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ABSTRACT 
 

Aims: The aims of this work were to quantify allicin - an abundant antioxidant in different aqueous 
garlic extract samples and to determine the stability of allicin in the extract under different thermal 
and solvation conditions. 
Study Design: Descriptive research. 
Place and Duration of Study: Department of Chemistry and Biochemistry and Department of 
Biological Sciences, California State Polytechnic University, Pomona, between May 2013 and 
September 2014. 

Original Research Article 



 
 
 
 

Chong et al.; JSRR, 4(7): 590-598, 2015; Article no.JSRR.2015.062 
 
 

 
591 

 

Methodology: A reversed-phase high performance liquid chromatography method was used to 
analyze allicin in garlic extracts. Quantification of allicin in garlic extracts was made by comparing 
its peak area with the standard calibration curve of allicin with known concentrations. The kinetic 
study of allicin degradation in garlic extracts was based on the Arrhenius theory. 
Results: The amount of allicin in aqueous garlic extracts varied from 35.6 to 44.5 mM. The thermal 
stability study shows that the degradation of allicin is a first-order reaction and the preliminary data 
shows that the degradation of allicin in different solvents has different kinetic parameters. 
Conclusion: The concentration of allicin in garlic extract samples was similar to each other, 
despite of different sampling dates. For medicinal purpose, garlic extracts should be used freshly to 
prevent any degradation of allicin. 
 

 
Keywords: Allicin; high performance liquid chromatography; garlic extract; quantification; thermal 

stability; chemical stability. 
 

1. INTRODUCTION 
 
Garlic, a common food that is well known for its 
characteristic flavor, has long been used for 
medicinal purpose to fight against cancer and 
cardiovascular disorders. [1,2] Garlic has the 
potential to decrease platelet aggregation, lower 
total plasma cholesterol, reduce blood pressure 
in clinical trials, and modulate the immune 
system. [1-5] In addition, garlic is known to have 
antimicrobial activity. [6] Many investigators have 
revealed that the pharmacologic and therapeutic 
effects of garlic come from allicin, a diallyl 
thiosulfinate compound found in the fresh garlic 
extract. [7,8] Although allicin represents about 
70% of the overall thiosulfinates present or 
formed upon crushing the garlic cloves, [9] allicin 
is not actually present in whole garlic bulbs. 
When garlic cloves are crushed, cut, or chewed, 
the pressure ruptures the cell membranes. S(+)-
allyl-L-cysteine sulfoxide (alliin) inside the cells 
quickly degrades into allicin and other sulfur-
containing compounds with the catalytic action 
from the enzyme allinase. [10,11] 
Pharmacologically, allicin is active against many 
bacteria and viruses. [12,13] In addition, allicin 
prevents lipid peroxidation and has an 
outstanding antioxidant activity. [14,15] The 
extremely easy access for human beings to 
garlic cloves and garlic products makes allicin a 
great contestant for a common antibiotic agent in 
our daily life.  
 
To take advantage of all these valuable merits of 
garlic-derived allicin, modern technology is 
required to identify, quantify, and study the 
stability of allicin in garlic extracts or commercial 
dietary supplemental garlic products. Many 
components of garlic powders, garlic flakes, and 
aged garlic extracts, including allicin and its 
precursors, have been determined by high 
performance chromatography (HPLC), gas 

chromatography (GC), HPLC coupled with mass 
spectrometry (HPLC-MS), and GC-MS. [16-18] 
Nine organosulfur marker compounds were 
detected and identified in an aged garlic extract 
with solvent extraction and GC-MS analysis. [16] 
Diallyl sulfides in garlic powder was analyzed by 
LC-MS with Ag(I) induced ionization. [19] As for 
the identification of allicin, GC has been applied 
to the indirect quantification of allicin by 
converting it to either diallyl disulfide or 
allylmercaptan. However, GC methods require 
allicin as an external standard. Han et al reported 
a spectrophotometric method for quantitative 
determination of allicin and total garlic 
thiosulfinates based on the reaction of allicin with 
S-allylmercaptocysteine and requiring no allicin 
standard to quantify. [11] Since then, HPLC has 
been predominantly employed in the allicin 
quantification. [20,21] In addition, HPLC is the 
most versatile and widely used elution 
chromatography and it gives high-resolution 
separations with a wide variety of techniques. 
[22] The quantitative determination of allicin in 
garlic was made possible by the supercritical 
fluid extraction with CO2 and the standard 
addition of alliin, and HPLC with UV-vis 
absorbance detection. [23] Mochizuki et al 
reported a rapid method base on UV with HPLC 
for quantitative determination of allicin in 
aqueous garlic extract. [24] A simple, rapid, and 
reliable HPLC method is still desired in the 
quantification of allicin in garlic samples. 
 
Although a few reports have described allicin as 
being relatively stable in an aqueous and 
ethanolic solution, the decomposition of allicin is 
an undeniable fact. [25,26] Some commercially 
available allicin standards do not contain the 
purported concentration due to decomposition. 
[23] Allicin reacts very rapidly with free thiol 
groups present in garlic matrices. The thermal 
conditions and the chemical environment where 
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allicin is present greatly affect the stability of 
allicin. It was reported that the antibacterial use 
of garlic was influenced by the chemical stability 
of thiosulfinates. [27] Some work has been done 
to determine the thermostability of allicin in an 
ordinary garlic extract by systematic analyses 
employing chemical and biological assays. The 
kinetic parameters for the decomposition 
processes of allicin in the selected garlic extracts 
obtained with ethanol and acetone have been 
determined, and different reaction orders have 
been reported in the different solvent. [26] As for 
other solvents, the kinetic picture is not clearly 
defined. Thus, the objectives of this work were to 
identify and quantify allicin in different garlic 
samples by HPLC method first, and then 
determine the thermal and chemical stability of 
allicin in fresh garlic aqueous extract in different 
solvents. This information is necessary to 
determine the activity, formulation, and dosage of 
a natural remedy taken from garlic extracts.  
 

2. EXPERIMENTAL DETAILS 
 
2.1 Chemicals and Apparatus 

 
Alliin was purchased from Sigma-Aldrich (St. 
Louis, MO). Methanol, acetone, and dimethyl 
sulfoxide (DMSO) of HPLC grade were 
purchased from Fisher Scientific (Pittsburg, PA). 
Pyrogen-free water was purchased from Hospira 
(Lake Forest, IL). All chemicals are used as 
received without further purification. Allicin was 
synthesized by the peroxyacid oxidation of diallyl 
disulfide according to the procedure of Small et 
al. [28] Due to the thermal instability of allicin, the 
crude product was purified by silica gel 
chromatography rather than distillation.  
 

2.2 Garlic Extract Sample Preparation 

 
The aqueous garlic extract was prepared as 
previously described. [29] Briefly, garlic 
purchased from the local grocery store was 
combined with pyrogen free water (PFW)          
(0.5g garlic/ml PFW) and ground using a Waring 
blender for one minute.  The homogenate was 
passed through grade-50 cheesecloth and 
subsequently filter-sterilizedusing a Nalgene 
0.2µm pore-sized filter unit (NalgeNunc 
International, Rochester, NY) connected to a 
vacuum pump. The flow-through from the 
Nalgene filter was aliquoted into microcentrifuge 
tubes and stored at -80°C until used. Garlic 
extract sample stocks and the standard allicin 
were diluted with pyrogen-free water as needed, 
prior to HPLC analysis. 

2.3 Quantification and Stability Study of 
Allicin in Garlic Extract Samples 

 
Allicin in the garlic extracts was quantified by a 
HPLC method which involved using a Zorbax 
Eclipse XDB-C18 column with a size of 4.6 mm x 
150 mm, A G1312A bin pump, and a G1315A UV 
detector. Above parts were included in the 
Agilent-1100 HPLC system (Agilent 
Technologies, Santa Clara, California, USA). 
Allicin or allicin-containing garlic extracts were 
applied onto the column and eluted by the 
isocratic solvent of water/methanol (50/50) at a 
flow rate of 0.75 mL/min. The absorbance of 
allicin or garlic extract was monitored at 254 nm. 
Quantification of allicin in garlic extract was made 
by comparing its peak area with the calibration 
curve of the standard allicin with known 
concentrations.  
 
Different thermal and chemical conditions were 
employed to investigate the stability of allicin in 
the garlic extract. Three different temperatures, 
namely 4, 37, and 100°C, were used to 
determine the thermal stability of allicin in the 
garlic extracts. In addition, the stock solution of 
garlic aqueous extract was diluted in different 
solvents, including water, methanol, acetone, 
and DMSO, in order to investigate the chemical 
stability of allicin in garlic extract. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Construction of Calibration Curve 

 
To construct the calibration curve, ten standard 
allicin solutions with different concentrations 
were used with each solution being analyzed 
repeatedly six times. The detector responses of 
allicin were plotted as function of the allicin 
concentration to construct a calibration curve for 
allicin quantification. A linear relationship was 
observed between the detector responses and 
the allicin standard concentrations ranging from 

1.72 × 10
-4

 M to 5.68 × 10
-2

 M. A least squares 
regression analysis equation was determined to 
be: 
 

Allicin signal = 24376 ×allicin concentration + 8.4 
 

The relative standard deviation of the 
measurements (n = 6 for each concentration) 
was less than 3.0%. The R

2
 value of 0.9987 was 

found for the linear fit equation. When the 

concentration of allicin dropped below 1.72 × 10
-4

 
M, no significant difference between allicin 
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standard signal and baseline noise was 
observed. The limit of detection/quantification of 

our method (1.72 × 10
-4

 M) is sufficient for the 
analysis of the majority of garlic products.  
 

3.2 Quantification of Allicin in Garlic 
Extract Samples 

 
A same brand of garlic cloves (not necessarily 
the same batch) purchased from a local grocery 
store at different times (from spring to winter) 
was used to prepare garlic extract samples. All 
garlic extract samples were made at different 
times, as well. A representative chromatogram of 
a garlic aqueous extract sample analyzed by the 
developed HPLC method is shown as Fig. 1. A 
few peaks were observed on the chromatogram 
of a garlic extract sample indicating the presence 
of different compounds. The peak identity of 
allicin (the third peakwith a migration time of 1.23 
min) was confirmed by comparing the migration 
time of the allicin standard solution with that of 
the garlic extract components in the sample. 
When a small amount of allicin standard solution 
was added to the garlic extract sample, the peak 
area increase was only observed on the third 
peak on the chromatogram further confirming the 
peak identity of allicin. The quantification results 
for different garlic extracts based on the standard 
calibration curve are listed in Table 1. All garlic 
extract samples contained similar amount of 
allicin varying from 35.6 to 44.5 mM despite of 
different garlic cloves and different preparation 
times.  
 

Table 1. Quantification of allicin in garlic 
extracts 

 

Sample number Allicin conc. (mM) 

S1 36.8 
S4 39.5 
S5 35.6 
S18 44.5 
S43 36.6 

*sample number was randomly selected and was not 
specific to any sampling dates 

 
Although the HPLC separation condition for all 
compounds is not optimal and ideal, the allicin 
peak is well resolved from the peak cluster with a 
resolution of 1.54 from its neighboring peak. 
Lowering the flow rate of the mobile phase 
effectively resolved the components in the first 
few peaks. Up to ten peaks were observed when 
the flow rate was decreased to 0.50 mL/min but 

the overall analysis time was much longer. In this 
project, allicin in the garlic extract is the analyte 
of interest. Therefore, no further investigation 
was carried out to identify and increase the 
resolution of other components except allicin. 
Compared to other methods such as the Pico 
Tag derivatizing method, [21] this method can 
not quantify very low concentration of allicin. 
However, it requires no particular sample 
preparation procedures and the filtered garlic 
extract can be directly loaded onto the 
chromatographic column for analysis. More 
importantly, the analysis time is shortened to 
within 5 min compared to previously reported 12 
min. [10,30] The shortened analysis times are 
essential for real-time monitoring of allicin at the 
elevated temperature where the natural 
degradation of allicin occurs rapidly. 
 

3.3 Kinetic Study of Allicin Degradation 

 
It has been documented that allicin naturally 
decomposes under normal experimental 
condition. [31,32] To investigate the kinetics of 
the degradation process of allicin in the aqueous 
garlic extract, the concentration of allicin was 
monitored over a long time period at a constant 
temperature. To increase the reaction rate of the 
allicin degradation, the garlic extract was 
incubated at 100°C. As demonstrated in Fig. 2a, 
the degradation of allicin started immediately at 
the boiling temperature and the concentration of 
allicin dramatically decreased over the 
experiment period. By 50 min, the amount of 
allicin dropped below the detectable threshold of 
our method. The reaction rate of the allicin 
degradation can be expressed as the change in 
its concentration per unit time. Mathematically, 
 

− ���������	

�

= ��
������	�                          (1) 

 
Where k is the rate constant, n is the reaction 
order, [Allicin] is the allicin concentration in the 
garlic extract and t is the reaction time. The 
reaction order, n, can be mathematically 
determined by integrating Eq. 1. There are 
different relationships among the monitored 
concentrations upon the differences in reaction 
order [33]. 
 
If n = 1,  
 

ln�
������	 = ln�
������	� − ��  (2) 
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Fig. 1. Representative chromatogram of a garlic extract sample with the third peak being 
identified as allicin. HPLC conditions: Zorbax Eclipse XDB-C18 column with a size of 4.6 mm x 

150 mm, 10 µµµµL injection, mobile phase, water/methanol (50/50); flow rate, 0.75 mL/min; UV 
absorbance wavelength, 254 nm 

 

If n = 1.5, 
 

�

���������	
= �

���������	�
+ ��   (3) 

 

If n = 2,  
 

�

��������	
= �

��������	�
+ ��   (4) 

 

[Allicin]0 in all three equations mentioned above 
stands for the initial concentration of allicin in the 
garlic extract when t = 0. As determined in the 
previous section, the signal of allicin is linearly 
proportional to the concentration of allicin. 
Therefore, the Eq. 2 can be rewritten as: 
 

��(
������	���. ) = ln	(
������	���. )� + � ′�						(5) 
 

When the data in Fig. 2a were analyzed, a linear 
response was obtained in ln (Allicin Signal) vs. 
time (demonstrated in Fig. 2b), which indicates 
the allicin degradation process in the garlic 
extract at 100°C is a first order reaction. 
 

3.4 Effect of Incubation Temperature 

 
Aqueous garlic extracts were incubated at other 
temperatures (4, and 37°C, respectively). 4°C 
was chosen mainly for the refrigerator storage, 

while 37°C was chosen because it is the normal 
body temperature. The allicin degradation 
process at 4 and 37°C was investigated, 
respectively as well. As demonstrated in Fig. 3, 

the decomposition process was barely observed 
for allicin in the short period when being 
incubated at 4°C. However, decomposition did 
occur over a longer experimental period and the 
concentration of allicin in the garlic extract 
decreased gradually and steadily. The allicin 
signals shown on the graph were the daily 
average of allicin concentrations (n = 6) with the 
HPLC analyses being performed at the same 
time on the corresponding experimental days. 
There was about 15% loss of allicin in the garlic 
extract after being incubated at 4°C for about a 
month. When the garlic extract was incubated at 
37°C, there was more than 50% loss of allicin 
over 5-day period. According to the Arrhenius 
equation, 
 

� = 
 !
"#
$%                                    (6) 

 
where k is the reaction rate constant, A is the 
pre-exponential factor, Ea is the activation 
energy, R is the gas constant, and T is the 
incubation temperature, the reaction rate 
constant increases with the increasing 
temperature. [33] The concentration of allicin 
decreased much faster at 37°C than 4°C, which 
indicates the degradation rate increases with 
increasing temperature and verifies the Arrhenius 
equation prediction. To preserve the therapeutic 
capabilities of allicin, aqueous garlic extract 
should be applied as freshly as possible. 
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Fig. 2(a). Detector response changes of allicin in garlic extract when 
time; (b). natural logarithm value of allicin signal changes over time. The HPLC analysis 

conditions were same as in Fig
 

3.5 Influence of Solvent Media
 
The concentrated garlic aqueous extracts were 
diluted with solvents of different polarities to 
investigate the influence of the solvent media on 
allicin stability. Water, DMSO, and acetone
different polarities and therefore were used as 
the solvent for garlic aqueous extract, 
respectively. The results of solvent effects were 
shown in Fig. 4. Allicin decomposition occurred 
at the slowest rate when the garlic extract was 
diluted in water. The solvents of different 
polarities give rise to the allicin with distinct 
nature, affecting the degradation process of 
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2(a). Detector response changes of allicin in garlic extract when incubated at 100°C over 

time; (b). natural logarithm value of allicin signal changes over time. The HPLC analysis 
conditions were same as in Fig. 1 

Influence of Solvent Media 

The concentrated garlic aqueous extracts were 
solvents of different polarities to 

investigate the influence of the solvent media on 
allicin stability. Water, DMSO, and acetone have 

were used as 
the solvent for garlic aqueous extract, 

vent effects were 
shown in Fig. 4. Allicin decomposition occurred 
at the slowest rate when the garlic extract was 
diluted in water. The solvents of different 
polarities give rise to the allicin with distinct 
nature, affecting the degradation process of 

allicin. It has been reported that the allicin 
decomposition in the different organic medium 
occurs through different reaction order and 
theoretical pathways. [25-27] Fujisawa et al also 
reported that the direct relationship between 
biological activity and substantial quantity of 
allicin were observed in ethanolic solvent, 
hexane and vegetable oil. [25,26] 
understand the kinetic mechanism of allicin 
degradation in different solvents, more 
experiments are still desired. Generally, to take 
advantage of the therapeutic actions of allicin, 
solvents should be carefully chosen to dilute the 
concentrated garlic extracts. 
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incubated at 100°C over 
time; (b). natural logarithm value of allicin signal changes over time. The HPLC analysis 

icin. It has been reported that the allicin 
decomposition in the different organic medium 
occurs through different reaction order and 

Fujisawa et al also 
reported that the direct relationship between 
biological activity and substantial quantity of 
allicin were observed in ethanolic solvent, 

 To completely 
understand the kinetic mechanism of allicin 
degradation in different solvents, more 
experiments are still desired. Generally, to take 
advantage of the therapeutic actions of allicin, 

ld be carefully chosen to dilute the 
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Fig. 3. Degradation of allicin in the garlic extract at different temperatures. The HPLC analysis 

conditions were same as in Fig

 
Fig. 4. Degradation of allicin in the garlic extract when incubated in different solvents.

garlic extracts were incubated at 
 

4. CONCLUSION 
 
A simple and rapid HPLC-UV method was 
developed to quantify the amount of allicin in 
aqueous garlic extracts. The HPLC analysis time 
of allicin was shortened to within 5 min, 
compared to traditional 12 min analysis that has 
been reported in the literature, with no further 
treatment of garlic extract samples. 
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Degradation of allicin in the garlic extract at different temperatures. The HPLC analysis 

conditions were same as in Fig. 1. “���� ” is for the experimental condition of 4°C while “
for 37°C. 

 

Degradation of allicin in the garlic extract when incubated in different solvents.
garlic extracts were incubated at 25°C. The HPLC analysis conditions were same as in Fig

UV method was 
developed to quantify the amount of allicin in 
aqueous garlic extracts. The HPLC analysis time 
of allicin was shortened to within 5 min, 
compared to traditional 12 min analysis that has 

literature, with no further 
 

Using our methods, the concentration of allicin in 
the extract samples varied from 35
The thermal stability study shows that the 
degradation of allicin is a first-order 
the preliminary data shows that the degradation 
of allicin in different solvents has different kinetic 
parameters. To take advantage of therapeutic 
actions of allicin in garlic extracts, aqueous garlic 
extract should be applied as freshly as p
to prevent its degradation. 
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Degradation of allicin in the garlic extract at different temperatures. The HPLC analysis 

C while “♦♦♦♦” is  

 

Degradation of allicin in the garlic extract when incubated in different solvents. The 
The HPLC analysis conditions were same as in Fig. 1 

Using our methods, the concentration of allicin in 
35.6 to 44.5 mM. 

The thermal stability study shows that the 
order reaction and 

the preliminary data shows that the degradation 
of allicin in different solvents has different kinetic 
parameters. To take advantage of therapeutic 
actions of allicin in garlic extracts, aqueous garlic 
extract should be applied as freshly as possible 



 
 
 
 

Chong et al.; JSRR, 4(7): 590-598, 2015; Article no.JSRR.2015.062 
 
 

 
597 

 

ACKNOWLEDGEMENTS 
 
This work was supported by the Faculty Start-up 
Fund at California State Polytechnic University 
Pomona and the President’s Research, 
Scholarship and Creative Activity (RSCA) Grant 
at California State Polytechnic University 
Pomona. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Block E. Flavorants from garlic, onion, and 

other alliums and their cancer-preventive 
properties. Acs Sym Ser. 1994;546:84-96. 

2. Chan JY, Yuen AC, Chan RY, Chan SW. 
A review of the cardiovascular benefits 
and antioxidant properties of allicin. 
Phytotherapy Research : PTR. 
2013,27(5):637-646. 

3. Gebhardt R, Beck H. Differential inhibitory 
effects of garlic-derived organosulfur 
compounds on cholesterol biosynthesis in 
primary rat hepatocyte cultures. Lipids. 
1996;31(12):1269-1276. 

4. Patya M, Zahalka MA, Vanichkin A, 
Rabinkov A, Miron T, Mirelman D, et al. 
Allicin stimulates lymphocytes and elicits 
an antitumor effect: A possible role of 
p21(ras). Int Immunol. 2004;16(2):275-
281. 

5. Sela U, Ganor S, Hecht I, Brill A, Miron T, 
Rabinkov A, et al. Allicin inhibits SDF-1 
alpha-induced T cell interactions with 
fibronectin and endothelial cells by down-
regulating cytoskeleton rearrangement, 
Pyk-2 phosphorylation and VLA-4 
expression. Immunology. 
2004;111(4):391-399. 

6. Ankri S, Mirelman D. Antimicrobial 
properties of allicin from garlic. Microbes 
Infect. 1999;1(2):125-129. 

7. Prasad K, Laxdal VA, Yu M, Raney BL. 
Antioxidant activity of allicin, an active 
principle in garlic. Mol Cell Biochem. 
1995;148(2):183-189. 

8. Arnault I, Haffner T, Siess MH, Vollmar A, 
Kahane R, Auger J. Analytical method for 
appreciation of garlic therapeutic potential 
and for validation of a new formulation. J 
Pharmaceut Biomed. 2005;37(5):963-970. 

9. Miron T, Rabinkov A, Mirelman D, Weiner 
L, Wilchek M. A spectrophotometric assay 

for allicin and alliinase (alliin lyase) activity: 
Reaction of 2-nitro-5-thiobenzoate with 
thiosulfinates. Anal Biochem 
1998;265(2):317-325. 

10. De Diego M, Avello M, Mennickent S, 
Fernandez M, Fernandez P. Validated 
liquid chromatographic method for 
quantitative determination of allicin in 
garlic powder and tablets. Journal of 
Separation Science. 2007;30(16):2703-
2707. 

11. Han J, Lawson L, Han G, Han P. 
Spectrophotometric method for 
quantitative-determination of allicin and 
total garlic thiosulfinates. Anal Biochem. 
1995;225(1):157-160. 

12. Luo DQ, Guo JH, Wang FJ, Jin ZX, Cheng 
XL, Zhu JC, et al. Anti-fungal efficacy of 
polybutylcyanoacrylate nanoparticles of 
allicin and comparison with pure allicin. 
Journal of Biomaterials Science Polymer 
Edition. 2009;20(1):21-31. 

13. Yassin MA, Moslem MA, El-Samawaty 
AMA, El-Shikh MS. Effectiveness of allium 
sativum in controlling sorghum grain 
molding fungi. J Pure Appl Microbio. 
2013;7(1):101-107. 

14. Kim SM, Kubota K, Kobayashi A. 
Antioxidative activity of sulfur-containing 
flavor compounds in garlic. Biosci Biotech 
Bioch. 1997;61(9):1482-1485. 

15. Okada Y, Tanaka K, Sato E, Okajima H. 
Kinetic and mechanistic studies of allicin 
as an antioxidant. Organic & Biomolecular 
Chemistry. 2006;4(22):4113-4117. 

16. Rosen RT, Hiserodt RD, Fukuda EK, Ruiz 
RJ, Zhou ZY, Lech J, Rosen SL, Hartman 
TG. Determination of allicin, S-
allylcysteine and volatile metabolites of 
garlic in breath, plasma or simulated 
gastric fluids. J Nutr. 2001;131(3):968S-
971S. 

17. Lawson LD, Wood SG, Hughes BG. HPLC 
analysis of allicin and other thiosulfinates 
in garlic clove homogenates. Planta Med. 
1991;57(3):263-270. 

18. Mondy N, Naudin A, Christides JP, 
Mandon N, Auger J. Comparison of GC-
MS and HPLC for the analysis of Allilum 
volatiles. Chromatographia. 2001;53: 
S356-S360. 

19. Parvu M, Parvu AE, Vlase L, Rosca-
Casian O, Parvu O, Puscas M. Allicin and 
alliin content and antifungal activity of 
Allium senescens L. ssp montanum (F. W. 
Schmidt) Holub ethanol extract. Journal of 



 
 
 
 

Chong et al.; JSRR, 4(7): 590-598, 2015; Article no.JSRR.2015.062 
 
 

 
598 

 

Medicinal Plants Research. 2011;5(29): 
6544-6549. 

20. Bocchini P, Andalo C, Pozzi R, Galletti 
GC, Antonelli A. Determination of diallyl 
thiosulfinate (allicin) in garlic (Allium 
sativum L.) by high-performance liquid 
chromatography with a post-column 
photochemical reactor. Anal Chim Acta. 
2001;441(1):37-43. 

21. Arnault I, Christides JP, Mandon N, 
Haffner T, Kahane R, Auger J. High-
performance ion-pair chromatography 
method for simultaneous analysis of alliin, 
deoxyalliin, allicin and dipeptide 
precursors in garlic products using multiple 
mass spectrometry and UV detection. J 
Chromatogr A. 2003;991(1):69-75. 

22. Sharma K, Mullangi R. A concise review of 
HPLC, LC-MS and LC-MS/MS methods 
for determination of azithromycin in 
various biological matrices. Biomed 
Chromatogr.  2013;27(10):1243-1258. 

23. Rybak ME, Calvey EM, Harnly JM. 
Quantitative determination of allicin in 
garlic: Supercritical fluid extraction and 
standard addition of alliin. J Agr Food 
Chem. 2004;52(4):682-687. 

24. Mochizuki EN, Yamamoto T, Horie M, Ikai 
Y, Nakazawa H. Simultaneous 
determination of alliin and allicin in Allium 
plants and their products by liquid 
chromatography. J Aoac Int. 
1997;80(5):1052-1056. 

25. Fujisawa H, Suma K, Origuchi K, Kumagai 
H, Seki T, Ariga T. Biological and chemical 
stability of garlic-derived allicin. J Agric 
Food Chem. 2008;56(11):4229-4235. 

26. Fujisawa H, Suma K, Origuchi K, Seki T, 
Ariga T. Thermostability of allicin 

determined by chemical and biological 
assays. Bioscience, Biotechnology and 
Biochemistry. 2008;72(11):2877-2883. 

27. Canizares P, Gracia I, Gomez LA, Garcia 
A, de Argila CM, Boixeda D, de Rafael L. 
Thermal degradation of allicin in garlic 
extracts and its implication on the 
inhibition of the in-vitro growth of 
Helicobacter pylori. Biotechnol Progr. 
2004;20(1):32-37. 

28. Laverne DS, Bailey JH, Cavallito CJ: Alkyl 
Thiolsulfinates. J Am Chem Soc. 
1947;69(7):1710-1713. 

29. Sung J, Harfouche Y, De La Cruz M, 
Zamora MP, Liu Y, Rego JA, Buckley NE. 
Garlic (allium sativum) stimulates 
lipopolysaccharide-induced tumor necrosis 
factor-alpha production from J774A.1 
murine macrophages. Phytotherapy 
Research. 2014;28: (in press). 

30. Dubey N, Dubey N, Mehta R. Validation of 
HPTLC and HPLC methods for the 
quantitative determination of allyl disulfide 
in some polyherbal oils. J Aoac Int 
2012;95(6):1574-1578. 

31. Freeman F, Kodera Y. Garlic chemistry - 
stability of s-(2-propenyl) 2-propene-1-
sulfinothioate (allicin) in blood, solvents, 
and simulated physiological fluids. J Agr 
Food Chem. 1995;43(9):2332-2338. 

32. Mishra R, Upadhyay SK, Maheshwari PN. 
Stability of allicin in garlic - A kinetic study. 
Indian J Chem Techn. 2001;8(3):195-199. 

33. McQuarrie DA, Simon JD. Physical 
chemistry: A molecular approach. 
Sausalito, CA: University Science Books; 
1997. 

________________________________________________________________________________ 
© 2015 Chong 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://www.sciencedomain.org/review-history.php?iid=746&id=22&aid=6923 
 


