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Abstract: 

In the present study, we focused on one of the most expressive herbal plants, Aloe vera, which is 

unique for applications in general use and in treating various diseases. The evaluation of 

phytochemical components was based on molecular formula, molecular weight, retention time, and 

peak area. The obtained peaks were compared with the NIST library. The major phytochemical 

components revealed by GC-MS analysis of Aloe vera in the present study are 9-Octadecenoic acid, 

methyl ester (also known as Oleic Acid) (36.80%), Propanoic acid (8.16%), Ammonium acetate 

(7.20%), and 2, 3-Btanediol [S-(R
*
,R

*
)]- (4.19%); 6-Octadecenoic acid, methyl ester, (Z)- (3.39%); 

Phthalic acid, decyl isobutyl ester (3.30%); Methyl 9-cis,11-trans-octadecadienoate (2.89%); 

Heptadecanoic acid, 16-methyl-, methyl ester (2.63%); Hexadecanoic acid, methyl ester (2.21%); 

Ethanol,2,2’-oxybis- (1.97%); Acetic acid, methyl ester (1.86%); 2(5H)-Furanone, -methyl (1.62%); 

Glycerin (1.61%); Octanoic acid (n-Caprylic acid) (1.34%); Ethyl iso-allocholate (1.16%); 1,25-

Dihydroxyvitamin D3, TMS derivative (0.67%); 9,12,15-Octadecatrienoic acid, 2,3-dihydroxy 

propyl ester, (Z, Z, Z)- (0.53%); Octaethylene glycol monododecyl ether (0.30%); Pterin-6-
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carboxylic acid (0.23%); Methyl 3-(acetyloxy)-20-hydroxyurs-12-en-28-oate (0.15%); Tetraacetyl-d-

xylonic nitrile (0.05%) and Nitro-L-arginine (0.04%). The presence of the identified components 

suggests the anti-bacterial, anti-fungal, anti-microbial, anti-cancer, anti-tumor, anti-diabetic 

activities, anti-oxidant, analgesic, anti-inflammatory, wound healing potential, reproduction booster, 

and neuroprotective potential of the Aloe vera leaf gel.  

Keywords: Aloe vera, phytochemical compounds, anti-oxidant, neuroprotective, GC-MS. 

 

INTRODUCTION: 

Around the world, there have been great ancient histories of preferred herbal medicine to cure many 

diseases (Brantner & Grein, 1994). Our ancestors credibly experimented by testing the whole plant, 

leaves or only roots, and the whole plant extract, but the modern era endorsed individual chemical 

entities (Habtemariam, 2017). Aloe vera, one of the most promising herbal medicinal plants, has 

been used in wound healing and cosmetic products since ancient times. This therapeutic plant 

species belongs to the genus Aloe, where "aloe" is the ancient Arabic name of the plant and "vera," 

which indicates authenticity and genuineness (Reynolds, 2004). Aloe barbadensis Miller, the 

botanical name for Aloe vera, is a kind of green shrub and a member of the Asphodelaceae 

(Liliaceae) family. Aloe vera radiance has excellent potential and impact over the past 2000 years in 

health, beauty, medicine, and skincare properties. The Egyptians named Aloe the "plant of 

immortality." One of the oldest plants is aloe vera which has medicinal properties that include anti-

cancer (Unlu et al., 2016), anti-bacterial (Chen et al., 2004), anti-microbial (Cock, 2008), antiviral 

(Li et al., 2014), anti-inflammatory, antineoplastic (Chen et al., 2014), etc. There are some 

antagonistic approaches to Aloe vera's medicinal properties, but the deep knowledge of the active 

compounds present in the Aloe vera plant makes it unique. The Aloe vera leaf can be divided into 

three parts: Aloe vera latex, Aloe vera leaf gel, and green rind or plant cuticle. Many theories, 

evidence, and studies exist about Aloe vera and its pharmacological activity. Aloe vera has many 

valuable, researchable, and interesting compounds, making it more interesting with medicinal 

properties. Interestingly, based on its GC-MS analysis, Aloe vera has some compounds that directly 

work on anti-cancer, anti-bacterial, and neurological disorders. Besides all these qualities, Aloe vera 

also contains some biological (metabolic) pathway intermediates that activate or control metabolic 

activities. All the compounds like enzymes, amino acids, vitamins, minerals, proteins, and organic 
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acids, have shown their therapeutic potential during in-vivo studies. Aloe vera contains major 

components like anthraquinones (aloe-emodin, aloetic acid, aloin, ethanol, ester of cinnamic acid), 

saccharides (cellulose, glucose, mannose, acetylated mannan), vitamins (B1, B2, B6, C, β-carotene, 

choline, folic acid, α-tocopherol), enzymes (amylase, oxidase, lipase, cyclooxydase, 

carboxypeptidase), low-molecular-weight substances (cholesterol, steroids, triglycerides, lignins, 

salicylic acid), etc. (Choi & Chung, 2003). Besides these biological components, Aloe vera contains 

natural anti-oxidant like SOD and catalase (Suzuki et al., 1979; Sabeh et al., 1996). The present 

study discusses the biological activities of functional components isolated from Aloe vera gel and 

their relative significance in medicinal and therapeutic uses. 

MATERIALS AND METHOD 

Preparation of plant extract: 

Fresh leaves of Aloe barbadensis Miller (Aloe vera) are commonly collected from a nearby Rohtak, 

Haryana, India, garden. The leaf surfaces were extensively washed with ethanol to eliminate all signs 

of soil, grime, and other debris before being de-skinned with a surgical blade sterilized in ethanol. 

Crude pulp material was extracted in pure form by applying pressure (in a sterilized pestle and 

mortar) to the clear pulp. The isolated material was spun on a tabletop centrifuge for 10 minutes at 

3750 rpm to get its semi-solid state. Thereafter, it was filtered with Whatman filter paper. The 

extracted Aloe vera pulp was stored at -20 °C in a deep freezer until use. 

Gas Chromatography-Mass Spectroscopy: 

Aloe vera gel was analyzed by GC-MS using a thermoscientific TSQ column quantum XLS with a 

DBJ-MS capillary column that was 30 mm ×0.25 mm ×0.25 m in size. Helium (99.9%) was utilized 

as the cryogenic gas, and 1 mL of a transparent liquid solution was kept in autoinjection in the 

sample vial before being injected into the GC column with a syringe set to split mode 10:1. The ion 

source temperature was 280 °C at the time of injection. The system temperature was kept at 250 °C. 

The column temperature was first programmed to be 110 °C for 2 minutes, then increased by 10 

°C/min to 200 °C and 5 °C/min to 280 °C. 17.09 minutes was the whole GC-MS run time. 

Compounds' spectra were compared to a NIST reference (National Institute of Standards and 

Technology). Figure 36 depicts an image of a gas chromatography-mass spectroscopy device. 
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Identification of Components: 

The NIST database, which contains more than 62,000 patterns, was used to analyze the mass 

spectrum from the GC-MS. The NIST collection contained the mass spectra of the components that 

were known to exist. Standard interpretation approaches were used to ascertain the components of 

the test materials' names, molecular weights, and structures. The NIST collection contained the mass 

spectra of the known components. The components of the test materials' names, molecular weights, 

and structures were ascertained using conventional interpretation approaches. 

RESULTS AND DISCUSSION  

The utilization of GC-MS was practical and valuable for identifying the bioactive compounds in 

Aloe vera. According to the results, various bioactive phytochemical compounds were identified in 

the GC-MS analysis of Aloe vera gel (Figure 1). Retention time (RT), molecular formula, molecular 

weight (MW), percentage composition, and CAS number are used to identify phytochemical 

substances (Table 1). The main compounds include 9-Octadecenoic acid, methyl ester (36.80); 

Propanoic acid (8.16); 6-Octadecenoic acid, methyl ester, (Z)- (3.39); Phthalic acid, decyl isobutyl 

ester (3.30); Methyl 9-cis,11-trans-octadecadienoate (2.89); Heptadecanoic acid, 16-methyl-, methyl 

ester (2.63); Hexadecanoic acid, methyl ester (2.21); 2-Propanone, 1-hydroxy- (1.86); Glycerin 

(1.61); Pterin-6-carboxylic acid (0.77); 1,25-Dihydroxy vitamin D3, TMS derivative (0.67); 9,12,15-

Octadecatrienoic acid, 2,3-dihydroxy propyl ester, (Z, Z, Z)- (0.53); Nitro-L-arginine (0.04). 

 

 
Figure 1: GC-MS Chromatogram of Aloe vera gel 
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Table 1: Various phytocompounds identified by GC-MC in the ethanolic extract of Aloe vera 

gel. 

 

Sr.  

No. 

RT Name of Compound Molecular 

Formula 

MW Area  

(%) 

CAS# 

No. 

1 3.73 Propanoic acid C6H12O3 132 8.16 63697-00-7 

2 3.92 Acetic acid, methyl ester C3H6O2 74 1.86 79-20-9 

3 4.48 Pterin-6-carboxylic acid C7H5N5O3 207 0.23  948-60-7 

4 5.36 Ammonium acetate C2H7NO2 77 7.20 631-61-8 

5 6.12 Nitro-L-arginine C6H13N5O4 219 0.04 2149-70-4 

6 6.71 2,3-Butanediol, [S-(R*,R*)]- C4H10O2 90 4.19 19132-06-0 

7 7.44 Methyl 3-(acetyloxy)-20-hydroxyurs-

12-en-28-oate 

C33H52O5 528 0.15 14356-56-0 

8 8.84 2 (5H)-Furanone, 3-methyl C5H6O2 98 1.62 22122-36-7 

9 11.10 Glycerin C3H8O3 92 1.61 56-81-5 

10 11.35 Ethanol, 2,2’-oxybis- C4H10O3 106 1.97 111-46-6 

11 11.83 Octanoic acid (n-Caprylic acid)  C8H16O2 144 1.34 124-07-2 

12 13.78 Hexadecanoic acid, methyl ester C17H34O2 270 2.21 112-39-0 

13 15.84 Octaethylene glycol monododecyl 

ether 

C28H58O9  538 0.30 3055-98-9 

14 16.73 Heptadecanoic acid, 16-methyl-, 

methyl ester 

C19H38O2 298 2.63 5129-61-3 

15 17.01 6-Octadecenoic acid, methyl ester, 

(Z)- 

C19H36O2 296 3.39 2777-58-4 

16 17.15 9-Octadecenoic acid, methyl ester C19H36O2 296 36.80 112-62-9 

17 17.88 1,25-Dihydroxyvitamin D3, TMS 

derivative 

C30H52O3Si 488 0.67 55759-94-9 

18 17.96 9,12,15-Octadecatrienoic acid, 2,3-

dihydroxypropyl ester, (Z,Z,Z)- 

 

[Linolenin, 1-mono-] 

C21H36O4 352 0.53 18465-99-1 

19 18.08 Methyl 9-cis,11-trans-

octadecadienoate 

C19H34O2 294 2.89 NA 

20 18.23 Tetraacetyl-d-xylonic nitrile C14H17NO9 343 0.05 NA 

21 18.47 Ethyl iso-allocholate C26H44O5 436 1.16 NA 

22 19.42 Phthalic acid, decyl isobutyl ester C22H34O4 362 3.30 NA 

 
 

9-octadecenoic acid, a methyl ester observed at retention time 17.15 with a 36.80% peak area 

(Figure 2), is recommended as a saturated fatty acid having anti-bacterial, anti-oxidant, and anti-

microbial effects by several researchers (Awa et al., 2012; Satpute et al., 2010; Sermakkani & 

Thangapandian, 2012; Rahman et al., 2014). Propionic acid observed at retention time 3.7 with an 
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8.16% peak area (Figure 3) has been shown to have anti-oxidant, anti-cancer, analgesic, anti-

bacterial, and anti-diabetic effects (Dracheva et al., 2009; Avetisyan et al., 2010; Berzosa et al., 

2011).  

 
Figure 2: 9-Octadecenoic acid, methyl ester 

 

 

 
Figure 3: Propanoic acid 

 

Ammonium acetate was observed at a retention time of 5.36 with a 7.20% peak area (Figure 4), and 

2-butanediol [S-(R*, R*)] was observed at a retention time of 6.71 with a 4.19% peak area (Figure 

5). Tarric acid, also known as 6-octadecanoic acid, observed at a retention time of 17.01 with a 

3.39% peak area (Figure 6), is a fatty acid that is often studied because of the triple bond in position 

6. Biological activity studies have indicated anti-fungal characteristics and the potential to inhibit 

hepatic fibrosis in vitro. Phthalic acid derivatives observed at retention time 19.42 with a 3.62% peak 

area (Figure 7) had anti-tumor, anti-inflammatory, and anti-bacterial characteristics. They may have 

been used to treat chronic cardiovascular and cerebrovascular diseases (Shengbo et al., 2015). 

Saranya et al. (2013) reported that phthalates have anti-bacterial and pharmacological properties. 

The anti-microbial properties were assumed to be caused by a phthalic acid derivative (Nakalembe 
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& Kabasa, 2012). The ester methyl 9-cis, 11-trans-octadecadienoate observed at retention time 18.08 

with a 2.89% peak area (Figure 8) has anti-oxidant and anti-cancer effects (Berdeaux et al., 1998). 

Heptadecanoic acid, 16-methyl-, methyl ester observed at retention time 16.73 with 2.63% peak area 

(Figure 9) has been reported to have anti-oxidant properties (Ponnamma & Manjunath, 2012).  

 
Figure 4: Ammonium acetate 

 

 
Figure 5: 2,3-Butanediol, [S-(R*,R*)]- 

 
Figure 6: 6-Octadecenoic acid, methyl ester, (Z)- 
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Figure 7: Phthalic acid, decyl isobutyl ester 

 

 
Figure 8: Methyl 9-cis,11-trans-octadecadienoate 

 

 
Figure 9: Heptadecanoic acid, 16-methyl-, methyl ester 

 

According to studies, hexadecanoic acid, methyl ester (palmitic acid methyl ester), observed at 

retention time 13.78 with 2.211% peak area (Figure 10), has potent anti-bacterial, anti-oxidant, anti-

fungal, nematicide, pesticide, anti-androgenic flavor, hemolytic, and 5-Alpha reductase inhibitory 

properties (Akpuaka et al., 2013; Sermakkani & Thangapandian, 2012; Pinto et al., 2017; 

Chandrasekaran et al., 2011). It has also been demonstrated as a novel neuroprotective compound in 

cerebral ischemia (Lee et al., 2019). Ethanol, 2,2'-oxybis-, was observed at a retention time of 11.35 

with a 1.97% peak area (Figure 11), and acetic acid, methyl ester, was observed at a retention time 

of 3.92 with a 1.86% peak area (Figure 12). 2(5H)-Furanone, 3-methyl, was observed at a retention 
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time 8.84 with a 1.62% peak area (Figure 13). Glycerin, observed at a retention time of 11.10 with a 

1.61 % peak area (Figure 14), is an odorless, colorless, viscous liquid with a sweet, non-toxic flavor. 

Glycerides are lipids that include the glycerin backbone. Glycerin is commonly used in wound and 

burn treatments due to its anti-bacterial and antiviral characteristics. It is also used as an accurate 

indicator of liver illness. Glycerin is widely used in the food sector as a sweetener and a humectant 

in pharmaceutical formulations. Glycerin is a denaturant, fragrance ingredient, hair conditioner, 

humectant, oral care agent, oral health-care medicine, skin protectant, skin conditioning agent—

humectants, and viscosity-reducing agent. Octanoic acid (n-Caprylic acid) was observed at a 

retention time of 11.83 with 1.34 % peak areas (Figure 15).  

 

 
Figure 10: Hexadecanoic acid, methyl ester 

 

 
Figure 11: Ethanol, 2,2’-oxybis- 
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Figure 12: Acetic acid, methyl ester 

 

 
Figure 13: 2 (5H)-Furanone, 3-methyl 

 

 
Figure 14: Glycerin 

 

 
Figure 15: Octanoic acid (n-Caprylic acid) 
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Ethyl iso-allocholate observed at retention time 18.47 with 1.16 % peak area (Figure 16) has been 

reported to be a sterol compound, and it may be used as an anti-bacterial, anti-oxidant, anti-tumor, 

cancer preventive, and chemopreventive and pesticide. Ethyl isoallocholate has been reported as a 

sterol compound, and it may be used as an anti-bacterial, anti-oxidant, anti-tumor, cancer preventive, 

pesticide, and chemopreventive agent. 1, 25-Dihydroxyvitamin D3, TMS derivative was observed at 

retention time 17.88 with 0.67% peak area (Figure 17). In vertebrates, vitamin D is primarily used to 

maintain calcium homeostasis; however, lack of vitamin D has been related to an increased risk of 

hypertension, autoimmune diseases, diabetes, and cancer (Holick, 2004; Lappe et al., 2007; 

Hyppönen et al., 2001; Pittas et al., 2007; Kendrick et al., 2009; Cantorna & Mahon, 2004). 

Photochemical conversion of 7-dehydrocholesterol produces vitamin D3 in the skin. However, 

dietary vitamin D intake is critical due to a shortage of sunlight throughout the winter, especially in 

northern nations. The methyl ester of 9, 12, and 15-octadecatrienoic acid observed at a retention time 

of 17.96 with 0.53% peak area (Figure 18) is also known as α-linolenic acid. Linolenic acids are 

essential in humans to maintain normal conditions, cellular membranes, brain activities, nerve 

impulse transmission, anti-inflammation, anti-oxidation, and neuroplasticity (Li et al., 2010). These 

acids are building blocks for arachidonic and docosahexaenoic acids, which are required for brain 

and retina growth and function. It is considered a crucial and necessary consumable since it aids in 

delivering oxygen from the atmosphere to the blood plasma, synthesizing hemoglobin, and cell 

division. It has also been reported to exhibit psychotropic effects by modulating neurotransmission, 

anti-inflammation, anti-oxidation, and neuroplasticity (Lin et al., 2010). Octaethylene glycol 

monododecyl ether was observed at a retention time 15.84 with a 0.30% peak area (Figure 19). 

Pterin-6-carboxylic acid was observed at a retention time 4.48 with a 0.23% peak area (Figure 20). 

Pteridines are a broad and structurally diverse category of natural chemicals involved in cofactor and 

vitamin biosynthesis pathways. The term "pterins" refers to their derivatives, and various pterin 

derivatives have been isolated from nearly all living organisms. They are a complex collection of 

biological molecules with a distinctive ring structure and a nitrogen heterocyclic molecule with a 2-

amino-4-hydroxypteridine structure in their moieties. They are classified into two types: conjugated 

pterins, which have highly complicated chains (folic acid and derivatives), and unconjugated pterins, 

which have short chains. Xanthopterin, isoxanthopterin, 6, 7-dimethylpterin, 6-biopterin, 6-

xydroxymethylpterin, pterin, and pterin-6-carboxylic acid are among these chemicals (Koslinski et 
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al., 2011; Basu, 2011). Although the molecular basis for this assertion is not fully understood, the 

available literature data point to this group of chemicals as potential biomarkers for cancer detection 

(Koslinski et al., 2011; Basu, 2011; Gamagedara et al., 2011). Methyl 3-(acetyloxy)-20-hydroxyurs-

12-en-28-oate was observed at a retention time of 7.44 with a 0.15% peak area (Figure 21). 

Tetraacetyl-d-xylonic nitrile was observed at a retention time of 18.23 with a 0.05% peak area 

(Figure 22). Nitro-L-arginine was observed at a retention time of 6.12 with a 0.04% peak area 

(Figure 23). An essential amino acid, l-arginine, is a nitric oxide (NO) precursor with significant 

vascular relaxant characteristics. Intravenous arginine (Morikawa et al., 1992, 1994) or NO donors 

(Zhang & Iadecola, 1994) have been proven to diminish ischemia infarction. However, NO synthase 

(NOS) inhibitors have been demonstrated to aggravate brain injury (Kuluz et al., 1993). The ability 

of nitro-arginine to protect against ammonia toxicity and ammonia-caused alterations in brain energy 

and ammonia metabolites has been experimentally examined (Kosenko et al., 1995). The results of 

the present study are consistent with the previous investigations that observed the phyto-constituents 

of Aloe vera's ethanolic extract, like hexadecanoic acid and 9-octadecenoic acid, methyl ester (oleic 

acid), 9,12,15-octadecatrienoic acid, and 2,3-dihydroxy propyl ester (Z, Z, Z) (Arunkumar & 

Muthuselvam, 2009; Lakshmi & Rajalakshmi, 2011; Hadizadeh et al., 2013; Ghosh et al., 2015).  

 
Figure 16: Ethyl iso-allocholate 

 

 
Figure 17: 1, 25-Dihydroxyvitamin D3, TMS derivative 
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Figure 18: 9,12,15-Octadecatrienoic acid, 2,3-dihydroxypropyl ester, (Z,Z,Z)- 

 

 

 
Figure 19: Octaethylene glycol monododecyl ether 

 

 

 

 
Figure 20: Pterin-6-carboxylic acid 

 

 
Figure 21: Methyl 3-(acetyloxy)-20-hydroxyurs-12-en-28-oate 

 

 



Analysis and characterization of molecular components of Aloe vera using GCMS 

 
Section: Research Paper 

 

 

105 
Eur. Chem. Bull. 2021,10( issue 1), 92-110 

 

 
Figure 22: Tetraacetyl-d-xylonic nitrile 

 

 

 

 
Figure 23: Nitro-L-arginine 

 

 

The present study findings suggest that the significant anti-bacterial, anti-fungal, anti-microbial, anti-

cancer, anti-tumor, anti-diabetic activities, anti-oxidant, analgesic, anti-inflammatory, wound healing 

potential, reproduction booster and neuroprotective potential of the Aloe vera leaf gel can be 

attributed to its 9-Octadecenoic acid, methyl ester. Propanoic acid; Ammonium acetate; 2, 3-

Btanediol, [S-(R
*
, R

*
)]6-Octadecenoic acid, methyl ester, (Z)-; Phthalic acid, decyl isobutyl ester; 

Methyl 9-cis, 11-trans-octadecadienoate; Heptadecanoic acid, 16-methyl-, methyl ester; 

Hexadecanoic acid, methyl ester; Ethanol, 2,2'-oxybis-; Acetic acid, methyl ester; 2(5H)-Furanone, -

methyl; Glycerin; Octanoic acid (n-Caprylic acid); Ethyl iso-allocholate; 1,25-Dihydroxyvitamin 

D3, TMS derivative; 9,12,15-Octadecatrienoic acid, 2,3-dihydroxy propyl ester, (Z, Z, Z)-; 

Octaethylene glycol monododecyl ether; Pterin-6-carboxylic acid; Methyl 3-(acetyloxy)-20-

hydroxyurs-12-en-28-oate; Tetraacetyl-d-xylonic nitrile; and Nitro-L-arginine compounds identified 

by GC-MS analysis. 
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