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Abstract

Senani, N., Bedouhene, S., Rekeb, T. & Bouadjela, L. (2024). Effect of freezing and drying on the bioactive com-
pounds and antioxidant potential of garlic. Bulg. J. Agric. Sci.,30(6), 1128–1135

Garlic (Allium sativum. L.) is a culinary and medicinal plant containing various bioactive molecules. The preservation 
process of garlic is important because it considerably influences the composition of the final product, as well as its biological 
activity. The choice of a preservation method for garlic is a compromise between convenience and quality. Few studies com-
pare the effects of preservation methods on the bioactive potential of this condiment; hence the interest of this study which 
aims to evaluate the effect of freezing and drying on the bioactive compounds of garlic. Three samples of local garlic were 
prepared “fresh, frozen at -20°C, and dried in an oven at 50°C”. According to the ANOVA statistical analysis (p < 0.05), the 
contents of proteins, reducing sugars, polyphenols, flavonoids, vitamin C, haven’t shown significant difference between frozen 
and fresh garlic. Contrast to this, drying significantly reduced the content of protein (59.6%), reducing sugars (72.61%), poly-
phenols (58.6%), flavonoids (38.13%) and vitamin C (76.9%). Peroxidase activity persisted after freezing, but decrease after 
drying (68% loss) compared to the initial activity. The percentage of DPPH radical scavenging was higher for fresh (37.78%) 
and frozen garlic (43.46%) extracts at the lowest concentration, in contrast to dried garlic with 20.91% at the highest concen-
tration. The results of this study showed that freezing seems to extend the shelf life of garlic because it preserves most of the 
biochemical and bioactive substances.
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Introduction 

Functional foods have enormous health benefits, among 
these functional foods garlic or Allium sativum, which is one 
of the most known and used popular condiments. It has been 
consumed and used as natural remedy; its consumption is as-
sociated with a reduced risk of hypertension, atherosclerosis 
and vascular accidents (Qidwai & Ashfaq, 2013; Ried, 2020; 
Panyod et al., 2022). Garlic has antimicrobial, antioxidant, 
and immunomodulatory properties (Hashemi et al., 2019; 
Ansary et al., 2020). The benefits of garlic are attributed to 
its richness in bioactive compounds, like organosulfur com-
pounds, polyphenols, flavonoids, high amounts of vitamins, 

minerals and enzymes (Shang et al., 2019). Nowadays, the 
preservation of garlic is unavoidable, because the fresh prod-
uct is not available all year round. But its preservation is a 
compromise between organoleptic quality and its therapeu-
tic virtues. Indeed, the activity of endogenous enzymes as 
well as other non-enzymatic ones can reduce the shelf life 
of garlic (Kodera et al., 2020). Drying and freezing are two 
domestic preservation processes that are also used by the 
food industry to inactivate spoilage enzymes and ensure food 
stability (Sridhar et al., 2021). Many studies are devoted to 
dried garlic, but few compare the biochemical quality of the 
final products from the two drying and freezing methods.

The objective of this work was to evaluate the stability 
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of bioactive compounds and the antioxidant potential of pre-
pared frozen and dried garlic compared to fresh using stan-
dard and validated biochemical methods.

Materials and Methods

Chemicals reagents
Ortho-dianisidine, 2.2-diphenyl-1-picrylhydrazyl (DPPH), 

Folin-Ciocalteu phenol reagent, gallic acid and bovine serum 
albumin (BSA) were purchased from Sigma-Aldrich; hydro-
gen peroxide was purchased from Merck.

Sample collection and preparation
The plant material used for our study consisted of “Alli-

um sativum”, precisely garlic cloves obtained from the local 
market in the region of Tizi-Ouzou (Algeria) collected in May 
2021. Garlic sampling was carried out randomly and trans-
ported to the laboratory without damaging the fresh cloves.

Samples were divided into three groups: fresh, frozen and 
dried. Before the extraction step, 250 g of fresh peeled garlic 
cloves were cut into thin slices of 2 mm thicknesses, one 
part was subjected to freezing at -20°C for six weeks. On the 
other hand, another part of fresh garlic slices was submitted 
to drying in an oven for 48 hours at 50°C. After drying, sam-
ples obtained were ground using a mortar. The garlic powder 
obtained was stored in air tight, at room temperature (25°C) 
and dark. Untreated garlic slices (fresh) were also prepared 
to serve as a control. Each pretreatment was repeated at least 
for three times; the preparation steps of different extracts are 
summarized in the diagram of Figure 1.

Preparation of extracts
Different garlic simple extracts were prepared according 

to the protocol described by Diao et al. (2019) with some 
modifications.

Dried, frozen and fresh garlic:5 g of dried garlic powder 
and 5 g of crushed frozen garlic slices were mixed separately 
with 30 ml of Tris-HCL buffer (50 mM, pH 7.3) with CaCl2 
(0.5 M) and DTT (5 mM) and allowing to stand for 1 h in 
ice. 5 g of freshly crushed samples were prepared in the same 
condition to dried and frozen garlic. Each treatment was re-
peated at least for three times.

Garlic mixtures were centrifuged (4000 g, 4°C, 30 min), 
the obtained supernatants (fresh, dried and frozen) are fil-
tered with a 0.22 µm membrane and stored in freezer at 
-20°C until use for further analysis (Figure 1).

Biochemical analysis determining the content of protein, 
reducing sugar, phenolic content, Vitamin C content, perox-
idase and DPPH scavenging activity, were carried out based 
on standard protocols.

Total protein concentration
Total protein concentration in different extracts was de-

termined by the Lowry method (1951). The reaction medium 
contains 3 ml of solution C and 20 µl of the extract; let it 
stand for 10 min in dark, at room temperature, then add 0.3 
ml of Folin–Ciocalteu reagent diluted to half. After 15 min, 
absorbance is measured at 750 nm. Concentrations are ex-
pressed in grams per 100 g of fresh matter (g/100 g) using 
the regression equation obtained with bovine serum albumin 
(BSA).

Total reducing sugar
Sugar content was assessed using the method of Miller 

(1959). First, 1 ml DNS reagent was mixed to 0.5 ml garlic 
extract, 100 μl of 10 % sodium hydroxide solutions (w/v) 
was added to the mixture with vortexing the all. Samples 
were incubated at 100°C for 15 min and then cooled rap-
idly, and the absorbance was measured at 540 nm. Results 
are expressed as g/100 g fresh matter relative to the glucose 
calibration curve.

Total phenolics and flavonoid content
Total phenolic content was determined following Chen et 

al. (2007), using gallic acid as a standard. 500 µL of sample 
was added to 2 ml of 2% Na2CO3 solution. After 2 min, 2.5 
mL of 50% of Folin–Ciocalteu reagent was added. The final 
mixture was shaken and then incubated for 30 min at room 
temperature, in the dark. The absorbance of all samples was 
measured at 760 nm. The results are expressed as mg gallic 
acid equivalents (GAE) per g of fresh material (FM), using 
a standard gallic acid curve. The flavonoid  content was de-
termined colorimetrically using aluminium trichloride (Dia  
et al., 2019).

Vitamin C content
Vitamin C content was determined using the method of 

Jagota & Dani (1982). After shaking; the tubes were placed 
in ice for 5 min and then centrifuged for 5 min at 3000 rpm. 
The extract was diluted to 2.0 ml with distilled water, and 
then 0.2 ml of Folin-Ciocalteu reagent was added with vigor-
ous mixing. After 10 min of incubation, the absorbance was 
measured at 760 nm. The results are expressed as mg/100 g 
fresh matter with reference to the calibration curve of ascor-
bic acid.

Peroxidase assay
Peroxidase activity was assayed according to Bradley 

et al. (1982) modified by Bedouhene et al. (2020). A stan-
dard assay solution contained 15 mM o-dianisidine, 10 mM 
H2O2 in sodium-phosphate buffer (pH 6.5) was prepared. 
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Twenty-five microliters of the crude extract (containing 
peroxidase enzyme) were added to the standards solution in 
total volume of 1 mL. The oxidation of ortho-dianisidine, 
in the presence of H2O2 and peroxidase from the extract, is 
monitored by the change in absorbance at 460 nm at 25°C. 
One enzyme unit (U) is the amount of enzyme producing 
a change in absorbance of 0.001/min. Readings were taken 
every 1 min for 10 min.

DPPH free radical scavenging activity
DPPH scavenging was measured according to Brand-Wil-

liams et al. (1995). A 3 ml methanolic solution of DPPH 
(0.1  M) was mixed with 1 ml of sample. Extracts (5, 10, 
20, 40, 80, and 100 μg/ml) were prepared and ascorbic acid  
(0.2 mg/ml) as reference. The reaction mixture was incubat-
ed 30 min in the dark at room temperature and then filtered 
through a 0.22 μm membrane. The absorbance was mea-

Fig. 1. The preparation 
steps of frozen and dried 

garlic extracts
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sured at 517 nm. The percentage of DPPH scavenging was 
determined according to the following formula:

DPPH scavenging (%) = [(Abs control–Abssample) / Abs control] ×100
Abs control: Absorbance of DPPH without simple
Abs sample: Absorbance of DPPH with simple

Statistical analysis
The experimental data were expressed as Mean ± Stan-

dard deviation (SD) of three experiments (n = 3). The analy-
sis was performed with one-way ANOVA using Graph-Pad 
Prism version 5.0. p < 0.05 was considered significant.

Results and Discussion

Effect of freezing and drying on biochemical content 
and bioactive compounds of garlic

Freezing and drying treatments on garlic had different 
effects on protein content, reducing sugars, and antioxidant 
molecules, including vitamin C, total polyphenols, and fla-
vonoids as shown in Table 1. Fresh garlic extract remains 
the richest in biomolecules, followed by frozen garlic ex-
tract, relatively stable, in contrast to dried garlic extract; a 
decrease in its biochemical compounds was recorded. In 
fact, the technological processes are dependent on their 
type and potency as well as the most common methods that 
include heat treatment, affects characteristics, activity and 
bioavailability of bioactive compounds in fruits and vege-
tables (Locatelli et al., 2015). Several studies have shown 
that heat treatment of garlic, caused changes in their con-
centrations, activities and structures, losing of vitamins and 
other active compounds, and reduction of natural antioxi-
dants (Najman et al., 2020).

Total protein content 
Protein content in fresh garlic extract is 2.58 ± 0.11 

g/100 g FM for a concentration of 4.3 mg/ml (Table 1), 
this result correlates with that obtained by Petropoulos et 
al. (2018). This biochemical variability would depend on 

the garlic variety, soil and storage conditions. Both of fresh 
garlic and frozen garlic contain similar content of proteins. 
While dried garlic extract contains less protein with a con-
tent of 1.04 ± 0.03 g/100 g FM, drying caused a decrease 
of 59.6% compared to fresh garlic extract. The low pro-
tein content of dried garlic is due to the effect of heat treat-
ment on garlic by denaturing the proteins; some proteins 
are completely degraded at 20°C such as alliinase (Merci-
er-Fichaux, 2016).

Reducing sugars content 
The content of reducing sugars in fresh garlic extract is 

1.14 ± 0.04 g/100 g FM (Table 1), this content is close to that 
found by Lisciani et al. (2017) which varies between 2.12 g 
and 3.27 g. It was slightly low in frozen garlic extract (1.11 
± 0.04 g) and very low in dried garlic extract (0.31 ± 0.01g). 
According to our results, freezing would result in a slight 
decrease in reducing sugar content, whereas drying would 
decrease it significantly (72.62%).

The significant decrease in protein and sugars in the dried 
garlic extract would be related to the effect of temperature 
on biochemical reactions during drying, especially the Mail-
lard reaction (Yuan et al., 2022). It should be noted that the 
decrease of water during drying would affect the activity of 
garlic (Gong et al., 2022).

Vitamin C content
In this study, we used a reliable and inexpensive spec-

trophotometric method. According to Table 1, we have an 
interesting vitamin C level for the fresh garlic extract (66.7 ± 
1.93 mg/100 g of FM), much higher than that of Aydoğmuş 
et al. (2002), a richness that would be due to the climatic 
condition. In the frozen extract its concentration is almost 
similar (59.3 ± 1.93 mg), but markedly decreased for the 
dried extract (15.38 ± 0.94 mg). This loss of vitamin C may 
be due to its degradation by oxidases, heat treatment and also 
water activity. Its stability is all the lower as the drying time 
is long, a total degradation of vitamin C takes place after 8 
days at 45°C (Hsu et al., 2012).

Table 1. Biochemical content and bioactive compounds of garlic extracts, freezing at -20 °C and oven drying at 50°C 
(48 hours) compared with fresh sample 
Extracts Proteins

(g/100 FM)
Reducing

Sugar
(g/100g FM)

Total phenolic
(mg GAE/
100g FM)

Total flavonoid
(mg QE/

100g FM)

Vitamin C
(mg/100g FM)

Fresh garlic 2.58 ± 0.11 1.14 ± 0.04 94.00 ± 3.33 7.21 ± 0.28 66.7 ± 1.93
Frozen garlic 2.58 ± 0.15 1.10 ± 0.04 92.33 ± 3.11 6.79 ± 0.23 59.3 ± 1.93
Dried garlic 1.04 ± 0.03a 0.31 ± 0.01b 38.33 ± 4.49c 4.46 ± 0.37d 15.38 ± 0.94e

(a,b,c,d,e) Values are expressed as Mean ± Standard deviation; GAE: Gallic Acid Equivalents; QE: Quercetin equivalents; FM: Fresh Matter. Differences were 
considered significant at P < 0.05.
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Total phenolic and flavonoid 
Total phenolic and flavonoids in fresh garlic extract are 

94 ± 3.33 mg GAE/100 g of FM and 7.21±0.28 mg QE/100 
g of FM, respectively (Table 1). These values are lower 
than those obtained with other extraction systems (Janu-
arti, 2020). These variations in polyphenol and flavonoid 
contents are thought to be due to extraction conditions, 
including solvent, geographic origin and genetic varieties 
(Senani et al., 2018; Aryal et al., 2019; Maina et al., 2021). 
Frozen garlic extract has 92.33 ± 3.11 mg GAE /100 g of 
FM of phenolic compounds and 6.79 ± 0.23 mg QE/100 g 
of FM of flavonoids, compared to fresh garlic extract these 
contents are slightly low which means that freezing does 
not show a remarkable effect on the contents of these com-
pounds. The dried garlic extract contains only 38.88 ± 4.49 
mg GAE/100 g of FM of total phenolic and 4.46 ± 0.37 mg 
QE/100 g of FM of flavonoids (Table 1), these contents are 
clearly lower compared to fresh garlic extract. These values 
are similar to those of Çubukçu et al. (2019) showed sta-
bility of frozen garlic and alteration of polyphenol content 

during drying, which is believed to be due to enzymatic 
oxidation of polyphenols.

Activity of peroxidase
Peroxidase (POD) activity was measured in different ex-

tracts by using O-dianisidine as chromogenic agent and hy-
drogen peroxide (H2O2) as substrate (Figure 2).

POD (oxidoreductase EC1.11.1.7) is an enzyme related 
to plant defense and plays an essential role in resistance to 
membrane damage, mainly through the enzymatic degrada-
tion of H2O2. 

The obtained results POD activities in different extracts 
are shown in Figure 3. The kinetics of peroxidase activity is 
similar for fresh and frozen garlic extract, while dried gar-
lic extract had low activity (Figure 3a). Fresh garlic extract 
having the highest peroxidase activity (1823 ± 1.11 U/min/g 
of FM), followed by frozen garlic extract (1693 ± 1.33 U/
min/g of FM) almost completely preserved, low activity was 
recorded for the dried garlic extract which is (587 ± 1.33 
U/min/g of FM) (Figure 3b), this indicates that freezing at 

Fig. 2. Oxidation of 
O-dianisidine by H2O2 
and peroxidase, color 
change from colorless 

to brown

Fig. 3. The ki-
netics of Peroxidase 
absorbance (a) and 
activity (b) of fresh, 
freezing at -20°C and 
oven drying (50°C, 
48 h) garlic extracts. 
Data represent mean 
values ± standard 
deviation of three 
essays. Differences 
were considered sig-
nificant at P < 0.05a) b)
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20°C does not significantly affect peroxidase activity. The 
loss of activity of the dried garlic extract (68 %) may be due 
to the inactivation of the labile peroxidase isoforms by heat. 
Indeed, the residual activity (32 %) is due to heat-resistant 
isoforms, which require temperatures above 40°C to be inac-
tivated (Senani et al., 2023; Agüero et al., 2008).

DPPH scavenging activity
All three extracts of fresh, frozen or dried showed a 

dose dependent DPPH scavenging activity (Figure 4). 
Fresh and freeze garlic extracts displayed the best value 
from 37.78 ± 0.006% and 43.46 ± 0.007% respectively at 
the lowest concentration (20 µg/ml) to 82.24 ± 0.004% and 
83.74 ± 0.002% respectively at the highest concentration 
(100 µg /ml) of extracts. They were followed by ascorbic 
acid, which represents the positive control of this test and 
the lowest percentage of inhibition was observed with dried 
garlic from 20.91 ± 0.001 % at the highest concentration 
(100 µg/ml).

Çubukçu et al. (2019) showed that heating reduced 
strongly the phenolic content and antioxidant activity of gar-
lic. Similarly, Park et al. (2009) noted that the DPPH radical 
scavenging activity and phenolic content of fresh garlic ex-
tract were higher than those of heat-treated extract. A signifi-
cantly positive correlation was found between the phenolic 
content and the antioxidant activity of garlic. This suggests 
that the degradation of antioxidants, particularly phenolics, 
resulted in a decrease in antioxidant activity. The antioxi-
dant activity of phenolics depends on their ability to release 
electrons and the antioxidant power of flavonoids depends 
primarily on their ability to scavenge free radicals (Mina-

tel et al., 2017). Phenolic compounds have been reported to 
be very potent antioxidants (Blamo et al., 2021). Freezing 
will limit the oxidation process and overcome the difficulties 
associated with growing seasons and deterioration of garlic 
during storage.

Conclusion

In this study, we report that the majority of biochemi-
cal and bioactive compounds of frozen garlic are well pre-
served contrary to dried garlic. Biochemical analysis also 
showed that garlic cloves are rich in peroxidase and that its 
activity persists after freezing, but very little after drying. 
The sum of these results clearly indicates that freezing is 
the method that allows the preservation of garlic without 
obvious degradation of the majority of the biochemical and 
bioactive compounds it contains, and thus preserves its nu-
tritional quality. 

Freezing and drying overcome the difficulties associat-
ed with growing seasons and deterioration of garlic during 
storage. Both freezing and drying can help maintain the bio-
active compounds in garlic. However, heat treatment tends 
to reduce or destroy the bioactive compounds, which are 
sensitive to heat. Despite these results, dried garlic remains 
interesting from a food point of view because it retains its 
aromatic properties and flavor. 

This study reminds us of the importance of choosing the 
right food preservation methods. It would be interesting to 
investigate other potential activities associated with dried 
garlic as its commercialization and consumption increases 
due to its convenience.

Fig. 4. The kinetics and 
percentage of DPPH 

scavenging (%) of 
garlic extracts, freezing 
at -20°C, oven drying 
(50°C, 48 h) compared 
with fresh sample and 
Ascorbic acid as a con-
trol. Differences were 
considered significant 

at P < 0.05



1134 Nassima Senani, Samia Bedouhene, Tinhinane Rekeb and Lamia Bouadjela 

Acknowledgements
The authors would like to thank Dr. Sahar Sabri, Na-

tional Research Center (Egypt) for his comments, insightful 
suggestions and careful reading of the manuscript. Funding 
was provided by the General Direction of research and de-
velopment technologies/Ministry of Higher Education and 
Research Sciences DGRSDT/MERS (Algeria).

Conflict of interest
No potential conflict of interest was reported by the authors.

References

Agüero, M. V., Ansorena, M. R., Roura, S. I. & Del Valle, C. 
E. (2008). Thermal inactivation of peroxidase during blanch-
ing of butternut squash. LWT – Food Science and Technology, 
41(3), 401-407.

Ansary, J., Forbes-Hernández, T.  Y., Gil, E., Cianciosi, D., 
Zhang, J., Elexpuru-Zabaleta, M., Simal-Gandara, J., Gi-
ampieri, F. & Battino, M. (2020). Potential health benefit of 
garlic based on human intervention studies: A brief overview. 
Antioxidants (Basel, Switzerland), 9(7), 619. 

Aryal, S., Baniya, M.K., Danekhu, K., Kunwar, P., Gurung, R. 
& Koirala, N. (2019). Total phenolic content, flavonoid con-
tent and antioxidant potential of wild vegetables from Western 
Nepal. Plants (Basel, Switzerland), 8(4), 96. 

Aydoğmuş, Z., Çetin, S. M. & Özgür, M. Ü. (2002). Determina-
tion of ascorbic acid in vegetables by derivative spectropho-
tometry.  Turkish Journal Chemistry, 26(5), 697-704. https://
journals.tubitak.gov.tr/chem/vol26/iss5/8.

Bedouhene, S., Dang, P. M., Hurtado-Nedelec, M. & Elbenna, 
J. (2020). Neutrophil degranulation of azurophil and specific 
granules. Methods in Molecular Biology, 2087, 215˗222. 

Bradley, P. P., Priebat, D. A., Christensen, R.D. & Rothstein, 
G. (1982). Measurement of cutaneous inflammation: estima-
tion of neutrophil content with an enzyme marker. Journal of 
Investigative Dermatology, 78(3), 206˗209. 

Blamo, P. A. Jr., Thuy Pham, H. N. & Nguyen, T. H. (2021). 
Maximising phenolic compounds and antioxidant capaci-
ty from Laurencia intermedia using ultrasound-assisted ex-
traction. AIMS Agriculture and Food, 6(1), 32˗48.

Brand-Williams, W., Cuvelier, M. E. & Berset, C. (1995). Use 
of free radical method to evaluate antioxidant activity. LWT–
Food Science and Technology,28(1), 25-30. 

Chen, H. Y., Lin, Y. C. & Hsieh, C. L. (2007). Evaluation of 
antioxidant activity of aqueous extract of some selected nutra-
ceutical herbs.  Food Chemistry, 104(4), 1418˗1424.  

Çubukçu, H. C., Kiliçaslan, N. S. D. & Durak, I. (2019). Dif-
ferent effects of heating and freezing treatments on the anti-
oxidant properties of broccoli, cauliflower, garlic and onion. 
An experimental in vitro study. Sao Paulo Medical Journal, 
137, 407˗413. 

Diao, M., Ramatou, H. D., Kiessoun, K. & Mamoudou, H. D. 
(2019). Etude comparative des peroxydases de dix (10) plan-
tes supérieures couramment rencontrées au Burkina Faso. 

International Journal of Biological and Chemical Sciences, 
13(6), 2533- 2545. 

Gong, H., Wang, T., Hua, Y., Wang, W.-D., Shi, C., Xu, H.-X., 
Li, L.-L., Zhang, D.-P., Sun, Y.-E. & Yu, N.-N. (2022). Gar-
lic varieties and drying methods affected the physical proper-
ties, bioactive compounds and antioxidant capacity of dried 
garlic powder. CyTA-J. Food, 20(1),111-119.

Hashemi, S. A., Ghorbanoghli, S., Manouchehri, A. A. & Hat-
kehlouei, M. B. (2019). Pharmacological effect of Allium sa-
tivum on coagulation, blood pressure, diabetic nephropathy, 
neurological disorders, spermatogenesis, antibacterial effects. 
AIMS Agriculture and Food, 4(2), 386˗398.

Hsu, H. Y., Tsai, Y. C., Fu, C. C. & Wu, J. S. B. (2012). Degra-
dation of ascorbic acid in ethanolic solutions. Journal of Agri-
cultural and Food Chemistry, 60(42), 10696-10701.

Jagota, S. K. & Dani, H. M. (1982). A new colorimetric tech-
nique for the estimation of vitamin C using folin phenol re-
agent. Analytical Biochemistry, 127(1), 178˗182.

Januarti, I., Taufiq, H. & Sulistyaningsih, S. (2019). The cor-
relation of total flavonoid and total phenolic with antioxidant 
activity of single bulb garlic (Allium Sativum) from tawang-
mangu and magetan. Journal of Pharmaceutical Sciences and 
Community, 16(2), 96-103. 

Kodera, Y., Kurita, M., Nakamoto, M. & Matsutomo, T. 
(2020). Chemistry of aged garlic: Diversity of constituents 
in aged garlic extract and their production mechanisms via 
the combination of chemical and enzymatic reactions. Experi-
mental and Therapeutic Medicine, 19(2), 1574-1584.

Lisciani, S., Gambelli, L., Durazzo, A., Marconi, S., Rossetti, 
E., Gabrielli, P., Aguzzi, A., Temperini, O. & Marletta, 
L. (2017). Carbohydrates components of some Italian local 
landraces: garlic (Allium sativum L.). Sustainability, 9(10), 
1922. 

Locatelli, D. A., Altamirano, J. C., González, R. E. & Camar-
go, A. B. (2015). Home-cooked garlic remains a healthy food. 
Journal of Functional Foods,16, 1-8. 

Lowry, O. H., Rosebrough, N. J., Farr, A. L. & Randall, R. J. 
(1951). Protein measurement with Folin phenol reagent. Jour-
nal of Biological Chemistry, 193(1), 265-275.

Maina, S., Ryu, D. H., Bakari, G., Misinzo, G., Nho, C. W. & 
Kim, H. Y. (2021). Variation in phenolic compounds and anti-
oxidant activity of various organs of African cabbage (Cleome 
gynandra L.) accessions at different growth stages. Antioxi-
dants (Basel, Switzerland), 10(12), 1952. 

Mercier-Fichaux, B. (2016). Garlic as a functional food and 
spice!. Phytothérapie, 3(14), 176˗180. 

Miller, G. L. (1959). Use of dinitrosalicylic acid reagent for de-
termination of reducing sugar. Analytical Chemistry, 31(3), 
426˗428.

Minatel, I. O., Borges, C. V., Ferreira, M. I., Gomez, H. A. 
G., Oliver Chen, C-Y. & Lima, G. P. P. (2017). Phenolic 
Compounds: Functional Properties, Impact of Processing and 
Bioavailability. In: Soto-Hernandez, M., Palma-Tenango, M., 
Garcia-Mateos, M. D. R.  (Eds.), Phenolic Compounds-Bio-
logical Activity. IntechOpen, London. 

Najman, K., Sadowska, A. & Hallmann, E. (2020). Influence of 
thermal processing on the bioactive, antioxidant, and physico-



1135Effect of freezing and drying on the bioactive compounds and antioxidant potential of garlic

chemical properties of conventional and organic agriculture 
black garlic (Allium sativum  L.).  Applied Sciences, 10(23), 
8638. 

Panyod, S., Wu, W. K., Chen, P. C., Chong, K. V., Yang, Y. 
T., Chuang, H. L., Chen, C. C., Chen, R. A., Liu, P. Y., 
Chung, C. H., Huang, H. S., Lin, A. Y., Shen, T. D., Yang, 
K. C., Huang, T. F, Hsu, C. C., Ho, C. T., Kao, H. L., Orek-
hov, A. N., Wu, M. S. & Sheen, L. Y. (2022). Atherosclerosis 
amelioration by allicin in raw garlic through gut microbiota 
and Trimethylamine-N-oxide modulation. NPJ, Biofilms and 
Microbiomes, 8(1), 4.

Park, J. H., Park, Y. K. & Park, E. (2009). Antioxidative and 
antigenotoxic effects of garlic (Allium sativum L.) prepared by 
different processing methods. Plant Foods for Human Nutri-
tion, 64, 244˗249. 

Petropoulos, S. A., Fernandes, Â., Ntatsi, G., Petrotos, K., 
Barros, L. & Ferreira, I. C. F. R. (2018). Nutritional value, 
chemical characterization and bulb morphology of Greek gar-
lic landraces. Molecules, 23(2), 319. 

Qidwai, W. & Ashfaq, T. (2013). Role of garlic usage in car-
diovascular disease prevention: an evidence-based approach. 
Evidence-Based Complementary and Alternative Medicine, 

2013, 125˗649.
Ried, K. (2020). Garlic lowers blood pressure in hypertensive 

subjects, improves arterial stiffness and gut microbiota: A re-
view and meta-analysis. Experimental and Therapeutic Med-
icine, 19(2), 1472˗1478. 

Senani, N., Riba, A. & Moulti-Mati, F. (2018). Inhibition of As-
pergillus flavus growth and aflatoxin B1 production by olive 
mill wastewater. Bioscience Research, 15(1), 369-380.

Senani, N., Bedouhene, S. & Houali, K. (2023). Peroxidase ac-
tivity as a biochemical marker of insecticide use in vegeta-
bles. Acta Agriculturae Slovenica, 119(2), 1–9. 

Shang, A. O., Cao, Sh.-Y., Xu, X.-Y., Gan, R.-Y., Tang, G.-Y., 
Corke, H., Mavumengwana, V. & Li, H.-B. (2019). Bioac-
tive compounds and biological functions of garlic (Allium sa-
tivum L.). Foods, 8(7), 246.

Sridhar, A., Ponnuchamy, M., Kumar, P. S. & Kapoor, A. 
(2021). Food preservation techniques and nanotechnology for 
increased shelf life of fruits, vegetables, beverages and spices: 
a review. Environmental Chemistry Letters, 19, 1715˗1735. 

Yuan, X., Wang, Z., Liu, L., Mu, D., Wu, J., Li, X. & Wu, X. 
(2022). Changes of physicochemical properties in black garlic 
during fermentation. Fermentation, 8(11), 653. 

Received: May, 10, 2023; Approved: October, 20, 2023; Published: December, 2024


