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Abstract. Pauloi L, Salmim RM, Chiang LK, Sundang M, Rusdi NA, Maid M, Bakansing SM, Moktar J. 2024. GC-MS analysis of 
bioactive compounds in ethanolic extract on different parts of Ziziphus mauritiana. Biodiversitas 25: 3442-3453. Ziziphus mauritiana 

Lam., a tropical fruit-bearing tree commonly known as Bidara tree in Malaysia, has a long and rich history of use in traditional 
medicine. Cultures across the globe have utilized various parts of the plant, including its leaves, bark, fruit, and roots, to address a wide 
range of health issues, such as digestive disorders, skin conditions, and inflammatory ailments. This study aimed to comprehensively 
analyze the bioactive compounds present in different parts of Z. mauritiana using Gas Chromatography-Mass Spectrometry. Ethanolic 
extracts were prepared from the leaves, bark, stem, root, and fruit of the plant, and their chemical compositions were meticulously 
analyzed. The GC-MS analysis revealed a diverse array of bioactive chemicals belonging to various chemical classes, including organic 
acids, esters, silanes, and thiodipropionates. Notably, many of these identified compounds have demonstrated promising antibacterial, 
antioxidant, anti-inflammatory, and anticancer properties in previous scientific studies. The presence of these bioactive substances 
provides scientific support for the traditional medicinal uses of Z. mauritiana and underscores its potential as a valuable source for 

developing novel therapeutic agents. Further research is warranted to fully elucidate the individual bioactivities and potential synergistic 
effects of these compounds, paving the way for harnessing the full therapeutic potential of Z. mauritiana for improving human health 
and well-being. 
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INTRODUCTION 

Ziziphus mauritiana Lam., is a tropical fruit tree belonging 

to the Rhamnaceae family. In Malaysia, Z. mauritana is 

also known as Bidara tree. The genus Ziziphus encompasses 

approximately 40 species of prickly shrubs and small trees, 

exhibiting a diverse array of characteristics. Some species 
are deciduous, while others maintain evergreen foliage. 

This variability allows them to thrive in warm-temperate 

and subtropical regions worldwide. Z. mauritiana, in 

particular, is known for its resilience and adaptability to 

challenging environmental conditions, such as drought and 

salinity (Abubakar 2021). Jailani et al. 2020, also mention 

that this particular species exhibits a notable capacity to 

acclimate to unfavorable environmental conditions. These 

trees can reach heights of up to 15 meters, featuring a 

sturdy trunk that may surpass 40 centimeters in diameter 

and cascading branches adorned with stipular spines 

(Yamini and Panigrahi 2024). Their leaves are glossy green 
on the upper surface and a lighter shade underneath, with a 

rounded or slightly notched base. The fruit of Z. mauritiana 

is a small, edible drupe, typically measuring between one 

to five centimeters in length. The fruit's color can vary 

from yellow-brown to crimson or black, and it has a 

globose or rectangular shape (Abdallah 2017; Benidir et al. 

2020; Adilah et al. 2023). It is known for its remarkable 

sweetness, often described as sugary, with a texture and 

flavor reminiscent of dates (Soraya et al. 2022). 

Various parts of Z. mauritiana, including its leaves, 

fruit, roots, and bark, have a long history of use in 

indigenous ceremonies and traditional medicine. For 

example, the Malay community uses the leaves for post-
mortem rituals, believing they soften the body, strengthen 

the skin, and slow decomposition (Yusof and Ramli 2021). 

The fruit and leaves have also been used to address 

constipation and dandruff (Khan et al. 2015; Prakash et al. 

2021). Z. mauritiana contains a diverse array of 

phytochemicals, including berberine, quercetin, kaempferol, 

sitosterol, and stigmasterol (Yadav et al. 2022). It exhibits 

various pharmacological properties, such as antioxidant, 

cytotoxic, antimicrobial, anti-diarrheal, and hepatoprotective 

effects (Akassh et al. 2020). Studies have also explored its 

potential sedative, hypotensive, antihyperlipidemic, 

antihypoxic and hypothermic properties. The plant is 
abundant in minerals, alkaloids, flavonoids, sterols, 

tannins, and saponins (Hassan and Abd-Elaziz 2020). 

Research suggests that Z. mauritiana may stimulate hair 

growth, prevent platelet aggregation, reduce inflammation, 

promote wound healing, combat obesity, and act as an 

antibacterial. Regular consumption of Z. mauritiana fruit 

may offer health benefits, such as reducing the risk of 

cardiovascular disease and metabolic syndrome (Jailani et 

al. 2020). Despite being underutilized in Malaysia, Z. 
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mauritiana demonstrates therapeutic and dietary promise. 

Z. mauritiana also offers a diverse array of culinary 

applications. Its sweet and tangy fruit, resembling a 

miniature apple, is commonly eaten fresh as a snack or 

incorporated into various desserts such as pies, preserves, 

and condiments (Rashwan et al. 2020). 

The research on Z. mauritiana is crucial due to its 

widespread presence in tropical regions and its introduction 

to new countries, raising concerns about its potential to 

become invasive. Studying its ecological adaptability and 
growth patterns is essential to anticipate and mitigate any 

ecological impacts. The promotion of Z. mauritiana as an 

underutilized species raises concerns about the potential for 

further uncontrolled introductions (Maruza et al. 2017). 

Additionally, recent studies have highlighted its impressive 

biological activities, such as antioxidant, anti-inflammatory, 

and anticancer properties. However, there is still limited 

knowledge about its toxicity, mechanisms of action, and 

clinical applications, emphasizing the need for further 

research to explore its medicinal potential. Recent studies 

on Z. mauritiana have primarily focused on its fruit and 
leaves. However, this study expands the scope by providing 

detailed information regarding the secondary metabolism 

element on various parts of Z. mauritiana, including the 

fruit, leaves, stem, bark, and root. It offers crucial insights 

into the chemical elements present in these different parts, 

contributing to a more comprehensive understanding of the 

plant's overall chemical composition. 

MATERIALS AND METHODS  

Fruit, stems, bark, roots, and leaves were the plant 

components used. The West Coast Division of Sabah, 

Malaysia's Tuaran District is where the Z. mauritiana 
materials used in this study were selected: sample 1 (6° 12' 

12" N, 116° 13' 52" E), sample 2 (6° 08' 30" N, 116° 13' 

07" E)   (Figure 1). This species was grown, but the trees 

that were chosen and the locals were all five years of age or 

older which is mature enough to bear fruit. The species'  

taxonomy was determined based on a previous study by 

Byalt and Korshunov (2021) prior work as a basis. For 

every genotype, about 200 g of fruits and roots, two 

resealable, breathable storage bags measuring 20 cm in 

width by 28 cm in length, and one kg of stem with bark 

were collected. All collected samples have been transported 

to the Wood Chemistry Laboratory of Universiti Malaysia 

Sabah for analysis.  

Sample extracts preparation 

A range of 2 to 5 centimeters in stem diameter was used 
to choose mature, healthy stems. Using a hand saw, the 

medium-sized, healthy branch from another tree was 

chopped. Using a sharp knife, the branches were chopped 

to remove the bark. The major taproot was left undisturbed 

to protect the tree, and the lateral roots which are crucial 

for nutrient and water absorption were selected. After being 

sliced into tiny pieces, the bark stems, and roots samples 

were dried for 48 hours at 60°C in an incubator. The leaves 

were chosen from the middle and lower parts because they 

were healthy and devoid of damage, infections, or pests. In 

the laboratory, tap water was used to wash the leaves. 
Fruits of Z. mauritiana were harvested from the shoots and 

branches. The sample size of fruits was approximately 60, 

and the fruits were fully formed and mature. Fruit samples 

were separated from seeds. Both the leaves and the fruits 

were dried in an incubator at 45°C for 48 hours. After 

drying, all samples were ground to a fine powder using an 

electric blender and mortar. Figure 2 shows that the fine 

powder of each sample was ready to be extracted. Figure 3 

shows the ethanolic extract of different parts of Z. 

mauritiana. 

Maceration extraction was a technique involving the 
immersion of Z. mauritiana’s samples in different solvents 

to extract desired compounds. The solvent penetrates the 

material, dissolving and absorbing the target constituents, 

resulting in an extract enriched with the compounds of 

interest. The maceration method was done according to a 

previous study (Abubakar 2021). Ground samples 

weighing 10 g were prepared.  
 
 

 
Figure 1. Red arrows show the exact location of Ziziphus mauritiana samples in Tuaran, Sabah, Malaysia: sample 1: (6° 12' 12" N, 116° 
13' 52" E), sample 2 (6° 08' 30" N, 116° 13' 07" E)   
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Ten (10) g of each part of the samples were extracted 

individually in 100 mL of 80% methanol in a 500 mL 

conical flask. Then, the conical flasks that contained the 

mixture, which were powdered samples and solvent, were 

covered with parafilm. All the samples were placed in a 

water bath machine for 48 hours at 30°C with 80 rpm. 

Then, the mixtures were filtered through Whatman No. 1 

filter paper to separate the solid waste and extract solutions 

from the samples. The final extracted solutions were placed 

into a glass container and stored in a cool place until 
further analysis. Figure 2 shows that the fine powder of 

each sample was ready to be extracted. Figure 3 shows the 

ethanolic extract of different parts of Z. mauritiana. 

Gas Chromatography-Mass Spectrometry (GC-MS) 

analysis 

The different parts of Z. mauritiana were analyzed 

using GC-MS, following standard protocols for 

phytochemical analysis as outlined by Kushwaha et al. 

2019. 10 mg of dried extract samples were diluted with 10 

mL of 99.99% ethanol, resulting in a final concentration of 

1 mg/mL, which was used for testing (Figure 3). Each 
sample analysis was performed in triplicate to ensure 

reproducibility, providing technical replicates for statistical 

validation. The GC-MS analysis was conducted using a 

Perkin Elmer Turbo Mass Spectrophotometer equipped 

with a Perkin Elmer tester. The chromatographic column 

employed was a Perkin Elmer Elite 5 capillary column (30 

meters × 0.25 mm, film thickness 0.25 mm) composed of 

95% dimethylpolysiloxane. Helium, at a flow rate of 0.5 

mL per minute and with a purity of 99.99%, was used as 

the carrier gas. The injection volume was set at 1 µL, with 

the injector temperature maintained at 250°C. The oven 
temperature was initially set at 110°C, then ramped at 5°C 

per minute to 200°C, followed by another ramp of 5°C per 

minute to a final temperature of 280°C. This final temperature 

was held isothermally for 5 minutes. The total run time for 

each analysis was 16 minutes. The transfer line to the Mass 

Spectrophotometer was held at 200°C, while the source 

temperatures remained at 100°C and 80°C, respectively. 

The peak areas of the identified compounds were analyzed 

using Perkin Elmer Turbo Mass software. Compound 

identification was performed by comparing the mass 

spectra with the NIST (National Institute of Standards and 

Technology) library. All experimental procedures, including 

sample preparation and analysis, were performed at the 
Centre for Instrumentation and Science Services, Universiti 

Malaysia Sabah, Kota Kinabalu. 

RESULTS AND DISCUSSION 

Many compounds were identified in the ethanolic extract 

of different parts of Z. mauritiana by GC-MS analysis. The 

active principle using retention time (RT), area (%), and 

molecular formula are presented as follows. 

Roots 

In Figure 4 of GC-MS chromatogram analysis of 

compounds identified in Z. mauritiana root, several 

compounds were detected. Among them, three major 
compounds stand out based on their relative peak areas. 

The first major compound identified is dimyristyl 

thiodipropionate, which appears at retention times of 23.97 

and 27.85 minutes, constituting significant peak areas of 

5.83% and 64.65% (Blue arrow), respectively. The second 

major compound is propanoic acid, 3,3'-thiobis-, ditetradecyl 

ester, detected at retention times of 23.88 and 24.06 

minutes, with peak areas of 10.52% and 13.89% (Red 

arrow), respectively.  

 
 

 1 Root Fruit Bark Leaves Stem  

Figure 2. Powdered of different parts of Ziziphus mauritiana  
 
 

 1 Root Fruit Bark Leaves Stem  

Figure 3. Ethanolic extracts of different parts of Ziziphus mauritiana  
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Lastly, the third major compound is 2-propenoic acid, 

pentadecyl ester, observed at a retention time of 11.279 

minutes with a peak area of 3.14% (Black arrow). While 2-

propenoic acid, pentadecyl ester present in lower abundance 

compared to the other major compounds, its presence is 

notable and contributes to the complexity of the sample 

composition. 

Table 1 shows the phytochemical profiles obtained in 

the root of Z. mauritiana, four dominant compounds 

identified by GC-MS have biological activities that can 
contribute medicinally. From Table 1 shows one such 

compound is dimyristyl thiodipropionate, which is used as 

a secondary stabilizer and antioxidant in combination with 

phenolic antioxidants for polymers (Diamante et al. 2010). 

Dimyristyl thiodipropionate is a commonly used antioxidant 

and stabilizer in various industries. Its primary function is 

to inhibit or slow down oxidation processes, which can lead 

to the degradation of materials such as polymers, plastics, 

and other organic substances. Specifically, dimyristyl 

thiodipropionate works by scavenging free radicals, which 

are highly reactive molecules that can initiate and 

propagate oxidation reactions. Another compound, 2-

propenoic acid, pentadecyl ester, also known as pentadecyl 

acrylate, belongs to the family of acrylate esters. It has 
potential as an anticancer agent (Sahu et al. 2023) and 

exhibits known biological activities such as antimicrobial 

and antioxidant properties, including health-promoting 

benefits (Khromykh et al. 2022). 
 
 

 

Table 1. Detail of compounds identified in Ziziphus mauritiana root 
 

Compounds 
RT 

(min.) 

Area 

(%) 
MF 

MW 

(g/mol) 
Biological activities 

2-(Oxan-3-yl) ethanamine 3.05 0.69 C7H15NO 129.19 Antimicrobial therapies (Campana et 
al. 2020) 

1-Dodecanol 8.51 0.60 C12H26O 186.33 Antiviral application (Katz et al. 1991). 

Phosphinous bromide, methylenebis[[2,4,6-
tris(1-methyl ethyl) phenyl] methylene]] 

8.58 0.23 C33H42BrP 585.10 Antibacterial and antifungal properties 
(Srinivasulu et al. 2008) 

2-Propenoic acid, pentadecyl ester 11.28 3.14 C18H34O2 282.50 Anticancer (Sahu et al. 2023) 
Propanoic acid, 3,3'-thiobis-, ditetradecyl ester 23.88 10.52 C34H66O4S 571.00 Antioxidant and antimicrobial agent 

(Tumosienė et al. 2016) 
Dimyristyl thiodipropionate 23.97 5.83 C34H66O4S 571.00 Antimicrobial and anti-inflammatory 

activities (Sucheta et al. 2017) 
Propanoic acid, 3,3'-thiobis-, ditetradecyl ester 24.06 13.89 C34H66O4S 571.00 Antioxidant and antimicrobial agent 

(Tumosienė et al. 2016) 
3,6-Dioxaoctanedioic acid, Bis[9-
(ethoxycarbonyl)nonyl] ester 

24.51 0.22 C30H54O10 574.70 Exhibit antimicrobial activity 
(Mukovoz et al. 2018) 

Dimyristyl thiodipropionate 27.85 64.65 C34H66O4S 571.00 Antimicrobial and anti-inflammatory 
activities (Sucheta et al. 2017) 

Hexadecanoic acid, tetradecyl ester 30.56 0.23 C30H60O2 452.80 Pest management and antibacterial 
properties (Tewari et al. 2015; Shaaban 
et al. 2021) 

 
 

Roots 1 

 
 
Figure 4. Gas chromatogram of chemical ingredients of ethanol extract of Ziziphus mauritiana root 

https://pubchem.ncbi.nlm.nih.gov/#query=C7H15NO
https://pubchem.ncbi.nlm.nih.gov/#query=C12H26O
https://www.chembk.com/en/chem/2-Propenoic%20acid,%20pentadecyl%20ester
https://pubchem.ncbi.nlm.nih.gov/#query=propanoic%20acid%2C%203%2C3'-thiobis-%2C%20ditetradecyl%20ester
https://pubchem.ncbi.nlm.nih.gov/#query=propanoic%20acid%2C%203%2C3'-thiobis-%2C%20ditetradecyl%20ester
https://pubchem.ncbi.nlm.nih.gov/#query=propanoic%20acid%2C%203%2C3'-thiobis-%2C%20ditetradecyl%20ester
https://pubchem.ncbi.nlm.nih.gov/#query=C30H54O10
https://pubchem.ncbi.nlm.nih.gov/#query=C34H66O4S
https://pubchem.ncbi.nlm.nih.gov/#query=C30H60O2
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Phosphinous bromide, methylenebis[[2,4,6-tris(1-

methylethyl) phenyl] methylene]], a compound containing 

phosphorus, aligns with the theme of phosphorus-containing 

metabolites with biological activities. Phosphorus compounds 

play crucial roles in biological processes, acting as nucleic 

acids, coenzymes, and metabolic intermediates (Wohlgemuth 

2023). Additionally, phosphoryl prodrugs, which involve 

phosphorus-containing compounds, are essential in drug 

development to enhance pharmacokinetic profiles (Kirby 

and Dowd 2021). Pentadecyl esters of certain compounds 
have shown potential biological activities, as evidenced by 

research studies. For instance, the synthesis of oxygenated 

derivatives of propenylbenzenes, including isosafrole and 

anethole, resulted in compounds with antimicrobial, 

antioxidant, and anticancer activities (Ekiert and Szopa 

2023). Propanoic acid, 3,3'-thiobis-, and its ditetradecyl 

ester derivative contain a thiobis moiety, which has shown 

potential biological activities in various studies. The 

synthesis of 1,2,4-triazole derivatives containing a propanoic 

acid moiety demonstrated significant anti-inflammatory 

effects, reducing the release of inflammatory cytokines like 
TNF-α and IFN-γ (Paprocka et al. 2023). Additionally, the 

3-[5-(1H-indol-3-ylmethylene)-4-oxo-2-thioxothiazolidin-

3-yl]-propionic acid exhibited anti-inflammatory and anti-

allergic activities, reducing the levels of IgE, IgA, IgM, IL-

2, and TNF-α (Sapijanskaitė-Banevič et al. 2023). The 

presence of the ethoxycarbonyl group in 3,6-dioxaoctanedioic 

acid, Bis[9-(ethoxycarbonyl) nonyl] ester suggests potential 

biological activities (Wang et al. 2024). This is supported 

by research on related compounds like 3,9-dioxatetraasteranes, 

which have shown promising biological properties. Studies 

have demonstrated that 3,9-dioxatetraasteranes exhibit 
antiproliferative activity against cancer cell lines, 

indicating their potential as inhibitors (Ratto and Honek 

2024). Thus, the roots of Z. mauritiana contain various 

compounds that have antifungal and antibacterial properties. 

Leaves 

Figure 5 shows GC-MS chromatogram analysis of 

compounds identified in Z. mauritiana leaves, several 

compounds were detected, but three major compounds 

stand out due to their relative peak areas. The first major 

compound identified is cyclononasiloxane, octadecamethyl-, 

which appears at a retention time of 17.70 minutes and 
constitutes a significant peak area of 87.55% (Blue arrow). 

The second major compound is cyclodecasiloxane, 

eicosamethyl-, detected at a retention time of 18.94 minutes 

with a peak area of 3.97% (Red arrow). Lastly, the third 

major compound is octasiloxane, 1,1,3,3,5,5,7,7,9,9,11, 

11,13,13,15,15-hexadecamethyl which observed three times at 

retention time of 19.05, 19.44 and 20.60 minutes with total 

peak area of 2.98% (Black arrow). 

From the phytochemical profiles obtained in the leaves 

(Table 2), three dominant compounds identified by GC-MS 

in the ethanolic extract of Z. mauritiana leaves have 
biological activities that can contribute medicinally (Table 

2). These compounds, cyclononasiloxane, octadecamethyl-, 

cyclodecasiloxane, eicosamethyl-, and octasiloxane, possess 

antifungal, antioxidant, and antimicrobial properties (Jasim 

et al. 2015; Suriani 2016; Mohamed et al. 2022). 

Cyclononasiloxane, octadecamethyl- also finds uses in the 

food and pharmaceutical industries, as well as in traditional 

medicine in some regions. 2-Propenoic acid, tridecyl ester 

is reported to have antimicrobial and pharmacological 

properties (Sangeetha et al. 2015; Seenivasan 2018).  

 

 
Table 2. Detail of compounds identified in Ziziphus mauritiana leaves 
 

Compounds RT (min.) Area (%) MF 
MW 

(g/mol) 
Biological activity 

Octadecanoic acid, 2-
(octadecyloxy)ethyl ester 

12.88 1.02 C38H76O3  581.00  Natural antimicrobial agent (Sudharsan 
et al. 2011) 

2-Propenoic acid, tridecyl ester 14.27 1.74 C16H30O2  254.41 Anticancer (Sahu et al. 2023) 
1,9-Dioxa-5-thianonane, 3,7-bis (9-
borabicyclo [3.3.1] non-9-yl) trideca-
2,6,10-trione 

14.46 0.97 C6H12O2S 148.23 These complex structures not 
commonly found in biological systems 

Pentadecafluorooctanoic acid, dodec-
2-en-1-yl ester 

14.65 0.85 C20H23F15O2  580.40 PFOA is widely utilized in surfactants, 
firefighting foams, and polymer 
additives, contributing to its industrial 
significance (Kishor et al. 2021) 

Cyclononasiloxane, octadecamethyl- 17.70 87.55 C18H54O9Si9  667.40 Cosmetics and personal care products 
due to its desirable properties (Montiel 
et al. 2019) 

Cyclodecasiloxane, eicosamethyl- 18.94 3.97 C20H60O10Si10  741.50 Cosmetic formulations (Saribekova et 
al. 2021) 

Octasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl 

19.05 0.75 C16H50O7Si8  578.20 Supporting metabolic and heart health 
(Venn-Watson and Butterworth 2022) 

Octasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl 

19.44 1.34 C16H50O7Si8 578.20 Supporting metabolic and heart health 
(Venn-Watson and Butterworth 2022) 

Octasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl 

20.60 0.89 C16H50O7Si8 578.20 Supporting metabolic and heart health 
(Venn-Watson and Butterworth 2022) 

Dotriacontane, 1-iodo- 20.68 0.92 C32H65I  576.80 These complex structures not 
commonly found in biological systems 

https://pubchem.ncbi.nlm.nih.gov/#query=C38H76O3
https://pubchem.ncbi.nlm.nih.gov/#query=C16H30O2
https://pubchem.ncbi.nlm.nih.gov/#query=C20H23F15O2
https://pubchem.ncbi.nlm.nih.gov/#query=Cyclononasiloxane%2C%20octadecamethyl-
https://pubchem.ncbi.nlm.nih.gov/#query=C20H60O10Si10
https://pubchem.ncbi.nlm.nih.gov/#query=C16H50O7Si8
https://pubchem.ncbi.nlm.nih.gov/#query=C16H50O7Si8
https://pubchem.ncbi.nlm.nih.gov/#query=C16H50O7Si8
https://pubchem.ncbi.nlm.nih.gov/#query=C32H65I
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Octadecanoic acid, 2-(octadecyloxy) ethyl ester, and 2-

propenoic acid, tridecyl ester are fatty acid esters 

commonly found in natural products, potentially exhibiting 

various biological activities. Fatty acid esters are prevalent 

in natural sources like marine organisms, plants, and 

microorganisms, contributing to their bioactivity. These 

compounds have been identified in marine species like 

Anemonia viridis Forsskål 1775, terrestrial plants, algae, 

and bacteria, showcasing diverse bioactivities such as 

antioxidant, cytotoxic, allelopathic, and antimicrobial 
properties (Chen et al. 2020; Huang et al. 2021; Quaranta et 

al. 2022). Pentadecafluorooctanoic acid, dodec-2-en-1-yl 

ester, and octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-

hexadecamethyl are less likely to exhibit biological 

activities due to being primarily synthetic compounds 

without the functional groups associated with biological 

activity. In contrast, natural compounds like pentadecanoic 

acid (C15:0) have shown essential fatty acid properties 

supporting metabolic and heart health (Venn-Watson and 

Butterworth 2022). 1,9-Dioxa-5-thianonane, 3,7-bis (9-

borabicyclo [3.3.1] non-9-yl) trideca-2,6,10-trione and 
dotriacontane, 1-iodo- are also less likely to have biological 

activities, as they are synthetic compounds with complex 

structures not commonly found in biological systems. 

Fruits 

Figure 6 shows GC-MS chromatogram analysis of 

compounds identified in Ziziphus mauritiana fruit, several 

compounds were detected, but two major compounds stand 

out due to their relative peak areas. The first major 

compound identified is tetracosamethyl-cyclodo-decasiloxane, 

which appears at a retention time of 20.52 minutes and 

constitutes a significant peak area of 90.18% (Blue arrow). 

The second major compound is 2-propenoic acid, tridecyl 

ester, detected at a retention time of 14.28 minutes with a 

peak area of 4.95% (Red arrow). While present in lower 

abundance compared to tetracosamethyl-cyclododecasiloxane, 

it still contributes significantly to the overall composition 
of the sample. 

From the phytochemical profiles as shown in Table 3 

obtained from Z. mauritiana fruits, three dominant 

compounds identified by GC-MS have biological activities 

that can contribute medicinally. Tetracosamethyl-cyclodo-

decasiloxane has potential hepatoprotective, antispasmodic, 

and antirheumatic properties (Al Bratty et al. 2020). 

According to Ferdosi et al. (2021), tetracosamethyl-

cyclododecasiloxane also possesses antibacterial and 

antifungal properties. 2-Propenoic acid, tridecyl ester, also 

present in the leaves of Z. mauritiana as a major compound, 
is categorized as an antimicrobial and pharmacological 

compound. Among the compounds mentioned, 2-propenoic 

acid, tridecyl ester is the most likely to exhibit significant 

biological activities due to its ester derivative nature. This 

compound is derived from acrylic acid, known for its 

potential antioxidant and antimicrobial properties. 

 
 Leaves 1 

 
 

Figure 5. Gas chromatogram of chemical ingredients of ethanol extract of Ziziphus mauritiana leaves 

 

 Fruits 1 

 
 
Figure 6. Gas chromatogram of chemical ingredients of ethanol extract of Ziziphus mauritiana fruit 
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Decane, 2,2-dimethyl-, is a hydrocarbon commonly 

utilized as a solvent in industrial applications, known for its 

simple organic composition of carbon and hydrogen atoms. 

Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-

hexadecamethyl, belongs to the siloxane group of silicon-

based compounds. Siloxanes like octasiloxane find 

extensive use in industries for producing silicone polymers, 

lubricants, and sealants (Winchester and Seymour 2020; 

Nikonov 2021). While decane, 2,2-dimethyl-, and 

octasiloxane are valuable in industrial processes due to 
their chemical properties, they are not typically associated 

with significant biological activities (Sahin 2023; Sonawane 

and Agarwal 2023). These compounds play crucial roles in 

industrial applications but are not commonly linked to 

notable biological effects. 

Barks 

Figure 7 shows the GC-MS chromatogram analysis of 

compounds identified in Z. mauritiana bark, several 

compounds were detected, but three major compounds 

stand out due to their relatively high peak areas. The first 

major compound identified is 2-propenoic acid, tridecyl 
ester, which appears at retention times of 14.222 and 

14.274 minutes, with peak areas of 28.97% and 8.49% 

(Blue arrow), respectively. The second major compound is 

cyclononasiloxane, octadecamethyl-, which appears at a 

retention time of 19.07 minutes, with a peak area of 

25.61% (Red arrow). Lastly, cyclooctasiloxane, 

hexadecamethyl- appears at retention times ranging from 

15.98 to 19.30 minutes, with peak areas ranging from 

1.22% to 20.89% (Black arrow). 

From the phytochemical profiles obtained from Z. 

mauritiana bark as shown in Table 4, two dominant 

compounds identified by GC-MS have biological activities 

that can contribute medicinally. The first compound, 2-

propenoic acid, tridecyl ester (also known as tridecyl 
acrylate), is an ester of acrylic acid. Its derivatives have 

been extensively researched for their diverse biological 

activities, such as antimicrobial and antioxidant properties. 

The biological activities of tridecyl acrylate are likely 

influenced by its chemical structure and functional groups 

(Shen 2023). Acrylic acid, a precursor to tridecyl acrylate, 

is a valuable chemical used in various industrial applications, 

including the production of diapers, paints, and adhesives 

(Ahmed et al. 2023). Additionally, the toxicity of acrylic 

acid and related monomers, such as acrylamide, has been 

studied, highlighting potential cytotoxic effects and DNA 
damage in certain cell lines (Rodrigues 2022). These 

insights underscore the importance of understanding the 

specific properties and potential biological effects of 

tridecyl acrylate for various applications. 

 
 
 

Table 3. Detail of compounds identified in Ziziphus mauritiana fruit 
 

Compounds RT (min.) Area (%) MF MW (g/mol) Biological activity 

Decane, 2,2-dimethyl- 4.34 2.63 C12H26  170.33 Industrial applications (Sahin 2023; 
Sonawane and Agarwal 2023) 

2-Propenoic acid, tridecyl ester 14.28 4.95 C16H30O2 254.41 Anticancer (Sahu et al. 2023) 
Octasiloxane, 

1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl 

18.51 1.97 C16H50O7Si8 578.20 Supporting metabolic and heart health 

(Venn-Watson and Butterworth 2022) 

1,3,7,9,2,8-Parazabol, 2,2,8,8-
tetraethyl-4,6,10,12-tetraphenyl- 

20.29 0.27 - - - 

Tetracosamethyl-
cyclododecasiloxane 

20.52 90.18 C24H72O12Si12 889.80 Hepatoprotective, antispasmodic, and 
antirheumatic properties (Al Bratty et 
al. 2020) 

 
 Barks 1 

 
 
Figure 7. Gas chromatogram of chemical ingredients of ethanol extract of Ziziphus mauritiana bark 
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Cyclononasiloxane, octadecamethyl-, and cycloocta-

siloxane, hexadecamethyl- possess antibacterial and antifungal 

properties (Wohlgemuth 2023). Cyclonona-siloxane and 

cyclooctasiloxane, along with other siloxanes, exhibit 

significant antibacterial and antifungal properties, making 

them valuable in various applications, including personal 

care and pharmaceuticals. This finding indicates that 

siloxane-silver nanofluids demonstrate promising 

antimicrobial activity against drug-resistant bacteria and 

fungi, such as Acinetobacter baumannii and Candida 
albicans, highlighting their potential as alternatives to 

conventional antibiotics (Tiwari et al. 2023). Additionally, 

studies on organosilicon nitriles and siloxanes reveal their 

effective fungicidal activity, which can last for weeks, 

suggesting their utility in industrial applications to combat 

microbiological corrosion. Despite regulatory concerns 

regarding the environmental impact of certain siloxanes, 

their unique properties and effectiveness in combating 

microbial resistance underscore their importance in 

developing new antimicrobial agents (Hogue 2018). 

Another compound from Z. mauritiana bark that exhibits 
biological activities is hexadecanoic acid, as identified 

through GC-MS analysis (Soraya et al. 2022). This 

compound is known for its potential medicinal activity and 

contributes to the plant's pharmacological advantages. 

Moreover, the stem bark extract of Z. mauritiana 

demonstrated significant antioxidant, thrombolytic, anti-

inflammatory, anti-diarrheal, analgesic, and hypoglycemic 

activities, indicating the medicinal value of this plant part 

(Akanda and Hasan 2021). These findings collectively 

highlight the diverse bioactive compounds present in Z. 

mauritiana, emphasizing its potential for functional food 
and pharmaceutical applications. 

Stems 

The GC-MS chromatogram analysis of compounds 

identified in Z. mauritiana stem (Figure 8), several 

compounds were detected, but one major compound stands 

out due to its exceptionally high relative peak area. The 

major compound identified is dimyristyl thiodipropionate 

(DMDTP), which appears at a retention time of 27.81 

minutes and constitutes a significant peak area of 96.21% 

(Blue arrow). This compound is overwhelmingly dominant 

in the stem extract, indicating its prevalence and abundance 

in this part of the plant. In addition to dimyristyl 

thiodipropionate, several other compounds were also 

identified in the stem extract, but they contribute minimally 

to the overall composition based on their low peak areas. 

These compounds include 2-propenoic acid, pentadecyl 

ester, octadecane, mannonic acid, octadecane, 9-octadecene, 

and various other compounds detected in trace amounts.  

Table 5 shows the phytochemical profiles obtained 

from the stem of Z.  mauritiana, two dominant compounds 

identified by GC-MS exhibit significant biological activities 
with potential medicinal applications. Dimyristyl 

thiodipropionate (DMDTP), also a major compound in the 

root of Z. mauritiana, acts as a secondary stabilizer and 

antioxidant in combination with phenolic antioxidants for 

polymers. DMDTP is a dialkyl ester of thiodipropionic acid 

used as an antioxidant in various applications. Studies have 

shown that related compounds, such as dilauryl 

thiodipropionate (DLTDP), exhibit antioxidant properties 

and are considered safe for use in cosmetic products 

(Gregory et al. 2021). Additionally, dimethylsulfonio-

propionate (DMSP), a marine metabolite, has been found to 
possess antioxidant defense capabilities in mammalian 

neural cells, protecting against cytotoxic effects induced by 

tropodithietic acid (TDA) (Diamante et al. 2010). This 

suggests that DMDTP, being structurally similar to DLTDP 

and part of the thiodipropionate family, may also exhibit 

antioxidant properties. 

The compound from the Z. mauritiana stem that 

exhibits notable biological activities is octadecane, 1,1'-

[1,3-propanediylbis(oxy)] bis. This compound was identified 

in the stem extracts of Z. mauritiana and is associated with 

pharmacological significance (Prakash et al. 2021; Egbe et 
al. 2022). The plant's stem contains a plethora of active 

phytochemical constituents, including compounds like 

octadecane, which contribute to its medicinal properties 

such as antioxidant, cytotoxic, and immunomodulatory 

activities. Additionally, the phytochemical analysis of the 

Z. mauritiana stem revealed the presence of various 

bioactive compounds, indicating its potential for the 

pharmaceutical and food industries (Keita et al. 2020). 

Therefore, octadecane, 1,1'-[1,3-propanediylbis(oxy)] bis 

from the Z. mauritiana stem holds promise for further 

exploration in drug development and health applications. 

 
Table 4. Detail of compounds identified in Ziziphus mauritiana bark 
 

Compounds RT (min.) Area (%) MF MW (g/mol) Biological activity  

n-Tridecan-1-ol 11.31 5.42 C13H28O 200.36 Reduces serum markers of liver 
damage (Babu et al. 2023) 

1-Dodecanol 11.56 1.28 C12H26O 186.33 Pheromone Synergy (Tian et al. 
2020) 

2-Propenoic acid, tridecyl ester 14.22 28.97 C16H30O2 254.41 Anticancer (Sahu et al. 2023) 
2-Propenoic acid, tridecyl ester 14.27 8.49 C16H30O2 254.41 
Cyclooctasiloxane, hexadecamethyl- 15.98 1.22 C16H48O8Si8 593.20  

Antibacterial and antifungal 
properties (Wohlgemuth 2023) 

Cyclooctasiloxane, hexadecamethyl- 16.13 20.89 C16H48O8Si8 593.20 
Cyclononasiloxane, octadecamethyl- 19.07 25.61 C18H54O9Si9 667.40 
Cyclooctasiloxane, hexadecamethyl- 19.30 5.73 C16H48O8Si8 593.20 
Octasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl 

19.93 1.00 C16H50O7Si8 578.20  
Supporting metabolic and heart 
health (Venn-Watson and 
Butterworth 2022) Octasiloxane, 

1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl 

20.10 1.39 C16H50O7Si8 578.20 

https://pubchem.ncbi.nlm.nih.gov/#query=C13H28O
https://pubchem.ncbi.nlm.nih.gov/#query=C12H26O
https://pubchem.ncbi.nlm.nih.gov/#query=C16H30O2
https://pubchem.ncbi.nlm.nih.gov/#query=C16H30O2
https://pubchem.ncbi.nlm.nih.gov/#query=C16H48O8Si8
https://pubchem.ncbi.nlm.nih.gov/#query=C16H48O8Si8
https://pubchem.ncbi.nlm.nih.gov/#query=C18H54O9Si9
https://pubchem.ncbi.nlm.nih.gov/#query=C16H48O8Si8
https://pubchem.ncbi.nlm.nih.gov/#query=C16H50O7Si8
https://pubchem.ncbi.nlm.nih.gov/#query=C16H50O7Si8
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Table 5. Detail of compounds identified in Ziziphus mauritiana stem 
 

Compounds RT (min.) Area (%) MF MW (g/mol) Biological activity  

Silane, methyl- 3.04 1.46 CH6Si 46.14 Cytotoxicity and antibacterial action 
(Zablotskaya et al. 2013) 

Phosphinous bromide, 
methylenebis[[2,4,6-tris(1-methyl 
ethyl) phenyl] methylene]] 

8.57 0.09 H2PBr 112.88 Synthesis and antimicrobial activity 
(Uygun et al. 2013; Strobykina et al. 
2019) 

Nn-Heptyl-N'-(12-[2-(heptyl-
methyl-carbamoyl)-acetylamino]-
dodecyl)-N-methyl-malonamide 

11.14 0.04 C34H66N4O4 594.90 Antiviral and anticancer properties 
(Mohamed et al. 2019) 

2-Propenoic acid, -pentadecyl 
ester 

11.28 0.44 C16H30O2 254.41 Anticancer (Sahu et al. 2023) 

Octadecane, 1,1'-[1,3-
propanediylbis(oxy)] bis 

27.34 0.02 C39H80O2 581.10 Antimicrobial (Terent′eva et al. 2017) 

Mannonic acid (Et-TFA) 27.37 0.05 C6H12O7 196.16 Antibacterial and Antifungal activities 
(Roman 2015; Liaqat et al. 2018) 

Dimyristyl thiodipropionate 
(DMDTP) 

27.81 96.21 C34H66O4S 571.00 Antioxidant and cosmetic products 
(Gregory et al. 2021) 

Octadecane, 1,1'-[1,3-
propanediylbis(oxy)] bis 

28.24 1.16 C39H80O2 581.10 Anti-fatigue, antioxidant, and anti-
inflammatory properties (Zhou et al. 
2022) 

9-Octadecene, 1-[3-
(octadecyloxy)propoxy]-, (Z)- 

28.34 0.44 C39H78O2 579.00 This complex structures not 
commonly found in biological systems 

Octadecane, 1,1'-[1,3-
propanediylbis(oxy)] bis- 

28.38 0.08 C39H80O2 581.10 Anti-fatigue, antioxidant, and anti-
inflammatory properties (Zhou et al. 
2022) 

 
 
 Stems 1 

 2 

 3 

 
 
Figure 8. Gas chromatogram of chemical ingredients of ethanol extract of Z. mauritiana stem 
 

 

 

In conclusion, the GC-MS analysis revealed that certain 
compounds were common across multiple parts of Z. 

mauritiana. These shared compounds indicate a similarity 

in the chemical profile of different plant parts. Several 

compounds identified in the GC-MS analysis have known 

or potential biological activities, which may include anti-

microbial, antioxidant, anti-inflammatory, or other 

pharmacological properties. Compounds such as 2-

propenoic acid derivatives, silanes, thiodipropionates, and 

various organic acids may contribute to these activities. 

The presence of bioactive compounds suggests that Z. 

mauritiana may have potential health benefits. These 
compounds could be explored further for their therapeutic 

potential in traditional medicine or pharmaceutical applications. 

While the GC-MS analysis provides valuable insights into 

the chemical composition of Z. mauritiana, further research 

is needed to fully understand the biological activities and 

health benefits associated with these compounds. 

Additionally, studying the synergistic effects of these 

compounds and their interactions could provide deeper 

insights into the medicinal properties of Z. mauritiana. 

https://pubchem.ncbi.nlm.nih.gov/#query=CH6Si
https://pubchem.ncbi.nlm.nih.gov/#query=C34H66N4O4
https://pubchem.ncbi.nlm.nih.gov/#query=C16H30O2
https://pubchem.ncbi.nlm.nih.gov/#query=C39H80O2
https://pubchem.ncbi.nlm.nih.gov/#query=C6H12O7
https://pubchem.ncbi.nlm.nih.gov/#query=C34H66O4S
https://pubchem.ncbi.nlm.nih.gov/#query=C39H80O2
https://pubchem.ncbi.nlm.nih.gov/#query=C39H78O2
https://pubchem.ncbi.nlm.nih.gov/#query=C39H80O2
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