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ABSTRACT 
 
 This research was carried out to throw the light on the effect of the different various condition of the 
osmotic dehydration process by dipping in high fructose corn syrup(HFCS)as a hypertonic solution; including 
temperature (25,45 and 65°C) and time (60 and 120 minutes), and the mass ratio of fruit and the HFCS (1:1 and 
2:1),on the mass loss, solid gain, moisture loss, total soluble solids content and color properties of strawberry 
fruit slices , as well as  to assess the physical and chemical properties of osmotically dehydrated strawberry 
slices such as the pH value, total acidity, ascorbic acid and anthocyanins as affected by different various osmotic 
dehydration conditions,  corresponding to control samples of fresh slices. The obtained results indicated that 
highest weight reduction (mass loss) when using HFCS as an osmotic agent in strawberries after 120 min. at 
65ºC. Water loss, weight reduction and solid gain were increased with increasing the treatment time. Also, the 
obtained results showed that mass loss, solid gain and moisture loss parameters of osmotically dehydrated 
strawberries with treatments at ratio of 1:1 and 2:1 were gradually increased by increasing the processing time 
and temperature. On, contrast, the mass loss , solid gain and moisture loss  parameters of osmotic dehydrated 
strawberries were decreased by increasing of fruit/syrup ratio from 1:1 to 2:1 at the same time and temperature 
of processing conditions. A osmotic dehydrated strawberry slices indicated lower chroma (C*) and redness 
values (a*) during the progress of osmotic dehydration times, when compared with the control sample. The pH 
value were gradually slight increased and total acidity were gradually decreased slightly by going up of 
temperature and prolonging the dipping time of osmotic dehydration process, as well as ascorbic and 
anthocyanins contents of  osmotic dehydrated strawberries slices were gradually decreased by  increasing the 
temperature and osmotic dehydration times. 
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INTRODUCTION 
 
 Today’s consumers are very interested in the potential benefits of nutritional support for disease control or 
prevention through a healthy diet (Hassanien, 2011). There is a growing recognition of the potential role of 
functional foods to help reduce health risks and improve health. In particular, strawberries fruits contain many 
bioactive compounds associated with a strong antioxidant activity; this plays an important role in human 
nutrition because of free radical scavenging activities, donation of hydrogen atoms or electron, or chelate metal 
cations (Balasundram et al., 2006). Phenolic compounds have been associated with health benefits derived from 
high fruit and vegetable consumption (Balasundram et al., 2006).  
 Strawberry (Fragaria   ananassa ) is a non-climateric fruit largely consumed around the world during the 
seasons due to its attractive organoleptic properties. The presence of bioactive compounds such as flavonoids 
and ellagic acid derivatives makes the consumption of strawberry and other berries suitable for potential health 
benefits. Dietary intake of flavonoids has been associated to lower risk of heart disease as well as cancer, 
probably related to the antioxidant capacity of these compounds. In strawberries, anthocyanins (pelargonidin-3- 
glucoside, cyanidin-3-glucoside and pelargonidin-3- rutinoside) are the most abundant flavonoids, followed by 
flavanols (catechins) and flavonols (quercetin and kaempferol glycosides). (Gil et al., 1997and Cordenunsi et 
al., 2005). 
 Also, Strawberry  have unique, highly desirable taste and flavour and are one of the most popular summer 
fruits. Consumers mainly purchase strawberries for an enjoyable eating experience. Media reports have 
indicated increasing consumer dissatisfaction with the flavour and inconsistent quality of strawberries (Kays, 
1991and Sturm et al., 2003). Strawberries are a good source of ascorbic acid (vitamin C) which is a very 
important nutrient, being essential, e.g. for the synthesis of collagen. Ascorbic acid is also a natural antioxidant 
used in foodstuff formulations in order to prevent browning, discolouring and to enhance shelf life. Also, 
Strawberries are a considered source of anthocyanins and Flavonoids and among the fruits, they have one of the 



5942 
J. Appl. Sci. Res., 9(11): 5941-5952, 2013 

highest antioxidant activities evaluated by oxygen radical absorbance capacity (Wang et al., 1996 and 
Cordenunsi et al., 2002).    
 In recent years, increasing attention has been paid by consumers to the health and nutritional aspects 
(vitamins content, mineral elements, antioxidants, etc.) of  horticultural products (Scalzo et al., 2005). Fruits and 
vegetables are known lately to strongly contribute in reducing risks of diseases of various etiology as cancer and 
heart stroke. This fact is attributed to the large amounts of antioxidants they contain (Hakkinen et al., 1999and 
Kris-Etherton et al., 2002). High levels antioxidant compounds of Strawberries  such as anthocyanins, 
flavonoids, and phenolic acids, which provide protection against harmful free radicals. Antioxidants have also 
been associated with lower occurrences and mortality rates due to cancer and heart disease as well as offering a 
number of other health benefits (Wang and Zheng, 2001) 
 FAO, (2005) classified strawberry as one of the world’s largest fruit crops and also as one of the most 
delicate and highly perishable fruits, due to respiration, weight loss and susceptibility to fungal contamination. 
Therefore, it can be preserved by freezing and drying processes such as freeze, osmotic, microwave, and air 
drying (Evans et al., 2002; Shishehgraha et al., 2002; Taiwo et al., 2003 and Askri et al., 2006). Besides, it 
could consume fresh or in many other forms such as juice, concentrate jam, and jelly and dried rehydrated with 
yoghurt and bakery products ( EL-Beltagy et al., 2006).  Like other fruits, strawberries can be consumed in 
natural, which turns out to be advantageous to consumers since there are no nutritional losses due to processing. 
On the other side, the preference for fresh fruits is challenging because they have a very short shelf-life, due to 
their sensitivity to fungal attack and excessive texture softening caused by the natural ripening process.  
 Osmotic dehydration process has gained more interest during the recent times and is being applied to many 
fruits.  It can be used successfully for weight reduction in the material and require further drying or processing 
for longer shelf life. Based on the process advantages in terms of energy savings and quality improvement, it is 
predicted that osmo-air drying process has good potential for utilization of several fruits such as strawberry, and 
other fruits (Jain, 2003).  
 Strawberries are some of the most delicate fruits with an extremely short postharvest life. Therefore they 
are consumed fresh, rapidly processed into jams, juices, desserts and yogurts (Terefe, et al., 2009). Water as a 
main constituent of strawberries affects food stability, both microbial and chemical, and is responsible for the 
consumer perception of many organoleptic attributes, like juiciness and texture (Lewicki and Lenart, 2006 and 
Blanda et al., 2009). It is generally accepted that it is not the quantity of water in food but its thermodynamic 
state that is responsible for its influence on food stability and texture. The lowering of water activity can be 
achieved by the application of osmotic dehydration (OD) (Lewicki and Lenart, 2006). During this process, water 
is partially removed from the cellular materials when these are placed in a concentrated solution of soluble 
solute (Singh et al., 2007 and Dermesonlouoglou et al., 2008). In addition, osmotic dehydration has been used 
as a pretreatment to many processes and improves nutritional, sensorial and functional properties of food 
without changing its integrity (Rastogi et al., 2002). Relevant factors affecting mass transfer rate can be 
summarized as: concentration and temperature of the osmotic solution, agitation, food to solution ratio, food 
structure, shape and size, nature and molecular weight of the solute, product characteristics and pressure (high 
pressure, atmospheric pressure or vacuum) (Rastogi et al., 2002 and Osorio et al., 2007). However, the osmotic 
dehydration does not reduce water activity sufficiently to hinder the proliferation of microorganisms. The 
process extends, to some degree, the shelf life of the material, but it does not preserve it. Hence, the application 
of other preservation methods. (Rastogi et al., 2000 and Lewicki and Lenart, 2006). 
 Osmotic dehydration is one of the energy efficient means of removing moisture from a food product, as the 
water doesn’t have to go through a phase change to be released from the product. It is stated that some of the 
advantages of direct osmosis in comparison with other drying processes include minimized heat damage to color 
and flavor, and less decolorization of fruit by enzymatic oxidative browning (Krokida and Marinos-Kouris, 
2003). 
 Osmotic dehydration is a water removal process, involving soaking foods, mostly fruits and vegetables, in a 
hypertonic solution such as concentrated sugar syrup. Two major simultaneous counter-current flows occur 
during  osmotic dehydration; Water flows out of the food into the solution and a simultaneous transfer of solute 
from the solution into the food (Azoubel and Murr, 2004).  
 Water elimination is a suitable way to protect foods from spoilage. Indeed, the lack of water prevents foods 
from the microorganisms development. In these conditions, few enzymatic activity is possible and the major 
part of chemical reactions are slowed down ( Tortoe  et al., 2007a). In order to better protection, practically all 
water quantity in foods must be carried away. But, it is sometimes advantageous to reduce water quantity 
(minimizing the energy cost) before drying foods. In this perspective, osmotic dehydration is one of the methods 
that can pretreat foods without products structure damages ( Tortoe, et al., 2007b and Frandes et al., 2008). 
Osmotic dehydration is a partial dehydration method applied to fruits and legumes. It consists in immerging the 
entire or piece of products in highly concentrate solutions (Raoult-Wack, 1994 and Tortoe et al., 2007a).  
 Dehydration of fruits is a well-known preservation method, which involves water removal to reduce the risk 
of microbial growth and proliferation. Moreover, dehydrated fruits can be stored and transported at relatively 
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low cost. However, water removal using high temperatures and extended dehydration times may cause a severe 
reduction in the nutritive value and adversely affect sensory properties, including flavor, color, texture, and 
other properties (Lenart  and Dabrowska, 1999).  
 One way of producing  good quality dehydrated fruits is by using pre-drying treatments, such as osmotic 
dehydration, which can reduce energy consumption and improve food quality (Sagar and Suresh-Kumar, 2010 
and Di Scala et al., 2011). Osmotic dehydration is a partial water removal technique by direct immersion of food 
pieces in hypertonic solutions. During osmotic dehydration, three mass transfer processes are established: (1) 
water diffusion from the food material to the surrounding osmotic medium due to the concentration gradient 
between them, (2) solute diffusion from the osmotic solution to the food, and (3) leaching of natural solutes 
from the food. This process can be applied as an intermediate dehydration step prior to further drying processes 
such as convective hot air drying, freeze drying, vacuum drying (Naknean, 2012). It is well known that many 
changes occur during food drying (Di Scala and Crapiste, 2008; Vega-Gálvez et al., 2009 and Naknean et al., 
2013). 
 Therefore, the objective of this work was to investigate the effect of different various conditions, of the 
osmotic dehydration process by dipping in high fructose corn syrup(HFCS)as a hypertonic solution; including 
temperature (25,45 and 65°C) and time (60 and 120 minutes), and the mass ratio of fruit and the HFCS (1:1 and 
2:1),on the mass loss, solid gain, moisture loss, total soluble solids content and color properties of strawberry 
fruit slices , as well as  to assess the physical and chemical properties of osmotically dehydrated strawberry 
slices such as the pH value, total acidity, ascorbic acid and anthocyanins as affected by different various osmotic 
dehydration conditions,  corresponding to control samples of fresh slices. 
  
Materials and Methods 
       
 Materials: 
            
 Fresh strawberry(Fragaria   ananassa ) fruits were purchased from local market from Ismailia Governorate, 
Egypt. Fruit were carefully selected according to their ripeness, size and color, then sorting, washed, and the 
stalk was removed and stored in a refrigerator at 4±1ºC until used. The fruits were removed from the refrigerator 
about 2 h before experimentation and were allowed to attain room temperature. The fruit cut crosswise into 10-
mm thick slices .High fructose corn syrup (HFCS) was obtained from Algomhoria company.  
 
Methods:  
 
Osmotic Dehydration Process of Strawberry Fruit Slices:     
 
 The samples were immersed in high fructose corn syrup solution (HFCS of 74º brix). The fruit/syrup ratio 
was 1/1 and 2/1 (w/w),  and then they were left resting in this solution for 1 and 2 hours at 25, 45 and 65ºC. 
After osmosis Osmotic dehydration process, the slices were drained, rinsed in cold water, dried on paper and 
weighed.  
 
Analytical Methods:  
   
 Moisture content, total solids "T.S." (100 - %moisture), total soluble solids "T.S.S.", total acidity ( as citric 
acid) , the pH value and the contents of crude protein, crude ether extract, ash, and crude fiber,  were determined 
according to methods  described in the AOAC. (2000). Ascorbic acid content  was determined by 2.6 
dichlorophenol indophenol as described in the AOAC. (2000). Total sugars content was determined 
colormetrically according to the methods of Bernfeld, (1955) and Miller, (1959).Color  index was determined 
Colormetrically at 420 nm according to the methods described by Ranganna, (1979). Free amino nitrogen 
content was determined by using formol volumetric titration Sorenson method according to the AOAC. (1990). 
Minerals content were carried out using atomic absorption spectrophotometry according to the method described 
in the AOAC. (2000). 
 Mass loss, solids gain, and moisture loss in the osmotic strawberry slices samples were calculated using the 
following equations (Beaudry, 2001):  
 
Mass loss    = initial mass before osmosis – total mass after osmosis
                                        Initial mass before osmosis 

 ×100  

Solid gain    = mass solid after osmosis- mass solid before osmosis 
                                          Initial mass before osmosis 

×100 

Moisture loss = initial moisture content- final moisture content
                                         Initial moisture content 

 ×100 
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 Changes in colour attributes due to the osmotic dehydration were followed up using a tristimulus colour 
analyzer (Hunter Associates laboratory, In. scan XE Reston VA 20190), as described using a standard white 
tile:(X= 79.79, Y= 84.62, Z= 90.02), L* =25.7, a*= 0.33.6 , b* =0.14.7. The colour was measured in terms of 
redness a*, (-a* greenness), yellowness b*, (- b* blueness) and lightness L* .These values were converted to hue 
angle (Ho), chroma (C)* which indicates the color intensity or saturation and total colour difference (E) and 
were calculated using the following equations (McGuire, 1992). 
E = [(L*) 2 + (a*) 2 + (b*) 2]1/2 ……………….. (1) 
C* = [(a*) 2 + (b*) 2]1/2 ….…...………………… (2) 
H* = tan-1(b/a)   …………………………………..(3) 
 
 The anthocyanins of fresh and osmotic dehydrated strawberries samples were extracted and determined 
quantitatively according to the procedure of Stojanovic and  Silva ( 2007). In this method, fresh and osmotic 
dehydrated strawberry slices were homogenized using a commercial blender for 5 min. twenty grams of samples 
were mixed with 20 mL of a solution containing ethanol and Hcl 0.1 M (85:15) as a solvent and kept at 4°C for 
12h with occasional vigorous shaking prior to centrifuging. The samples were centrifuged at 4000 rpm for 15 
min at 10°C. The pellet was washed with 50 ml of ethanol containing 0.1M HCl (85:15) and centrifuged again 
under the same conditions and then the extract was collected. After that, the total content anthocyanins was 
determined in the former collected extracted by the pH differential method (Stojanovic and Silva, 2007). 
Absorbance was measured by a UV/VIS spectrophotometer (Spekol 11 No. 849101, Carl Zeiss JENA).in two 
levels of λ ; λ = 510 nm and λ=700 nm in buffers of pH 1.0  and 4.5 using A = (A510-A700) pH1.00 – (A500 –
A700 )pH4.50 with the molar extinction coefficient of cyanidin-3-glucoside (MW =449.2).Total anthocyanin 
was measured by the following equation  and the results were expressed as mg of cyanidin-3-glucoside 
equivalents per 100 g of the product : 

Total anthocyanin content (mg/L) = 
A  x MW x DF x 1000 
                        ε 

 The results were expressed as mg cyanidin-3-glucoside equivalent/100 fresh weight (mg C3G eq/100 FW) 
which has molar absorptivity(ε) of 26900 and molecular weight(MW) of 449.2. 
 
Where  
MW         is the molecular weight of cyanidin-3-glucoside (449.2), 
 A             is the absorbance of the sample in spectrophotometer,  
DF           is dilution factor  
ε               is molar extinction coefficient for molar extinction coefficient (26900).                
 
Statistical Analysis:  
 
  Statistical analysis for data obtained were subjected to analysis of variance according to SPSS, (1997). 
Significant differences among individual means were analyzed by Duncan’s multiple range test (Duncan, 1955). 

 
Results and Discussions 

 
The Most Important Chemical Characteristics of Strawberry fruits: 
 
 The nutrient of the strawberry represents a healthy food choice. First of all, its dietary fiber and great 
interest has developed in strawberries because of their extremely high content of vitamin C which makes them 
an important source of this vitamin for human nutrition. The Most Important Chemical Caracterritics of 
Strawberry fruits are given in Table (1)  
 From the results the chemical analysis, as given in table (1), it could be illustrated that the moisture, total 
soluble solids, total sugars, crude protein, crude fat, ash and crude fiber contents of fresh strawberry fruits were 
found to be 90.50, 8.9, 6.8, 0.74, 0.41, 0.58and 2.8 %on wet weight basis; respectively. The obtained results 
(Table 1) also indicated that ascorbic acid, total anthocyanins and free amino nitrogen contents of strawberry 
fruits were 68.49, 76.60 and 1.36 mg\ 100g, on wet weight basis. respectively. In addition that total acidity ( as 
% citric acid ), the pH value and the color indix(OD at 420nm) of fresh strawberry fruits were 1.395, 3.34 and 
0.45; respectively. The present results are in agreement with those obtained by USDA. (1996); Demir et 
al.,(2002); Ozcan and Haciseferogullari (2007) and Giampieri et al., (2012), with some differences which 
mainly due to the fruit variety.   
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Table 1: Chemical characteristics of fresh strawberry fruit (Mean ± SE). 
Constituents Values(M ± SE)* 

Moisture ( %) 90.5±3.21 
Total soluble solids (T.S.S.) ( %) 8.9±0.74 

Total sugars ( %) 6.80±0.21 
Crude protein ( %) 0.74±0.04 

Crude fats ( %) 0.41±0.07 
Ash ( % ) 0.58±0.09 

Crude fiber ( %) 2.90±0.21 
Ascorbic acid content ( mg/100g) 68.49±1.45 

Total  acidity ( %) 1.395±0.14 
The pH value 3.34±0.21 

Anthocyanins  content ( mg/100g) 76.60±2.54 

Free amino nitrogen content ( mg/100g) 1.36±0.09 
Color index ( O.D at 420 nm) 0.45±0.07 

M ± SE*   Mean of triplicate determinations results ± standard error  
 
          
2-The Mass Loss, Solids Gain and Moisture Loss of Strawberry fruit Slices as affected by the Osmotic 
Dehydration process conditions: 
 
 The parameter "solids gain" is especially important for sour fruits such as cranberries and strawberries 
because their tart taste is an obstacle for fresh consumption; they have to be processed sweetened (Sunjka, and 
Raghavan, 2004).The infusion process involves both solid gain and water loss, which is also called osmotic 
dehydration process (release of water from strawberries and absorption of sugars). The most important 
parameters for determination of effectiveness for the aforementioned methods are the three parameters; mass 
loss, solids gain, and moisture loss. The results of determined mass loss, solids gain and moisture loss 
parameters of osmotically dehydrated strawberries with dipping in high fructose corn syrup treatments at ratio 
1:1 and 2:1 of fruit/syrup are tabulated in Table 2.   
 
Table 2: The mass loss, solid gain and moisture loss of   strawberry slices after the osmotically dehydration process. 

Treatments Tested Parameter value (M±SE)* 
Mass loss 

( %  ) 
Solid gain 

( %) 
Moisture loss 

( %) 
Temp. 
(ºC) 

Time. 
(min) 

fruit/ FCS 
ratio 1:1 

fruit/ FCS 
ratio 2:1 

fruit/ FCS 
ratio 1:1 

fruit/ FCS 
ratio 2:1 

fruit/ FCS 
ratio 1:1 

fruit/ FCS 
ratio 2:1 

25 60 24.72±0.31d 24.77±0.31c 7.37±0.24b 5.81±0.12b 7.90 0.06d 2.87±0.02e 
120 31.91±0.55c 25.46±0.43c 7.67±0.20b 6.12 0.07b 8.37±0.06c 3.76±0.03d 

45 60 38.52±0.48b 32.64±0.52b 5.48±0.19c 5.09 0.20c 6.63±0.07e 1.66±0.01f 
120 39.30±0.20b 33.85±0.25b 8.40±0.17ab 6.08±0.24b 12.25 0.09b 7.72±0.07b 

65 60 38.48±0.38b 33.08±0.38b 8.07±0.41ab 6.00 0.25b 12.17±0.08b 6.95±0.06c 
120 41.70±0.43a 37.63±0.28a 8.97±0.32a 7.80±0.16a 17.90±0.08a 9.28±0.08a 

LSD at 0.05 1.26 1.15 0.82 0.56 0.22 0.16 
HFCS: high fructose corn syrup (74º brix );    LSD:  Least Significant Differences (LSD) at 0.05   
*M±SE: Mean of triplicate determinations results ± standard error; the means, within the same column ,having different superscripts are 
significantly  
  
 From data in table 3, it could be noticed that, mass loss, solid gain and moisture loss parameters of 
osmotically dehydration strawberries treatments at ratio fruit/syrup 1:1 and 2:1 was gradually increased by 
increasing of processing time and  temperature on, contrast mass loss , Solid gain and moisture loss  parameters 
of osmotic dehydration strawberries treatments were decreased by increasing of fruit/syrup ratio from 1:1 to 2:1 
at the same time of processing and temperature condition. where, the mass loss ,solid gain and moisture loss 
values  of the   osmotically dehydrated strawberries were at range of   24.72 - 41.72, 5.48 - 8.97 and 6.63 - 17.9 
% respectively for sample immersed in HFCS at ratio 1:1 of fruit/syrup and of 24.77- 37.63, 5.09 – 7.8 and 1.66 
– 9.28 % for sample immersed in HFCS at ratio 2:1 of fruit/syrup respectively. Therefore, the highest moisture 
loss (17.9%) was observed in osmotically dehydrated strawberry slices with treatment of immersing in the 
HFCS at ratio 1:1 of fruit slices / syrup at 65 °C for 120minute flowed by that (12.25%)for slices was dipping in 
the HFCS at the same former ratio at 45°C for 120 minutes , as shown in the obtained data of Table 
(2).Thereupon, the fruit /syrup ratio of the osmotic dehydration process for strawberry slices was the most 
effective factor on the on the mass loss, solid gain and moisture loss in treated slices . From the obtained results 
(Table 2), it could be also observed that it is possible to obtain almost 17.90 % of moisture loss from 90.5% of 
initial moisture to74.3% of final moisture with appropriate osmotic dehydration treatment in the method at 65°C 
for 120 min. The rate of water loss from the strawberries to the infusion solution with the low temperature, short 
time and fruit/syrup2:1was lower than that of the water loss from the strawberries treated with the highest 
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temperature, long time and fruit/syrup1:1.These results are in accordance with those obtaind by Shi, et al. 
(2009). 
 Statistically, there are significantly effect between osmotically dehydrated fruit samples treated at 65°C for 
120 min, and other treatments in mass loss , solid gain and moisture loss for sample immersed in HFCS at 
1:1and 2:1 of ratios of fruit/syrup.  
 From previous discussion, it could be concluded that the mass ratio of HFCS to fruit had influence on 
osmotic dehydration. As expected higher ratio offered higher moisture removal and higher sugar uptake for 
HFCS (specially when used fruit/syrup 2:1 ratio compared with 1:1). Higher ratio of sugar to fruit caused 
unanticipated results, lower moisture loss and higher mass losses. Mass transfer in osmotic dehydration is a 
combination of simultaneous water loss and solid gains (Hough et al., 1993).  
 Time has effect on solids gain (HFCS uptake), moisture loss and mass loss and that osmotic dehydration for 
120 min. had the highest percentage of moisture loss. It should be noted that solids gain is largely a differential 
process, while water removal is due to osmotic mechanism resulting from differences in water chemical 
potential between the cells of the strawberry and osmotic solutions (Fito et al., 2001). The rate of moisture loss 
could be correlated with the rate of solid gain and higher solid transfer happened in the first time. 
 
3. Total Soluble Solids (TSS) Content of Strawberry Slices as affected by the Osmotic Dehydration process 
condition:       
  
 Data in Table 3, showed the average total soluble solids contents in ºBrix of strawberry slices and HFCS at 
bath the start and the end of the osmotic dehydration process.  
 
Table 3: Total soluble solids (TSS) content of strawberry slices and HFCS  as affected by the osmotic dehydration process conditions. 

Treatments The TSS content(M±SE)* 
Temp. (ºC) Time 

(min) 
Strawberry slices HFCS 

fruit/ HFCS 
ratio of 1:1 

fruit/ HFCS 
ratio of  2:1 

fruit/ HFCS 
ratio of 1:1 

fruit/ HFCS 
ratio of 2:1 

Initial 0 8.90±0.12 d 8.90±0.11 d 74.0±1.42 a 74.0±1.42 a 
25 60 16.3±0.18b 14.70±0.32bc 54.20±0.90 b 45.70±1.24 b 

120 16.50±0.12b 15.10 ±0.06abc 53.80±1.24 b 45.80 ±1.08 b 
45 60 14.50±0.17c 14.10±0.08c 51.20±0.75bc 45.70±1.13 b 

120 17.30±0.17ab 16.20 ±0.51ab 52.4±1.09bc 44.20 ±0.82 b 
65 60 17.00±0.13ab 15.60±0.56abc 52.70±0.89bc 44.80±1.05 b 

120 17.90±0.57a 16.80 ±0.58a 49.3±0.94c 43.50±0.71 b 
LSD at 0.05 0.83 1.27 3.018 3.13 

HFCS : high fructose corn syrup (74º brix);       LSD:  Least Significant Differences (LSD) at 0.05  
*M±SE: Mean of triplicate determinations results ± standard error; the means, within the same column, having different superscripts are 
significantly  
 
 From the obtained data (Table 3), it could be revealed that total soluble solid (TSS)content of the osmotic 
dehydrated strawberry fruit slices increased with increasing the temperature and period of dipping in the HFCS. 
Whereas, the TSS of the osmotic dehydrated fruit sliceswas increased from 8.9 % for fresh unhydrated 
strawberry slices to 14.5 and 17.9 % after osmotic dehydration process with the ratio 1:1 of fruit slices / HFCS , 
versus 14.1 and 16.8% after the former process with the ratio 2:1 of fruit slices /HFCS ;  at 45 °C for 60 minutes 
and 65°C for 120minutes; respectively.     
 Meanwhile, total soluble solids of HFCS was decreased from 74% at the initial time to 49.3 - 54.2 % and 
43.5 - 45.7 % for HFCS used to immersion of treatments at ratio fruit/syrup 1:1  and fruit/syrup 2:1; respectively  
after osmotic dehydration process. 
 The TSS content of strawberry after osmotically dehydration process was increased in all treatments and the 
highest amounts of  TSS was found in the samples dehydrated at 65°C for 120 min at ratio fruit/syrup 
1:1(17.9%) followed by sample dehydrated at 65°C for 120 min at ratio fruit/syrup 2:1(16.8%). In addition to, 
there was a significant increase in the  TSS content  between strawberries osmosed at 65°C for120 min. than  
treated with the other treatments. The same significant decrease was observed in the TSS content between HFCS 
used in osmotically dehydration process at 65°C for120 min. than others HFCS samples.  Therefore, the solution 
concentration and temperature showed an interaction on the mass transfer of sugar infusion of strawberry after 
osmotically dehydrated which led to increase in the TSS of strawberry and decrease in the TSS content of 
HFCS. 
 The decreasing in T.S.S content of HFCS and the increasing in the TSS content of strawberry slices after 
the osmotically dehydration process may be due to a flux of water out of the strawberries fruit pieces and of 
other solutes into the foodstuff develops due to the difference in osmotic pressure.  The product thus loses water 
and gains solid from the external solution (Lenart, and Flink, 1984; Li, and Ramaswamy, 2006 and Shi et al., 
2009).  
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 In osmotic dehydration or infusion, the removal of water is mainly by diffusion and capillary flow, whereas 
solute uptake or leaching is only by diffusion. The mass transfer can be influenced by many factors including 
the concentration and temperature of infusion solution, properties of infusion agents, infusion methods, the ratio 
of food mass and infusion solution, and physicochemical properties of food materials. It also determines the 
solid gain and final product yield. High temperature, high solute concentration, small osmotic agents, and 
stirring operation can speed up the mass transfer between the solution and food stuff (Shi, 2003 and Li and 
Ramaswamy, 2006). 
 
4. Moisture Content of Strawberry fruit Slices as Affected by the Osmotic Dehydration Process Conditions: 
 
 The alterations in the moisture content of strawberry fruit slices as affected by the conditions of the osmotic 
dehydration process by immersing them in high fructose corn syrup (HFCS) at different conditions of 
temperature , time and the ratio of fruit slices / HFCS were determined and the obtained results were recorded as 
in Table (4)   
 
Table 4: Moisture contents (%) of strawberry fruit slices as affected by osmotic dehydration process conditions.  

Treatments Parameters 
Temperature 

(ºC) 
Time 
(min.) 

Moisture Content (%)(M±SE)* 
fruit/ HFCS 

ratio 1:1 
fruit/ HFCS 

ratio 2:1 
Initial moisture 

contents 
0 90.50±1.21a 90.50±1.11a 

25 60 83.33 ±0.95b 87.90±1.24bc 
120 82.89±1.22 b 87.10 ±1.14bc 

45 60 84.50 ±0.92b 89.00 ±0.91b 
120 79.41 ±1.27b 83.51±1.08cd 

65 60 79.48±1.33b 84.21±1.03cd 
120 74.30±1.07c 82.10±0.97d 

LSD at 0.05  3.50 3.28 
HFCS : high fructose corn syrup (74º brix);       LSD:  Least Significant Differences (LSD) at 0.05  
*M±SE: Mean of triplicate determinations results ± standard error; the means, within the   
Same column, having different superscripts are significantly  
  
 As shown in Table (4) moisture contents of strawberry slices after the osmotic dehydration was decreased 
in all osmotically dehydration treatments; dipping temperature, time and fruit/syrup ratio high rate.  In addition 
the moisture contents of strawberry fruit slices with dipping at ratio fruit/syrup of 1:1was the lowest than that 
found in strawberry fruit slices with dipping at fruit/syrup ratio of 2:1 at the same immersion temperature and 
time. 
 From the obtained results (Table4), it could be also observed thatmoisture contents of osmotically 
dehydrated strawberries were lower than their initial moisture content by 6 -16.2 and 2.6-8.4% for osmotically 
dehydrated strawberries with fruit/syrup ratio of 1:1 and 2:1; respectively. 
 Also, from the obtained results (Table4), it could be evident that there was a significant difference between 
the moisture content (74.3%) of fruit slices treated with dipping in the HFCS at 65°C for 120minutes with the 
fruit / HFCS ratio of 1:1 and those content of fruit slices treated with the other tested treatments of the osmotic 
dehydration process. High temperature of the HFCS resulted in faster sugar infusion and decrease in moisture 
content of strawberry fruit pieces compared with low temperature in both fruit/syrup ratio1:1 and 2:1 at the same 
immersion time. The moisture content was decreased may be due to diffuse the water through the cell 
membrane as resulted to achievement of osmotic equilibrium in dehydration media. The strawberry fruit slices 
products need to be further dried to produce shelf-stable strawberry fruit slices. The trend on solid gains was 
similar to the change of soluble solids in osmotically dehydrated strawberries, which was significantly 
influenced by both immersion temperature and time in HFCS solution. The present results are compatible with 
the results reported by Rahman and Lamb(1990) and Nsonzi and Ramaswamy (1998). 
 
5. Color Attributes of the Osmotically Dehydrated Strawberries Slices as Affected by Immersion in the HFCS at 
Ratio1:1of fruit/ HFCS: 
 
 The use of tristimulus colour measurements provides means of quantifying colour changes in fresh and the 
osmosed dried strawberries. The color attributes; lightness (L*), Redness (a*) and yellowness (b*) in addition to, 
chroma (C*), hue (H*) and total colour difference ΔE for fresh and the osmotically dehydrated strawberry slices 
by immersing in the HFCS at ratio 1:1 of fruit / HFCS were shown in Table (6). 
 From the obtained data(Table 5), it could be noticed that color chroma (C*) and redness(a*)values for 
strawberry fruit slices throughout the osmotic dehydration process with increasing the time and temperature of 
this process. This effect may be due to the leaching of the anthocyanin pigments. In contrast, color lightness 
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(L*),yellowness(b *) Hue (H*), a/b ratio and the total color difference (ΔE)values of the osmotically dehydrated 
strawberry slices during the osmotic dehydration process with increasing the dipping temperature and 
prolonging the dipping period.      
 
Table 5: Changes in color attributes of osmotically dehydrated strawberries treatments as affected by immersion in HFCS at ratio 1:1 of 

fruit/ HFCS. 
Treatments Color Attributes 

Temperature 
(ºC) 

Time 
(min.) 

L* a* b * a/b C* H* ∆E 

Initial Value 0 28.71 32.72 11.86 2.76 34.80 19. 92 45.11 
25 60 29.59d 32.68a 13.82a 2.36a 35.48a 22. 46C 46.50b 

120 30.83d 32.34a 14.16a 2.28a 35.30a 23. 44C 46.87b 
45 60 40.50C 26.71b 15.52a 1.72b 30.89b 30. 06b 50.94ab 

120 41.30bc 25.50b 15.93a 1.60b 30.07b 31. 47b 51.08ab 
65 60 42.82b 24.82b 15.89a 1.56b 29.47b 32. 37b 51.98ab 

120 45.71a 21.05C 16.57a 1.27b 26.79b 37. 57a 52.98a 
LSD at 0.05 1.77 2.25 2.48 0.33 3.19 3.15 4.07 

HFCS : high fructose corn syrup (74º brix);       LSD:  Least Significant Differences (LSD) 
at 0.05 the means, within the  Same column, having different superscripts are significantly  
  
 In this concern, Yongsawatdigul, and Gunasekaran, (1996) reported that the color of dried cranberries was 
caused by red anthocyanins and yellow flavonoids which responsible for the formation of the  surface color of 
the dried samples through the hue angle (Hº), the chroma index (C*) and the total color difference (ΔE). 
 
6. Color attributes of the Osmotically Dehydrated Strawberries Slices as Affected by Immersion in the HFCS at 
Ratio2:1of fruit/ HFCS:  
 
 Colour indices of fresh and osmosed dried strawberries slices immersed in the HFCS at ratio 2:1 of fruit/ 
HFCS as affected by immersion times and temperature are given in Table (6).  
 
Table 6: Changes in color parameters of osmotically dehydrated strawberries treatments as affected by immersion in HFCS at ratio 2:1of 

fruit/ HFCS. 
Treatments Color Attributes 

Temperature 
(ºC ) 

Time 
( min) 

L* a* b * a/b C* H* ∆E 

Initial Value 0 28.71 32.62 11.86 2.72 34.70 19. 58 45.04 
25 60 31.79b 31.78a 14.87a 2.29a 35.12a 21. 44d 46.71b 

120 30.83b 32.92a 14.47a 2.27a 35.29a 22.47Cd 46.86b 
45 60 40.50a 26.71b 15.50a 1.72C 32.76a 25. 46bC 51.70a 

120 40.80a 28.78ab 14.68a 1.96b 32.31a 27.21b 52.04a 
65 60 41.20a 26.80b 14.73a 1.81bC 30.58a 28. 47ab 51.30a 

120 41.27a 24.20b 14.91a 1.62C 28.42a 31. 38a 49.29ab 
LSD at 0.05 3.3 3.40 2.15 0.18 4.80 3.16 2.83 

HFCS : high fructose corn syrup (74º brix);       LSD:  Least Significant Differences (LSD) at 0.05 
the means, within the  Same column, having different superscripts are significantly  
 
 As shown in Table (6) the   L*, b*, H*, and ∆E colour values of the osmosed dried strawberries were 
increased by increasing the time and temperature of immersion in HFCS and temperature corresponding to fresh 
samples. On contrast the a* and C* colour values of strawberry slices were decreased by increasing the time and 
temperature of the immersion in HFCS and temperature except C* value of samples treated at 25°C was found 
to be slight increased, corresponding to fresh samples. The increasing of L*, b*, H*,and ∆E colour values and 
decreasing of a* (redness) and C* (chroma)  colour values mean that the color intensity of the osmosed dried 
strawberries were decreased by long dipping time and high temperature, compared with fresh strawberry 
samples. The lowering of color intensity of the osmotically dried strawberries by dipping in HFCS may be due 
to the leaching of red anthocyanins and yellow flavonoid pigments during further progress in the osmotic 
dehydration time (Yongsawatdigul and Gunasekaran, 1996). 
 
7. The Effect of the Osmotic Dehydration Process on the Most Important Physico-chemical Quality properties of 
strawberry Slices: 
 
 Dehydration is one of the most important unit operations used in formulating a functional food products. It 
is a post-harvest technology that aims to remove water up to the level at which microbial spoilage and 
deterioration reactions are minimized. Nowadays, dehydration is regarded not only as a preservation process, 
but also as a method for increasing value-added foods. It is well known that many quality changes occur during 
food drying (Di Scala and Crapiste, 2008 and Vega-Gálvez et al., 2009). 
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 The effect of the osmotic dehydration process by dipping strawberry fruit slices in the high fructose corn 
syrup (HFCS) at different conditions; at ratio 1:1and 2:1 of fruit slices/ HFCS at 25,45 and 65°C for 60 and 120 
minutes  on the most important Physico-chemical Quality properties of strawberry Slices.such as the pH value, 
total acidity value, ascorbic acid content and anthocyanins content was evaluated and the  obtained  data was 
listed in table (7). 
 
Table 7: The effect of the osmotic dehydration process conditions on the most important physico-chemical quality properties of strawberry fruit slices. 

Treatments Tested Parameters value (M±SE)* 

Temperature 
(ºC) 

Time   
( min) 

The pH value Total acidity   (%) Ascorbic acid ( mg/100g) Anthocyanins   (mg/100g) 
fruit/H FCS 

ratio 1:1 
fruit/HFCS 

ratio 2:1 
fruit/ FCS 
ratio 1:1 

fruit/ FCS 
ratio 2:1 

fruit/ HFCS 
ratio 1:1 

fruit/ HFCS 
ratio 2:1 

fruit/ HFCS 
ratio 1:1 

fruit/ HFCS 
ratio 2:1 

Initial 0 3.34±0.02 e 3.34±0.04 e 1.39±0.01a 1.39±0.02 a 68.49±1.21a 68.49±2.10 a 76.6±2.21a 76.6±2.31a 
25 60 3.72±0.04d 3.64±0.05d 1.24±0.02b 1.29±0.03b 61.24± 1.44b 64.94± 1.41a 74.36± 2.04a 75.10± 2.11a 

120 3.97±0.03C 3.78±0.03C 1.20±0.03b 1.25±0.03b 59.58± 1.68b 61.25±1.24ab 70.45± 2.85ab 72.65± 2.01a 
45 60 3.98±0.05C 3.89±0.04C 1.19±0.02b 1.22±0.04b 56.39±1.80bc 59.65±1.34bC 70.94± 3.24ab 72.47± 1.73a 

120 4.15±0.04b 4.08±0.03b 1.02±0.02c 1.10±0.02c 52.64± 1.80c 55.84±1.52C 68.23± 2.09ab 69.84± 2.1ab 
65 60 4.21±0.03b 4.12±0.03b 1.02±0.04c 1.06±0.02c 47.54±1.14d 50.16± 1.24d 65.82± 2.22ab 67.43± 1.7ab 

120 4.48±0.03a 4.26±0.03a 1.00± 0.03c 1.04±0.03c 44.32±1.22d 47.61± 1.30d 60.58± 2.25b 62.81± 1.80b 
LSD at0.05 0.11 0.11 0.08 0.09 4.73 4.15 7.66 5.91 

HFCS : high fructose corn syrup (74º brix);       LSD:  Least Significant Differences (LSD) at 0.05  
*M±SE: Mean of triplicate determinations results ± standard error; the means, within the same column, having different superscripts aresignificantly  

 
 From the obtained data in( table 7), it could be observed that the pH value and total acidity of fresh 
strawberry slices were 3.3 and 1.395%; respectively. The reduction in total acidity was detected in all osmo-
dried strawberry slices compared to fresh strawberry slices. This alteration be due to leaching of acids into the 
HFCS dipping medium during the osmotic dehydration process. On the other hand, the pH and total acidity 
values  of  the osmotically dehydrated  strawberry slices were at the  range of 3.72 – 4.48 and 1.00 - 1.24 with 
using the ratio of 1:1 for fruit / dipping medium(HFCS); respectively and 3.64 – 4.26 and 1.04 – 1.29 for 
dehydrated fruit slices with using the ratio of 2:1 for fruit dipping in medium(HFCS); respectively. The pH 
value were gradually slight increased and  total acidity were gradually slight decreased by going up of  
temperature and long time of dipping this might be due to leaching of acids into the HFCS dipping medium took 
place during the osmotic dehydration process (Phisut et al., (2013).There is an inverse relationship between the 
pH value and total acidity content, for the same treatments whether the fruit to high fructose corn syrup (HFCS) 
ratio 1:1 or 2:1. That is mean increasing pH value by decreasing total acidity in osmo - dried strawberries at 
1:1or2:1 of fruit/H FCS ratio treatments.  
 As also given in Table (7), it could be indicated that after the osmotic dehydration process, the amount of 
ascorbic acid in all treatments was lower than fresh strawberries (68.49 mg per 100 gm for fresh sample). 
Ascorbic acid contents of osmo - dried strawberries at ratio 1:1of slices strawberry /H FCS were decreased from 
68.49 mg/100 g for fresh sample  to 61.24 and 59.58 mg per 100 g of samples soaked at 25°C for 60 and 120 
min; respectively. The same contents for samples soaked at 45°C for 60 and 120 min were 56.39 and 52.64; 
respectively and 47.54 and 44.32 for samples  soaked at 65°C for 60 and 120 min; respectively. On the other 
hand, the osmo - dried strawberries with using the dipping media(HFCS) at ratio 2:1 of strawberry /H FCS were 
contained 64.94 and  61.25mg/10g ; 59.65and 55.84mg/100g and  50.16 and 47.61 mg per 100 gm for samples 
soaked at 25°C for 60 and 120min.; 45°C for 60 and 120min. and 65°C for 60 and 120 min; respectively. The 
retention of ascorbic acid during the osmotic dehydration process of  strawberries under different conditions was 
affected by the temperature and soaking time  of the osmotic dehydration process. When the temperature and 
soaking time of the osmotic dehydration process were increased, the loss of ascorbic acid increased. The highest 
amount of ascorbic acid contents in osmo - dried  strawberries was found in samples treated at 25°C for 60 and 
120 min. at ratio 2:1of fruit slice/HFCS .This alteration could be explained by a combination of two factors: 
(1)leaching with water diffusion due to the high degree of vitamin C solubility in water and (2)chemical 
degradation (encouraged by temperature) (Devic et al., 2010).   
 Anthocyanins are highly colored plant pigments with high potential as natural colorants (Wrolstad, 2000). 
Besides the advantages of anthocyanins naturally  present as food colorants, they are associated with health 
benefits such as the reduced risk of coronary heart disease, reduced and risk of stroke, anticarcinogenic activity, 
anti-inflammatory effects and the improved visual acuity and cognitive behavior (Clifford, 2000 and Prior, 
2004). In this rank,the pigments concentration, temperature, pH, oxygen, enzymes, metal ions, ascorbic acid, 
and the changes in the Aw contribute to destruction of the anthocyanin  pigments (Mazza and Miniati, 1993 and 
Garzón and Wrolstad, 2001). Also, from the obtained data in  table (8) it could be revealed that the anthocyanins 
content of fresh strawberry fruits was 76.60 mg/100g with reduced by 2.92 and 8.03% for the osmotically 
dehydrated samples at 25°C for 60 and 120 min. 7.39 and 10.93% for samples processed at 45°C for 60 and 120 
min; and by, 14.04 and 20.91 % for samples processed at 65°C for 60 and 120 min; respectively,  as affected by 
the osmotic dehydration temperature and time at ratio1:1 of strawberry slices /H FCS 1:1 dipping medium. 
While, the reduction rates in the anthocyanins of the osmo-dried strawberries slices at ratio 2:1 of strawberry 
slices/H FCS  were 1.96 and 5.16% for samples processed at 25°C for 60 and 120 min. 5.39 and 8.83% for 
samples processed at 45°C for 60 and 120 min. and 11.97 and 18.0% for samples processed at 65°C for 60 and 



5950 
J. Appl. Sci. Res., 9(11): 5941-5952, 2013 

120 min; respectively, as affected by the osmotic dehydration process temperature and time. The highest 
retention of anthocyanin pigments was found in samples treated at 25°C for 60 and 120 min at ratio 2:1 of 
strawberry/H FCS flowed by those for samples processed with the same former temperature and time at ratio 
1:1of strawberry/HFCS. Anthocyanins contents of the dehydrated strawberries were gradually decreased with 
the increasing of temperature and  time of the osmotic dehydration process. This decreasing may be due to the 
leaching of the anthocyanin out during soaking of strawberries into the osmotic solution. Also, the osmotic 
dehydration induced, together with the expected total mass loss (due to combined water loss and solute gain) a 
loss of ascorbic and anthocyanins which partially flow to the osmotic solution. The results are in agreement with 
those reported by  Shi et al., (2008) and Martın-Esparza et al., (2011). 
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