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ABSTRACT 

In this study, tomato samples were subjected to different   pre-treatments 

(0.2 % sodium meta bisulphate (Na2S2O5), 1 % calcium chloride 

(CaCl2)and steam blanching. Untreated samples served as control. After 

pretreatment, tomato slices were subjected to three different drying 

methods (oven air, solar and microwave / hot air) and milled in grinder 

to powder. Tomato powder had been packed in multilayer films consists 

of low density polyethylene, aluminum and Polyester. Physical 

properties and bioactive compounds (total phenolic compounds, total 

flavonoids, β- carotene, lycopene, and ascorbic acid) of tomato powder 

were studied. The powder produced was used in functional food 

(extruded snacks). Dried tomato powder was added to corn grits flour at 

levels of 3 and 6% and extruded in a single screw extruder to produce 

healthy extrudes. Sensory characteristics and physical properties of 

snacks were evaluated. The studied parameter (moisture, total phenolic, 

total flavonoids lycopene and β-carotene) were significantly (p ≤ 0.05) 

affected by different pretreatments processes and drying methods. The 

results showed that solar drying had negative effect of all characteristics 

of tomato slices and the color was dark. The sensory analysis findings 

showed that, extrudes contain  3 and 6% tomato powder (dried by oven 

and microwave/hot air) had significant higher color and taste scores. 

Adding tomato powder at level 6% led to increment in scores of 

crispness, flavor and overall acceptability.  
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1. INTRODUCTION 

omato (Lycopersicum esculentum) is one of the major vegetables 

in the world, (FAOSTAT, 2010) indicates that the second most 

cultivated vegetable in the world was tomato, which gave a 

worldwide production of more than 100 million Mg  per annum. 

Tomatoes and tomato products are rich in health-related food 

components as they are good sources of carotenoids (in particular, 

lycopene), ascorbic acid, vitamin E, folate and total phenolic compounds. 

Dried tomato in the form of slices or powder helps to develop new food 

materials for ready to eat products. Many chemicals including sodium 

chloride, calcium chloride, potassium meta-bisulphite and sucrose had 

been used by many authors (Lewicki et al., 2002; Davoodi et al., 2007; 

Souza et al., 2007and Marfil et al., 2008) as pre-treatment for tomato 

drying. Convective hot air is the drying most widely used technology for 

vegetables with air temperature around 55˚C and final moisture content 

of about 4-8% as wet weight basis (Grabowski and Marcotte, 2003). 

Solar drying can be considered as an elaboration of sun drying and is an 

efficient system of utilizing solar energy. Microwave drying uses 

electromagnetic waves as a form of energy, which interacts with 

materials, thus generating heat and increasing the drying rate 

dramatically (Mujumdar, 1987). Food extrusion of breakfast cereals is 

defined as a cooking-extrusion process based on expanded, high 

voluminous, crispy and taste acceptable products extrudates 

(Hagenimana et al., 2005). This study was undertaken to investigation 

the effect of different pre-treatment processes (sodium meta-bisulphite, 

calcium chloride and steam blanching) and different drying methods 

(oven air, solar and microwave/ hot air) on the drying characteristics and 

some quality attributes of pre-treatments tomatoes. Study the possibility 

of using tomato powder in extruded products (snacks). 

2. MATERIALS AND METHODS 

2.1. Materials 

Fresh tomato fruits (Lycopersicum esculentum) at ripe stage, uniform 

size, red colour and examined to exclude all virtual defects were 

purchased from local vegetable market at Al-Mansoura city, Egypt. Corn 

T 
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grits was purchased from Basyoun, El-Gharbia governorate, then ground 

to get homogenous particles size by using a laboratory mill to give 

powder (101-108 mesh). Palm Olean oil was obtained from Safola 

Company in the factor which prepared the snacks or products enrichment 

by tomato powders.  

2.2. Methods 

2.2.1. Preparation of tomato slices 

Tomato fruits were washed manually under tap water to remove dirt and 

soils, and placed on plastic net to drain out excess water, sorted, then 

sliced to 5 – 7 mm thickness slices using fruit slicer (HADDLE RG-400, 

Sweden) prior to pretreatment processes.  

Pre-Treatments given prior to dehydration process 

Tomato slices were divided into four groups and pre-drying treatments 

described subsequently were applied as follows: First group of slices 

were dipped into a solution of 0.2% sodium meta bisulfite solution 

(DMS) for 1 min. Second group at slices were dipped into a solution of 

1% Calcium chloride solution (DCC) for 1 min. Third group of slices 

were steamed under atmospheric pressure for 1 min (SB), then, tomato 

slices were drained on a sieve for 3-4 min. Four group slices were 

untreated as a control (C). 

2.2.2. Drying methods 

Three types of drying methods were applied: Hot air oven drying, Solar 

drying and microwave / air oven drying: 

Hot air oven drying 

Hot air drying process was performed by using a dryer (Venticell –lsis , 

modle number D 111004 /made in EU) .Tomato slices were distributed 

uniformly as a thin layer onto the trays and dried at 55°C for 8 hours 

(Balladin and Headley, 1999).  

Solar drying 

The dryer designed and manufactured by Ghanem (2002) in the roof of 

the Faculty of Agricultural Engineering - Al-Azhar University, Nasr City. 

Was used; the drying process was carried out at 40°C. 
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Microwave drying 

 Microwave /convection dryer consists of: domestic microwave oven, air 

blower, electrical heater and electrical balance Tayel etal (2012).  

Was used the dried tomato slices of  all drying methods were milled in a 

grinder to powder then been packed in the multilayer containers consist 

of( polyester /  aluminum / low density  polyethylene) ( PES./ AL./ PE.).   

2.2.3. Analytical methods 

2.2.3.1. Physical characteristics 

The dehydration ratio was determined as described by (Van-Arsdel et 

al., 1973), as 
                           

                              
 .The rehydration ratio of dried 

tomato samples was calculated as the method of (Ranganna , 1979), as 
                           

                           
 ,Moisture content using hot air oven at 105°C 

to constant weight according to the methods described in(A.O.A.C. 

2005).  

2.2.3.2. Phytochemical compounds  

The total phenolic compounds presented in the extracted tomato samples 

were determined spectrophotometrically using Folin - Ciocalteu reagent 

according to the method described by (Gorinstein et al., 1994). Total 

flavonoids were determined according to the method described by 

(Zhuang et al., 1992). The method described by Nagata and Yamashita 

(1992) was used for the determination of β-Carotene and lycopene. 

Ascorbic acid content was estimated using 2,6-dichlorophenol 

indophenol titration method according to the method described by 

(A.O.A.C., 2005). 

2.2.4. Extrusion technology 

2.2.4.1. Sample preparation 

In the extrusion process, the dry or pre-conditioned material (corn grits 

and tomato powder generally between 14 – 18% moisture content) was 

fed to the extruder through a screw feeder, temperature (160 - 180°C) and 

pressure (600 – 1200 k Pascal ). A single die with 3 mm diameter was 

used as the die  is a perture. Pre-conditioning occurred with addition of 

water to reach 14 – 18% moisture content. The main aim of pre-

conditioning process is to uniformly hydrate the raw material in order to 
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eliminate any dry corn (Strahm, 2000). Feed was prepared for the 

extrusion process by mixing tomato powder with corn grits flour (to 

desired ratio: 0% as a control, 3% and 6% tomato powder) to the 

moisture content of 14 – 18%. The sublimation of tomato powders to 

corn grits flour were done by two methods: The first one, tomato powder 

was added with formulation and the second, tomato powder was 

dissolved in oil and added in spray form on the resultant extrudates 

immediately after getting out of the extruder. The feed rate of dry 

ingredients was kept constant at 120 kg/hr, screw power was 45 kW. and 

water feed rate was 0.5 l / h. The resultant extrudates were allowed to 

reach room temperature and packed in multilayer films consists of low 

density polyethylene, aluminum and Polyester sealed bags until physical 

and sensory evaluation were carried out.  

2.2.4.2. Physical properties of snack products 

Shear force (N) was measured by food texture a device and viscosity was 

used to determine the texture of the extruded, according to the method of 

(Gujska and Khan, 1991). WAI was assessed as described by 

(Anderson et al., 1999).The water solubility index (WSI) was 

determined as [(weight of dried supernatant) / (weight of dry sample) 

×100].  

( Anderson  et al., 1999).   

2.2.5. Sensory evaluation  

The sensory evaluation of the resultant snack prepared from tomato 

powders was carried out after processing. All panelists were from the 

cast of Food Technology Research Institute, Agriculture Research 

Center. Five properties: color, taste, crispness, flavor and overall 

acceptability of the samples were measured as described by (Kramer 

and Twigg, 1970). 

2.2.6. Statistical analysis  

The experiments were performed using a completely randomized design. 

All analysis were performed with SPSS (SPSS. Inc., Chicago, IL, 

USA).The data were analyzed log one way analysis of variance 

(ANOVA). Means separation was performed by Duncan (1955) triple 

range tests. Differences at p<0.05 were considered as significant. 

 



PROCESS ENGINEERING   

Misr J. Ag. Eng., October 2016                    - 1542 - 

3. RESULTS AND DISCUSSION 

3.1. Effect of pretreatments and drying methods on drying behavior               

of tomato slices 

3.1.1. Oven drying methods 

Data in Figure (1) indicates that the moisture content versus drying time 

for tomato slices by oven air varied depending on the pretreatments 

processes before drying methods. During the process of drying the 

moisture content of control tomato slices is reduced to ≤ 10% (w.b.) 

Figure (1) is exhibiting a non-linear decrease of moisture with drying 

time.This refers to the increase of evaporation rate in the beginning of 

drying process.  

Fig. (1) shows that the drying time of tomato slices treated with sodium 

meta–sulphate had been achieved by sodium meta-bisulfite was 9 hours 

to reach moisture content of 10% ,while the drying time of tomato slices 

treated with Calcium Chloride and also steam blanching was 10 hours to 

reach the same moisture content.     

 

Fig (1):Moisture content % (w.b) versus drying time of pretreated 

tomato slices during oven drying.   

Figure (2) shows that the highest drying rate had been achieved by  

sodium meta-bisulfite and steam blanching treatments as 10.68% in 9 

hours as the shortest drying time compared with other treatments . 

Drying rate in case of Calcium chloride  treatment was 5% in 10  hours 

each . 
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Sharma et al., (2005) reported that absorption of more energy by the 

water at the product surface initially, resulting in faster drying and with 

the product surface drying out subsequently, heat penetration through the 

dried layer decreased thus retarding the drying rates. Pretreatments can 

speed up drying rate (Jayaraman and Gupta, 2006and Singh et al, 

2008). 

 
Fig (2 ):Drying rate of pretreated tomato slices versus drying time 

              during oven drying.    

3.1.2. Solar drying 

The measured moisture content for the solar dried tomato slices were 

tabulated in Fig. (3)that shows the general trend of drying rate decreases 

continuously with decreasing moisture content. (Yaldiz , 2001; Togrul 

and Pehlivan, 2002). Akpinar et al. (2003) reported that the migration 

of moisture to surface and evaporation rate from surface to air decreases 

with decrease of moisture in the product, the drying rate clearly 

decreases. Gazenfer and Sefa (2006) and Doymaz, (2004) showed that 

chemical pretreatment could significantly accelerate the drying process 

and remarkably improve the quality of dried products . 

Fig.(3) shows that as a general trend the evaporation rate of tomato slices 

increases by the increase of solar radiation intensity during drying period. 

Where the drying time of tomato slices treated with sodium meta – 

sulphate and steam blanching was 26 hours to reach moisture content of 

10%, while the drying time of tomato slices treated with Calcium 

Chloride was 28 hours to reach the same moisture content.     
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Fig.(3):Moisture content (%) of pretreated tomato slices versus 

             drying time  during solar drying.   

Fig. (4), observes that the drying rate increased rapidly during the first 10 

hours. Then slowed down.  Hussain et al. (1972). stated that high 

moisture foods usually have falling rate period drying only. This may be 

attributed to low diffusion of moisture within the tomato slices than that 

of evaporation of moisture from the surface. 

Figure (4)  also shows that the highest drying rate had been achieved by  

sodium meta- bisulfite and steam blanching treatment as 3.35 , 3.82 % in 

26 hours as the shortest drying time compared with other treatment . 

Drying rate in case of Calcium Chloride treatment was 2.39 %  in 28  

hours each . 

 
Fig.(4):Drying rate of pretreated tomato slices versus drying time                            

during solar drying. 

3.1.3. Microwave/hot air drying methods 

it has been using radiation intensity of 160 watt at a temperature of 50 Cº 

Results presented in Fig. (5), indicated that the moisture content 

decreases continuously with drying time. The drying time varied between  

80 - 100 min to reach of 10% moisture content .Where the drying time of 
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tomato slices treated with sodium meta–sulphate and steam blanching 

was 80 min, to reach moisture content 10% ,while the drying time of 

tomato slices treated with Calcium Chloride was 90 min to reach the 

same moisture content.In control (without pretreatment). For microwave 

oven drying, the drying time was 80 min, to reach  moisture content 10% 

(wb). Heat is generated when microwave interacts with the polar water 

molecules in fruits and vegetables and significantly high drying rate was 

achieved when compared to air drying alone (Schiffmann, 1992). The 

treated tomato slices dried faster than the control at 50°C. Increased 

moisture removal for Calcium Chloride treated dried tomato as reported 

by (Davoodi et al., 2007; Ghavidel and Davoodi, 2010).  

 
Fig.(5):Moisture content (%) of pretreated tomato slices versus 

drying time  during microwave/hot air drying.  

Drying rate curve for dried tomato slices showing the effect of 

pretreatment during microwave/hot air drying are presented in Figure (6). 

Generally, drying rates decreased with decreasing moisture contents, and 

drying occurred in the falling rate period. Doymaz (2004) reported that 

faster drying rate for citric acid treated red apples compared with the 

control.Where the  drying time of tomato slices treated with sodium meta 

– sulphate and steam blanching  was 80 min, to reach  drying rates 1.3 – 

1.38  ,while the drying time of tomato slices treated with Calcium 

Chloride was 90 min to reach  1.1. In control (without pretreatment). For 

microwave oven drying, the drying time was 80 min, to reach  drying 

time 1. 
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Fig.(6):Drying rate versus drying time of pretreated tomato slices 

during microwave/hot air drying.  

3.2.Effect of pretreatments and drying methods on physical 

properties of tomato slices  

Data in Table (1) shows the effect of different pretreatment processes on 

dehydration ratio of tomato slices reveal that DCC treated tomato 

samples showed lowest dehydration ratio as compared to sodium 

metabisulphite or steam blanching treatments.  

Table (1):Dehydration and rehydration ratio of pretreated tomato 

slices dried by three different methods  

Rehydration  ratio 

 

Dehydration  ratio Pretreatment/ 

Dehydration  

methods 
 

4.63bc 

4.89bc 

6.92a 

4.21c 

 

15.11ab 

14.50b 

14.62b 

15.75a 

Air  Oven 

DMS 

DCC 

SB 

Control 

 

4.02 c 

4.94bc 

5.09bc 

4.11c 

 

15.40ab 

14.68ab 

14.92b 

15.66a 

Solar Oven 

DMS 

DCC 

SB 

Control 

 

4.48bc 

5.16abc 

6.14ab 

3.77c 

 

15.45ab 

14.41c 

15.72a 

15.78a 

Microwave/hot air 

DMS 

DCC 

SB 

Control 

DMS= dipping in 0.2% sodium meta bisulphite solution 

DCC = dipping in 1% calcium chloride solution 

 SB =   Steam blanching 
Values with in a column followed by different letters are significantly differently at p ≤ 0.05 . a 

according to Danken's multiple range tests. The results represent the mean of three determinations.  
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These results are complied  with Sheshma and Raj, (2014) who reported 

that treatment of tomato slices with calcium of cut tissue reduces its 

respiration. It is clear from tabulated data that rehydration ratio is 

significantly (p≤0.05) affected by chemical pretreatment. The rehydration 

ratio ranged between  4.017 to 6.9237 which were affecting significantly 

(p≤0.05) by the pretreatments. CaCL2 and sodium meta-bisulphiate had 

desirable effects on rehydration properties of the dehydrated tomatoes; 

while control sample showed the lowest values of rehydration ratio. From 

the tabulated data, it could be noticed that steam blanching treatment 

improved the rehydration values of all dried tomato slices. Similar results 

obtained by Levi et al., (1988) who demonstrated that dried peach fruit 

samples treated before dehydration with So2 absorb more water than 

control ones. From the above mentioned results it could be concluded 

that tomato slices treated by steam blanching as pretreatment had the 

highest rehydration ratio which recorded 6.92, 5.09 and 6.1 for dried 

tomato slices by oven air, solar and microwave (hot air drying) 

respectively.  

3.3. Effect of pretreatments and drying methods on phytochemical 

compounds of tomato powders 

 In Table (2), total phenolic contents of fresh tomatoes were significantly  

lower (105.57 mg gallic acid /100g , DM), than dried tomato slices 

samples. The highest phenolic content was found in tomato slices dried 

by oven air (55°C  / 8 hours) and treated with sodium meta-bisulphite 

(302.99 mg gallic acid/100gm) compared to tomato slices dried by solar 

drying or microwave /hot air drying . These results are in agreement with 

Kim et al., (2006). The effects of pretreatment on total flavonoids 

content of dehydrated tomato slices during drying by different methods 

were presented in Table (2). Results showed that pretreatment with 

steaming and sodium meta-bisulphite increased total flavonoids in 

tomato slices compared with CaCl2 treatment. Also, Chang et al. (2006) 

indicated that the drying process could enhance the nutritional value of 

tomatoes by increasing parts of total flavonoids, total phenolic, lycopene 

contents. Data presented in Table (2), appeared that tomato slices 

pretreated  with sodium meta-bisulphite showed higher values of β- 
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carotene than the control samples followed by treated samples by 

calcium chloride (CaCl2). The lowest value of β- carotene was found in 

control samples. These results were in according with those reported by 

Ghavidel and Davoodi (2010) who reported that potassium meta-

bisulphite is used to protect the carotenoid pigments and color retention 

in dehydration of tomato.  

Table(2):Effect of pretreatment and drying methods on 

phytochemical compounds of tomato slices. 

 
DMS= dipping in 0.2% sodium meta-bisulphite solution 

DCC = dipping in 1% calcium chloride solution 

SB =   Steam blanching 

Values with  in a column followed by different letters are significantly differently at p ≤ 0.05. a 

according to Danken's multiple range tests. The results represent the mean of three determinations.  
 

Solar dried tomato slices had the lowest β-carotene content probably due 

to the long drying period of tomato slices in solar drier (28 hour) or to 

some oxidation reactions.  From the tabulated data, it could be noticed 

that lycopene content in dehydrated tomato slices was influenced by 

drying methods. More lycopene degradation was observed in control 

samples comparing with treated tomato slices. Stahl and Sies (1992) 

suggested that a greater content of lycopene was found in heat processed 

tomato juice than in unprocessed one. On the other hand, Table (2), it 
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could be noticed that ascorbic acid content (mg/100g) differ in the 

different dried tomato slices. In this concept, tomato slices treated by 

steaming and dried recorded the highest decrease of ascorbic acid. 

Tomato slices treated with sodium meta-bisulphite minimized the effect 

of drying process on ascorbic acid. These results are in agreement with 

those reported by Mattuk et al. (1997) who showed that guava slices 

soaked in sodium meta-bisulphite solution decreased the loss of ascorbic 

acid content caused by dehydration. Also from the  same Table .vitamin 

C content of fresh tomato was 405.85 mg /100g (on dry weight basis), 

decreased after drying process and the decrement was sharply higher in 

tomato slices dried by solar drying comparing with oven air or 

microwave- hot air.  

3.4. Physical properties of extruded snacks prepared from tomatoes 

powder 

 Expansion is an important physical attribute for the extruded snacks that 

greatly affects consumer acceptability (Dehghan-Shoar et al., 2010). As 

shown in Table (3), incorporation of tomatoes powder (which dried by 

oven air and microwave/hot air at level 3 and 6%) reduced the expansion 

ratio compared to control (without addition tomato powder). Higher 

levels of dried tomatoes powder (6%) resulted in significant reduction of 

the expansion. The extruded product contained 3% tomato powder which 

was dried by oven air had expansion ratio 5.24, raising the ratio of this 

supplement to 6% in blends lowered this value to 4.49. Moraru and 

Kokini (2003) reported that the expansion of extruded products is 

enhanced by increases in temperature to an optimum point and then it 

decreases. This temperature depends on the ingredients used. It may be 

possible that a temperature of 160°C for products was this optimum point 

and after this point the expansion decreased with an increase in 

temperature which resulted in the overall insignificant effect of the 

temperature on expansion.  From the tabulated data, it could be observed 

that control had the highest value of expansion ratio which recorded 5.40 

followed by the formula contain 3% tomatoes powder. This results are  in 

agreement with Morsy et al., (2015) who reported that maximum 

expansion ratio was obtained for rice bran (control), due to the higher 

starch and lower fiber and fat contents. Yanniotis et al., (2007) observed 
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that the powders high in fiber content have competed for moisture during 

the extrusion process affecting the degree of gelatinization and therefore 

the degree of expansion. Water absorption index decreased with increase 

in moisture content, which may be attributed to the reduction of elasticity 

of dough through plasticization of melt at higher moisture content (Ding 

et al., 2006). The highest values of water absorption were recorded in 

control snacks (6.40 %) and formulation contained 6% tomato powder 

(which dried by oven and microwave/hot air) (5.70 and 5.70%, 

respectively. Matthey and Hanna (1997) reported that water absorption 

depends on availability of hydrophilic groups which bind water 

molecules and on the gel forming of macromolecules. Water absorption 

index increased with the increase in high temperature probably due to 

increased dextrinization higher temperature (Mercier and Feillet, 1995). 

The water solubility index increased initially with the increase in 

moisture content, which may be due to proper gelatinization and lateral 

expansion of the starch, whereas further decrease with the increase in 

moisture content may be attributed to reduction in lateral expansion due 

to plasticization of melt as observed by Ding et al., (2005). From the 

results recorded in Table (3) the incorporation of tomato powders 

significantly (p ≤ 0.05) influenced the water solubility. The increase of 

dried tomato powder level decreased the water solubility (%), that may 

be due to-increased the fiber content in resultant extrudes.  

Table (3):Physical properties of extruded snacks as affected by using                                                   

tomatoes powder  

FORM 1 = formulation with 3% tomatoes powder dried by oven air 

FORM 2= formulation with 3% tomatoes powder dried by microwave/hot air      

FORM 3 = formulation with 6% tomatoes powder dried by oven air   

FORM 4 = formulation with 6% tomatoes powder dried by microwave/hot air 

Values with in a column followed by different letters are significantly differently at p ≤ 0.05 . a 

according to Danken's multiple range tests. The results represent the mean of three determinations  

Water solubility 

(%)  

Water 

absorption (%) 

Shear force 

 (Neutin) 

Expansion 

ratio 

Treatment 

 

31.60 e 5.20 d 3.60 b 5.24 b FORM 1 

40.0 d 5.50 c 3.60 b 4.94 c FORM 2 

46.0 c 5.70 b 2.50 c 4.50 d FORM 3 

47.0 b 5.70 b 2.40 c 4.10 e FORM 4 

55.80 a 6.40 a 6.10 a 5.40 a Control 
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3.5. Sensory evaluation 

As shown in Table (4), the highest color value was 9.26 in formula 

supplemented with 6% tomato powder which dried by microwave/hot air 

and added after extrusion process by spraying on the product, while 

sample contained 6% tomato powder dried by oven air and 

microwave/hot air and added during preparation of formula had the 

lowest color score 6.47 and 6.68, respectively. Color in extruded 

products is influenced by temperature, raw material composition, 

residence time, pressure and shear force (Guy, 2001).  

Table (4): Sensory evaluation of extruded snacks as affected by using 

tomatoes powder. 

Overall 

acceptability 

(10) 

Flavor 

(10) 

Crispness 

(10) 

Taste 

(10) 

Color 

(10) 

Treatment 

6.92cde 6.58bc 7.03b 6.39c 7.26de FOB 3% 

7.76abc 8.00a 7.89abc 5.58c 6.47d FOB 6% 

8.11ab 7.89a 7.37bc 6.11c 7.03de FMB 3% 

8.50a 7.55ab 8.50a 6.06c 6.68d FMB 6% 

7.11cde 6.89abc 7.74abc 7.53ab 8.13bc FOA 3% 

6.47de 6.05cd 7.00b 7.76a 8.50abc FOA 6% 

6.21e 5.42d 8.00ab 8.06a 8.79ab FMA 3% 

7.47abc 6.89abc 7.68abc 8.55a 9.26a FMA 6% 

7.58abc 7.53ab 8.47a 6.61bc 7.74cd Control 

FOB = Tomato powder dried by oven and added in formulation (before extrusion) 

FMB = Tomato powder dried by microwave and added in formulation (before extrusion) 

FOA = Tomato powder dried by oven and added after extrusion by spraying 

FMA = Tomato powder dried by microwave and added after extrusion by spraying 

Values with in a column followed by different letters are significantly differently at p ≤ 0.05 .   

a according to Danken's multiple range tests. 

During the extrusion process, several reactions happen and they in 

general affect the color of the products. Among the most important, the 

most common are non-enzymatic browning (Maillard and 

caramelization) and pigment degradation. The extrusion temperature and 

amount of moisture added to the dry ingredient formula will greatly 

affected the structure of the final product texture and density. Noguchi et 
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al, (2001) reported that product crispiness increased as moisture content 

decreased during extrusion of rice/soy protein concentrate blend. Wang 

and Toews (2010) reported that, the quality of expanded snacks depends 

on many factors, such as raw ingredients, formulation and processing 

conditions, starch which play very importance of the final product 

depending on the type of product, starches and their derivatives can 

provide viscosity and texture control, act as moisture binder and facilitate 

the processing procedure. Adding 3 and 6% tomato powder dried by 

microwave/hot air in formula with corn grits enhanced overall 

acceptability which recorded 8.11 and 8.50 score, respectively. 

Dehghan-Shoar et al. (2010) reported that enrichment of extruded 

snacks with tomato derivatives enhances their nutritional attributes by 

adding lycopene and fiber.  

4. CONCLUSION 

Treatment by 0.2% sodium meta-bisulphite enhanced removal moisture 

in tomato slices by three drying methods. Drying rate decreased by 

decreasing moisture content or increasing drying time. Pretreatment 

processes (dipping in 1% Na2S2O5 sodium meta-bisulphite solution or 

1% CaCl2 solution and steam blanching) had effect on dehydration and 

rehydration ratios of dried tomato slices. Steam blanching treatment 

improved the rehydration values of all dried tomato slices. Tomato fruits 

were rich in bioactive compounds such as total phenolic compounds, 

total flavonoids, β- carotene, lycopene and ascorbic acid which affected 

by both pretreatment processes and different drying methods. The results 

indicated that drying methods increased total phenolic compounds, total 

flavoneds, lycopene and sharply decreased ascorbic acid. The sensory 

analysis findings showed that, extrudes contain  3 and 6% tomato powder 

(dried by oven and microwave/hot air) had significant higher color and 

taste scores. Adding tomato powder at a level 6% led to increment in 

scores of crispness, flavor and overall acceptability.                                        
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 الولخص العشبى

 طشق تجفيف ششائخ الطوبطن وتأحيش اعتخذام هغذىقهب على انتبد وخصبئص

 الغنبكظ الوبخىقة .

عبهية الصبفى فشد
1 

سببة دغن عبذ الشاصق ،
2
يىنظ عوش شذبت،  

3
عوبح  اهين طه  و  

4 

  ْٔٗفٗ ْزِ انذساست حى يعبيهت ششائح انطًبطى ببعض انًعبيلاث الأٔنيت لبم انخدفيف 

 .حعخبش ششائح انطًبطى (انًعبيهت بًيخبببٖ سهفيج انصٕديٕو , كهٕسيذ انكبنسيٕو , انسهك ببنبخبس)

بعذ إخشاء انًعبيلاث حى انخدفيف بثلاد طشق يخخهفت )ببنفشٌ (. ْٗ )انضببطت غيش يعبيهتان

, بعذ انخدفيف حى طحٍ انعيُبث ثى (انحشاسٖ, ببنطبلت انشًسيت, فٗ فشٌ انًيكشٔٔيف انًعذل

 .(يُخفض انكثبفت  بٕنٗ إيثيهيٍ -أنًُيٕو  –يخعذدة انطبمبث )بٕنٗ إيسخش  انخعبئت فٗ عبٕاث

 .جبهعة الأصهش –كلية الأقتصبد الونضلى  –الاغزية  اعتبر وسئيظ قغن علىم وتكنىلىجيب (1)

 .جبهعة الأصهش –كلية الأقتصبد الونضلى  –اعتبر هغبعذ بقغن علىم وتكنىلىجيب الاغزية (2)

 .هشكض البذىث الضساعية –هعهذ بذىث تكنىلىجيب الأغزية  –ببدج بقغن بذىث هنذعة تصنيع وتعبئة وتغليف الأغزية  (3)

 ش. جبهعة الأصه –كلية الأقتصبد الونضلى  –هذسط هغبعذ بقغن علىم وتكنىلىجيب الاغزية  (4)
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حى دساست انخصبئص انطبيعيت , انًشكببث انُشطت حيٕيب )انًٕاد انفيُٕنيت , انفلافَٕبث , 

ًعشفت يذٖ حأثيش انخدفيف عهيٓب ٔدساست ن .انهيكٕبيٍ , انبيخب كبسٔحيٍ , حًض الأسكٕسبيك(

َيت أسخخذاو يسبحيك انطًبطى فٗ إَخبج أغزيت خفيفت )سُبكس(. حى عًم سُبكس يذٖ إيكب

,  3بٕاسطت خٓبص بثك رٔ انبشيًت انٕاحذة يٍ دليك انزسة ٔيسحٕق انطًبطى انًضبف بُسبت 

% ٔحى دساست انخصبئص انحسيت نهسُبكس ٔكزنك انخصبئص انطبيعيت نّ.انًكَٕبث انخٗ حى 6

ٕاد فيُٕنيت , فلافَٕبث , نيكٕبيٍ , بيخب كبسٔحيٍ( حأثشث يعُٕيب , يحًض الأسكٕسبيكدساسخٓب )

ببنًعبيلاث الأٔنيت ٔطشق انخدفيف انخٗ حى دساسخٓب. ٔلذ أٔضحج انُخبئح اٌ انخدفيف ببنطبلت 

انشًسيت كبٌ نّ حأثيش سهبٗ عهٗ كم انخصبئص انخٗ حى دساسخٓب فٗ ششائح انطًبطى. أٔضحج 

% )ٔانخٗ 6,  3خدبث انًبثٕلت انخٗ ححخٕٖ يسحٕق طًبطى بُسبت َخبئح انخحهيم انحسٗ أٌ انًُ

حى حدفيفٓب ببنفشٌ انحشاسٖ ٔببنًيكشٔٔيف انًعذل( ٔانزٖ حى اضبفخّ بعذ عًهيت انبثك  حصهج 

عهٗ أعهٗ انذسخبث فٗ انهٌٕ ٔانطعى , عهٗ اندبَب الآخش إضبفت يسحٕق انطًبطى فٗ انخهطت 

عهٗ دسخبث أعهٗ فٗ انٓشبشيت )انمشيشت(, ٔانُكٓت,  % أدٖ إنٗ حصٕنٓب6خبصت عُذ يسخٕٖ 

 ٔدسخبث انمبٕل انكهٗ.

                                   

 


