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Abstract

The different nutrients in garlic provide numerous health benefits. As the most active and important bioactive compound
found in garlic, allicin offers antimicrobial, anticancer, antioxidant, cholesterol-lowering and cardiovascular-preventive
effects. In this study, fresh and aged (dried) garlic extracts were compared in terms of the active ingredient allicin,
constituents, and antioxidative properties. Ultrasonic apparatus was used for extraction because of its higher speed and
shorter extraction time, improved quality of the extract with respect to antioxidative properties, and the possibility of
extracting heat-sensitive compounds. The results showed that the highest allicin content (0.27%) was observed in the fresh
garlic extract. Also the largest amounts of phenolic compounds (0.311 mg gallic acid equivalent) were observed in the
fresh garlic extract. The highest inhibition rate (50% at 1500 ppm) was that of the fresh garlic extract. The results showed
that the allicin content and antioxidative properties of fresh and dried garlic extracts were significantly different.

Therefore, fresh garlic extract can be a good alternative to use in functional food.
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Introduction

According to recent studies, diets containing fruits,
vegetables, and fibres (of plant origin) can prevent life-
threatening diseases (heart diseases, obesity, and
diabetes) or reduce their risks. Research on the
relationship between food of plant origin and human
health indicates that herbal bioactive compounds have
beneficial properties [1]. Cancer and cardiac diseases are
the main causes of mortality in Iran and the world [2]. It
has been estimated that one-third of cancer deaths can be
prevented in industrialized countries through developing
appropriate formulations. Making changes in diets and
lifestyles are practical measures to considerably reduce
the incidence of cancer [3]. Epidemiological studies have
established a link between food intake of plant origin and
a range of health benefits. The most important plant
bioactive compounds present in the diet with health
benefits ~ are  glucosinolates  (sulphur-containing
compounds found in plants of the garlic family),
terpenoids (carotenoids, monoterpenes, and phytosterols)
and various groups of polyphenols (such as anthocyanins,
flavones, isoflavones, and ellagic acid) [4,5].

Cooked or raw, garlic (Allium sativum L,) can be mixed
with different foods and offers countless therapeutic
benefits, especially in traditional medicine. Also known
as A. sativum, garlic belongs to the Alliaceae family and
is considered a gramineous herb with an onion compound
containing several small bulbs [6].

In addition to vitamins A, B, and C, garlic contains
effective drugs such as volatile oils, mucilages, mineral
salts, alliin, allicin, alliinase enzyme, and inulin. Garlic
has antioxidant properties and exhibits therapeutic effects
on some cancers [7]. In addition, garlic has antimicrobial,
antibacterial,  antiviral,  antifungal  effects on
cardiovascular and immune systems [8,9].

Most medicinal and health properties of garlic are
attributed to allicin-containing the thiosulfinate functional
group. This compound is not naturally produced in the
plant, but is a secondary product derived from the
destruction of a kind of cysteine sulfide called alliin, is as
the most important enzyme in this plant family, alliinase
reacts with alliin after the destruction of garlic plant
tissues to produce allicin, a highly unstable compound,
and pyruvic acid. Given that the amount of this
composition is dependent on environmental factors and
processing conditions, these parameters can be tailored to
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prevent the reduction of this valuable compound [7].
Allicin and thiosulfinates trap free radicals and inhibit
lipid peroxidation and platelet aggregation, stimulate
fibrinolysis, and reduce the amount of blood lipids [6].
Khanam et al. (2004) reported that allicin alone had no
inhibitory effect on cancer cell growth, and the inhibitory
effects of garlic pertain to the breakdown of alliin into
allicin. These effects had a direct relationship with
intracellular glutathione consumption. In other words, the
lower the level of blood glutathione is (the more
intracellular glutathione is consumed), the greater the
inhibitory effect of allicin on cancer cell growth will be.
Allicin exhibits its protective power against cancer
through stimulating various mechanisms such as blocking
the formation of nitrosamine (one of the most important
carcinogens), preventing cancer cells growth and spread,
and boosting the immune system. Organosulfur
compounds prevent liver cancer through blocking the
formation of non-nitrosamine carcinogens such as
aflatoxin Bi. Moreover, diallyl disulfide is an effective
inhibitor of colon cancer cell growth and regular
consumption of garlic reduces colon cancer development
[10].

A study on garlic showed its antioxidative properties in
preventing age-related and cardiovascular diseases. Raw
garlic extract was effective in improving oxidative stress
and decreasing blood lipids in rats, which was attributed
to the antioxidative properties of garlic. Antioxidative
properties of garlic oil protect the stomach against
ethanol. The free radical scavenging activity and high
phenolic content in aqueous extracts of garlic result from
the presence of allicin as an active ingredient.
Researchers have shown that the therapeutic effects of
garlic on some cancers are due to its antioxidative
properties. Gorinstein et al. reported that heat had
substantial effects on antioxidative properties of garlic
[11].

According to Indu et al., garlic oil had important
antimicrobial properties in addition to allicin, and other
authors showed that garlic oil had excellent antimicrobial
activity at different concentrations on various bacterial
strains such as Escherichia coli [12]. Fratianni et al.
reported that garlic oil had excellent antimicrobial against
Listeria monocytogenes, Salmonella enteritidis, E. coli,
and Staphylococcus aureus [13]. Ankri and Mirelman
(1999) stated that allicin (thio-2-propene-1-sulfinic acid-
S-allyl ester) was the most important active ingredient in
fresh, chopped garlic and had various antimicrobial
properties against a wide range of Gram-positive and
Gram-negative  bacteria  (Escherichia, Salmonella,
Staphylococcus, Streptococcus, and Klebsiella). Allicin
influences the metabolic activity of cysteine protease
through reacting with the thiol group of different
enzymes such as alcohol dehydrogenase and RNA
polymerase [14].
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Ultrasonic extraction is a simple technique that can be a
good alternative to traditional extraction methods.
Increased the extraction speed and efficiency is one of the
main advantages of the ultrasound method. Moreover, the
ultrasound technique can reduce the operating
temperature and allow extraction of heat-sensitive
compounds. In this study, fresh and aged garlic (6
months) extracts were compared in terms of allicin
content, other constituents, and antioxidative properties.
Ultrasonic apparatus was used for extraction because of
its higher speed and shorter extraction time, improved
quality of the extract with respect to antioxidative
properties, and possibility to extract heat-sensitive
compounds.

Material and Methods

Materials

Garlic cubes were purchased from the local market of
Rasht (Iran). The garlic was washed and peeled. Before
extraction, the garlic was ground in a blender and the
resulting particles were immediately used for extraction.

Chemicals, Reagents, and Instruments

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical, Folin-
Ciocalteu reagent, and the standard substances including
gallic acid were purchased from Sigma (Sigma Aldrich
GmbH, Sternheim, Germany), and methanol was
prepared from Merck KGaA (Darmstadt, Germany). An
ultrasonic bath process (purchased from Elma, Germany)
was used to perform the ultrasonic-assisted extraction.

Methods
Extraction

Extracts of fresh garlic and aged garlic were performed
according to the Loghmanifar et al. (2020) method.
Cloves taken from fresh and dried garlic were separately
peeled, washed, and turned into uniform and small pieces
using a blender. They were then mixed with distilled
water (ratio 1:2) and placed in an ultrasound water bath
model (Elma, Germany) (40 Watt power and 37 Hz) at 30
°C for 10 min. The obtained solution was filtered with
Whatman paper No. 1 and then after freezing at -80 °C,
powdered in a freeze drier [15].

Determination of Total Phenolic Content

The content of total phenolic compounds in the garlic
extracts was determined using the Folin—Ciocalteu
reagent [16]. Absorbance was measured at 765 nm using
a UV-VIS spectrophotometer (Shimadzu, Japan). The
content of phenolic compounds was expressed as gallic
acid equivalents (GAE) per dry weight of extract using
the gallic acid calibration curve. All experiments were
performed in three replicates.
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DPPH Test

The free-radical scavenging capacity of garlic extracts
was determined as described by Fenfang et al. (2017).
Different amounts of the extract were mixed with
methanol (95%) and DPPH in order to obtain different
final concentrations of the extract. After 60 min at room
temperature and in darkness, the absorbance was
measured at 517 nm using a UV-VIS spectrophotometer
(Shimadzu, Japan). All experiments were performed in
three replicates. Radical scavenging capacity (%RSC)
was calculated from the following equation [17]:

%RSC = W x 100  (Equation 1)

ICso is a parameter commonly used to compare the free
radical scavenging activity of different extracts. ICso
refers to the half-maximal inhibitory concentration of the
extract against the free radical in the reaction medium
[18]. The amount of 1Csy Obtained using Graph Pad
Prism8 software.

The FRAP Assay

The reducing capacity of an extract is an important
indicator of its anti-oxidative activity [19]. A volume of
0.02 mL of the extract (1 mg/mL) was mixed with 1 mL
of a FRAP working solution (including 25 mL sodium
acetate, 2.5 mL 2,4,6-Tris (2-pyridyl)-s-triazine, and 2.5
mL iron chloride). The mixture was kept for 5 min at
room temperature and its absorbance was read at 595 nm.
The reducing activity of the extract was calculated using
a standard curve (in pmol iron against mg dry weight of
the extract) [20-21].

Quantitative Determination of Allicin

The quantity of Allicin in the optimum extract was
measured by High-Performance Liquid Chromatography
(HPLC) based on the method described by British
Pharmacopoeia (2015) [22]. The internal standard was
used of butyl parahydroxy benzoate and column size was
0.25 m and 4 mm diameter. The mobile phase consisted
of mixing 60% methanol and 40% anhydrous formic acid
solution (v/ v) at a flow rate of 0.7 ml/ min and detection
done with Spectrophotometer at 254 nm.

S1 x C2 x (Vis/Vt) x 8.65
S2 x C1 x (Vs/Vt)
(Equation 2)

%allicin = X 100

S1: area of the peak corresponding to allicin

S2:  area of the peak corresponding to
butylparahydroxybenzoate

C1: sample concentration

C2: internal standard concentration

Vis: internal standard volume

Vs: sample volume

V1: total volume

Loghmanifar et al.

Identification of the compounds in the optimum garlic
extract by using gas chromatography-mass spectrometry
(GC-MS).

This was done based on the criteria in chromatography
(retention time) and spectrometry (mass spectral
interpretation, comparison with library information and
standard compounds). Chromatographic and
spectroscopic data were collected wusing a gas
chromatograph (Thermo Scientific Trace 0Q301)
attached to a DSQ mass spectrometer (electron impact
ionization, eV 70 ¢ Thermo Scientific) [23].

Results and Discussion

The results of total phenolic compounds in mg gallic acid
per gram dry weight of the extract are presented in Table
1. The amount of phenolic compounds was higher in
fresh garlic than in aged garlic, and a significant
difference were observed between them in this respect
(p<0.05).

The results regarding the inhibition rate of DPPH free
radical of the fresh and aged garlic extracts are presented
in Figure 2. There was a significant difference between
the two extracts in this respect (p<0.05). The inhibition
rate of the fresh and aged garlic extracts reached 50% at
1500 ppm and about 5000 ppm, respectively (p<0.05).
The high inhibition rate of DPPH free radical in this
method is due to the higher contents of phenolic and
tocopherol compounds. Inhibitory power of various
extracts largely depends on the number and position of
their hydroxyl groups and on the molecular weights of
their phenolic compounds [24]. As in other studies, the
results of this research showed that treatments with
higher phenolic compounds had greater free radical
scavenging activity [25].

The HPLC chromatogram of allicin for fresh and aged
garlic extracts are shown in Figures 4.

The percentages of allicin calculated based on the areas
under the peaks are listed in Table 3.

Comparison of the results showed that the allicin content
was 0.27% in the fresh garlic extract and 0.086% in the
aged garlic extract (p<0.05).

The present study indicated that the fresh garlic extract
had higher antioxidative power than the aged garlic
extract, which can be partly contributed to its sulphur-
containing constituents. Milner (2001) showed that the
antioxidative activity of some Allium species depended
on their sulphur-containing constituents and their
precursors [26]. In vitro studies have introduced garlic
and its constituents as anti-carcinogenic materials that
also reduce blood lipid levels [27]. The strong garlic
smell causes gastrointestinal disorders and anemia [28-
7]. These events are caused by allicin and other water-
soluble sulphur-containing components produced from it
through chemical reactions [29-7]. Yoshida et al. (1984)
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showed that the aqueous ethanol extract of aged garlic
lacked the pungent garlic smell, did not lead to these
events, and could be used with complete certainty of its
safety in medical experiments [30]. Aged garlic extract
has the potential to boost the immune system and
antioxidative properties, improve peripheral blood flow,
increase production of natural Kkiller cells, prevent
reduced activity of the immune response in patients with
advanced cancer, activate the transcription factor, and
protect DNA against free radicals [31]. The mechanism
of antioxidative action of aged garlic extracts is
accompanied by phagocytic action of reactive oxygen
species and increased levels of cellular antioxidant
enzymes, superoxide dismutase, catalase, glutathione
peroxidase, and glutathione in cells [32]. Moreover, the
dried garlic used in the present experiment had been
stored for several months. It seems that its active
ingredients and even its effective enzymes that give it the
antioxidative properties, in addition to its pungent smell,
had decreased compared to fresh garlic. These effects
probably resulted from the lower contents of allicin and
other water soluble sulphur-containing compounds in the
dried garlic.

The results related to the reducing power of the extracts
on trivalent iron in micromole iron per gram dry weight
of the fresh and aged garlic extracts are presented in
Figure 6.

The results of ANOVA showed that the effect of
concentration on the reducing power of the extract and
hence on its antioxidative activity was significant (P
<0.05). At all concentrations tested, the reducing power
of ascorbic acid was significantly (P <0.05) higher than
that of garlic extracts.

The reducing power of the fresh garlic extract was much
closer to that of the synthetic antioxidant Ascorbik acid.
Zou et al. (2008) studied the antioxidative properties of
polysaccharide obtained from Pteridium aquilinum and
showed that its reducing power increased from about 200
to 600 uM when the concentration of the extract was
raised from 25 to 400 pg/mL [33]. Tan et al. (2015)
attributed the remarkable reducing power of the
polysaccharide derived from Dipsacus asperiodes root to
the presence of hydroxyl groups in the polysaccharide
structure that can participate in the reduction of Fe®* to
Fe?* [34].

Table 4 lists the quantities of the compounds identified in
the fresh garlic extract (because of its more antioxidant
properties) using a GC-MS machine.

The two main compounds in this garlic extract were
diallyl disulfide (34.87%) and dipropyl trisulfide
(25.88%). Pyrogallol (13.38%) and methyl propyl
trisulfide (11.36%) were among the other compounds
found in the ultrasonic aqueous extract (Table 5, Figure
5). The amounts of volatile compounds in garlic extract
depend on various factors including genetic factors (type
and species of garlic) and agricultural factors (planting,
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Table 1 Comparison of total phenolic content (in mg gallic acid in gram dry weight of the extracts obtained from fresh and aged garlic)

Sample Aged garlic extract Fresh garlic extract
Total phenolic content 0.311 b+0.05 0.42 a+0.08

*Different small letters in each row represents a significant difference in the level of 5%

Table 2 1Cso values of fresh and aged garlic extracts

Sample Aged garlic extract Fresh garlic extract
1Cso 4376a 1378 b
R squared 0.91 0.97

*Different small letters in each row represents a significant difference in the level of 5%
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Table 3 Allicin content in fresh and aged garlic extracts

Sample Peak area (sample) Peak area (internal standard) Percentage of Allicin
Fresh garlic extract 603.10 1007 0.27 a
Aged garlic extract 219.08 1158 0.09b
*Different small letters in each row represents a significant difference in the level of 5%
Table 4 The amount of compounds in fresh and aged garlic extract
Num. Title RT (min) Result (%)
1 1,3-Dithiane 4.97 4.37
2 Dimethyl trisulfide 5.81 0.56
3 Diallyl disulfide 7.48 34.78
4 Diallyl disulfide (isomer) 7.8 2.71
5 Trisulfide, methyl 2-propenyl 8.41 11.36
6 3-Vinyl-1,2-dithiocyclohex-4-ene 9.16 0.85
7 N-Amyl sec-butyl disulfide 9.34 1.23
8 3-Vinyl-1,2-dithiocyclohex-5-ene 9.52 2.31
9 Trisulfide, di-2-propenyl 10.76 25.88
10 Pyrogallol 11.71 13.38
11 Hexathiane 13.46 1.99
12 Diallyl tetrasulfide 13.91 0.59

Among functional food materials, use of garlic is ever-
expanding due to its potential health benefits. The health
benefits of garlic are due to its sulfur-containing
compounds such as allicin and S-methyl-1-cysteine
sulfoxide whereas its pharmacological effects result from
its organosulfur compounds such as cysteine sulfoxide
and thiosulfinate contents. Fresh garlic has more
antioxidative properties because of its higher sulfur-
containing compounds and higher allicin contents
compared to aged garlic. Therefore, it is recommended to
use fresh garlic extract in therapeutic and research
projects.

References

1. Richa Rajput R, Sarika Wairkar S, Gaud R. Nutraceuticals for
better management of osteoporosis: An overview. J Func Foods.
2018;47:480-490.

2. Telessy Istvan G, Nutraceuticals. The Role of Functional Food
Security in Global Health. 2019;409-421.

3. Fernandes R, Botrel D, Silva E, Borges S, Oliveira C, Yoshida
M, Feitosa J, Andrade u, Paula R. Cashew gum and inulin: New
alternative for ginger essential oil microencapsulation.
Carbohydrate Polymers. 2016;153:133-142.

4. McClements DJ. Requirements for food ingredient and
nutraceutical delivery systems. In Encapsulation Technologies
and Delivery Systems for Food Ingredients and Nutraceuticals,
ed. N Garti, DJ McClements,. Cambridge, UK: Woodhead.
2012;3-18.

5. Loghmanifar S, Roozbeh nasiraei L, Nouri HR, Jafarian S.
Evaluation of nutritional value of garlic and its application in
health, 4th International Congress on engineering, Techol
Applied Sci. New Zealand-Auckland. 2019.

6. Mozaffari Nejad A, Shabani Sh, Bayat M, Hosseini S.E.
Antibacterial Effect of Garlic Aqueous Extract on

Staphylococcus aureus in Hamburger. Jundishapur J Microbiol.
2014;7:131-134.

7. Wang Y, Jia J, Shao J, Shu X, Ren X, Wu B, Yan Z.
Preservative effects of allicin microcapsules on daily foods.
LWT -Food Sci Techol. 2018;98:225-230.

8. Khoshtinat Kh, Barzegar M, Sahari M.A, Hamidi Z.
Encapsulation of Iranian Garlic Oil with B-cyclodextrin:
Optimization and its Characterization, J Agric Sci Techol.
2017;19:97-111.

9. Piletti R, Zanetti M, Jung G, Muneron de Mello J, Dalcanton F,
Soares C, Gracher Riella H, Fiori M. Microencapsulation of
garlic oil by Bcyclodextrin as a thermal protection method for
antibacterial action. Materials Sci Engin C. 2019;94:139-149

10. Khanum F, Anilakumar KR, Viswanathan KR.
Anticarcinogenic properties of garlic: a review. Crit Rev Food
Sci Nutr. 2004;44:479-488.

11. Gorinstein SH, Leontowicz Ha, Leontowicz M, et al. Raw
and boiled garlic enhances plasma antioxidant activity and
improves plasma lipid metabolism in cholesterol-fed rats. Life
Sci. 2006;78:655-663.

12. Indu M.N, Hatha A.A.M, Abirosh C, Harsha U,
Vivekanandan G. Antimicrobial activity of some of the South-
Indian spices against serotypes of Escherichia coli, Salmonella,
Listeria monocytogenes and Aeromonas hydrophila Braz. J
Microbiol. 2006;37:153-158.

13. Fratianni F, Ombra M.N, Cozzolino A, Riccardi R, Spigno P,
Tremonte P, Coppola RF. Phenolic constituents, antioxidant,
antimicrobial and antiproliferative activities of different
endemic Italian varieties of garlic (Allium sativum L.). J Funct
Foods. 2016;21:240-248.

14. Ankri S, Mirelman D. Antimicrobial properties of allicin from
garlic. Microbes Infec. 1999;2:125-129.

15. Loghmanifar S, Roozbeh Nasiraei L, Nouri HR, Jafarian S.
Effects of Different Extraction Methods on Antioxidant
Properties and Allicin Content of Garlic. J Food Sci Hygiene.
2020;1:16-25.


https://www.sciencedirect.com/science/article/pii/S1756464618303098
https://www.sciencedirect.com/science/article/pii/S1756464618303098
https://www.sciencedirect.com/science/journal/17564646
https://www.sciencedirect.com/science/article/pii/B9780128131480000244
https://www.sciencedirect.com/science/book/9780128131480
https://www.sciencedirect.com/science/book/9780128131480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mozaffari%20Nejad%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=25774277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shabani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25774277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bayat%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25774277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosseini%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=25774277
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4332239/

35

16. Petropoulos S, Fernandes A, Barros L, Ana Ciric Sokovic M,
Ferreira I. Antimicrobial and antioxidant properties of various
Greek garlic genotypes. Food Chem. 2017;245:7-12.

17. Fenfang L, Qiao L, Shuanggen W, Zhijian T. Salting-out
extraction of allicin from garlic (Allium sativum L.) based on
ethanol/ammonium sulfate in laboratory and pilot scale. Food
Chem. 2017;217:91-97.

18. Pinelo M, Del Fabbro P, Marzocco L, Nunez MJ, Vicoli MC.
Optimization of continuous phenol extraction from Vitis
vinifera byproducts. Food Chem. 2005;92:109-117.

19. Benzie I.F, Strain J.J. The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”: the FRAP assay.
Anal Biochem. 1996;23:70-76.

20. Amamcharla J, Metzger L. Modification of the ferric reducing
antioxidant power (FRAP) assay to determine the susceptibility
of raw milk to oxidation. Inter Dairy J. 2014;34:177-179.

21. Bhatt A, Patel V, Antioxidant activity of garlic using
conventional extraction and in vitro gastrointestinal digestion.
Free Radicals Antioxidants. 2013;3:30-34.

22. British Pharmacopoeia, Garlic Powder, Stationery Office.
London. 2015;1V-195.

23. Adams RP. Identification of Essential Oil Components by Gas
Chromatography/Mass ~ Spectrometry.  Allured  Publishing
Corporation Carol Stream. IL. 2001.

24. Jung CH, Seog HM, Choi IW, Park MW, Cho HY.
Antioxidant properties of various solvent extracts from wild
ginseng leaves. LWT. 2006;39:266-274.

25. Maleki M, Ariaii P, Fallah H. Effects of Celery Extracts on
the Oxidative Stability of Canola Oil Under Thermal Condition:
Antioxidant Effect of Celery Extract on Canola Oil". J Food
Processing Preservation. 2015.

26. Milner JA. Mechanisms by which garlic and allyl sulfur
compounds suppress carcinogen bioactivation. Garlic and
carcinogenesis. Adv ExpMed Biol. 2001;492:69-81.

27. Balasubramani P, Viswanathan R, Vairamani M. Response
surface optimisation of process variables for microencapsulation
of garlic (Allium sativum L.) oleoresin by spray drying. Bio
Engin. 2013;114:205-213.

28. Freeman F, Kodera Y. Garlic chemistry: Stability of S-(2-
propenyl) 2-propene-1-sulfinothiate (allicin) in blood, solvents,
simulated physiological fluids. J Agric Food Chem.
1995;43:2332-2338.

29. Sumiyoshi H, Kanezawa A, Masamoto K, et al. Chronic
toxicity test of garlic extract in rats. J Toxicol Sci. 1984;9:61-
76.

Loghmanifar et al.

30. Yoshida S, Hirao Y, Nakagawa S. Mutagenicity and
cytotoxicity tests of garlic. J Toxicol Sci; 1984;9:77-86.

31. Borek C, Antioxidant health effects of aged Garlic extract. J
Nutr. 2001;131:10-15.

32. Djeridane M, Yousfi B, Nadjemi D, et al. Antioxidant activity
of some Algerian medicinal plants extracts containing phenolic
compounds. Food Chem. 2006;97:654-660.

33. Zou C, Du YM, Li Y, Yang JH, Feng T, Zhang L, Kennedy
JF. Preparation of lacquer polysaccharide sulfates and their
antioxidant activity in vitro. Carbohyd. Polym. 2008;73:322-
331.

34. Tan L, Zhang D, Yu B, Zhao S.P, Wang J.W, Yao L, Cao
WG. Antioxidant activity and optimization of extraction of
polysaccharide from the roots of Dipsacus asperoides. Int J Biol
Macromol. 2015;81:332-339.

35. Douiri L.F, Boughdad A, Assobhei O, and Moumni M,
Chemical Composition and Biological Activity of Allium
sativum Essential Oils against Callosobruchus maculates. J.
Environ. Sci. Toxicol. Food Technol. (IOSR-JESTFT).
2013;3:30-36.

36. Anonymous c, http://www.garlicworld.co.uk/flavour/Analyt
ical %20 Review /page2 .html. 2016.


http://www.garlicworld.co.uk/flavour/Analyt%20ical
http://www.garlicworld.co.uk/flavour/Analyt%20ical

