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ABSTRACT 
 

In this work, the effect of infrared drying temperatures on the physicochemical properties and 
antioxidant capacity of Allium sativum was investigated. The following parameters were analyzed: 
proximal composition, mineral content, total phenolics content, and total flavonoids content. The 
antioxidant activity was evaluated by means of DPPH, ABTS and and β-carotene assays. Results 
have shown that a significant alteration in the physicochemical properties was produced at high 
drying temperatures. However, both total phenolic content and flavonoid content decreased as 
drying temperature decrease. Thermal processing seems to preserve antioxidant activity at higher 
temperature. 
 

 
Keywords: Antioxidant activity; garlic; infrared drying; physicochemical properties. 

Review Article 



 
 
 
 

Jihène et al.; ACSJ, 10(2): 1-12, 2016; Article no.ACSJ.19342 
 
 

 
2 
 

1. INTRODUCTION 
 
For many centuries various species of genus 
Allium have been used as vegetables and spices, 
and as folk medicines for the curing of various 
diseases [1]. Garlic (Allium sativum L.), belongs 
to the Liliaceae family. It’s a common food spice 
used widely in many parts of the world. It has 
been cultivated for centuries all over the world on 
account of its culinary and medicinal properties 
[2,3]. According to [4], the garlic cultivation area, 
yield and production in Tunisia are reported as 
3000 ha, 25,000 tons, respectively. 
 
Even today, the medical use of garlic is 
widespread and growing. Epidemiological, 
clinical, and preclinical studies have shown close 
relation between dietary habits, including garlic 
intake, and the occurrence of disease. 
Furthermore, garlic was investigated extensively 
for health benefits, which has resulted in        
more than 1000 publications over the past 
decade [5]. It is considered to be one of the     
best disease-preventive foods, based on its 
potential and varied effects [6]. A wide array          
of therapeutic effects, such as hypolipidaemic, 
antiatherosclerotic, hypoglycaemic, 
anticoagulant, antihypertensive, antimicrobial, 
antidote and hepatoprotective, has been reported 
[7,1]. Most of its prophylactic and therapeutic 
effects are mostly attributed to the fresh garlic 
content, rich in γ-glutamylcysteine and many 
other sulfur-containing compounds in it, which 
are responsible of the typical odor of garlic [8,9] 
and giving it a characteristic flavour formed 
during storage and processing [10-13]. 
 
Studies were carried out on the antioxidant 
properties of garlic and its derivates [14-16]. The 
antioxidant activity of Allium plants has mainly 
been attributed to a variety of sulphur-containing 
compounds and their precursors [17]. According 
to [18], allicin, diallyl disulphide and diallyl 
trisulphide appeared to be the main antioxidative 
compounds in the garlic volatiles. However, [19] 
demonstrated that alliin [(+)-S-allyl-lcysteine 
sulphoxide], a precursor of allicin, does not have 
antioxidative activity in a linoleic acid oxidation 
system. 
 
Dehydration is one of the most widely used 
methods for fruits and vegetables preservation. 
Its main objective is the removal of water to the 
level at which microbial spoilage and 
deterioration reactions are minimized. However, it 
is well known that during hot-air drying, 
vegetables undergo physical, structural, chemical 
and nutritional changes that can affect quality 

attributes like texture, color, flavor, and nutritional 
value [20]; in addition, the removal of water from 
the agricultural or food materials is very energy 
consumption process. The efficiency of the drying 
of waste materials is an important economic 
consideration with respect to both energy and 
time. Therefore, in this study, infrared (IR) drying 
technique was used to achieve an increase of the 
effective thermal processing. 
 
IR drying is based on the action of infrared 
wavelength radiation from a source, which 
interacts with the internal structure of the sample 
and thus increases its temperature and favors 
the evaporation of its moisture content. 
Moreover, IR energy is transferred from heating 
element to the sample product without heating 
surrounding air. Thus, in this radiating process 
the temperature of the inner layers of the sample 
is higher than that of the surrounding air. As a 
result, the drying of the sample takes place from 
inner to outer layers via both radiation and 
convection thermal phenomena. This leads to a 
high rate of heat transfer with respect to 
conventional drying. 
 
The basic requirements for a vegetable dryer are 
that it must achieve the required amount of 
drying in a reasonable time, obtain a product of 
acceptable quality, and minimize operative costs 
[21]. Besides, the increasing demand for high-
quality shelf-stable dried products requires the 
optimization of the drying process conditions, 
especially temperature, with the purpose of 
accomplishing not only the efficiency of the 
process but also the final quality of the dried 
product [22]. 
 
Therefore, the aim of this work is to study the 
effect of IR drying temperature on 
physicochemical properties, mineral content, total 
phenolic and flavonoid content, and antioxidant 
activity that occurred during the drying process of 
Allium sativum cultivated in Tunisia. 
 
2. MATERIALS AND METHODS 
 
2.1 Plant Material 
 
Raw garlic (Allium sativum L.) was purchased 
from local market at the peak of its maturity. The 
garlic samples were prepared manually. The 
edible parts were divided into five parts: One of 
them was used as fresh (raw) garlic (FG), and 
four others (G-40; G-50; G-60; and G-70) were 
dried at 40°C, 50°C, 60°C, and 70°C, 
respectively. After drying, samples were 
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pulverized into fine powder using a grinder (MF 
10 basic mill, GMBH & Co., Staufen, Germany). 
 

2.2 Chemical Properties 
 
Moisture and Ash of garlic samples were 
determined according to [23]. Nitrogen 
concentration was obtained by applying the 
Kjeldahl method, and the protein concentration 
was estimated using a nitrogen factor of 6.25. 
The lipid content was analyzed gravimetrically 
following Soxhlet extraction. The crude fibre was 
estimated by acid/alkaline hydrolysis of insoluble 
residues. The pH was determined by 
potentiometric measurement at 20°C with pH 
meter. The acidity was determined by titration 
with NaOH to pH 8.1, expressing the results in 
grams (g) of anhydrous citric acid/100 g. All 
measurements were done in triplicate. 
 

2.3 Mineral Contents 
 
Minerals Potassium, Phosphor, Sulfur, Calcium, 
Sodium and Magnesium were determined by 
flame photometry and atomic absorption 
spectrometry after the digestion of an H2SO4, 
HNO3 and HClO4 mixture as described by [24]. 
All determinations were done in triplicate. 
 
2.4 Drying Process 
 
Infrared drying is manifested by an 
electromagnetic field conveyed by frequencies 
which excites the water’s molecules. The 
molecular agitation which results from it causes 
intermolecular shocks that involve a heating of 
the product and thus the vaporization of the 
water’s molecules. The procedure consists in 
placing a sample of 40±0,1 g of the product, cut 
in thin layer (thickness of 3 to 5 mm) inside the 
device and on an aluminum support placed on 
the top of the balance. A schematic diagram of 
the experimental apparatus is shown in Fig. 1. 
 
The technical data of the above infrared dryer 
and moisture analyzer equipment is as following: 
 

Frequency: 50-60 Hz  
Power consumption (max): 660 VA 
Temperature range: 40-160°C 
Reproducibility of the temperature: 1%  
Graduation: 1°C 
Time switch (range): 0-300 min 
Reproducibility (sample=1g): 0.2% 
Resolution of balance: 1 mg 

 
The amount of evaporated water during drying 
was determined at about 2 min interval in each 

drying temperature. The samples were dried until 
they reached a constant weight. Drying tests 
were replicated three times at each temperature 
and averages weight loss are reported. Moisture 
content (g water/g dry matter) was determined 
using the following equation: 
 

� = ���������
��

                                            (1) 

 
Where M is moisture content (g water/g dry 
matter), W0 is initial weight of sample, W is the 
amount of evaporated water, W1 is the sample 
dry matter mass.  

 

 
 

Fig. 1. Experimental apparatus: IR moisture 
analyzer 

 
2.5 Rehydration Process 
 
Rehydration of the dehydrated samples (40, 50, 60, 
and 70°C) was done in triplicate using 
approximately 5.00±0.05 g of dried sample. Each 
sample was placed in a glass beaker filled with 
200mL of distilled water at 20°C for 10h. The 
excess water was then allowed to drain for several 
minutes. Finally, the sample were weighed, packed, 
and stored at 4°C. 
 
2.6 Extracts Preparation 
 
After IR drying, 5 g of dried samples (G-40, G-50, 
G-60, and G-70) were extracted in magnetic 
stirring with 50 mL of methanol (100%) for 30 
min. Extracts were kept for 24 h at 4°C, filtered 
through a Whatman filter paper, and  evaporated 
to dryness under vacuum. Then, the extract was 
tested for total polyphenolic content, total 
flavonoid content, and antioxidant activity. In 
each assay, the activities of the extracts dried by 
infrared were compared with the value of the 
extract from raw garlic (FG). 
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2.7 Total Polyphenol Content (TPC) 
 
Total phenolic content of the (methanol) extracts 
was determined using Folin-Ciocalteu method 
[25] slightly modified by [26]. An aliquot of diluted 
sample extract was added to 0.5 mL of distilled 
water and 0.125 mL of the Folin-Ciocalteu 
reagent. The mixture was shaken and allowed to 
stand for 10 min, before addition of 1.25 mL of 
7% w/v sodium carbonate. The solution was then 
adjusted with distilled water to a final volume of 3 
mL and mixed thoroughly, and held for 90min at 
room temperature. After incubation in dark, the 
absorbance of the resulting blue color was 
measured at 760 nm. Gallic acid was used as a 
standard, and total phenolic content of plant 
extracts was expressed as milligrams of gallic 
acid equivalents per gram of dry weight (mg 
GAE/g DW) through the calibration curve with 
gallic acid. Data reported of three replications. 
 
2.8 Total Flavonoid Contents (TFC) 
 
Total flavonoid content was measured using a 
colorimetric method developed by [27]. A 500 µL 
aliquot of diluted sample or standard solution of 
(+)-quercetin were mixed with 1.5 mL methanol, 
0.1 mL of AlCl3 solution (10%), 0.1 mL of 
potassium acetate (1M), and 2.8 mL of distilled 
water. After 30 min incubation at room 
temperature, the absorbance of the mixture was 
determined at 415 nm. Total flavonoid content 
was expressed as µg of quercetin equivalents 
per gram of dry weight (µg QE equivalent/g DW). 
All samples were analyzed in triplicates. 
 
2.9 Determination of Antioxidant Assays 
 
2.9.1 Scavenging ability on DPPH radical  
 
The radical scavenging activity of the extracts 
against DPPH (2, 2’-diphenylpicrylhydrazyl) 
radical was measured according to [28], slightly 
modified as follow: One milliliter of different 
dilutions of extracts were added to 0.25 mL of 
daily prepared methanol DPPH solution (0,1 
mM). The mixture was shaken vigorously and left 
standing at room temperature for 30 min in the 
dark. The absorbance of the resulting solution 
was then measured at 517 nm and corresponded 
to the ability of extracts to reduce the stable 
radical DPPH to the yellow-colored 
diphenylpicrylhydrazine. Control sample was 
prepared without adding extract. The antiradical 
activity was expressed as IC50 (mg/mL), the 
extract dose required to cause a 50% inhibition. 

A lower IC50 value corresponds to a higher 
antioxidant activity of plant extract. The ability to 
scavenge the DPPH radical was calculated using 
the following equation: 
 

DPPH��������� ����� �%� = ������
��

∗ 100�      (2) 

 
Where A0 is the absorbance of the control, and 
A1 is the absorbance of the sample. All samples 
were analyzed in triplicate. 
 
2.9.2 ABTS assay  
 
ABTS (2,2’-azinobis-3-ethylbenzothiazoline-6-
sulphonate) radical-scavenging activity of 
extracts was determined according to [29]. The 
ABTS·+ cation radical was produced by the 
reaction between 5 mL of 14 mM ABTS solution 
and 5 mL of 4.9 mM potassium persulfate 
(K2S2O8) solution, stored in the dark at room 
temperature for 16 h. In a final volume of 1 mL, 
the reaction mixture comprised 950 µL of fresh 
ABTS solution and 50 µL of the garlic extract at 
various concentrations. The reaction mixture was 
homogenized and its absorbance was recorded 
at 734 nm. All measurements were done after at 
least 6 min and were recorded as Asample. The 
absorbance of the blank (with same chemicals, 
except sample) was recorded as A(blank). The 
inhibition percentage of ABTS radical was 
calculated using the following formula: 

 
 !"# �%�$%&'()*+)* (,,(%- =
                                   ./�01234��567829:1;<

�01234
= ∗ 100 (3) 

 
ABTS scavenging ability was expressed as IC50 
(mg/mL). All samples were analyzed in triplicate. 
 
2.9.3 β-carotene bleaching test  
 
The method described by [30] was used with a 
slight modification. A β -carotene and linoleic 
acid solution was prepared by dissolving 0.5 mg 
of β-carotene in 1 mL of chloroform then adding 
25 µL of linoleic acid and 200 mg Tween 40. 
Chloroform was evaporated under vacuum and 
100 mL of aerated distilled water were added. 
 
300 µL of each extract were added to 2.5 mL of 
this mixture and incubated in a 50°C water bath 
for 2 h. Reading of all samples were performed 
immediately (t=0) and after 2 h of incubation. 
Distilled water was used as a control, instead of 
the sample extract, and prepared in the same 



manner as the samples with antioxidants from 
garlic. The absorbance was measured at 470 nm
 

  % = β�carotene E����� ����F GH ����I
β��FE���� E�����

 
Tests were carried out in triplicate. Extract 
concentration providing 50% inhibition (IC
obtained by plotting inhibition percentage versus 
extract concentrations. 
 
2.10 Statistical Analysis 
 
All quantitative analyses were expressed as 
mean value ± SD for three replicates. Differences 
among treatments for each parameter studied in 
garlic were determined by using the one
ANOVA test at 95% confidence interval. The 
statistical differences between the treatment 
groups were estimated using the Tuke
multiple comparisons. Statistical analysis were 
conducted using SPSS, version 14.0
 
3. RESULTS AND DISCUSSION
 
3.1 Moisture Content of Garlic Slices 

during Drying 
 
Initial moisture content of (FG) was 1,96±0,11g 
water/g dry matter and final moisture content of 
four drying samples was as follows 1.39, 1.27, 
1.14, and 1.05 (g water/g dry matter), for G
G-50, G-60 and G-70, respectively. The drying 
time for reaching the equilibrium moisture 
contents at different drying temperatures is 
shown in Table 1. 
 
The moisture content values obtained for the 
drying temperatures 40-50-60-
converted into the moisture ratio (MR). The 
dimensionless moisture ratio might be obtained 
using the following equation [31]: 
  

�J = �KL�K;
�K��K;�    

 
Nevertheless, the moisture ratio was simplified to 
Mt/M0, where Mt and M0 are the moisture content 
at any given time and the initial moisture content, 
respectively. 
 
Dehydration curves of garlic at 40, 50, 60 and 
70°C are presented in Fig. 2. Drying time 
decreased considerably when temperature was 
increased from 40 to 70°C. At higher temperature 
the rate of water evaporation from the food 
increases thus causing a reduction in drying time. 
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manner as the samples with antioxidants from 
garlic. The absorbance was measured at 470 nm 

����I M  100     (4) 

Tests were carried out in triplicate. Extract 
concentration providing 50% inhibition (IC50) was 
obtained by plotting inhibition percentage versus 

All quantitative analyses were expressed as 
± SD for three replicates. Differences 

among treatments for each parameter studied in 
garlic were determined by using the one-way 
ANOVA test at 95% confidence interval. The 
statistical differences between the treatment 
groups were estimated using the Tukey test for 
multiple comparisons. Statistical analysis were 
conducted using SPSS, version 14.0. 

3. RESULTS AND DISCUSSION 

Garlic Slices 

Initial moisture content of (FG) was 1,96±0,11g 
sture content of 

four drying samples was as follows 1.39, 1.27, 
1.14, and 1.05 (g water/g dry matter), for G-40, 

70, respectively. The drying 
time for reaching the equilibrium moisture 
contents at different drying temperatures is 

The moisture content values obtained for the 
-70°C were 

converted into the moisture ratio (MR). The 
dimensionless moisture ratio might be obtained 

         (5) 

Nevertheless, the moisture ratio was simplified to 
are the moisture content 

at any given time and the initial moisture content, 

of garlic at 40, 50, 60 and 
in Fig. 2. Drying time 

decreased considerably when temperature was 
increased from 40 to 70°C. At higher temperature 
the rate of water evaporation from the food 
increases thus causing a reduction in drying time. 

The decrease in the drying time with an incre
in drying temperature for garlic slices have been 
observed by [32-34] with different methods of 
drying. 
 
The effect of temperature on the dehydration rate 
of garlic at 40, 50, 60 and 70°C temperatures is 
indicated in Fig. 3. It can be seen that higher 
drying rates were obtained at higher drying 
temperatures. The moisture decreased faster at 
higher drying temperatures in all cases, as 
expected. Therefore, a higher drying temperature 
produced a higher dehydration rate and 
consequently the drying time decr
the increase of heat transfer inside the garlic 
slices, and the acceleration of water migration 
inside them. 
 
A constant drying rate period was not observed 
in all cases. The same results have been found 
for other vegetables in previous report
only the falling drying rate period has been 
observed [35-39]. 
 

 
Fig. 2. Drying curves of garlic at different 

temperatures 
 

 
Fig. 3. Drying rates versus moisture content 

of garlic at different temperatures
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The decrease in the drying time with an increase 
in drying temperature for garlic slices have been 

] with different methods of 

The effect of temperature on the dehydration rate 
of garlic at 40, 50, 60 and 70°C temperatures is 
indicated in Fig. 3. It can be seen that higher 
drying rates were obtained at higher drying 
temperatures. The moisture decreased faster at 
higher drying temperatures in all cases, as 
expected. Therefore, a higher drying temperature 
produced a higher dehydration rate and 
consequently the drying time decreased due to 
the increase of heat transfer inside the garlic 
slices, and the acceleration of water migration 

A constant drying rate period was not observed 
in all cases. The same results have been found 
for other vegetables in previous reports, in which 

rate period has been 

 

Drying curves of garlic at different 

 

Drying rates versus moisture content 
of garlic at different temperatures  
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3.2 Variation of Chemical Properties 
during Drying 

 
Analysis of fresh garlic (on 100 g of fresh weight) 
presented an initial moisture content of 
64.88±1.20 g; crude protein (nitrogen×6.25) of 
7.69±0.24 g; total lipids of 1.78±0.03 g; crude 
fibre of 2.84±0.18 g; crude ash of 2.30±0.19 g. 
Similar results were found by [40]. 
 
Table 2 shows the mean values and standard 
deviations of the composition (moisture, ash, 
protein, fat, fiber, pH and acidity) results obtained 
for fresh and dry-rehydrated samples on (g/100 g 
d.m). Significant differences were found between 
temperature and the properties mentioned         
(p < 0.05). The moisture content of fresh garlic 
was higher than rehydrated samples due to cell 
wall damage caused by the temperature; 
products with lower final moisture contents were 
obtained at 60 and 70°C. 
  
Similar results were obtained for the other 
parameters, the rehydrated samples showed 
decreased levels of protein, fat, and ash 
compared to fresh garlic. The loss of protein 
could be due to denaturation or changes in 
solubility during drying, which may have caused 
the proteins to leach out into the rehydration 
water. The decrease in ash content from 6.55 
(fresh garlic) to 4.13 g (sample dried at 70°C) 
may have occurred as a result of the leaching of 
soluble inorganic compounds into the rehydration 
water. The decreased lipid content from 5.07 to 

0.91 g in the fresh garlic and at 70°C 
respectively, may be due to enzymatic hydrolysis 
during the first drying period [41]. Crude fibre, the 
second most plentiful component in garlic 
samples, was relatively constant in all samples. 
 
In the same table, there was no major variation in 
pH with values ranging from 6.15 to 6.21, 
showing the same tendency of acidity. Similar 
results were found by [42], working on 
dehydrated red pepper. 
 
3.3 Variation of Mineral Contents during 

Drying 
 
Table 3 shows the mineral content of fresh and 
rehydrated garlic at different drying temperatures. 
K, P and Mg were the predominant mineral in the 
fresh and rehydrated samples; the peak values in 
the fresh garlic were: 4364; 1729 and 341,03 
(mg/100 g d.m), respectively. The K content in 
the fresh garlic was three times higher than those 
in the rehydrated samples. Whereas, Mg in FG 
was approximately twice the content in the 
sample dried at 70°C. 
 
However, all rehydrated samples showed a 
considerable decrease in mineral content with 
respect to the fresh samples, due mainly to 
differences in solubility and the leaching of 
inorganic compounds into the rehydration water.  
In fact, according to [24], the mineral content may 
vary widely among vegetables, depending on 
several factors such as temperature.  

 
Table 1. Drying time and equilibrium moisture conte nt of samples at different drying 

temperatures 
 

Drying temperature (°C) Drying time (min) Equilibri um moisture content (g water/g dry matter) 
40 
50 
60 
70 

482 
314 
164 
74 

1.39±0.172 
1.27±0.095 
1.14±0.066 
1.05±0.043 

Values are means ± standard deviation 
 

Table 2. Mean values of chemical properties of garl ic dried at different temperature  
(g/100g d.m) 

 
Analysis Samples 

FG G-40 G-50 G-60 G-70 
Moisture (g water/g dry matter) 1,84±0,04a 1.31±0.07a 1.26±0.006b 1.13 ±0.066c 1.04±0.003c 
Ash (%) 6.55±0.210a 3.52±0.095c 3.94±0.064b 4.09±0.048b 4.13±0.145b 
Protein (N×6.25) 21.60±0.985a 15.88±0.109b,c 15.23±0.143c 16.59±0.461b 16.10±0.127b,c 
Fat 5.07±0.16a 2.27±0.02b 2.09±0.04b 1.63±0.08c 0.91±0.02d 
Crude fibre 8.08±0.018c 8.84±0.12a 8.72±0.03a 8.34±0.10b 7.86±0.06d 
Energy (Kcal/100g) 1181.3±14.8 4022.4±23.4 3605.7±38.7 3512.0±9.4 3377.7±21.2 
pH 6.15±0.05a 6.15±0.064a 6.17±0.04a 6.20±0.02a 6.21±0.03a 
Acidity (% citric acid) 0.108±0.005a 0.105±0.003a,b 0.098±0.003a,b 0.091±0.003a,b 0.098±0.009b 
Chemical components as per weight of dry matter (DM). Values are expressed as means ± standard deviation (n = 3). Means 

with different letters in the same row were significantly different at the level P < 0.05 
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Table 3. Mean values of various mineral contents in  garlic (mg/100 d. m) 
 

Minerals FG G-40 G-50 G-60 G-70 
Fe  
K  
P  
Mg 
Na  
Ca 

11.71±0.190a 
4364.0±34.4a 
1729.7±40.2a 
341.03±17.49a 
150.58±3.06a 
104.45±6.10a 

10.42±0.075c 
1247.3±18.6b 
1547.6±48.0b,c 
279.50±11.07b 
148.64±1.24a 
58.27±4.69b 

10.54±0.131c 
1158.0±15.5c 
1569.7±32.1b 
250.88±15.25b 
145.46±3.09a 
59.47±5.01b 

10.92±0.075b 
1428.0±15.5d 
1446.6±22.2c 
248.17±10.01b 
143.60±1.83a 
64.57±6.11b 

10.38±0.046c 
1333.3±11.1e 
1490.3±54.0b,c 
206.02±11.22c 
147.13±5.34a 
63.85±4.64b 

Mineral content as per weight of dry matter (DM).Values are expressed as means±standard deviation (n = 3). Means with 
different letters in the same row were significantly different at the level P < 0.05. 

 
3.4 Total Phenolic and Flavonoid 

Contents 
 
Table 4 shows total phenolic content (TPC) (mg 
GAE/g Dry weight) and total flavonoid content 
(TFC) (µg CE/g dry weight) for FG and dried 
samples respectively. TPC in all infrared drying 
samples were slightly higher than that of FG, it 
ranged from 0.60 to 0.98 (mg GAE/g DW). Our 
values were lower than those reported by [43], 
who compared TPC of raw garlic, bleached garlic 
for 90” and boiled garlic for 10’ and found that the 
TPC ranging from (6.23-9 mg GAE/g DW), but 
higher than those reported by [43], who 
compared the TPC of 3 garlic cultivars and found 
that the content ranged from 0.075 to 0.115 mg 
GAE/g DW. Further, all samples from garlic dried 
by infrared or FG showed almost same total 
flavonoid content (5.2 to 5.6 µg QE/g DW) (Table 
4), our values were higher than those reported by 
[5] who obtained 4.16 µg QE/g but lower than 
those of [44] who obtained 0.32-0.56 mg CE/g 
DW. However, the results of [5] and [44] were 
found using other extraction solvent and 
conditions, as well as different total phenolic 
content assays and total flavonoid content 
assays. The meteorological conditions, season 
and post-harvest conditions have been lately 
reported as additional source of variance in the 
TFC [45]. 
 
Processing methods are known to have variable 
effects on TPC of plant samples. Results of this 
study showed that IR drying methods preserves 
the TPC and TFC. TPC of all IR-dried samples 
were slightly higher than that of FG (Table 4). 
Furthermore, all the extracts from garlic dried by 
infrared showed similar TFC than that of FG. It 
can be observed that an increase in drying 
temperature induces a raise on the total phenolic 
content. The formation of phenolic compounds at 
high temperature might be because of the 
availability of precursors of phenolic molecules 
by non-enzymatic interconversion between 
phenolic molecules [46]. 
 

Table 4. Total phenol and flavonoid contents 
for the studied extracts of garlic 

 
Garlic 
extract 

Total phenolics 
(mg GAE/g DW) 

Total flavonoids 
(µg QE/g DW) 

FG 
G-40 
G-50 
G-60 
G-70 

0.60±0.006 
0.66±0.004 
0.72±0.005 
0.87±0.007 
0.98±0.006 

5.5±0.09 
5.4±0.03 
5.2±0.04 
5.5±0.01 
5.6±0.04 

Values are means ± standard deviation 
  
Many studies have reported increase in TPC of 
plant samples following thermal treatments [26], 
[47-49]. Increase in TPC following thermal 
treatment has been attributed to the release of 
bound phenolic compounds brought about by the 
breakdown of cellular constituents, and the 
formation of new compounds with enhanced 
antioxidant properties. In this context, [50] 
reported that various compounds of garlic 
prepared at high temperature and pressure might 
be changed to polyphenol compounds. 
 
Therefore appropriate food processing can 
improve the properties of naturally occurring 
antioxidants and induce the formation of new 
compounds with antioxidant properties. The 
antioxidant potential of phenolic compounds is 
dependent on the number and arrangement of 
the hydroxyl groups as well as the presence of 
the electrondonating substituent in the ring 
structure [51]. 
 
3.5 Antioxidant Activity 
 
The total antioxidant activities of vegetables 
cannot be evaluated by any single method, due 
to the complex nature of phytochemicals [52]. 
Two or more methods should always be used in 
order to evaluate the total antioxidative effects of 
vegetables. Accordingly, the antioxidant activities 
of the methanol extracts of garlic was determined 
by three different methods: DPPH (1,1-diphenyl-
2-picrylhydrazyl) assay, ABTS assay and β-
carotene bleaching test. 
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DPPH is a free radical and accepts an electron or 
hydrogen radical to become a stable diamagnetic 
molecule [53]. The reduction capability of DPPH 
radical was determined by the decrease in 
absorbance induced by plant antioxidants. 
  
Results in Fig. 4 demonstrated that all samples 
exhibited dose-dependent DPPH radical 
scavenging activities expressed as IC50 values. 
The free radical-scavenging capacity was 
different between the fresh garlic and the dried 
garlic extracts. Most of the extracts from garlic 
dried by infrared showed slightly higher activities 
than that of FG. The methanolic extract dried by 
infrared at 70°C (G-70) showed higher activity 
(IC50= 2.87 mg/mL) than those of other extracts 
followed by G-60 (IC50= 3.02 mg/mL), G-50 
(IC50= 3.29 mg/mL), G-40 (IC50= 4.17 mg/mL) 
and FG (IC50= 4.25 mg/mL). Drying temperature 
increased the free radical-scavenging activity, 
what might be due to the highest total phenol 
content amongst all the analyzed samples, 
indicating a positive correlation between the total 
phenol content and the DPPH assay (R2=0.705). 
These results are in a good agreement with 
those of [54,55]. In contrast, [43] reported lower 
correlation between the antioxidant activity and 
the TPC of different garlic species. At this point, it 
seems that the contradictory results are most 
probably due to the differences in the 
methodology and the experimental conditions 
used, as well as by the use of vegetables from 
different geographical regions, grown in different 
climatic and different storing conditions. This can 
be an explanation of different results shown by 
many researchers. 
 
The potential of garlic extracts to scavenge free 
radicals was also assessed by their ability to 
quench ABTS.+. Fig. 4 depicts the concentration-
dependent decolourization of ABTS.+, expressed 
as IC50 values, by IR dried methanolic extracts in 
comparison with FG. As evidences by this figure, 
FG extract showed the lowest activity with IC50= 
6.12 mg/mL value, while, the most powerful 
extracts was obtained from G-70 extract with 
IC50= 4.84mg/mL. Statistical analysis revealed 
good association between TPC and the ABTS 
assay results (R2=0.634), such trend supports 
our previous conclusion about the implication of 
phenols in the observed antioxidant activity. 
 
The two methods (DPPH and ABTS) gave similar 
antioxidant activity trends for FG and for IR dried 
garlic extracts. According to [56], the antioxidant 
activities against ABTS or DPPH were correlated 
with the concentration, chemical structures, and 

polymerization degrees of organ antioxidants. 
The earlier published data [43] also indicated 
great differences in results of scavenging 
activities of garlic bulb extracts, relating them 
partially to the polarity of extraction medium and 
consequently to the content of different phenolic 
compounds. 
 

 
 

 
 

Fig. 4. Scavenging activity, expressed as IC 50 
values (mg/mL), on DPPH and ABTS radicals 

of fresh and dried extracts of garlic. 
 
Based on the β-carotene bleaching test, 
undergoes rapid discoloration in the absence of 
an antioxidant. The presence of an antioxidant 
such as phenolics can hinder the extent of β-
carotene destruction by ‘‘neutralizing” the 
linoleate free radical and any other free radicals 
formed within the system [57]. Fig. 5 depicts the 
inhibition of β-carotene bleaching by the fresh 
and dried extracts of garlic. All the extracts 
showed good scavenging activity for reduction of 
the radicals generated by the oxidation of linoleic 
acid and the activity was too close to each other 
with IC50 ranging from 3.42 to 3.89 mg/mL. G-70 
extract showed the highest ability to prevent the 
bleaching of β–carotene. These results agreed 
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with data reported by [58], who found that fried 
garlic presented the highest antioxidant activity. 
  
However, there was a weak correlation between 
total phenolic content and β-carotene bleaching 
test (R2=0.376), suggesting that some 
compounds other than phenols, such as sulphur 
compounds or melanoidins might have been 
generated during drying. 

 

 
 

Fig. 5. Antioxidant activity expressed as IC 50 
(mg/mL) of fresh and dried extracts from 

garlic in β-carotene bleaching test 
 

Garlic has been used as a medicinal agent for 
thousands of years; the protective effect of garlic 
is associated with its antioxidant properties [10]. 
In this context, several studies have been 
performed [14-16]. However, data on the effects 
of drying on antioxidant activity of vegetables are 
conflicting due to several factors, like drying 
method, type of extraction solvent, antioxidant 
assays used as well as interactions of several 
antioxidant reactions [59,46]. According to [60], 
the DPPH radical scavenging activity increased 
or remained unchanged depending on the type of 
vegetable and not on the type of thermal 
processing. [61] found that the aqueous extracts 
of boiled or raw garlic induced the same increase 
in plasma antioxidant activity in rats suggesting 
that the antioxidant properties of garlic were 
unaffected by boiling. [62] found that the capacity 
of garlic to inhibit lipid peroxidation was not 
affected by boiling (30 min at 100°C). 
 
It was very interesting to identify the possible 
reasons and mechanisms behind the change of 
bioactive compounds and antioxidant activity 
after the different heat treatments. According to 
[44], the change can be explained by the physical 
properties (texture, color, matrix softening, 
increased extractability). Moreover, heat process, 
may increase or decrease garlic antioxidant 
activity, depending if polyphenolic antioxidant 

compounds are degraded or if Maillard reaction 
antioxidant products are generated during the 
thermal processing [63] given that accumulation 
of Maillard derived melanoidins have a varying 
degree of antioxidant activity. This could also 
enhance antioxidant properties at high 
temperatures [38,46]. 
 
In this study, the increase of antioxidant activities 
may be explained by the fact that since IR 
creates internal heating with molecular vibrations 
of materials, it may have the capability to break 
down the covalent complex molecular structures 
and release some antioxidant compound such as 
flavonoids, carotene, lycopene, tannin, 
ascorbate, flavoprotein or polyphenols from 
polymers [64]. Moreover, in IR drying, the 
electromagnetic wave energy is absorbed directly 
by the dried food with less energy loss. IR is 
thought to liberate and activate low-molecular-
weight natural antioxidant compounds, because it 
heats materials without degrading the constitutive 
molecules of the surface and contributes to an 
even transfer of heat to the centre of the material. 
Many antioxidant phenolic compounds in plants 
are most frequently present in a covalently  
bound form with insoluble polymers [64]. If this 
bonding is not strong, IR treatment could liberate 
and activate low-molecular-weight natural 
antioxidants in plants [65]. This might explain the 
strong antioxidant activities of the extracts from 
garlic dried by IR. 
 
4. CONCLUSION 
 
The effect of Infrared drying temperature on 
physicochemical properties, mineral content, total 
phenolic content, total flavonoid content and 
antioxidant activity between 50 and 70°C was 
investigated. Results have shown a minor 
alteration in the physicochemical properties of 
garlic at drying temperatures of 40, 50°C. 
However, the radical scavenging activity showed 
higher antioxidant activity at high temperatures 
(60–70°C) compared to low temperatures (40–
50°C). In consequence, the infrared drying at 
different temperature was unable to eliminate the 
antioxidant activity of the extracts. These data 
suggest that the compound(s) involved in the 
scavenging capacity of garlic extracts are 
essentially heat stable. The results suggested 
that, IR drying is an effective and economical 
process and it may increase the bioactivity by 
liberating the covalently bound compounds. 
Therefore, the garlic dried by IR drying system 
could be used as a potential natural resource that 
has potent antioxidant activities. 



 
 
 
 

Jihène et al.; ACSJ, 10(2): 1-12, 2016; Article no.ACSJ.19342 
 
 

 
10 

 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
  
REFERENCES 
 
1. Rivlin R. Historical perspective on the use 

of garlic. J Nutr. 2001;131:951–954. 
2. Baruchin AM, Sagi A, Yoe B, Ronen M. 

Garlic burns. 2001;27:781-782. 
3. Sharma GP, Prasad S. Drying of garlic 

(Allium sativum L) cloves by microwave-hot 
air combination. J Food Eng. 2001;50(2): 
99-105 

4. MAHRF: Ministry for agriculture; The 
hydraulic resources and fishing Tunisia; 
2009. 

5. Bozin B, Mimica-Dukic N, Samojlik I, Goran 
A, Igic R. Phenolics as antioxidants in 
garlic (Allium sativum L., Alliaceae). Food 
Chem. 2008;111:925–929. 

6. Amagase H. Clarifying the real bioactive 
constituents of garlic. J. Nutr. 2006; 
136:716–725. 

7. Agarwal KC. Therapeutic actions of garlic 
constituents. Med. Res. Rev. 1996; 
16:111–124.  

8. Block E. The chemistry of garlic and 
onions. Sci. Am. 1985;252:114-119. 

9. Sivam GP. Protection against Helicobacter 
pylori and other bacterial infections by 
garlic. J of Nutr. 2001;131:1106-1108.  

10. Banerjee SK, Mukherjee PK, Maulik SK, 
Garlic as an antioxidant: The good, the bad 
and the ugly. Phytother Res. 2003;17(2): 
97–106. 

11. Cho BHS, Xu S. Effects of allyl mercaptan 
and various allium-derived compounds on 
cholesterol synthesis and secretion in Hep-
G2 cells. Comp Biochem Physiol C.      
2000;126:195–201. 

12. Rabinkov A, Miron T, Konstantinovski L, 
Wilchek M, Mirelman D, Weiner L. The 
mode of action of allicin: Trapping of 
radicals and interaction with thiol 
containing proteins. Biochim Biophys Acta. 
1998;1379:233–244. 

13. Wang EJ, Li Y, Lin M, Chen L, Stein AP, 
Reuhl KR, Yang CS. Protective effects of 
garlic and related organosulfur compounds 
on acetaminophen-induced hepatotoxicity 
in mice. Toxicol Appl Pharmacol.         
1996;136:146–154. 

14. Kim KM, Chun SB, Koo MS, Choi WJ, Kim 
TW, Kwon YG, Chung HT, Billiar TR, Kim 
YM. Differential regulation of NO 

availability from macrophages and 
endothelial cells by the garlic component 
S-allyl cysteine. Free Radic Biol Med. 
2001;30(7):747–756.  

15. Yin MC, Cheng WS. Antioxidant activity of 
several Allium members. J Agric Food 
Chem. 1998;46(10):4097–4101.  

16. Pedraza-Chaverri J, Gil-Ortiz M, Albarran 
G, Barbachano-Esparza L, Menjivar M. 
Medina-Campos ON Garlic’s ability to 
prevent in vitro Cu2+-induced lipoprotein 
oxidation in human serum is preserved in 
heated garlic: Effect unrelated to Cu2+-

chelation. Nutr J. 2004;1:3-10.  
17. Lampe JW. Health effects of vegetables 

and fruit: assessing mechanisms of action 
in human experimental studies. Am J Clin 
Nutr. 1999;70:75S–490S. 

18. Kim SM, Kubota K, Kobayashi A. 
Antioxidative activity of sulfur-containing 
flavor compounds in garlic. Biosci Biotech 
Biochem. 1997;61:1482–1485. 

19. Hirata R, Matsushita S. Reducing activity 
level of alliin. Biosci Biotech Biochem. 
1996;60:484-485. 

20. Di Scala KC, Crapiste GH. Drying kinetics 
and quality changes during drying of red 
pepper LWT: Food Sci Technol. 2008; 
41(5):789–795. 

21. Kiranoudis CT, Maroulis ZB, Marinos-
Kouris D, Tsamparlis M. Design of tray 
dryers for food dehydration. J Food Eng. 
1997;32:269–291. 

22. Banga J, Balsa-Canto E, Moles C, Alonso 
A. Improving food processing using 
modern optimization methods. Trends 
Food Sci Technol. 2003;14:131–144. 

23. AOAC. Official Method of Analysis. 15th 
ed. Assoc Offic Anal Chem Washington 
DC; 1990. 

24. García-Hernández JL, Valdez-Cepeda, 
RD, Murillo-Amador B, Beltran-Morales FA, 
Ruiz-Espinoza FH, Orona-Castillo I, 
Flores-Hernandez A, Troyo-Dieguez E. 
Preliminary compositional nutrient 
diagnosis norms in Aloe vera L grown on 
calcareous soil in an arid environment. 
Environmental and Experimental Botany. 
2006;58(1–3);244–252. 

25. Spanos GA, Wrolstad RE. Influence of 
processing and storage on the phenolic 
composition of Thompson seedless grape 
juice. J Agric Food Chem. 1990;38:1565–
1571. 

26. Dewanto V, Wu XZ, Adom KK, Liu RH. 
Thermal processing enhances the 
nutritional value of tomatoes by increasing 



 
 
 
 

Jihène et al.; ACSJ, 10(2): 1-12, 2016; Article no.ACSJ.19342 
 
 

 
11 

 

total antioxidant activity. J Agric Food 
Chem. 2002a;50:3010–3014. 

27. Chang C, Yang M, Wen, Chern J. 
Estimation of total flavonoid content in 
propolis by two complementary colorimetric 
methods. J Food Drug Anal. 2002;10:178–
182. 

28. Hanato H, Kagawa T, Yasuhara J, Okuda 
T. Two new flavonoids and other 
constituents in licorice root: Their relative 
astringency and radical scavenging effect. 
Chem Pharm Bull. 1988;36:1090–1097. 

29. Re R, Pellegrini N, Proteggente A, Pannala 
A, Yang M, Rice-evans C. Antioxidant 
activity applying an improved ABTS radical 
decolorization assay Free Radical.         
Bio Med. 1999;26:1231–1237. 

30. Tepe B, Daferera D, Sokmen A, Sokmen 
M, Polissiou M. Antimicrobial and 
antioxidant activities of essential oil and 
various extracts of Salvia tomentosa Miller 
(Lamiaceae). Food Chem. 2005;90(3): 
333–340. 

31. Midilli A. Determination of pistachio drying 
behaviour and conditions in a solar     
drying system. Int J Energ Res.                 
2001;25:715–725. 

32. Madamba PS, Driscoll RH, Buckle KA. The 
thin-layer drying characteristics of garlic 
slices. J Food Eng. 1996;29(1):75–97. 

33. Pezzutti A, Crapiste GH. Sorptional 
equilibrium and drying characteristics of 
garlic. J Food Eng. 1997;31(1):113–123. 

34. Sacilik K, Una G. Dehydration 
characteristics of kastamonu garlic slices. 
Biosystems Eng. 2005;92(2):207-215. 

35. Krokida MK, Karathanos VT, Maroulis ZB, 
Marinos-Kouris D. Drying kinetics of some 
vegetables. J Food Eng. 2003;59:391–403. 

36. Doymaz I, Tugrul N, Pala M. Drying 
characteristics of dill and parsley leaves.    
J Food Eng. 2006;77(3):559–565. 

37. Garau MC, Simal S, Rossello C, Femenia 
A. Effect of air-drying temperature on 
physico-chemical properties of dietary fiber 
and antioxidant capacity of orange    
(Citrus aurantium v Canoneta) by-products. 
Food Chem. 2009;104:1014–1024. 

38. Miranda M, Maureira H, Rodriguez K, 
Vega-Gálvez A. Influence of temperature 
on the drying kinetics, physicochemical 
properties, and antioxidant capacity of Aloe 
vera (Aloe Barbadensis Miller) gel. J Food 
Eng. 2009;91(2):297–304.  

39. Ramallo LA, Lovera NN, Schmalko ME. 
Effect of the application of intermittent 
drying on Ilex paraguariensis quality and 

drying kinetics. J Food Eng. 2010;97:188–
193. 

40. Hacıseferoğulları H, Özcan M, Demir F, 
Çalışır S. Some nutritional and 
technological properties of garlic (Allium 
sativum L). J Food Eng. 2005;68:463–469. 

41. Perera CO. Selected quality attributes of 
dried foods. Dry Technol. 2005;23:717–
730. 

42. Vega-Gálvez A, Di Scala K, Rodríguez K, 
Lemus-Mondaca R, Miranda M, López J, 
Perze-Won M. Effect of air-drying 
temperature on physic-chemical properties, 
antioxidant capacity, colour and total 
phenolic content of red pepper. J Agric 
Food Chem. 2009;117:647–653. 

43. Nuutila AM, Puupponen-Pimiä R, Aarni M, 
Oksman-Caldentey KM. Comparison of 
antioxidant activities of onion and garlic 
extracts by inhibition of lipid peroxidation 
and radical scavenging activity. Food 
Chem. 2003;81:485–493. 

44. Gorinstein S, Jastrzebski Z, Leontowicz H, 
Leontowicz M, Namiesnik J, Najman K, 
Park YS, Heo BG, Cho JY, Bae  JH. 
Comparative control of the bioactivity of 
some frequently consumed vegetables 
subjected to different processing 
conditions. Food Contr. 2009;20:407–413. 

45. Rodrigues AS, Pèrez-Gregorio MR, 
García-Falcón MS, Simal-Gándara J, 
Almeida DPF. Effect of meteorological 
conditions on antioxidant flavonoids in 
Portuguese cultivars of white and red 
onions. Food Chem. 2011;124:303–308. 

46. Que F, Mao L, Fang X, Wu T. Comparison 
of hot air-drying and freezedrying on the 
physicochemical properties and antioxidant 
activities of pumpkin (Cucurbita moschata 
Duch) flours. Int J Food Sci Technol. 
2008;43(7):1195–1201. 

47. Dewanto V, Wu XZ, Liu RH. Processed 
sweet corn has higher antioxidant activity. 
J Agric Food Chem. 2002b;50:4959–4964. 

48. Tomaino A, Cimino, F Zimbalatti, V Venuti, 
V Sulfaro V, De Pasquale A, et al. 
Influence of heating on antioxidant activity 
and chemical composition of some spice 
essential oils. Food Chem. 2005;89:549–
554.  

49. Carranza-Concha J, Benlloch M, Camacho 
MM, Martinenez-Navarrere N. Effects of 
drying and pretreatment on the nutritional 
and functional quality of raisins. Food and 
Bioprod. Process. 2012;90:243-248.  

50. Kwon OC, Woo KS, Kim TM, Kim DJ, Hong 
JT, Jeong HS. Physicochemical 



 
 
 
 

Jihène et al.; ACSJ, 10(2): 1-12, 2016; Article no.ACSJ.19342 
 
 

 
12 

 

characteristics of garlic (Allium sativum L) 
on the high temperature and pressure 
treatment Korean. J Food Sci Technol. 
2006;38:331–336.  

51. Elzaawely AA, Xuan TD, Koyama H, 
Tawata S. Antioxidant activity and contents 
of essential oil and phenolic compounds in 
flowers and seeds of Alpinia zerumbet 
(Pers) Burtt BL, Sm RM. Food Chem. 
2007;104:1648–1653. 

52. Chu YH, CL, Hsu HF. Flavonoid content of 
several vegetables and their antioxidant 
activity. J Sci Food Agric. 2000;80:561–
566. 

53. Soares JR, Dins TCP, Cunha AP, Ameida 
LM. Antioxidant activity of some extracts of 
Thymus zygis. Free Radic Res.       
1997;26:469–478. 

54. Nencini C, Menchiari A, Franchi GG, 
Micheli L. In vitro antioxidant activity of 
aged extracts of some Italian Allium 
Species Plant. Food Hum Nutr.       
2011;66:11–16. 

55. Schlesier K, Harwat M, Böhm V, Bitsch R. 
Assessment of antioxidant activity by using 
different in vitro methods. Free Radic Res. 
2002;36:177–187. 

56. Oszmianski J, Wojdylo A, Lamer-Zarawska 
E, Swiader K. Antioxidant tannins from 
Rosaceae plant roots. Food Chem. 
2007;100:579–583. 

57. Kamath V, Rajini PS. The efficacy of 
cashew nut (Anacardium occidentale L) 
skin extract as a free radical scavenger. 
Food Chem. 2007;103:428–433.  

58. Queiroz YS, Ishimoto EY, Bastos DHM, 
Sampaio GR, Torres EAFS. Garlic (Allium 
sativum L) and ready-to-eat garlic 

products: In vitro antioxidant activity. Food 
Chem. 2009;115:371–374. 

59. Manzocco L, Calligaris S, Mastrocola D, 
Nicoli M, Lerici C. Review of non-
enzymatic browning and antioxidant 
capacity in processed foods. Trends Food 
Sci Technol. 2001;11:340–346. 

60. Turkmen N, Sari F, Velioglu YS. The effect 
of cooking methods on total phenolics and 
antioxidant activity of selected green 
vegetables. Food Chem. 2005;93:713–
718.  

61. Gorinstein S, Leontowicz H, Leontowicz M, 
Drzewiecki J, Najman K, Katrich E, 
Barasch D, Yamamoto K, Trakhtenberg S. 
Raw and boiled garlic enhances plasma 
antioxidant activity and improves plasma 
lipid metabolism in cholesterol-fed. Rats 
Life Sci. 2006;78:655–663.  

62. Shobana S, Naidu KA. Antioxidant activity 
of selected Indian spices Prostaglandins 
Leukot Essent. Fatty Acids. 2000; 
62(2):107–110.  

63. Yilmaz Y, Toledo R. Antioxidant activity of 
water-soluble Maillard reaction products. 
Food Chem. 2005;93:273–278. 

64. Niwa Y, Kanoh T, Kasama T, Neigishi M. 
Activation of antioxidant activity in natural 
medicinal products by heating, brewing 
and lipophilization A new drug delivery 
system. Drug Exp Clin Res. 1988;14:361–
372. 

65. Lee SC, Kim JH, Jeong SM, Kim DR, Ha 
JU, Nam KC, Ahn DU. Effect of far-infrared 
radiation on the antioxidant activity of rice 
hulls. J Agric Food Chem. 2003;51:4400–
4403.

_________________________________________________________________________________ 
© 2016 Jihène et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/11807 


