
 

 

 

 

 

Effect of Different Drying Methods on Morphological and 

Qualitative Traits of Three Cultivars of Some Iraqi Dates 

 
Ramia S. Hamza & Alaa G. Al-Hashimi* 

 
Department of Food Science, College of Agriculture, University of Basrah, Basrah, Iraq 

 

*Corresponding author: alaa.g.alhashimi@gmail.com 

 
Abstract: The present study aimed to investigate the morphological and 

qualitative traits of three cultivars of low-quality local dates (Dairi, Chibchab 

and Zehdi), dried by different drying methods (solar, electric oven and 

microwave). The morphology of date powders was studied by a scanning 

electron microscope. There were noticeable differences in the outward 

appearance of the date powders regardless of drying method. Observations on 

the thermos- gravimetric decomposition of date powders revealed two stages of 

decomposition. The first stage ranged from 5.35 to 10.93 minutes for the oven 

dried Dairi cultivar, while a disintegration temperature of 94.72 °C and 181.39 

°C for the oven and microwave dried powder of Zehdi, respectively. The second 

stage was the main disintegration process and started at a temperature of 255.60 

°C to 299.55 °C for microwave dried Zehdi and Chibchab powders, respectively. 

The percentage of loss ranged from 37.31% to 42.32% for the solar-dried 

Chibchab powder and the electric oven-dried Dairi powder, respectively. 

Regarding the solubility index, Zehdi powder, dried in the electric oven and in 

the microwave, exhibited the highest percentage in solubility, which amounted 

to 93.41% and 93.13%, respectively. Dairi powder, dried in the electric oven, 

showed a significant increase in the hygroscopicity, amounted to 48.23. The 

highest bulk density of Dairi powder dried by microwave and electric oven was 

0.65-0.64 g/cm, while the solar-dried Dairi and Zehdi powders shared the same 

value in the apparent density, and was 0.51 gm/cm3, while the solar-dried 

Chibchab powder showed the lowest value in the bulk density of 0.45 gm/cm3. 

Dairi cultivar powder can be considered as the best in date powders, so it can be 

used in the manufacture of various food products such as baked goods and 

juices.    

 

Keywords: Date palm, Drying methods, Date powder, TGA, SEM, Qualitative 
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Introduction 

The date palm is a flowering plant that is mostly grown for the consumption of 

its fruits, considered a staple food for people in the Middle East and North Africa 

(Tengberg, 2012). Now, it was grown in many tropical and subtropical regions 

around the world. Moreover, it is now consumed as food in different parts of the 

world, especially Europe (Ghnimi et al., 2017). The fruits of the date palm are 
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commonly consumed all over the world, especially in Arab regions such as Iraq, 

Saudi Arabia, Iran, Egypt and Algeria (Idowu et al., 2020). 

The health benefits associated with its consumption are due to certain biological 

activities related to each of the ingredients, dietary fiber and bioactive compounds, 

such as antioxidants, antimicrobials, anti-inflammatory, antitoxins and 

antibacterials. All of these properties are responsible for the prevention and control 

of certain diseases, such as cancer, diabetes, gastrointestinal diseases, cardiovascular 

diseases and neurological diseases. It has been proven that consuming about 50 

grams of dates (7-10 grains of dates) did not result in a significant increase in glucose 

levels after eating (Alkaabi et al., 2011).  

Drying is one of the good methods of processing to preserve foodstuffs by 

converting them into a complete powder using special and various techniques to dry 

the raw material, for ease of preservation, handling, transportation and safe storage 

(Raza et al., 2019). Drying reduces the water activity of the product, which inhibits 

microbial growth and reduces decomposition reactions that lead to increased 

stability. Moreover, drying significantly reduces volume, facilitating transportation 

and storage (Marques et al., 2009). 

The most prevalent date drying methods and techniques include hot air 

convection drying, freeze drying, microwave drying, solar drying, oven drying, 

spray drying and vacuum drying techniques (Ahmed et al., 2013). Furthermore, date 

powder can be added to a mixture of milk, tea or coffee and given to patients to 

improve wound healing, due to the ability to dissolve the powder in liquids. It is easy 

for patients, those who have difficulty swallowing and chewing can take it (Hasson 

et al., 2018). Dates have many medicinal uses, as it is used to treat a variety of 

ailments in various traditional medical systems. Clinical studies have shown that 

date fruits have free radical scavenging activities, antioxidants, antibacterial, 

antimicrobials, anti-inflammatory, stomach and liver protection, anti-cancer and 

immune-stimulating (Abdeen, 2018). 

Dates are a good source of natural antioxidants that can be used to treat infectious 

diseases related to oxidative stress, due to the presence of phenolic compounds. Palm 

fruits are antioxidants rich in biological activities and effective against many 

bacterial pathogens (Al-Shwyeh, 2022). 

Diets in developing countries lack many nutrients, including energy due to 

insufficient food intake. Mineral and vitamin deficiencies are also very common in 

developing countries, because of low intake or lack of an alternative diet, therefore, 

from a nutritional point of view, dates are an energy-rich food and a source of a 

variety of nutrients, which are indispensable in maintaining human health (Vayalil, 

2012). Date fruit can be used as an excellent substitute for sugar in bakery products, 

in most cases, the mineral content of baked products increased with the introduction 

of date fruits (Peter Ikechukwu et al., 2017; Amin et al., 2019). 

The current trend in the food industry is to develop new products that offer the 

characteristics of high quality and safe food. It responds to consumers' needs and 

preferences, for a more sustainable life, consumers are increasingly demanding 

products that are natural, healthier, innovative, tasty and nutritionally good, with 
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minimal chemical preservatives or processing techniques (Dasan & Boyaci, 2018; 

Vilela et al., 2019). The sustainable development of the functional foodstuff market 

is increasingly growing, as fruit juices and fermented fruit drinks have begun to 

occupy a prominent position (Tang et al., 2022). 

The current study aimed to determine the morphological shape, thermos-

gravimetric decomposition, qualitative traits of hygroscopicity, apparent density and 

solubility index of the powders of three cultivars of local dates dried by different 

drying methods. 

 

Materials and Methods 

Date Powder Preparation  

Three varieties of low-quality dates (Dairi, Chibchab and Zehdi) were purchased 

from Abu Al-Khasib farms, Basrah for the 2021 harvest season. The dates were 

cleaned, the cones and nuclei were removed, then the fruit was divided into two 

halves, then each variety was divided into three parts, transfer the first part of each 

variety to solar drying, dates were placed on a papyrus mat and left under the solar 

radiation for two weeks or more, depending on the cultivar of dates. The second part 

was placed in an oven at a temperature of 50±5 °C for 72 hours until it was 

completely dried (Izli, 2017). An electric oven Gosonic solar of the Chinese origin 

was used. As for the third part, it was placed in a microwave oven (120 watts) for 

two minutes, from a solar of Gosonic of Chinese origin (Izli, 2017). The dried dates 

were ground by using a German-made Silver Crest grinder, to obtain the date 

powder. The powders were placed in special bags at room temperature until the 

necessary tests were carried out. 

 

Solubility 

The solubility was estimated according to the Cano-Chauca et al. (2005) method, 

1 gm of date powder was weighed for the three varieties, and 100 ml of distilled 

water was added to it and put on the magnetic stirrer at high speed for several 

minutes. It was then placed in a centrifuge at 1000 rpm for an hour, 25 ml of the 

filtrate was withdrawn and placed in glass dishes, and then it was placed in the dryer 

at a temperature of 105 °C for five hours. 

 

The Bulk Density 

The bulk density of the date powders under study was estimated by using a 

cylinder of known diameter and height, a cylinder with dimensions 3.5×3 cm for 

diameter and height, respectively, was used. The method is to fill the cylinder several 

times, remove excess powder by moving the ruler over the edge of the cylinder, then 

measure the mass of date powder by using the sensitive scale according to the 

method used by Sablani et al. (2008). 

 

Hygroscopicity 

The hygroscopicity of date powder was determined according to the method 

proposed by Jaya & Das (2004), with some modifications. In this method 1 gm of 
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the powder was evenly spread on petri dishes (9 cm in diameter) to achieve a high 

surface area between the moist air and the powder. The powder was placed in a 

desiccator at a temperature of 21  °C and 76% relative humidity by using saturated 

sodium chloride solution. The increase in the weight of the samples due to moisture 

absorption was recorded at intervals of 30 minutes to 24 hours. Moisture gain was 

significantly less after two hours, therefore, the humidity (gm of water/gm of 

powder) was estimated for the samples after exposure to atmospheric air with a 

humidity of 76% for two hours. The moisture gain of the samples was recorded 

every two hours, and so on until a stability in weight was reached for the powder 

samples. 

 

Thermogravimetric Analysis (TGA) of Date Powders  

Thermogravimetric analysis was carried out for the powders of the date cultivars 

under study by using a TGA-50 reagent at a flow rate of 30 ml/min. The gas used 

was nitrogen gas and platinum cell. Sample weight was in milligrams. The 

examination was conducted in the Department of Chemistry Sciences, College of 

Education for Pure Sciences, University of Basrah (Loganathan et al., 2017). 

 

Scanning Electron Microscopy (SEM) 

The samples were prepared according to the method described by Kuo (2007). 

The samples were dried on an aluminum stub covered with a conductive carbon tape. 

The samples were coated with 5 nm gold palladium by using Sputter coater.  (Leica 

ACE600, Germany). 

 

Statistical Analysis  

Statistical analysis of the trial data was carried out according to a Complete 

Randomized Design (CRD). The data was analyzed in the ready-made statistical 

program Release GenStat, depending on the least significant difference between the 

means of revise least significant difference (R.L.S.D) at the probability level of 

P<0.05. 

 

Results and Discussion 

Morphological Shape of Dates Powder 

Figures 1-3 show the image of SEM for dried date powders by using different 

drying methods (solar, electric oven and microwave) and for all the three varieties 

of dates. The samples were examined to know the cytoskeleton of date powder for 

all varieties under study and with different thermal treatments, where the figures 

showed differences in the outward appearance of the date powder, whether dried by 

the solar, electric oven or microwave. Figure 1 shows that the solar-dried Chibchab 

powder has formed in the form of ramifications and threadlike clumps with different 

dimensions resulting from the agglomerations that make up the prepared powder. 

As for the solar-dried Dairi powder, which appears in the form of gaps and holes on 

the surface, this is due to the nature of the powder and the solar of processing (Figure 
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2). As for Zehdi powder, it formed lumps and aggregates of fibers on the surface as 

shown in Figure 3. 

 

 

 

 
 

               Figure 1: Scanner pictures of solar-dried date powders. (D for Dairi, C for 

Chibchab and Z for Zehdi, while s for solar-dried date).  
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Figure 2 represents magnified sections of the date powders dried in the electric 

oven. Also, the cells were not full and the size of the pores were irregular in all the 

varieties dried by the electric oven, which gave them the shape shown in the picture. 

Figure 3 shows magnified sections of microwave-dried date powders. The three 

shapes of the studied items dried in the microwave took sharp edges and irregular 

shapes formed in the form of agglomerates of powder granules, converged with all 

the varieties for the same treatment. These forms differed from what was reached 

(Suresh et al., 2013; Hossain et al., 2014). When studying the cytoskeleton of date 

nuclei by using a scanning electron microscope, the cells in the date nuclei appeared 

to be very full, the pore size was low, due to the effect of drying, which caused a 

decrease in the size of the pores, which led to the formation of cracks in the nano-

sized date nuclei. 

 

Thermogravimetric Analysis 

Thermogravimetric decomposition expresses the effect of temperature on the 

decomposition of substances by breaking intramolecular bonds. Figures 4-6 show 

the thermal and weight stability curves of date fruit powders of the varieties (Dairi, 

Chibchab and Zehdi), treatment with different drying methods (solar, electric oven 

and microwave). 

Table 4 shows weight loss and powder dissolution in stages. It shows that the 

initial time for disintegration started at 5.35 minutes for the microwave-dried Zehdi 

powder, the starting time ranged from 5.35 minutes to 10.93 minutes for Dairi solar 

dried powder in the electric oven, the disintegration temperatures in the first stage 

ranged between 94.72 °C to 81.39 °C for the dried Zehdi powder in the electric oven 

and microwave, respectively. The reason for the weight loss in the first stage may 

be attributed to the evaporation and dissolution of free and bound water or to the 

removal of hydroxyl groups in the intermediate compounds. 

The second stage is the main disintegration stage and it starts at a temperature of 

255.60 to 299.55 °C for microwave-dried Zehdi and Chibchab powders. As for the 

loss rate, it ranged from 37.310% to 42.328% for the solar-dried Chibchab powder 

and the electric oven-dried Dairi powder, respectively. 

In the second stage, weight loss occurs as a result of the breakdown of 

carbohydrates. The main thermal decomposition of cellulosic materials (Carrier et 

al., 2011) occurs in the temperature range of 200-400 °C. 

Hemicellulose also decomposes in the low temperature range between 160 and 

360 °C. This can be attributed to the light weight of this component, cellulose 

decomposes at high temperatures ranging from 240 to 390 °C (Shebani et al., 2009).
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         Figure 2: Scanning electron microscope image of electric oven-dried date powders. 

(D for Dairi, C for Chibchab and Z for Zehdi. while o for oven-dried date).
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       Figure 3: Scanning electron microscope image of microwave-dried date powders. (D 

for Dairi, C for Chibchab and Z for Zehdi, while m for microwave dried date).  
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Table 1: Thermogravimetric analysis of date powders (Dairi, Chibchab and Zehdi) dried by 

different methods. 

Heat 

treatment 
Cultivars 

Start 

time 

(min.) 

Initial 

dissociation 

temperature 

(°C) 

End 

time 

(min.) 

Final 

disintegration 

temperature 

(°C) 

Weight 

loss 

(mg) 

Final 

weight 

loss 

(%) 

Solar 

Dairi 8.06 138.69 16.12 258.19 6.22 35.989 

Chibchab 7.98 142.68 15.88 261.65 6.326 37.310 

Zehdi 7.61 133.80 16.18 263.23 7.91 38.869 

Electric 

oven 

Dairi 10.93 180.85 16.23 260.30 6.276 33.780 

Chibchab 9.51 167.61 18.28 299.50 8.878 39.403 

Zehdi 10.36 181.39 17.72 292.05 10.382 40.315 

Microwave 

Dairi 7.66 132.55 17.55 280.75 8.651 42.328 

Chibchab 7.45 163.85 12.92 274.06 8.127 38.730 

Zehdi 5.35 94.72 16.11 255.60 8.214 38.09 

   

 

 

 
 

  

 

Figure 4: Thermogravimetric analysis profiles of solar-dried date powders. (D for Dairi, C 

for Chibchab and Z for Zehdi, while s for solar-dried date). 
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  Figure 5: Thermogravimetric analysis profiles for oven-dried date powders. (D for Dairi, 

C for Chibchab and Z for Zehdi, while o for oven-dried date). 
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Figure 6: Thermogravimetric analysis profiles for microwave-dried date powder. (D for 

Dairi, C for Chibchab and Z for Zehdi, while m for microwave-dried date). 

 

Solubility Index 

Figure 7 shows the percentage of solubility of date powders (Dairi, Chibchab and 

Zehdi), dehydrated by different drying methods (solar, electric oven and 

microwave). Statistical analysis shows that there are no significant differences in the 

solubility index of Zehdi powder dried in an electric oven and dried in a microwave, 

while the two treatments recorded qualitative differences with the solar-dried Zehdi 

powder. Zehdi powder, dried in the electric oven and dried in the microwave, 

recorded the highest percentage in solubility, as it reached 93.41% and 93.13%, 

respectively. 

The solar-dried Dairi powder differed significantly in the solubility index. It 

reached 83.91% of the solubility of Dairi powder dried by electric oven and 

microwave, which recorded 89.25% and 89.70% and they were not significantly 
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C.M                          TGA 
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different between them. The solubility index did not show a significant difference 

between the two powders dried by an electric oven and a microwave. The solubility 

was 86.07% and 85.33%, which differed with the solubility index of the solar-dried 

Chibchab powder, which recorded the lowest solubility rate of 77.58%. 

The results agreed with Hasan et al. (2022) in their study of the solubility index 

of date powder produced from two cultivars of Emirati dates dried in the electric 

oven, as the solubility rate ranged between 65-82%. These results were also in 

agreement with Raza et al. (2019) who studied the solubility index of date powder 

produced from three varieties of dried Pakistani dates in two ways, including drying 

in an electric oven at a temperature of 60 °C, where the solubility rate was about 

83% and this was consistent with this study when drying in the electric oven. The 

results were in agreement with Darsangi et al. (2020) who found that the solubility 

rate of the Iranian Shahini variety was 91%, and this result was similar to that of 

Zehdi powder dried by microwave and electric oven. The researchers found that the 

solubility index of date powders falls within the range of 67-88 and depends on 

several factors, including the nature of the raw material, preparation conditions and 

drying temperature (Sablani et al., 2008; Manickavasagan et al., 2015). Also, the 

solubility index increases as the moisture content in the powder decreases (Goula & 

Adamopoulos, 2005). Figure 7 shows that most of the powders in the current study 

were within the agreed limits. 

 

 
Figure 7: The percentage of solubility of the powders of date varieties (Dairi, Chibchab and 

Zehdi) dried by three different heat treatments. 

 

Hygroscopicity 

Figure 8 shows a comparison between the hygroscopicity of date powders as a 

function of the variety of date, the drying time and the size of the granules, which 

greatly affected the hygroscopicity of the date powders. There were significant 

differences for all powders and for the different heat treatments at p<0.05 probability 

level. 

Dairi powder, dried by electric oven, recorded a significant increase in the 

hygroscopicity, reached 48.23% because the dry dates of Dairi, which have a low 

moisture content, absorb more moisture compared to Chibchab and Zehdi. This 

0

20

40

60

80

100

 Dayeri Jipjap  Zahdi

Solubility (%)

Solar

Oven

Microwave

R.L.S.D.= 5.823

     Dairi                   Chibchab          Zehdi 



           Effect of different drying methods on traits of three cultivars of Iraqi dates            44 

 

result was consistent with Hasan et al. (2022) who studied two types of dates, Al-

Barkawi (dry) and Sukari (semi-dry), the hygroscopicity of Al-Barkawi was 

increased compared to Sukari. 

It is expected that the moisture gradient between the fruit and the surrounding 

environment will increase as the fruits absorb moisture (Ferrari et al., 2012). Also, 

fine powders absorb more moisture than coarse powders due to the increased surface 

area of the powder (Sepulveda et al., 2001). 

While the lowest hygroscopicity was recorded in the dried Chibchab powder in 

microwave and electric oven, amounted to 32.8% and 33.23%, respectively. The 

hygroscopicity of the solar-dried, microwave and electric-oven-dried Zehdi powder 

was 36.43%, 35.26% and 34.50%, respectively. The hygroscopicity of the powder 

of same date variety and dried by different methods. The hygroscopicity varies from 

powder to powder, depending on the components of the powder, and this is what 

was shown by the different drying methods (Shishir et al., 2014). 

 

 
Figure 8: The percentage of hygroscopicity of powders of date varieties (Dairi, Chibchab 

and Zehdi) dried by three different heat treatments 

 

Bulk Density Estimation 

The results showed the bulk density of the dates under study and dried powders 

with different heat treatments (Figure 9). The results of the statistical analysis 

indicated that there were significant differences (p<0.05) between date powders, as 

well as the significant differences between heat treatments.  

The highest density of Dairi powder dried by microwave and electric oven was 

0.65-0.64 gm/cm3, while Dairi and Zehdi powder dried by the solar had the same 

value in the apparent density, which was 0.51 gm/cm3. The solar-dried Chibchab 

powder recorded the lowest value in the bulk density of 0.45 g/cm3. It is noted from 

Figure 9 that the least significant difference for two date powders was for the solar-

dried treatments. 

The results also showed that Zehdi powder dried by electric oven and microwave 

shared the same value of bulk density, as it reached 0.59 gm/cm3. When estimating 
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the bulk density of the powder, the results are close to what was reached by Sablani 

et al. (2008). 

The present results were also in accordance with that of Raza et al. (2019) who 

studied the bulk density of some date powders in Pakistan, particularly with powders 

dried in electric ovens. They explained that variation in the bulk density of date 

powder is related to product packaging which in turn was affected by the combined 

effect of some factors such as particle size, intermolecular forces and contact points. 

These results were in agreement with Manickavasgan et al. (2015) who found 

that the bulk density of date powder ranged from 0.39-0.50 g/cm. The researchers 

who used the spray drying method, showed that the flow rate of the raw material and 

the type of carrier did not affect the bulk density of the date powder, and that the 

high temperature produces much more density compared to lower temperature, as 

the bulk density can be controlled by controlling the temperature. 

As shown by Altemimy et al. (2019), the type of fertilizer used to feed the soil 

gives a higher weight to the date fruits, and this is what they noticed when they used 

nano-fertilizers. Also, the used vaccine varieties have an effect on the physical and 

physiological characteristics of date fruits (Al-Salem & Abed, 2022). 

 

 
Figure 9: Bulk density of powders of date cultivars (Dairi, Chibchab and Zehdi) dried by 

three different heat treatments. 

 

Conclusion   

SEM qualitative analysis of date powders shows substantial differences among 

each other’s. The results also exhibited that Zehdi powder dried in the electric oven 

recorded the highest percentage in the solubility index, while Dairi powder dried in 

the electric oven recorded a significant increase in the hygroscopicity percentage. 

The microwave-dried Dairi powder showed a higher percentage of apparent density. 

Therefore, Dairi powder can be considered as the superior compared to the studied 

date powders, in addition, the possibility of using Dairi powder to improve the 

production of baked goods and juices.  
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