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Abstract: Plants exhibit physiological, morphological, biochemical and molecular adaptations to maintain growth, 

development and survival under climate change fluctuations. This research aimed to analyse the secondary metabolites 

produced in Alhagi maurorum leaves under different environmental stresses. Secondary metabolites were extracted using 

Ethanol solvent using Soxhlet apparatus. FTIR and GC-MS analyses were applied to detect the metabolites produced in 

Alhagi leaves. The results exhibit the detection of 24 compounds at different peaks that were produced in the camel thorn 

that was naturally grown in the field under climatic stressors. These compounds are involved in the metabolic and 

physiological processes to grow and survive. The research concluded that environmental fluctuations have a direct 

influence on the metabolic compounds produced in the plant to cope with stressors and differ from the results concluded 

in the literature. The number and type of compounds detected showed that the leaves exhibit morphological adaptations to 

cope environment rather than metabolic adaptations compared to other plant parts and compared to the literature. 
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INTRODUCTION 
Plants employ physiological, morphological and metabolic adaptations to cope the environmental changes such 

as scarce rainfall, high light intensity and extreme temperatures, these stresses impose adverse effects and limiting plant 

growth, development and survival in extreme environmental fluctuations (Al Kaabi et al., 2023; Faiq & Noori, 2021; Raza, 

2021; Zhang et al., 2022) Plants have inbuilt physiological adaptation encompasses larger roots and stem area, thicker 

cuticle, reducing leaf area and numerous large stomata (Iqbal et al., 2023; Saleh et al., 2020). Osmoprotectants like glycine 

betaine and proline are synthesized to maintain cellular osmotic balance under drought and salinity stress (Abasi et al., 

2024; Goharrizi et al., 2021; Singh et al., 2024). Alhagi maurorum commonly known as camelthorn, belongs to Fabaceae 

family, it is well adapted to grows and thrive in multiple areas in the world such as Europe, Asia and North Africa. It is 

classified as of the richest medicinal plants, it contains active constituents like flavonoids, fatty acids, vitamins, sterols, and 

alkaloids which manifest diuretic , anti-viral, anti-bacterial, anti-cancer, antidiarrheal, anti-ulcer, anti-inflammatory, 

analgesic, antipyretic, anti-depressant and other pharmaceutical properties that alleviate the biotic and abiotic stresses 

(Hameed et al., 2022; Islam & Qadir, 2024; Tavassoli et al., 2020; Yuan et al., 2022) Metabolic and morphological 

adaptations enable Alhagi to survive and thrive in fluctuated and harsh climatic conditions (Mengqi et al., 2023). Due to 

insufficient studies and focus on the metabolic role of Alhagi leaves to cope combined climatic factors surrounding Alhagi 

that grown in different areas and most studies focuses on biological activities of secondary metabolites as medicinal 

constituents, the aims of the research is to evaluate the secondary metabolites affected by environment that produced in 

Alhagi maurorum leaves under combined environmental stresses using GC-Mass technique. 
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MATERIALS AND METHODS 
Collecting Plant Samples 

The samples of A. maurorum leaves were gained from the unfarmed, unirrigated areas that were naturally planted 

and not surrounded by other plants in Iraq/Salah al-Din governorate at the grid N 34° 42° 38” E 43° 45° 53”. The samples 

were identified at the Botany Lab at Tikrit University-College of Science. The samples washed thoroughly using distilled 

water and kept at room temperature for drying at the end of August 2024 away from direct sunlight. 

 

Preparation of Plant Sample 

A. maurorum leaves were ground into powder, Soxhlet apparatus was used for extraction using absolute ethanol 

solvent. 20 g of powder was placed in the thimble with 500 ml of solvent for 6 hrs. A muslin cloth was used for filtration 

and rotary evaporator used to purify the sample from solvent remnants then the extract was powdered and saved for further 

analyses (Mohammed, 2020). 

 

Gas Chromatography- Mass Spectrometry GC-Mass 

To detect the chemical constituents of A. maurorum leaves, GC-Mass apparatus (GCMS-QP2010 Ultra) was used. 

1 ml was the sample volume that was injected in the GC pipe. TR5-MS capillary standard, non-polar column, length 30 m, 

width 0.25 mm. GC temperature ranged from 400-2500 ºC for 50 min. The reaction time was 36 min and the mobile phase 

was set at 1.0 ml/min (Bharathi & Anand, 2016). 

 

Fourier Transform Infrared Spectroscopy FTIR 

The dried extract of A. maurorum leaves was analyzed using FTIR technique. 1 mg of crude extract powder was 

encapsulated in 10 mg of KBr pellet. FTIR spectroscope (Shimadzu, Japan) was used, and the scan range was 400 – 4000 

cm-1 (Mohammed & Abd-alkadhemand, 2022). 

 

RESULTS AND DISCUSSION 
Environmental conditions 

 

 
Figure 1: Environmental conditions obtained from the general directorate of environment-Iraqi ministry of 

environment 
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FTIR ANALYSIS RESULTS 

 

 
Figure 2: FTIR analysis of plant extract sample 

 

The results of FTIR analysis illustrated in the figure above showed multiple peaks, (603-671 cm-1) indication of 

the presence of C-Cl chlorinated compounds and C-S sulfides). (835 cm-1) indication of metal-oxygen bonds. (1035, 1064, 

1105,1317, 1375 cm-1) indication of C-O, C-C and indication for alcohols, ethers and esters. (1456 cm-1) indication for C-

H bonging. (1543,1620,1637, 1735 cm-1) indication of C=C indication for alkenes. (2852, 2920,2960 cm-1) C-H and 

indication for hydrocarbon presence. (3410, 3566 cm-1) indication for O-H and the presence of phenols, alcohols, N-H 

amines and amides. 

 

GC-Mass Analysis 

 

 
Figure 3: Chromatogram analysis of Alhagi 
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Figure 3: GC-Mass analysis of extract sample 
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Figure 4: peaks and chemical formula for each compound detected by GC-Mass analysis 
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The figures detailed above are the 24 compounds peaks resulted from GC-Mass analysis. The results of FTIR and 

GC-MS analyses illustrated in the figures listed above exhibited a variety of compounds that are produced as a secondary 

metabolite SM in A. maurorum leaves that are grown in the field under different environmental conditions, (24) compounds 

detected in GC-Mass analysis in different peaks, these metabolites involved in a different physiological and metabolic 

response in plant body to cope biotic and climatic stresses and maintain survival. The SM protect against the ROS reactive 

oxygen species that are produced in plants subjected to stressors that cause cellular damage and degradation of proteins 

and enzymes affect genes that are essential for metabolic pathways (Choudhury et al., 2013). 1,1-

Cyclopropanedicarboxamide, 3-Butyn-1-ol, 1,2,3-Butanetriol, stabilizing cellular compartments osmoprotection under 

salinity and water deficiency 4-Chlorobutyric Acid, Pentadecyl Ester, 9,12-Octadecadienoic Acid, Ethyl Ester, (E)-9-

Octadecenoic Acid Ethyl Ester, 1-Butanol, 4-mercapto Lipid related compounds stabilizing membranes, enhancing 

fluidity, maintain membrane integrity and signals pathways under stresses (Rawat et al., 2021). 1,3,4-Oxadiazole 

derivatives exhibited promising antimicrobial properties that eliminate biotic threats such as sects and pathogenic bacteria 

that could harm the plant (Tiwari et al., 2022; Zhong et al., 2023). 2H-Pyran, 2-(3-butynyloxy) has been reported to exhibit 

antimicrobial activity against the bacteria Pseudomonas aeruginosa, Escherichia coli and Staphylococcus aureus (Bennett 

et al., 2024). 2-Formylhistamine, Butanal, 3-methyl-, 3-(3-Aminopropyl)-4-carboxyfurazan, 1-Amino-7-guanidino-hept-

3-yne, ascorbic acid involved in regulating photosynthesis pathway, hormone biosynthesis, and other antioxidants 

regeneration. Ascorbic acid involved in cell division and growth and signal transduction and other compounds support 

signaling, detoxification and stabilizing cellular structures under stresses (Gallie, 2013). 

 

Due to the differences in climate conditions among regions, the results obtained in this study were differ 

significantly from other rare previous studies that focus on the metabolic role of reduced Alhagi leaves in terms of the 

compounds produced in the leaves and this resorted to the difference climate conditions surrounding the plant species. 

Climate fluctuations, absence of neighbour plants, genetic variations and plant variety are factors decisive to the SM 

produced (AE, 2015; Al Allan, 2024; Mohammed & Abd-alkadhemand, 2022; Montesinos‐Navarro et al., 2024; Mostafa 

& Essawy, 2019; Muhammad et al., 2015; Wagay & Rothe, 2016). 

 

CONCLUSION 
The study aimed to evaluate the metabolites of A. maurorum camel thorn that was grown naturally under 

fluctuated environmental conditions compared to other studies. The metabolites were strongly affected by the 

environmental conditions compared to the rare literature that was focused on roots and other parts that neglect the climatic 

factors surrounding the plants and neighbouring plants. The number and type of compounds detected showed that the 

reduced leaves exhibit morphological adaptations to cope environment rather than metabolic adaptations compared to other 

plant parts and compared to the previous studies. 
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