properties of dried Avocado

To evaluate organoleptic properties of dried samples, 4 sensory properties including color, texture, flavor and tastes
and total acceptance were evaluated (Table 1).The results of various researchers regarding the effect of osmotic pre-
treatment on aromatic maintenance showed that due to osmotic process in environment without oxygen and heat
increased the durability of aroma and flavor of product and also increased its fresh property (11). Using coating
besides osmotic process control reduced loss of nutrients and organoleptic properties as coating avoided humidity
loss. During fruit dryness, humidity is lost and chewing dry fruit is hard and coating makes the fruit soft and
chewing can be easier. Also, aroma and flavor of fruit are kept and also the fruit can be kept for a long time. This
coating creates shining coat on fruit and fruit stickiness is avoided. Coating dried parts avoids much aroma and
flavor (31). In terms of chewing, the results show that osmotic samples had high rank compared to other products.
This issue is regarding crystal structure compared to chewing of texture and this issue is considered well by
analyzers. The higher the humidity, the lower the brittleness . Regarding the color, the color of treated samples by
osmotic dehydration method had high acceptance compared to ultrasound dehydration. In osmotic

dehydration, due to the increase of dryness of sample and hardening and increase of converting sugar in Avocado to
organic acids (Ascetic acid) reduced phenolase enzyme activity and browning (24, 16, 32).

Table 1: The sensory evaluation results of dried Avocado

Total Texture | flavor and taste | coating osmotic concentration of osmotic
acceptance color process solution
3/7¢ 4/2° 3/7¢ 3/1f - Osmotic 55
3/59 3f 3/5¢ 3/4¢ - Ultrasound 55
4/2¢ 4/62 4/6° 3/7¢ + Osmotic 55
4/72 4¢ 4/2° 4/5b + Ultrasound 55
3/9¢ 3/2¢ 3/1f 3/38° - Osmotic 35
3/1h 3/2¢ 2/79 3/7° - Ultrasound 35
4/4° 4/62 4/2° 4/2¢ + Osmotic 35
3/9¢ 3/7¢ 4¢ 4/9? + Ultrasound 35
2/9" 2/279 2/3" 2/79 Control
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Conclusion

By various pre-treatments, we can reduce disadvantages of drying process and turn it into a technology with high
value added with better physicochemical properties compared to conventional samples. In this study, after pre-
treatment of coating, osmotic and ultrasound, the samples were dried in hot air oven and Shrinkage, rehydration and
PH and sensory evaluation were evaluated. The results showed that ultrasound compared to osmotic dehydration
caused that using acidity ultrasound reduced Shrinkage in fruit significantly and increased PH and rehydration.
Sensory evaluation of color, aroma, flavor, texture and total acceptance between coating and non-coating samples
showed that non-coating samples had high acceptance compared to coating samples and control samples. Finally, we
can say coating of Avocado samples with isolate of Soya protein and by ultrasound dehydration process based on
reduction of drying time and creating high quality product could be a good pre-treatment to increase quality of
avocados dried by conventional method.
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