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ABSTRACT 

The aim of this study is to investigate a new drying method that depend on 

absorbing the moisture from the air using some desiccants which have a 

great affinity for moisture; so when the wet air passes through the 

desiccants it becomes less wet and its temperature becomes a little higher 

ranging from 2 to 4°C. The used desiccants were sulfuric acid conc., 

calcium chloride anhydrous and silica gel. The experiments were done in 

two stages the first stage was without drying load on purpose of choosing 

the best treatment that provides high dehydrated air. The best treatment 

for dehydrating the air was when air passes with the lowest velocity 2.0 

m/s in succession through four desiccants; 500ml H2SO4, 500g CaCl2, 

500ml H2SO4 and 500g SiO2, with moisture uptake percentage from 

56.77% to 18.2%. In the second stage we used oven dryer at 70 °C and 

Desiccant Drying System (DDS) with the best treatment in drying garlic 

with slices thickness 3 mm. Three levels of loading were used 1.15, 2.3 

and 4 .6 Kg/m². The quality of the dried garlic slices were evaluated for 

color and oil content. The results revealed that using the DDS method 

provides a good quality dehydrated garlic slices with higher oil content 

and lower color change. It also involved low energy consumption and 

high drying efficiency compared to the slices dried by using oven dryer. 

Keywords: Desiccant drying system; Desiccants; Dehydrated air; Garlic, and 

Drying efficiency. 

1. INTRODUCTION 

he main purpose in drying farm produce is to reduce its water 

activity from the harvest level to the safe storage level in order to 

extend its shelf life. Once the product has been dried, its rate of 

deterioration due to respiration, insects, and microbial activity and 

biochemical reactions should diminish leading to maintenance of quality 

of the stored product. It is improve bargaining position of the farmer to 

maintain relatively constant price of his product (Papu et al., 2014).  
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Food materials and crops are very sensitive to the drying conditions. 

Drying must be performed in a way that does not affect seriously their 

color, flavor, or nutritional value. Thus the selection of drying conditions, 

as temperature, is of major importance (Belessiotis and Delyannis, 

2011). Reducing amount of demanded energy and time consuming for 

drying process are important issues for drying technology owing to the 

rise in fuel prices which increases the drying process costs and reduces 

the profit margins of industries involved in drying (Aktas et al., 2017). 

There are three ways of reducing the air humidity such as (a) reducing 

air's temperature to condense moisture, (b) increase the total pressure, 

also results condensation, (c) bringing the air in contact with desiccant. 

This third way is quite interesting and cost saving too. Since there are 

some drawbacks of this system i.e. low moisture removal rate, pressure 

drop in solid desiccants and liquid desiccant evaporation into atmosphere, 

but these problems can be reduced to minimal by using better design 

(Singh et al., 2017). Good desiccant materials share the two important 

characteristics of high transient dehumidification ability and large 

sorption capacity. Silica gel, activated carbon, activated alumina, zeolite, 

and molecular sieve are all commonly used in desiccant dehumidifier 

systems. Each material has its own advantages with different adsorption 

characteristics. Zeolite is usually used at low pressures, but generally has 

low sorption capacity. Moreover, it requires more than 100 °C to 

regenerate. Molecular sieves are more expensive than other common 

adsorbents. Activated carbon has a large internal surface area and 

porosity, so it has a large sorption capacity. However, carbon is more 

suitable for use in conditions of relative humidity greater than 70% due to 

its poor hydrophobicity (Huang H. et al., 2010). The advantages of using 

a liquid desiccant system that it is flexible and can position the 

regeneration area far away from the dehumidification zone. Liquid 

desiccant can also absorb organic and inorganic contaminants from the 

air. One drawback of the liquid desiccant is carrying over by air stream 

during the dehumidification and regeneration process. However, proper 

dehumidifier and regenerator design will reduce or eliminate this problem 

(Gandhidasan, 2004). Garlic has been cultivated for centuries all over 

the world on account of its culinary and medicinal properties. It is mainly 
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used as a food additive in various food preparations such as flavoring 

mayonnaise and tomato ketchup sauce, salad dressing, meat sausages, 

stews spaghetti, chutney pickles, etc. Therefore garlic is produced 

abundantly and consumed as such, little efforts have so far been made to 

produce dehydrated garlic and garlic powder. (Sharma and Prasad, 

2001). The final color characteristics values of dried garlic slices such as 

lightness, yellowness and redness were affected significantly by the air 

temperature and slice thickness at their studied ranges. Increasing in the 

both of air temperature and thickness of samples and decreasing in the 

moisture content of sample caused a darker dried-product. So using the 

low air temperature and thin slice is necessary to achieve best color and 

good appearance (Rasouli et al., 2011). 

2. MATERIALS AND METHODS 

2.1. Desiccant Drying System (DDS) 

DDS was fabricated and installed in the Lab of Agric. And Bio Eng. 

Department, Faculty of Agric. Menoufia Univ. DDS consists of three 

main parts as shown in fig. 2.1 which are: desiccant flasks, compressor 

and drying chamber. 

 
Fig. 2.1. Desiccant Drying System. 



PROCESS ENGINEERING  

Misr J. Ag. Eng., October 2019                                                                          - 1196 - 

2.2. Desiccant materials 

Three desiccants were used; Sulfuric acid, Calcium chloride and Silica 

gel. Their properties are shown in table 2.1 

 Desiccant (1) Desiccant (2) Desiccant (3) 

Common name Sulfuric acid Calcium 

chloride 

Silica gel 

Chemical 

formula 

H2SO4 CaCl2 

(anhydrous) 

SiO2 

Molar mass 98.08 g/mol 110.99 g/mol 60.08 g/mol 

Appearance Clear powder, 

hygroscopic 

Transparent 

beads 

Status Liquid Solid Solid (pellets) 

Color Colorless White Blue 

Odor Odorless Odorless Odorless 

Min Assay 98.0% 99.5% 99.0% 

Density 1.84 g/cm³ 2.15 g/cm³ 1.11 – 1.13 

g/cm³ 

Used amount 

per once  

500ml 500gm 500gm 

Regeneration 

ability 

Possible Possible Possible 

2.3. Absorbing the moisture from air 

For reducing the air relative humidity three levels of air velocity (2- 4.5- 7 

m/s) were used in combination with three desiccants singular and in 

combination with four configurations of them were used. These 

configurations were, Conf.1 a succession of two flasks of H2SO4 and 

CaCl2. Conf.2 a succession of three flasks of H2SO4, CaCl2 and SiO2. 

Conf.3 a succession of four flasks of H2SO4, CaCl2, H2SO4 and SiO2. 

Conf.4 a succession of five flasks of H2SO4, CaCl2, H2SO4, SiO2 and 

H2SO4. 

2.4. Garlic properties 

Freshly-harvested garlic cloves (Allium Sativum) were used for the 

experimental work with three levels of loading; (1.15kg/m² - 2.3kg/m² – 

4.6kg/m²). Damaged, diseased, and immature bulbs were sorted out and 

the unharmed fresh garlic bulbs were selected for the study. The moisture 

content of initial products was determined according to (AOAC, 1995) by 
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drying the products in an electrical oven at 70˚C for 24 hours and was 

1.82 g water/g dry matter.  

2.5. Measurements 

2.5.1. Air velocity: 

The air velocity inside the drying chamber was measured by Anemometer 

2.5.2. Temperature and relative humidity 

The dry bulb temperature and wet bulb temperature of the air (˚C) were 

measured using a CR23X data logger. The air relative humidity was 

obtained by using the psychrometric chart. 

Then the air moisture uptake percentage for desiccant materials and the 

configurations of them, represented as:- 

        
           

    
     %. 

RHin  = the air relative humidity before dehydrating. 

RHout  = the air relative humidity after dehydrating. 

2.5.3. Weight (Electric balance): 

Initial and final mass and mass changes during drying processes of each 

sample were measured by electric balance with accuracy of 0.01g. The 

digital balance was kept very close to the drying unit and each weight 

measurement process took about 10 s, according to (Sharma and Prasad 

2001). 

2.5.4. Surface colour measurements: 

Surface colour of both fresh and dried garlic slices was measured using a 

WR-10 Colorimeter to obtain the colour values, which measured using 

three parameters: lightness (L), redness (+a) and yellowness (+b). 

The total colour difference (∆E) and browning index (Bi) was then 

determined using the following equation:  

   √(  )    (  )  (  )  

The fresh garlic slices were used as the reference and a higher ∆E 

represents greater colour change from the reference material (Kamil and 

Ahmet, 2006). 

2.5.5. Energy consumption:- 

Energy consumption was measured in W.hr by energy meter. 
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2.5.6. The Drying Efficiency (ηo): 

The drying efficiency ηo is the ratio of the theoretical energy required to 

evaporate the moisture from the crop to the used energy. 

      
   

 
     

Wr       = water removal per second                                      (kg/s). 

 LHV   = Latent heat of vaporization (2.260*10
6
)               (J/Kg). 

 P         = Power consumed                                                       (W). 

3. RESULTS AND DISCUSSION 

3.1. The average of moisture uptake using three singular desiccants: 

The data illustrated that the increase in the air velocity from 2 to 7 m/s 

decreases the ability of desiccants for moisture uptake by 52.32%, 

55.96% and 57.16% for the desiccants SiO2, H2SO4 and CaCl2 

respectively as shown in fig. 3.1. Similar results have been noted by 

(Rihan and Abd el-bary,2009). 

 
Fig.3.1. the average of moisture uptake ratio by the desiccants at the 

air velocities (2- 4.5- 7) m/s. 

3.2. The average of moisture uptake using four configurations 

of desiccants: 

The data illustrated that the increase in the air velocity from 2 to 7 m/s 

decrease the ability for moisture uptake by 63.21%, 59.3%, 61.46 and 

54.2% for the configurations conf.3, conf.4, conf.2 and conf.1 

respectively as shown in fig. 3.2. So for garlic drying, conf.3 with air 

velocity 2m/s was selected as the promising DDS to be used. 
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Fig.3.2. The average of the moisture uptake ratio by the four 

different configurations of desiccants at air velocities (2- 4.5- 7)m/s. 

3.3. Effect of the drying methods on the garlic moisture content:- 

Results illustrate that the moisture content decreases continually with 

drying time. A faster decrease in the moisture content of sliced garlic 

dried by DDS and oven, was noticeable during the early period of drying 

when the moisture content of the sample was still high. So a larger 

amount of moisture was removed from the sample easier at the beginning 

of the process. Moreover, the decrease in the moisture content of the 

sliced garlic was faster at the lower loading level (1.15 kg/m²) due to the 

fact that the relative humidity (RH) of drying air used at the three loading 

levels was not very different. So the absorption capacity of air used at the 

loading levels is quite similar.  The initial moisture content of garlic was 

182% on dry basis. The final moisture contents using DDS method were 

7.56, 9.9 and 12.85% at the loading levels 1.15, 2.3, 4.6 kg/m² 

respectively, as shown in fig. 3.3. The final moisture contents using oven 

dryer were 5.62, 6.34 and 7.09% at the loading levels 1.15, 2.3, 4.6 kg/m² 

respectively, as shown in fig. 3.4. 

1.1. Effect of the drying methods on the garlic drying rate:- 

The curves illustrates that the drying rate increases as a result of 

increasing the moisture content. The loading level had much more effect 

on the drying rate of garlic slices. 
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Fig. 3.3. Effect of desiccant drying method on the garlic moisture 

content at the three loading levels. 

 
Fig. 3.4. Effect of the oven dryer on the garlic moisture content at the 

three loading levels. 

The drying rate decreased with the increase in loading level and most of 

the drying process occurred in the falling rate period. It is clear that at 

high moisture content, the difference between drying rates at different 

loading levels was high, but at low moisture content, this difference was 

negligible. The average of the drying rates for DDS method were 0.125, 

0.107 and 0.078 gw./gd. hr. for the three loading levels 1.15, 2.3 and 4.6 

kg/m² respectively, as shown in fig. 3.5. The average of the drying rates 
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for oven were 0.294, 0.234 and 0.152 gw./gd. hr. for three loading levels 

1.15, 2.3 and 4.6 kg/m² respectively, as shown in fig. 3.6. 

 

Fig. 3.5. Effect of the desiccant drying method on the garlic drying rate at 

the three loading levels. 

 

Fig. 3.6. Effect of the oven on the garlic drying rate at three loading levels. 

1.2. Effect of the drying methods on the energy consumption:- 

It's obvious that the specific energy consumption decreased as a result of 

increasing the loading level as shown in fig. 3.7 and fig. 3.8. For each 

loading level the specific energy consumption was nearly the same for the 

both of drying method. 
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Fig. 3.7. Effect of the desiccant drying method on the specific energy 

consumption 

 

Fig. 3.8‏. Effect of the oven dryer on the specific energy consumption 

1.3. Effect of the drying methods on the drying efficiency:- 

The drying efficiency was always relative high at the beginning of the 

drying process due to increase in drying rate, through the Figure 3.9 and 

3.10 it's clear that efficiency increased with increasing the loading levels. 
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Fig. 3.9‏. Effect of the desiccant drying method on the drying efficiency 

 

Fig. 3.10‏. Effect of the oven dryer on the drying efficiency 

1.4. Effect of  the drying methods on the garlic oil content:- 

The oil content of garlic slices remarkably affected by the loading levels. 

Whenever the loading level increased the oil content decreased. The 

smallest loss in oils occurred during DDS drying method compared to the 

oven dryer as shown in fig. 3.11 and 3.12  This might be due to the high 

temperature (70˚C) used with oven drying subscribed in evaporating most 

of the oil content. 



PROCESS ENGINEERING  

Misr J. Ag. Eng., October 2019                                                                          - 1204 - 

 

Fig. 3.11. The effect of desiccant drying method on the garlic slices oil 

 

Fig. 3.12. The effect of oven drying on the garlic slices oil 

1.5. Effect of the drying methods on the garlic color properties:- 

From the results in fig 3.13 and 3.14 it was shown that the redness of 

garlic slices dried by both the used drying methods (DDS and oven dryer) 

compared with the fresh one increased significantly. This shows that all 

dried samples were significantly redder than the fresh ones. But indeed 

the color degradation was higher in the oven dryer method, this might be 

owing to the high temperature. 
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Fig. 3.13. The effect of the desiccant drying system on the garlic slices color 

change. 

 
Fig. 3.14. The effect of oven dryer on the garlic slices color change. 

2. CONCLUSIONS 

1) The DDS had a high ability for moisture absorption from air. The best 

treatment was by using four desiccants of 500 ml H2SO4, 500 gm 

CaCl2, 500 ml H2SO4 and 500 gm SiO2 at the lowest air velocity (2.0 

m/s) by a moisture uptake percent of 61.27%. 

2) The DDS method considered as a suitable method for drying garlic 

slices because it realizes the objective of the study, as the DDS 
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method maintained higher percent of oil content in the dried garlic 

slices compared to the oven dryer.  

3) The DDS method maintained the original color of raw garlic samples, 

the color change ∆E was 8.175 % at the lowest loading level 1.15 

kg/m
2
, and was 12.24 % by using oven dryer At the same loading 

level. 
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 الملخص‏العربي‏

‏شرائح‏الثوماستخدام‏هواء‏منزوع‏الرطوبة‏فى‏تجفيف‏

 2قفارود يعهديرس/م       و       1ه ـحمد توفيق طأ/د

ثذش غشيقخ  اىجذش ثَعَو اىهْذعخ اىضساعيخ مييخ اىضساعخ جبٍعخ اىَْىفيخ ثهذفأجشي هزا 

اد ميَيبئيخ رغًَ جذيذح ىيزجفيف رعزَذ عيً اٍزصبص اىشغىثخ ٍِ اىهىاء ورىل ثبعزخذاً ٍى

شغىثخ. ريل اىَىاد راد ششاهخ عبىيخ ىيشغىثخ، ىزىل عْذ ٍشوس اىهىاء اىشغت اىَىاد اىَبصخ ىي

ً. صٌ يزٌ ˚ 4:  2أعيً ّغجيب ثضيبدح رزشاوح ٍِ  دسجخ دشاسرهو  اىشغىثخ طٍْخفصجخ يخلاىهب 

اعزخذاً هزا اىهىاء اىَْضوع ٍْه اىشغىثخ فً رجفيف اىَذبصيو اىضساعيخ. اىَىاد اىَبصخ 

اىنجشيزيل اىَشمض، ميىسيذ اىنبىغيىً اىلاٍبئً و  ىيشغىثخ اىزً رٌ اعزخذاٍهب هً دَط

يً ٍشديزيِ اىَشديخ الأوىً ثذوُ وجىد دَو )ثذوُ وجىد اىغييينبجو. أجشيذ اىزجبسة ع

هىاء  اعطبءفً دجشح اىزجفيف( ورىل ثغشض اخزيبس اىَعبٍيخ الأفعو واىزً يَنْهب  ششائخ اىضىً

  /ً 7،  4,5، 2جبف ثذسجخ عبىيخ. ورٌ خلاه ريل اىَشديخ اعزخذاً صلاس عشعبد ىيهىاءوهً 

أفعو ٍعبٍيخ لاصاىخ مبّذ . وٍْهب درىىيفب 4ىيشغىثخ وٍىاد ٍبصخ  3س. أيعب رٌ اعزخذاً 

 555) ٍىاد ٍبصخ ىيشغىثخ 4خلاه  س(/2ًهً اىزً يَش فيهب اىهىاء ثأقو عشعخ ) سغىثخ اىهىاء

 555ٍو ٍِ دَط اىنجشيزيل و  555جٌ ٍِ ميىسيذ اىنبىغيىً،  555ٍو ٍِ دَط اىنجشيزيل،

فبض فً اىشغىثخ اىْغجيخ ىهىاء اىزجفيف ٍِ أقصً اّخ دققذ ريل اىَعبٍيخجٌ ٍِ اىغيينب جو. 

% ثعذ اىزجفيف. وفً اىَشديخ اىضبّيخ رٌ اعزخذاً فشُ اىزجفيف  81,2% قجو رجفيفه اىً 56,77

ً واعزخذاً ّظبً اىزجفيف ثبعزخذاً اىَىاد اىَبصخ ىيشغىثخ ˚ 75اىنهشثً عيً دسجخ دشاسح 

DDS  ورٌ اعزخذاً صلاد ٍعذلاد  3اىضىً ثغَل ششائخ  ششائخثأفعو ٍعبٍيخ ورىل ىزجفيف .ٌٍ

ً/مجٌ 4,6و  2,3،  8,85رذَيو وهً 
2

ششائخ اىضىً الأصييخ ى. ورٌ رقييٌ خىاص اىجىدح 

واىَجففخ عيً أعبط اىيىُ وٍذزىي اىضيذ. وأوظذذ اىْزبئج أُ اعزخذاً غشيقخ اىزجفيف 

ففخ راد جىدح عبىيخ و رىل ٍِ ّبديخ ششائخ صىً ٍج ْزجر  DDSثبعزخذاً اىَىاد اىَبصخ ىيشغىثخ

اسرفبع ٍذزىي اىضيذ والاّخفبض فً رغيش اىيىُ. شَيذ ريل اىطشيقخ أيعب اّخفبض اعزهلاك 

 ورىصيذ اىذساعخ اىي اىْزبئج اىطبقخ واسرفبع مفبءح اىزجفيف ٍقبسّخ ثبعزخذاً فشُ اىزجفيف.

‏-:الاريخ 

 جامعة المنوفية –الزراعة كلية  -أستاذ مساعد بقسم الهندسة الزراعية  - (1
 جامعة المنوفية  –كلية الزراعة  -باحثة بقسم الهندسة الزراعية   - (2
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ّظبً اىزجفيف ثبعزخذاً اىَىاد اىَبصخ ىيشغىثخ مبُ ىه قذسح عبىيخ عيً اٍزصبص سغىثخ  (8

اىهىاء. ومبّذ اىَعبٍيخ الأفعو عْذ اعزخذاً أسثعخ ٍِ اىَىاد اىَبصخ ىيشغىثخ عيً اىزىاىً 

ٍِ جٌ  555 و H2SO4ٍِ ٍو  CaCl2 ،555ٍِ جٌ  H2SO4، 555ٍِ  ٍو 555 وهً

SiO2  68,27 س ثْغجخ اٍزصبص ىيشغىثخ رقذس ثـ/ً 2ورىل عْذ أقو عشعخ هىاء %. 

غشيقخ اىزجفيف ثإعزخذاً اىَىاد اىَبصخ ىيشغىثخ هً غشيقخ ٍْبعجخ ىزجفيف ششائخ اىضىً  (2

لأّهب رذقق اىغشض ٍِ اىجذش، ديش إعزطبعذ أُ رذبفظ عيً اىْغجخ الأمجش ٍِ ٍذزىي 

اىضيذ فً ششائخ اىضىً اىَجفف ٍقبسّخ ثبىضىً الأصيً ديش مبّذ اىْغجخ اىَئىيخ ىيضيذ فً 

% ومبّذ اىْغجخ اىَئىيخ ىَذزىي اىضيذ عْذ اعزخذاً غشيقخ اىـ  5,270اىضىً الأصيً 

DDS مجٌ 8,85 وعْذ أقو ٍعذه رذَيو/ً
2

% ثيَْب  5,581 فقذ% ثْغجخ  5,274 هً

مبّذ أعيً قيَخ ىيْغجخ اىَئىيخ ىَذزىي اىضيذ فً اىضىً اىَجفف ثبعزخذاً غشيقخ اىفشُ 

ً /مجٌ 8,85 اىنهشثً و عْذ أقو ٍعذه رذَيو
2
 .%5,25 فقذ% ثْغجخ  5,28 ثذىاىًرقذس  

إعزطبعذ أيعب أُ رذبفظ عيً اىيىُ الأصيً ىيضىً، فنبُ اىزغيش فً   DDSإُ غشيقخ اىـ (3

ً /مجٌ 8,85 عْذ اعزخذاً أقو ٍعذه رذَيو ∆Eاىيىُ 
2

وعْذ ّفظ  1,875 يقذس ثذىاىً 

ثبعزخذاً غشيقخ اىفشُ اىنهشثً يقذس ثذىاىً  ∆ Eٍعذه اىزذَيو مبُ اىزغيش فً اىيىُ

82,24  . 

مبُ ٍعذه مفبءح اىزجفيف ىطشيقخ اىزجفيف ثبعزخذاً ٍىاد ٍبصخ ىيشغىثخ أعيً ٍْه فً  (4

غشيقخ اىزجفيف ثبىفشُ اىنهشثً ورىل لأُ اىطبقخ اىَغزهينخ ثىاعطخ اىفشُ اىنهشثً أعيً 

 . DDSٍِ اىَغزهينخ ثىاعطخ غشيقخ اىـ


