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ABSTRACT. The present study investigated the chemical composition of the 
essential oils from bulbs of four popular garlics in Southern Vietnam for the 
first time, including Ly Son, Khanh Hoa, Ninh Thuan, and Soc Trang 
Provinces. By using hydrodistillation and gas chromatography-mass 
spectrometry, twenty-eight compounds were identified from essential oils. 
Among those, sulfide compounds, the main constituents were found in all 
four studied samples, including diallyl sulfide, dimethyl trisulfide, and diallyl 
disulfide. Also, the main constituents of the essential oils isolated from of 
four specimens, such as diallyl sulfide; dimethyl trisulfide; diallyl disulfide; 
and disulfide, methyl 2-propenyl were significantly different from those in 
previous reports while cyclopropene has been rarely reported in the 
essential oils from garlic.  
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INTRODUCTION 
 
Allium, a member of Amaryllidaceae family, is a large genus with over 850 
species (Wheeler et al. 2013). In Vietnam, the genus was known to include 
eight species, including A. cepa, A. ascalonicum, A. fistulosum, A. 
tuberosum, A. chinense, A. pomim, A. sativum, and A. schoenoprasum 
(Pham 2000). Garlic (Allium sativum L.) is extensively used as a food 
flavoring as well as contained the medicinal properties. In Vietnam and 



H.T. Van et al. 
 

66 

other countries, this plant has been used for a variety of ailments such as 
respiratory disorders, diabetes, asthma, rheumatism, headache, bites, 
intestinal worms, and tumors (Corzo-Martínez et al. 2007). The 
phytochemical composition, antioxidant, anti-inflammatory, antibacterial, 
antifungal, anticarcinogenic, antimutagenic, hypocholesterolemic, 
hypolipidemic, antihypertensive, antithrombotic, immunomodulatory, and 
prebiotic activities of garlic have been shown by many previous studies 
(Lanzotti 2006; Asdaq & Inamdar 2010; Douiri et al. 2013; Dziri et al. 2014; 
Satyal et al. 2017). 

In Vietnam, garlic is a popular and valuable plant, and it is cultivated 
from Northern to Southern regions. Depending on the environmental 
conditions of geographic regions, this plant also has a variety of qualities of 
bulbs, plant morphologies as well as the different names. Accordingly, 
these varieties are cultivated in a broad range of geographic regions of 
southern Vietnam, especially Quang Ngai, Ninh Thuan, Khanh Hoa and 
Soc Trang Province. To date, the chemical composition and bioactivities of 
the compounds which are extracted from bulbs or leaves of the garlics have 
been shown by many previous studies (Lanzotti 2006; Corzo-Martínez et al. 
2007; Asdaq & Inamdar 2010; Douiri et al. 2013; Dziri et al. 2014; Satyal et 
al. 2017). However, in Vietnam, the number of studies about this plant is 
limited and the chemical constituents of this species are still unknown. 

In this study, we firstly investigated the chemical composition of the 
essential oils isolated from the bulbs of four popular garlics in southern 
Vietnam, including Ly Son, Khanh Hoa, Ninh Thuan, and Soc Trang which 
will support more information to improve economic value of this plant. 
 
 
MATERIALS AND METHODS 
 
Plant preparation  
The bulbs of four garlic samples were collected from four regions in southern 
Vietnam (Table 1), including An Vinh Commune, Ly Son island, Quang Ngai 
Province; Van Hung Commune, Van Ninh District, Khanh Hoa Province; My Tuong 
Commune, Ninh Hai District, Ninh Thuan Province; and Vinh Chau Town, Soc 
Trang Province.  
 
Distillation of the essential oils 
Five hundred gram of garlic bulbs were pulverized and introduced into a 1.5 L flask; 
subsequently, distilled water was added until samples were completely submerged. 
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Table 1. Collection sites for samples of four garlics in this paper. 
 

Collection site Code of 
samples Location 

Ly Son island, Quang Ngai Province LS 15.376925, 109.108936 
Van Ninh District, Khanh Hoa Province KH 12.604877, 109.189359 
Ninh Hai District, Ninh Thuan Province NT 11.584959, 109.114353 
Vinh Chau Town, Soc Trang Province ST   9.345001, 105.978503 

 
 

 
Figure 1. Ly Son garlic. A. Habitat. B. Bulbs and leaves. C. Bulbs 

 
Hydro-distillation was performed in a Clevenger type apparatus at 100oC for 3 
hours with normal pressure. The essential oils were collected in the receiver arm of 
the apparatus and transferred into clean and dark bottles. The essential oils were 
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dried by Na2SO4 and stored at 4oC (Da Costa et al., 2014). The experiments were 
performed in triplicate. The equation RO= M/Bm x 100% (M is the weight of the 
extracted oil (g) and Bm is the initial bulb biomass (g)) is used to determine the oil 
yields (Da Costa et al. 2014). 
 
Gas chromatography/mass spectrometry (GC/MS) analysis 
Gas chromatography-mass spectrometry analysis on an Aligent GC 7890B-MS 
5975C was used to identify the chemical constituents of the five essential oils, with 
an injected volume of 0.2 µL per each oil sample. Separation process was 
conducted in an HP-5MS capillary column (30 m x 250 µm) coated with a 0.25 µm 
film, with helium at the pressure of 13.209 psi as the carrier gas. The column 
temperature started at 50oC, then increased to 320oC at the speed of 8oC min-1. 
The NIST 2017 and Wiley 8th edition libraries were used to identify the chemical 
constituents of the studied samples. 
 
 
RESULTS AND DISCUSSION 
 
The average oil yield of Ly Son garlic was 0.16% while Khanh Hoa, Ninh 
Thuan and Soc Trang garlics showed a higher yield, on average 0.20, 0.21, 
and 0.24%, respectively. The chemical constituents of essential oil from 
garlic bulbs collected from four collection sites in Vietnam using GC-MS 
were presented in Table 2 and Figure 2 a, b, c, d. A total of twenty-eight 
compounds has been identified. These results explained the divergence in 
chemical constituents of essential oils of garlic bulbs collected from 
different locations. Furthermore, there were some compounds only existing 
in samples in particular locations.  

The chemical constituents of the essential oil from four garlic samples 
were quite similar to those from previous studies. However, there was a 
significant difference in their concentration as compared to those in 
previous studies. According to Shaath et al. (1995) and Dziri et al. (2014), 
the main constituents of the essential oil of garlic bulbs collected from 
Egypt and Tunisia contained diallyl disulfide (34.25 and 35.6%), methyl allyl 
trisulfide (17.68 and 8.3%), and diallyl trisulfide (39.77 and 42.3%). 
Additionally, Farag et al. (2017) showed that the essential oils isolated from 
the fresh, Sun-Dried and Microwave-Dried materials of garlic bulbs growing 
in Siwa Oasis, Egypt contained diallyl disulfide (45.99%, 99.11% and 
46.98%, respectively) as the most abundant compound.  
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Figure 2a. Gas chromatogram of essential oil from  
Ly Son garlic bulbs with main compounds.  

 

 
 

Figure 2b. Gas chromatogram of essential oil from  
Ninh Thuan garlic bulbs with main compounds.  
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Figure 2c. Gas chromatogram of essential oil from  
Khanh Hoa garlic bulbs with main compounds.  

 

 
 

Figure 2d. Gas chromatogram of essential oil from  
Soc Trang garlic bulbs with main compounds.  
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Table 2. Chemical compositions in the essential oils from garlic bulbs collected 
from southern Vietnam. 
 

Compounds RT 
The amount percentage in 

samples (%) 
LS NT KH ST 

Cyclopropene 5.53 12.85 8.21 9.54 12.71 
Thiourea 6.14 0.32 - - 0.16 
Methacrolein 6.33 2.49 - - - 
1-Propyne, 3-chloro- 6.36 0.07 0.40 0.62 0.58 
Sulfide, allyl methyl 7.11 3.72 1.84 - 2.45 
1-Propene, 1-(methylthio)-, (E)- 7.12 - - 1.37 - 
Dimethyl disulfide 7.61 1.41 0.46 - 1.8 
2-Methanesulfonylethanol 7.62 - - 0.16 - 
Diallyl sulfide 8.82 6.68 3.40 5.24 6.04 
2 - Butenedioic acid, 2-methyl-, (E) 9.16 - 0.21 0.27 - 
1,3-Dithiane 9.48 13.82 - - - 
Disulfide, methyl 2-propenyl 9.51 - 20.31 - 16.57 
Cyclohexanol, 2-(2-propynyloxy)-, trans- 9.52 - - 17.23 - 
Dimethyl trisulfide 10.11 13.80 9.04 4.22 16.68 
Diallyl disulfide 11.03 12.24 26.10 35.71 18.61 
Methoxymethyl isothiocyanate 11.39 1.47 - - 1.20 
Trimethylsilyl 20-acetoxy-3,6,9,12,15,18-
hexaoxaicosan-1-oate 11.69 12.90 - - - 

3-methoxyhexane 11.72 - 17.52 14.01 9.70 
3-Vinyl-1,2-dithiacyclohex-4-ene 12.08 2.55 1.63 2.13 3.51 
Thiocyanic acid, 2-propynyl ester 12.89 0.38 - - 0.32 
Thiazolidin - 4 - one, 5-ethyl-2-imino 12.90 - 1.19 - - 
1-Propyne, 3, 3'-oxybis- 13.17 0.13 - 1.11 0.39 
Methanethiol, N-(3-phenoxypropyl) 
amidino-, hydrogen thiosulfate 13.39 - 0.46 - - 

Methanesulfonothioic acid 1, 5-
pentanediyl ester 13.75 - 3.65 - - 

Ethene, 1-(ethylthio)-2-(methylthio)-, (E)- 13.88 - - - 4.87 
Cyclopentane, bromo- 13.91 - - 3.2 - 
Pyrimidine, 2,4,6-trifluoro- 13.94 8.66 - - - 
Cyclic octaatomic sulfur 17.36 5.23 3.57 3.46 3.76 

Total 98.72 97.99 98.27 99.35 
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In this study, diallyl disulfide was found in Ly Son, Ninh Thuan, Khanh 
Hoa, and Soc Trang garlic oils with concentration of 12.24%, 26.1%, 
35.71%, and 18.61 %, respectively while methyl allyl trisulfide and diallyl 
trisulfide were not identified in four studied specimens. In 2013, Douiri et al. 
suggested that trisulfide, methyl 2-propenyl (10.88%); disulfide, di-2-
propenyl (14.30%); disulfide, methyl 2-propenyl (46.52%) were the main 
constituents of the essential oil of garlic bulbs collected from Morocco 
(Douiri et al. 2013). In present study, two samples, including Ninh Thuan 
and Soc Trang had the presence of disulfide, methyl 2-propenyl with 
concentration of 20.31% and 16.57% whereas trisulfide, methyl 2-propenyl; 
disulfide, di-2-propenyl were not presented in the essential oils all of four 
garlic samples. Furthermore, cyclopropane, another main compound of four 
studied specimens, including Ly Son (12.85%) Khanh Hoa (8.21%), Ninh 
Thuan (9.54%), and Soc Trang (12.71%) has been rarely reported in the 
essential oils from garlic (Shaath et al. 1995; Douiri et al. 2013; Dziri et al. 
2014; Satyal et al. 2017).  

In previous studies, the bioactivities of some main chemical constituents 
of the essential oils isolated from the four specimens in this study have 
been documented. For example, diallyl disulfide, one of the sulfur 
compounds, is a main constituent obtained from garlic oils (Lanzotti 2006; 
Asdaq & Inamdar 2010; Douiri et al. 2013; Dziri et al. 2014; Satyal et al. 
2017). Because of its numerous biological activities, increasing interest was 
being shown for diallyl disulfide (Robert et al. 2001). According to 
Sundaram & Milner (1996) and Singh et al. (1996), diallyl disulfide inhibits 
tumor growth in nude mice. Furthermore, several studies have indicated 
that diallyl disulfide and other garlic compounds could be useful therapeutic 
tools in the prevention of environmentally induced cancers (Wargovich 
1987; Srivastava et al. 1997; Balasenthil et al. 2000).  

Dimethyl trisulfide and dimethyl disulfide, other sulfur compounds of the 
essential oils isolated from garlic, could inhibit against yeast and bacteria, 
including Candida utilis and Staphylococcus aureus (Kim et al. 2004). 
Similarly, garlic oil was reported in previous studies to have inhibitory 
activity against E. coli, S. aureus, P. aeruginosa and this inhibitory activity 
was related to the presence of diallyl sulfides (Gonzalez-Fandos et al. 
1994; Tsao & Yin 2001). Additionally, diallyl sulfide has been demonstrated 
to exert a potential chemopreventive activity against colon and lung 
cancers in human (Dausch & Nixon 1990). Furthermore, the protective 
effects on rat livers and lungs by the chemopreventive properties of diallyl 
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sulfides and diallyl disulfides have been investigated (Martins et al. 2016). 
More recently, Batiha et al. (2020) showed that diallyl sulfides and diallyl 
disulfide possessed the antifungal, antioxidant, anti-inflammatory and anti-
cancer activities. 
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