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GAS CHROMATOGRAPHIC-MASS SPECTROMETRIC ANALYSIS OF CHEMICAL COMPONENTS OF OILS OF ALLIUM SATIVUM L., AND ALLIUM CEPA L.

Abstract
[bookmark: _GoBack]Garlic (Allium sativum), and onion (Allium cepa) are herbaceous monocotyledonous plants of the Genus Allium and are used the world over for culinary, medicinal, and agricultural activities. This study investigated the constituent chemical compounds in the extracted oils of fresh garlic bulbs, and fresh onion bulbs. The fresh garlic and onion bulbs used in this study, were bought at Yankura market in Kano, Kano State, Nigeria. The oils of garlic, and onion were extracted using cold maceration. Constituent chemical compounds of the oils of garlic, and onion were identified using the gas chromatography-mass spectrometry (GC-MS) and the database of the National Institute of Standards and Technology (NIST). Thirty-three chemical compounds, with varying area percentages, were identified in the oil of garlic, with retention time ranging from 5.96 to 36.27 minutes. Also, thirty-three chemical compounds with varying area percentages, were identified in the oil of onion, with retention time ranging from 8.3 to 36.49 minutes. Eight chemical compounds namely 9-Octadecenoic acid, N-Hexadecanoic acid, Dodecanoic acid, Tetradecanoic acid, Bromoacetic acid, 9-Oxabicyclo[6.1.0]nonane, Eicosene (E)-, and Carboxylic acid were identified to be common to both the garlic oil, and the onion oil. However, the onion oil had more compound concentration of these chemical compounds common to them both in most cases, than the garlic oil. This factor may confer more bioactivity on the onion oil than on the garlic oil.
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Introduction
Garlic (Allium sativum) and onion (Allium cepa), herbaceous monocotyledons of the Family Amaryllidaceae, and the Genus Allium, are aromatic with characteristic flavor, used the world over for culinary, medicinal, and agricultural activities (Ayaz and Alposy 2007; Mazid et al. 2011; Bindu and Podikunju 2015). Garlic and onions are reported to have organosulfur compounds which are responsible for their organoleptic properties, and produce chemical compounds mostly derived from cysteine sulfides that give them a characteristic taste and odour (Ho 2015). Allicin (diallylthiosulfinate) is a defense molecule from A. sativum L. and A. cepa L. with a broad range of biological activities and is produced upon tissue damage from alliin (S-allylcysteine sulfoxide) in a reaction that is catalyzed by the enzyme alliinase (Granroth 1970; Bayan et al. 2014).
Essential oils are concentrated hydrophobic and lipophilic liquids containing aromatic volatile chemical compounds from plants (Nerio et al. 2010; Cobb 2019; Sousa et al. 2023). The composition and purity of an essential oil sample can be determined using modern analytical techniques such as gas-chromatography (GC) in combination with mass spectroscopy (MS). GC-MS provide both quantitative and qualitative information that is very accurate and reliable when compared to known analytical measurements of oils that are stored in databases (Clarke 2002). Extracts and isolated compounds of garlic (Allium sativum) have been evaluated for various biological activities such as antibacterial, antiviral, antifungal, antiprotozoal, anti-oxidant, anti-inflammatory among others (Ayaz and Alposy 2007). Onion (Allium cepa) was found to possess a range of bioactive compounds with pharmacological properties. It was first officially described by Carl Linnaeus in his 1753 work, Species Plantarum (Bindu and Podikunju 2015).
This study investigated the constituent chemical compounds in the extracted oils of fresh garlic and fresh onion bulbs.
Materials and methods
Sample collection and preparation
Fresh garlic and onion bulbs were bought at Yankura market in Kano, Kano State, Nigeria and were transported to the Herbarium of the Department of Biological Sciences, Nigerian Defence Academy, Kaduna for identification and authentication with Herbarium voucher reference number NDA/BIOH/2022/12, and NDA/BIOH/2022/11 respectively.
Extraction of garlic oil, and onion oil
The fresh garlic bulbs and fresh onion bulbs were taken to the laboratory of the Department of Pharmacognosy and Herbal Medicine, College of Natural and Pharmaceutical Sciences, Faculty of Pharmaceutical Sciences, Bayero University, Kano, for garlic oil, and onion oil extraction, using cold maceration (Zhang et al., 2007). These oils were highly volatile, and as such were preserved in dark bottles with tight fitting lids, and kept in the refrigerator, until used.
The extracted oils of fresh garlic bulbs, and fresh onion bulbs were taken to the Multi – User Science Research Laboratory, Ahmadu Bello University, Zaria, for GC – MS analysis. Analysis was run on Agilent technologies GC 7890 MSD 5977A, employing the standard method condition by the essential chromatography and spectroscopy catalog for GC AND GCMS Agilent technologies to identify the chemical compounds in the garlic oil, and the onion oil using the National Institute of Standards Technology Special Reference database 14 (NIST 14. L). Helium was used as the carrier gas at a constant flow of 1.3666 mL/minute and an injection volume of 1 micro liter, split ratio of 30:1, pressure of 11.089 psi, and average velocity of 42.498cm/second. The GC oven temperature was programmed at 45◦C with an increased rate of 5.7◦C/minute, to a maximum temperature of 325◦C. Component chemical compounds of the oils of garlic, and onion were identified on the mass spectrum of GC-MS using the database of the National Institute of Standards and Technology (NIST). The mass spectrum of the unknown component was compared with the mass spectrum of the known components stored in the NIST library, and characterized.

Results
Bioactive chemical compounds and their area percentage of abundance were identified in the garlic oil, and onion oil using GC-MS analysis. The retention time of the compounds ranged from 5.96 to 36.27 minutes for garlic oil, and 8.3 to 36.49 minutes for onion oil. 9-Octadecenoic acid had the highest area percentage of abundance of 10.81% in the garlic oil, followed by 2-Vinyl-4H-1,3-dithiine, 1,2,3-Thiadiazole,5-Methyl with 6.86% each, and N-Hexadecanoic acid with 5.52%, while N-Hexadecanoic acid had the highest area percentage of abundance of 28.68% in the onion oil, followed by 9-Octadecenoic acid with 15.56%, Eicosane with 12.67%, and Dodecanoic acid with 9.37% (Table 1 and, Table 2).
The GC-MS analysis of garlic oil, and onion oil, elicited eight bioactive chemical compounds that were common to both oils. However, each oil exhibited a different abundance for the same bioactive chemical compound, with onion oil exhibiting a higher abundance for each type of chemical compound in most cases (Table 3).







Table 1:   CHEMICAL COMPOUNDS IDENTIFIED IN THE GARLIC OIL 
	S/N       COMPOUND                                                      RETENTION            AREA %                 
                                                                                                  TIME              (ABUNDANCE)
                                                                                               (Minutes)

	1          9-Octadecenoic acid                                                       26.59                       10.81   
2         2-Vinyl-4H-1,3-dithiine                                                    7.51                         6.86
3         1,2,3-Thiadiazole, 5-methyl-                                             7.51                         6.86
4         n-Hexadecanoic acid                                                       28.82                         5.52
5         9,12-Octadecadienoic acid (Z, Z)-                                  26.44                         4.71
6         Linoelaidic acid                                                               26.44                         4.71
7         13-Bromotetradecanoic acid                                            28.88                         4.09
8         9-Oxabicyclo[6.1.0]nonane cis                                        28.88                         4.09
9         Oxiraneundecanoic acid                                                   28.05                         3.38 
10       3-Vinyl-1,2-dithiacyclohex-4-ene                                      6.98                         2.78
11       1-Octane, 1-(2-octylcyclo-propyl)                                    29.02                        2.37
12       Z-10-Tetradecen-1-ol acetate                                            27.89                        2.28
13       Mercaptamine                                                                      5.96                        0.18
14       Sulfurous acid, diethyl ester                                                5.96                        0.18
15       Trisulfide, methyl 2-propenyl                                             5.99                        0.46
16       (Methylthio)-acetonitrile                                                     5.99                        0.46
17       Trisulfide, di-2-propenyl                                                     9.72                        0.76
18       Dodecanoic acid                                                                16.46                        0.75
19       Tetradecanoic acid                                                             20.25                        0.43
20       Pentadecanoic, 14-oxo-, methyl ester                                22.96                        0.90
21       E-14-Hexadecenal                                                              22.96                        0.90
22       Cis-13-Octadecenoic acid                                                  25.89                        1.43
23       Cycloeicosane                                                                    26.78                        1.85
24       5-Eicosene, (E-)-                                                                26.78                        1.85
25       9-Eicosenoic acid, (Z)-                                                       27.05                        2.24
26       Formic acid, decyl ester                                                     30.26                        2.26
27       1-Decycloxy-2-nitrobenzene                                              32.09                        0.36
28       Decyl 4-nitrophenyl ether                                                   32.09                        0.36
29       Bromoacetic acid                                                                34.45                        0.32
30       1,3-Benzenedicarboxylic acid, bis[2-ethylhexyl]ester       34.91                        0.77
31       Cis-1-Butyl-2-methylcyclo-propane                                  34.91                        0.77
32       Succinic, tridec-2-yn-1yl pent-4-en-1-yl ester                   36.03                        0.62
33       Cyclopropane carboxylic acid, exo-norbornyl ester          36.03                        0.62                         
                                                                                                                                                                                                                       



Table 2:   CHEMICAL COMPOUNDS IDENTIFIED IN THE ONION OIL
	S/N   COMPOUND                                       RETENTION         AREA %      
                                                                              TIME             (ABUNDANCE)                                                                                                    
                                                                           (Minutes)                                                                                                                           

	1     N-Hexadecanoic acid                                     23.78                          28.68
2     9-Octadecenoic acid, (E)-                              26.56                          15.56
3     Eicosane                                                         36.49                          12.67
4     Dodecanoic acid                                             16.44                           9.37
5     Tetradecanoic acid                                          20.25                          3.95
6     3-Trifluoroacetoxypentadecane                      24.38                          2.69
7     2-Butenediamide, 2-methyl-, (Z)-                  24.53                          2.13
8     9-Oxabicyclo [6.1.0] nonane                          25.83                          1.91
9     N-Acetyl-d-serine                                           24.25                          1.87
10   Estra-1,3,5(10)-trien-17. beta. -ol                   25.43                          1.85
11   1-Iodo-2-methylnonane                                    8.30                          0.28
12   Carbonic acid, decyclprop-1-en-2yl ester       12.92                          0.35
13   3(2H)-Furanone,2-hexyl-5-methyl-                13.07                          0.61
14   2,4-Di-tert-butylphenol                                   15.02                          0.15
15   Cyclohexan-1-carboxylic acid                        16.81                          0.39
16   8-Azbicyclo [4.3.1] decan-one, 8-methyl       16.90                          0.21
17   Arginine                                                          16.94                          0.56
18   N, N-Dimethylacetoacetamide                        20.48                         0.64
19   Propanenitrile,3-amino-2,3-di(hydroxymino  20.57                         0.32
20   1-Pentanol,4-amino-                                        20.62                         0.43
21   Bromoacetic acid, tetradecyl ester                   20.83                         0.56
22   Oxalic acid, allyl hexadecyl ester                    33.70                         0.65
23   Phosphonoacetic acid                                       22.12                         0.12 
24   3-Propoxyamphetamine                                   23.01                         0.43
25   Eicosanol                                                          24.38                         2.69
26   Diisooctyl phthalate                                         32.10                         0.29 
27   9-Eicosene, (E)-                                               27.61                         0.49
28   Docosyl propyl ether                                        34.47                         0.39
29   N-Isopentyl-N-nitroso-pentamine                    35.72                         0.33
30   Octatriacontyl pentafluoropropionate              35.89                         0.03 
31   4-Pentenoic acid, 2-methyl, tridecyl ester        36.03                         0.76  
32   3-Buten-2-one,4-(dimethylamino)-4-ethoxy-  22.23                          0.26
33   Decanoic acid, silver (1+) salt                         24.18                          1.73                                                                           
                                                                                                             



























Table 3: BIOACTIVE CHEMICAL COMPOUNDS COMMON TO BOTH GARLIC OIL AND ONION OIL
	S/N                         CHEMICAL COMPOUND                                    AREA %   
                                                                                                           (ABUNDANCE)
                                                                                                            GARLIC   ONION
                                                                                                             OIL.          OIL.        

	1        9-Octadecenoic acid                                                                   10.81         15.56
2        n-Hexadecanoic acid                                                                    5.52         28.68
3        Dodecanoic acid                                                                           0.75          9.37
4        Tetradecanoic acid                                                                        0.43          3.95
5        Bromoacetic acid                                                                          0.32          0.56
6         9-Oxabicyclo[6.1.0]nonane                                                          4.09         1.91
7        Eicosene, (E)-                                                                                1.85         0.49
8        Carboxylic acid                                                                             0.62         0.39 




Discussion
The chemical compounds in the extracted oils of garlic, and onion identified by GC-MS such modern analytical techniques, provide an accurate and reliable information of comparing them to known analytical measurements of oils that are stored in databases (Clarke 2002), and had varying abundances, and retention times. Eight bioactive organic chemical compounds namely, 9-Octadecenoic acid, N-Hexadecenoic acid, Dodecanoic acid, Tetradecanoic acid, Bromoacetic acid, 9-Oxabicyclo[6.1.0]nonane, Eicosene (E)-, and Carboxylic acid were identified to be common to both the garlic oil, and the onion oil. These chemical compounds common to both garlic oil, and onion oil have properties that are insecticidal. In the Pesticide Properties Data Base (PPDB), Lewis et al. (2016), recorded that, Linoleic acid which is a carboxylic acid and N-Hexadecanoic acid, are insecticides. However, each oil exhibited a different abundance for the same bioactive organic chemical compound, with onion oil exhibiting a higher abundance for each type of organic chemical compound in most cases. This factor may come to play in the effectiveness of these oils in their biological activities in investigations. and making the onion oil to probably perform better than the garlic oil. Phosphonoacetic acid and N, N-dimethylacetoacetamide, are organic chemical compounds identified in the onion oil, but not identified in the garlic oil. According to Mikalkenas et al. (2018), phosphonoacetic acid possesses a potential to block deoxyribonucleic acid (DNA) biosynthesis, as it inhibits DNA polymerase. N, N-dimethylacetoacetamide is used as an intermediate in the manufacture of pesticides and insecticides (NCBI 2023).  
Therefore, these findings can be explored and capitalized on by veterinary, medical, and crop entomologists to determine their repellent and insecticidal properties, and their possible use in the manufacture of insect repellents and insecticides.
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