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ABSTRACT 
 

The significance of this research extends beyond the mere extraction and purification of allicin, 
encompassing its potential applications across diverse industries. Allicin exhibits a plethora of 
biological activities, including antimicrobial, antifungal, antiviral, and antiprotozoal properties. Its 
mechanism of action involves the inhibition of thiol-containing enzymes in microorganisms, 
rendering it effective against a wide array of pathogens. Moreover, allicin has demonstrated 
promising anticancer properties, eliciting apoptosis and inhibiting cell proliferation in various cancer 
cell lines. Additionally, its anti-inflammatory and cardioprotective effects underscore its potential 
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therapeutic utility in mitigating cardiovascular diseases and other inflammatory conditions. This 
study presents a novel method for extracting and purifying allicin from raw garlic cloves. Dry ice 
ensures the ethanol to reach its cryo temperature (hilled to sub-zero temperatures ranging from -
40°C to -80°C). The process involves the use of ethanol, dry ice and ascorbic acid as solvents, 
vacuum stirring, and subsequent crystallization. The final product, a hygroscopic powder, was 
analyzed using High-Performance Thin-Layer Chromatography (HPTLC) to determine allicin 
content. The extraction yielded 5 grams of whitish hygroscopic powder from 21 grams of crude 
extract, with an allicin content of 5%. Chromatographic conditions included a mobile phase of 
acetonitrile: water: Formic acid (30:8:2) and derivatization with ninhydrin, with detection under UV 
light at 366 nm. This method provides an efficient way to isolate and purify allicin for various 
applications. 
 

 

Keywords:  Allicin; allium sativum; HPTLC; extraction; purification; crystallization; cryoethanolic 
extraction. 

 

1. INTRODUCTION 
 
Allicin (diallyl thiosulfinate) is a prominent sulfur-
containing compound found in garlic (Allium 
sativum). Alliin, a sulfoxide found naturally in 
fresh garlic, derives from the amino acid cysteine 
[1]. When garlic undergoes chopping or crushing, 
the enzyme alliinase transforms alliin into allicin, 
the compound behind the characteristic scent of 
fresh garlic [2]. Known for its distinctive aroma 
and various health benefits, allicin is responsible 
for many of garlic's therapeutic properties [2]. It is 
an oily, slightly yellow liquid with a pungent 
odour, decomposing into various sulfur-
containing compounds when exposed to heat or 
physical stress. Allicin is soluble in organic 
solvents like ethanol and isopropanol, which aids 
in its extraction and purification [3]. 
 
Allicin exhibits a broad spectrum of biological 
activities, including antimicrobial, antifungal, 
antiviral, and antiprotozoal properties [4]. Its 
mechanism of action includes the inhibition of 
thiol-containing enzymes in microorganisms [5]. 
Additionally, allicin demonstrates anticancer 
properties by inducing apoptosis and inhibiting 
cell proliferation in various cancer cell lines. It 
also has anti-inflammatory and cardioprotective 
effects, which contribute to its medicinal 
significance [6,7,8,9,10,11].  
 

Allicin is widely used in the pharmaceutical and 
nutraceutical industries due to its potent 
biological activities [12]. In the pharmaceutical 
industry, allicin is used in the formulation of 
antimicrobial and anticancer drugs. It is also 
incorporated into supplements and functional 
foods aimed at boosting immune function, 
reducing inflammation, and protecting against 
cardiovascular diseases [13]. Moreover, allicin's 
strong antioxidant properties make it valuable in 

preventing oxidative stress-related conditions. In 
the food industry, allicin is used as a natural 
preservative due to its ability to inhibit the growth 
of foodborne pathogens [14]. 
 
Various techniques have been employed for the 
extraction of allicin, including steam distillation, 
Soxhlet extraction, supercritical fluid extraction, 
and solvent extraction. Each method has its own 
set of advantages and limitations [15]. Steam 
distillation is commonly used but often leads to 
the degradation of allicin due to heat. Soxhlet 
extraction is efficient for extracting allicin but 
involves prolonged exposure to solvents and 
heat, potentially degrading allicin [16]. 
Supercritical fluid extraction uses CO2 to extract 
allicin without thermal degradation but requires 
expensive equipment and operational expertise. 
Solvent extraction involves using organic 
solvents, which can efficiently extract allicin but 
often result in impurities and lower yields [17]. 
 
In one of the research studies HPLC analysis 
was carried out utilizing a Waters 616 pump 
coupled with a UV-1575/VIS absorbance 
detector. Separation of compounds occurred on 
a Li Chrospher 100 RP18 (C18) column, with 
dimensions of 250×4 mm i.d.×5 µm, sourced 
from Hewlett Packard. The mobile phase, 
comprised of methanol-water (in a 70:30, v/v 
ratio), facilitated the separation process. 
Standards utilized included DAS, DAT, DADS, 
and DATS. The HPLC procedure was conducted 
at room temperature with a flow rate set at 0.8 
mL/min. Allicin within the eluent was identified at 
wavelengths of 202 and 210 nm [18]. HPLC 
procedure, each of the four standards displayed 
distinct peaks. DAS exhibited a retention time of 
6.941 minutes, while DAT showed a retention 
time of 8.706 minutes, with both registering their 
maximum absorbance at 202 nm. On the other 
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hand, DADS exhibited a retention time of 12.634 
minutes, and DATS at 17.794 minutes, both 
showing maximum absorbance readings at 210 
nm. The findings indicated that the HPLC method 
exhibited greater sensitivity compared to the GC 
method, as its lowest detection limit was lower 
than that of GC. The average Coefficient of 
Variation (CV) for the spectrophotometric, GC, 
and HPLC methods were calculated at 3.44, 
8.10, and 4.68, respectively. According to the 
results, both the spectrophotometric and HPLC 
methods demonstrated superior precision 
compared to the GC method [18]. 
 

Our research introduces a novel extraction 
method combining ball milling under vacuum, 
ethanol extraction with ascorbic acid as a 
stabilizer, vacuum filtration, nitrogen gas purging, 
and isopropanol crystallization. This method aims 
to maximize yield, purity, and stability of allicin. 
 

1.1 Cryoethanolic Extraction of Allicin 
 

As a future direction of our research, we plan to 
explore cryoethanolic extraction for allicin. 
Cryoethanolic extraction involves the use of 
ethanol at sub-zero temperatures to extract 
allicin from garlic. This method offers several 
benefits, including the minimization of thermal 
degradation and oxidation of allicin, which are 
common issues with traditional extraction 
methods. By maintaining low temperatures 
throughout the extraction process, cryoethanolic 
extraction can preserve the integrity and 
biological activity of allicin more effectively. 
Additionally, this method can enhance the 
solubility of allicin in ethanol, leading to improved 
extraction efficiency and higher yields. The 
potential for cryoethanolic extraction to produce a 
purer and more stable allicin product makes it a 
promising area for future investigation in our 
research. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 

• Raw garlic cloves (100 units) (purchased 
from local market 

• Ethanol (analytical grade) 

• Ascorbic acid (0.5%) 

• Isopropanol (IPA, analytical grade) 

• Dry Ice 

• Nitrogen gas 

• HPTLC reagents: Acetonitrile, water, 
formic acid, ninhydrin, glacial acetic acid, 
isopropanol 

• Standard allicin (Sigma Aldrich) 

2.2 Equipment 
 

• Ball mill 

• Three-necked round bottom flask (2 liters) 

• Vacuum filtration setup 

• Nitrogen gas purging setup 

• UV light (366 nm) 

• HPTLC apparatus 

 
2.3 Extraction Process  
 
The extraction process begins with the thorough 
crushing of 100 raw garlic cloves using a ball mill 
under vacuum conditions, a method employed to 
minimize the oxidative degradation of allicin. 
Following this, the crushed garlic is transferred 
into a 2-liter three-necked round bottom flask, 
where it is combined with ethanol in a 1:6 ratio 
(raw material to solvent) and 0.5% ascorbic acid 
to prevent oxidation and dry ice to reach cryo 
temperature of ethanol (hilled to sub-zero 
temperatures ranging from -40°C to -80°C). The 
mixture is then stirred under vacuum at 45°C for 
45 minutes to facilitate the extraction of allicin 
into the ethanol solvent. This extraction process 
is repeated for a total of three cycles to ensure 
the maximum yield of allicin. Subsequently, the 
mixture is filtered under vacuum to collect the 
liquid filtrate, minimizing exposure to air to 
preserve the integrity of the allicin extract. 
 
Following the extraction, the crude extract 
undergoes concentration by purging the liquid 
filtrate with nitrogen gas to evaporate the ethanol 
without exposing the allicin to air. The result is a 
gelatinous half white to light yellow paste, 
weighing 21 grams. 
 
The next step in the process involves the 
crystallization of the crude extract. The crude 
extract is dissolved in isopropanol (IPA) at a 1:2 
ratio for crystallization. The mixture is 
continuously stirred until a whitish hygroscopic 
powder forms. The final product, weighing 5 
grams, is collected and dried. 
 

2.4 HPTLC analysis  
 

In the detailed HPTLC method, the preparation of 
samples begins with the dissolution of the 
purified allicin powder in a suitable solvent for 
HPTLC application. Standard solutions of allicin 
are also prepared for calibration and comparison 
purposes [19]. Chromatography is then 
conducted using silica gel plates as the 
stationary phase and a mobile phase consisting 
of acetonitrile: water: Formic acid (30:8:2) 
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[20,21]. After allowing the solvent front to travel a 
specific distance, the plates are removed and 
dried. Subsequently, derivatization is performed 
by spraying the developed plates with a 
derivatizing agent made from 0.6 g ninhydrin in a 
mixture of isopropanol and glacial acetic acid 
(190:10) [22]. Heating the plates enhances the 
reaction and spot visualization. Finally, detection 
and quantification are carried out by examining 
the plates under UV light at 366 nm to identify 
and quantify allicin [22]. The spots on the plates 
are compared with standard allicin solutions to 
determine the concentration in the samples. 
 

3. RESULTS 
 
The Cryoethanolic extraction process yielded a 
gelatinous crude extract weighing 21 grams, 
indicative of the efficiency of the extraction 
method in isolating allicin from the raw garlic 
cloves. This crude extract underwent further 
purification through crystallization using 
isopropanol, resulting in the production of a final 
product. This whitish hygroscopic powder, 
weighing 5 grams, represents a significant 
reduction in volume from the initial crude extract, 
highlighting the effectiveness of the purification 
process. The confirmation of allicin presence in 
the final product was achieved through High-
Performance Thin-Layer Chromatography 
(HPTLC) analysis, which revealed a 
concentration of 5%. This indicates that 5% of 
the final product comprised allicin, demonstrating 
the success of the extraction and purification 
process in retaining the desired compound. 
 

The yield and purity of the allicin extraction were 
further quantified and characterized. The initial 
crude extract, weighing 21 grams, provided a 
starting point for the purification process. 
Through subsequent steps, including 
concentration and crystallization, the final 
product weighing 5 grams was obtained, 
indicating a significant reduction in volume but a 
concentration of allicin. The allicin content in the 
final product was determined to be 5%, as 
assessed by HPTLC analysis. These quantitative 
measurements provide insights into the efficiency 
and success of the extraction and purification 
process in isolating allicin from the raw garlic 
cloves. 
 
The chromatogram conditions used in the 
HPTLC analysis further elucidate the analytical 
method employed to characterize the allicin 
content in the final product. The mobile phase 
consisted of acetonitrile: water: Formic acid 
(30:8:2), providing optimal conditions for the 
separation and detection of allicin on the 
chromatographic plate. Additionally, the 
derivatization reagent utilized in the analysis 
comprised 0.6 g of ninhydrin dissolved in a 
mixture of isopropanol and glacial acetic acid 
(190:10), facilitating the visualization of allicin 
spots on the plate Fig. 1&2. Detection of allicin 
was achieved using UV light at 366 nm, allowing 
for the accurate quantification of allicin content in 
the final product. These chromatogram 
conditions ensure the reliability and accuracy of 
the HPTLC analysis in determining the allicin 
concentration in the extracted and purified 
product.

 

 
 

Fig. 1. HPTLC analysis 
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Fig. 2. Allicin peaks by HPTLC with Rf = 0.7 

 
4. DISCUSSION 
 
The novel extraction method demonstrated in 
this study offers several advantages over 
traditional techniques. The use of a ball mill 
under vacuum conditions and ascorbic acid as a 
stabilizer effectively preserved the integrity of 
allicin. Ethanol extraction at cryo temperatures 
using Dry Ice under vacuum ensured efficient 
extraction without significant degradation. The 
subsequent crystallization using isopropanol 
provided a relatively pure and stable form of 
allicin. 
 
Compared to steam distillation, which often leads 
to the thermal degradation of allicin, our method 

avoids high temperatures that can compromise 
the compound's integrity. Soxhlet extraction, 
although efficient, involves prolonged exposure 
to solvents and heat, potentially degrading allicin 
[23]. Our process is faster and avoids this 
prolonged exposure. Supercritical fluid 
extraction, while effective and avoiding thermal 
degradation, requires expensive equipment and 
operational expertise, making it less accessible. 
Our technique, on the other hand, is more cost-
effective and simpler to implement. Solvent 
extraction methods commonly result in impurities 
and lower yields; however, the addition of 
ascorbic acid and nitrogen purging in our method 
enhances stability and yield, producing a higher 
purity product [24]. 
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The findings suggest that our extraction method 
can be scaled up for industrial production of 
allicin, providing a reliable source for 
pharmaceutical and nutraceutical applications 
[25]. The use of readily available and cost-
effective materials further supports its feasibility 
for large-scale operations. This method not only 
preserves the bioactivity of allicin but also 
ensures its stability, making it suitable for use in 
various industries. In the pharmaceutical 
industry, allicin can be utilized in antimicrobial 
and anticancer formulations. Its strong 
antioxidant properties are valuable in preventing 
oxidative stress-related conditions, making it an 
attractive compound for the nutraceutical industry 
as well [26]. 
 

As a future direction of our research, we plan to 
explore cryoethanolic extraction for allicin. 
Cryoethanolic extraction involves the use of 
ethanol at sub-zero temperatures to extract 
allicin from garlic [27]. This method offers several 
benefits, including the minimization of thermal 
degradation and oxidation of allicin, which are 
common issues with traditional extraction 
methods. By maintaining low temperatures 
throughout the extraction process, cryoethanolic 
extraction can preserve the integrity and 
biological activity of allicin more effectively. 
Additionally, this method can enhance the 
solubility of allicin in ethanol, leading to improved 
extraction efficiency and higher yields 
[28,29,30,31,32]. The potential for cryoethanolic 
extraction to produce a purer and more stable 
allicin product makes it a promising area for 
future investigation in our research. 
 

The HPTLC analysis used specific 
chromatogram conditions to characterize allicin 
in the final product [33,34,35]. The mobile phase, 
consisting of acetonitrile, water, and formic acid 
(30:8:2), ensured effective separation and 
detection of allicin. Ninhydrin dissolved in 
isopropanol and glacial acetic acid (190:10) was 
the derivatization reagent, aiding in visualizing 
allicin spots. Allicin detection employed UV light 
at 366 nm for precise quantification. These 
conditions guarantee the reliability and accuracy 
of allicin concentration determination in the 
purified product. 
 

5. CONCLUSION 
 

The described Cryoethanolic method efficiently 
extracts and purifies allicin from raw garlic 
cloves, yielding a product with significant allicin 
content. By optimizing the extraction conditions 
and using stabilizing agents, the method ensures 

high yield and purity. This technique offers a 
practical and scalable solution for producing 
allicin for various applications, marking an 
improvement over existing extraction methods. 
 
The detailed steps in the extraction and 
purification process, along with the HPTLC 
analysis, provide a comprehensive approach to 
isolating allicin. This method not only preserves 
the bioactivity of allicin but also ensures its 
stability, making it suitable for industrial 
application. Future research on cryoethanolic 
extraction holds promise for further improving the 
yield and purity of allicin, enhancing its 
application potential across various industries. 
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