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Abstract. Almahasheer H. 2024. Characterizing the chemical composition and variations of several medicinal plant leaves using 1H 
NMR Spectroscopy. Biodiversitas 25: 4971-4977. This study utilizes 1H NMR spectroscopy to characterize the chemical composition of 

nine medicinal plant leaves, focusing on spectral intensity differences across four distinct regions based on organic functional groups. 
The analysis revealed that the carbohydrate region (50-110 ppm) had the highest spectral intensity at 0.655374, indicating a predominant 
presence of cellulose. The aliphatic region (0-50 ppm) displayed an intensity of 0.222092, while the aromatic region (110-150 ppm) was 
lower at 0.047311. The carboxyl region (150-200 ppm) exhibited an intensity of 0.075224, reflecting lower concentrations of carboxyl 
compounds. Significant variations in chemical group ratios were observed among the samples. Circaea lutetiana exhibited the highest 
carbohydrate ratio (0.82), while Peganum harmala showed the lowest (0.48). Aromatic ratios were notably higher in P. harmala and 
Crataegus sp. (0.10) compared to Cassia senna and Ficus carica (0.01). Additionally, P. harmala had the highest aliphatic ratio (0.35), 
while C. senna exhibited the highest carboxyl ratio (0.12). The robust application of NMR spectroscopy enhances our understanding of 

phytochemical diversity. It highlights the diverse chemical profiles and potential functional adaptations of the studied plants, suggesting 
significant implications for their medicinal applications. This research aligns with Saudi Vision 2030, a vision that we, as a scientific 
community, seek to boost the agricultural sector’s role in the economy while encouraging sustainable practices and biodiversity 
conservation. By elucidating the molecular characteristics of these plants, we provide critical insights into their ecological roles and 
responses to environmental changes. Ultimately, this study advances sustainable resource management and fosters innovative 
applications in healthcare, nutrition, and the preservation of plant biodiversity in Saudi Arabia.  
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INTRODUCTION  

Traditional plant herbs have been an integral part of 

human life and culture for thousands of years. Herbal 

medicine practices have been documented in ancient texts 

from cultures around the world, including Ayurveda in 

India, traditional Chinese medicine, and Egyptian, Greek, 

and Roman medicine (Abourashed and El-Alfy 2016). The 

World Health Organization estimates that 80% of people 

globally rely on herbal medicines for their primary 

healthcare (WHO 2019; Emwas et al. 2021). 
Studies have identified numerous bioactive compounds 

in medicinal plants that exhibit anti-inflammatory, 

antimicrobial, and antioxidant properties (Rodríguez-Yoldi 

2021; AlShwyeh and Almahasheer 2022). For instance, 

compounds in garlic and ginger have been linked to 

cardiovascular health benefits and digestive support, 

respectively (Ajanaku et al. 2022). As well as a number of 

integrative medicine programs in hospitals and clinics 

(Mortada 2024), and spiritual contexts (Hausermann 2021). 

In addition, the sustainability of herbal practices is crucial 

in an era of climate change, where the loss of biodiversity 

threatens the availability of traditional medicinal resources 
(Fayiah et al. 2024). Furthermore, the globalization of 

herbal medicine has increased interest in ethnobotanical 

research, leading to the discovery of novel compounds and 

therapeutic applications (Domingo-Fernández et al. 2023). 

Beyond medicinal uses, herbs and edible plants provide 

nutritional and culinary benefits (Almahasheer 2020). This 

led to unique regional cuisines and food traditions still 

popular today (Pieroni et al. 2021; Almahasheer 2024). The 

global trade and cultivation of botanical commodities like 

tea, coffee, spices, and essential oils have shaped economies 

and history (Pilcher 2023). 

Analysis of the wide range of phytochemicals in herbs 

continues to reveal their pharmacological activities and 

mechanisms of action. Advanced analytical techniques are 
necessary to characterize the complex components of plant 

extracts fully. Nuclear magnetic resonance (NMR) 

spectroscopy has become an indispensable tool for structural 

elucidation of bioactive compounds from herbs and other 

natural sources (Zhao et al. 2022). NMR provides 

qualitative and quantitative data that aids identification of 

novel chemical entities for drug discovery research 

(Emwas et al. 2021).  

Carbon fingerprints of solid materials are effectively 

analyzed using 1H NMR, which offers several advantages 

over other spectroscopic methods. Unlike liquid-state 1H 

NMR, this technique requires less time and provides direct 
insights into the carbon skeleton without the need for 

sample dissolution. Additionally, it allows for high-

resolution signal detection due to significant chemical 

shifts associated with solid materials. A notable research 

gap exists concerning the need to explore the interactive 
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effects within herbal mixtures and the underutilization of 

advanced analytical techniques like 1H NMR to elucidate 

the complex phytochemical profiles of these plants. This 

study aims to address this gap by systematically analyzing 

a collection of plant samples using the efficient 1H NMR 

technique. By doing so, the goal is to unravel the intricate 

chemical profiles of these botanical specimens, thereby 

enhancing our understanding of their phytochemical 

composition. 

In line with Saudi Vision 2030, employing advanced 
techniques like 1H NMR is essential for expanding our 

understanding of plant materials. This precise analytical 

method aids scientists in uncovering the chemical 

composition of various plants and herbs, revealing new 

insights into their pharmacological properties and potential 

applications across multiple industries. Such research 

aligns with the vision’s objectives of fostering innovation, 

promoting research, and advancing economic 

diversification and sustainable development within the 

Kingdom. The application of this advanced spectroscopic 

method not only deepens the understanding of the 
phytochemical composition of these plants but also 

explores their potential medicinal, nutritional, and 

industrial applications. This research contributes 

significantly to the scientific discourse on plant chemistry 

and supports broader goals of advancing knowledge and 

innovation. Ultimately, the findings may lead to more 

sustainable and effective uses of plant resources, bolstering 

the Kingdom’s aspirations for a diversified and sustainable 

economy. 

MATERIALS AND METHODS  

Plant collection and experimental details 
Nine medicinal plants were gathered from a 

neighborhood market in April 2024, Dammam, Saudi 

Arabia (Table 1 and Figure 1). The samples were ground 

using a pre-cooled pestle and mortar under liquid nitrogen, 

and the dried samples were carefully prepared for NMR 

analysis following (Kim et al. 2010). Analysis performed 

on solids state probe. The samples were finely ground, then 

packed evenly into a 4 mm zirconia rotor, and sealed at the 

open end with a Vespel cap. The spectra were recorded 

using a cross-polarization (CP) pulse program from Bruker 

pulse library with a recycle delay time of 5 s as described 

in (Alkordi et al. 2015; Chisca et al. 2015). The spectral 
data were collected and analyzed using Bruker Topspin 

4.1.4 software (Bruker BioSpin, Rheinstetten, Germany).  

The NMR experiments were conducted using a Bruker 

Avance III 400 MHz spectrometer equipped with a triple-

resonance 4 mm Bruker MAS probe (BrukerBioSpin, 

Rheinstetten, Germany, Figure 2) at King Abdullah 

University of Science and Technology (KAUST).  

Chemical shift analysis  

For data analysis, the 1H NMR spectra of these samples 

were divided into four regions according to their organic 

functional groups, with amendments following (Hatcher et 
al. 1983; Chung et al. 2012; Dupree et al. 2015; Al-Faiyz 

2017). These regions were the aliphatic region (0-50 ppm), 

the carbohydrate (cellulose) region (50-110 ppm), the 

aromatic region (110-150 ppm), and the carboxyl region 

(150-200 ppm). 

Statistical analysis 

The sample differences were tested using general linear 

models, descriptive statistics (Mean, Std Error, Lower 95%, 

Upper 95%), and Tukey's HSD (honest significant 

difference) post-hoc test to evaluate pairwise differences. 

JMP v13 was used to compute all statistics. 

 

 
 

     
 

      
 
Figure 1. Displays the assortment of various herbal plant samples: A. Peganum harmala; B. Cassia senna; C. Salix sp.; D. Ginkgo 
biloba; E. Ficus carica; F. Crataegus sp.; G. Tilia sp.; H. Psidium guajava; I. Circaea Lutetia 
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Table 1. Herbal herb utilized in this study 
 

Number Common name Scientific name Arabic name Family name Part assayed 

1 Wild rue Peganum harmala L. حرمل Zygophyllaceae Leaves 
2 Alexandrian Senna Cassia senna L. مكي سنا  Fabaceae Leaves 
3 Willow Salix sp. صفصاف Salicaceae Leaves 
4 Ginkgo Ginkgo biloba L. الجنكة Ginkgoaceae Leaves 
5 Ficus Ficus carica L. تين Moraceae Leaves 

6 Hawthorn Crataegus sp. زعرور Rosaceae Leaves 
7 Linden Tilia sp. زيزفون Malvaceae Leaves 
8 Guava Psidium guajava L. جوافه Myrtaceae Leaves 
9 Enchanter’s nightshade Circaea lutetiana L. عشرق Onagraceae Leaves  

 
 

 
 

Figure 2. Nuclear Magnetic Resonance (NMR) Bruker Avance 
III 400 MHz spectrometer 

RESULTS AND DISCUSSION 

This study's findings on plant leaves using Nuclear 

Magnetic Resonance (NMR) spectroscopy focused on 
analyzing spectral intensity differences in four distinct 

regions based on their organic functional groups. The NMR 

spectra obtained from the plant leaves were analyzed by 

dividing them into these four regions based on their 

chemical shifts and organic functional groups (Figure 3). 

Aliphatic region (0-50 ppm): The spectral intensity in 

the aliphatic region was measured as 0.222092. This region 

corresponds to chemical shift values between 0 ppm and 50 

ppm and includes resonances associated with aliphatic 

carbon groups, such as methyl (CH3) and methylene (CH2) 

groups. The measured intensity suggests a relative 

concentration of aliphatic compounds associated with 
specific biological processes or pathways. 

Aromatic region (110-150 ppm): The spectral intensity 

in the aromatic region was determined as 0.047311. This 

region covers chemical shift values between 110 ppm and 

150 ppm (Smith and Doe 2020) and exhibits resonances 

arising from aromatic compounds, including phenylalanine, 

tyrosine, and tryptophan residues in proteins. The measured 

intensity reflects the relative abundance of aromatic 

compounds within the plant leaves. 

Carbohydrate (cellulose) region (50-110 ppm): The 

spectral intensity in the carbohydrate region was 0.655374, 

the highest among the four regions. This region corresponds 

to chemical shift values between 50 ppm and 110 ppm and 

encompasses resonances associated with cellulose, a major 

component of plant cell walls (Larsen and Engelsen 2015). 

The measured intensity indicates the highest relative 

concentration of carbohydrate compounds, specifically 
cellulose, among the functional groups analyzed. 

Carboxyl region (150-200 ppm): The spectral intensity 

in the carboxyl region was determined as 0.075224. This 

region covers chemical shift values between 150 ppm and 

200 ppm and includes resonances associated with carboxyl 

groups, such as those found in acetate and protein carbonyls 

(Zhang et al. 2021b). The measured intensity reflects the 

relative concentration of carboxyl compounds within the 

plant leaves (Qian et al. 2015). 

The mean value of spectral intensities indicates that the 

carbohydrate region had the highest intensity (R2=0.93, 

F=150.8, P<0.0001), followed by the aliphatic region and 
then the aromatic and carboxyl regions. This suggests that 

carbohydrate compounds, specifically cellulose, were the 

most abundant among the functional groups analyzed in the 

plant leaves (Table 2; Figures 4.A and 4.B, Tukey HSD 

post-hoc test, P<0.05).  

The analysis of the plant samples revealed significant 

variations in the ratios of different chemical groups. Sample 

I: Circaea lutetiana exhibited the highest carbohydrate 

ratio (0.82), indicating a statistically significant increase in 

the relative abundance of carbohydrates compared to the 

other samples (p<0.05). In contrast, sample (A: Peganum 
harmala) displayed the lowest carbohydrate ratio (0.48). 

Regarding the aromatic ratios, samples (A: P. harmala and 

F: Crataegus sp.) demonstrated significantly higher values 

(0.10) when compared to samples (B: Cassia senna and E: 

Ficus carica), which had the lowest aromatic ratios (0.01). 

The aliphatic ratio was significantly higher in sample (A: 

P. harmala 0.35) compared to sample (I: C. lutetiana 0.10), 

indicating a distinct compositional difference in terms of 

aliphatic compounds. Furthermore, samples (B: C. senna 

exhibited the highest carboxyl ratio (0.12), while samples 

6: Crataegus sp.) and I: C. lutetiana displayed significantly 

lower values (0.05) for this chemical group. These 
pronounced differences in the chemical group ratios among 

plant samples highlight the diverse compositions and 

potential variations in the chemical properties of the 

specimens (Figure 5). 
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Figure 3. Differences in spectral intensity in the entire chemical shift regions. A. Peganum harmala; B. Cassia senna; C. Salix sp.; D. 

Ginkgo biloba; E. Ficus carica; F. Crataegus sp.; G. Tilia sp.; H. Psidium guajava; I. Circaea lutetia 
 
 
 

 
A B 

 
Figure 4. A. Oneway analysis of ratio by chemical shift; B. Proportion of densities. The figure was drawn using JMP v13 
 
 
 
Table 2. Mean and ±SE for One-way ANOVA for chemical shift ratio of the nine collected samples. And Tukey HSD post hoc tests for 
differences between groups, Levels not connected by the same letter are significantly different 
 

Level Number Mean Std error Lower 95% Upper 95% Tukey-Kramer HSD 

Aliphatic 9 0.222092 0.02287 0.17550 0.26868 b 
Aromatic 9 0.047311 0.02287 0.00072 0.09390 c 
Carbohydrate 9 0.655374 0.02287 0.60879 0.70196 a 
Carboxyl 9 0.075224 0.02287 0.02864 0.12181 c 
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Figure 5. Percent ratio of chemical shifts in the herbal plants examined 
 
 

 

Discussion  

The analysis of spectral intensities in plant samples 
highlights the complex biochemical composition of various 

species, particularly focusing on carbohydrates, aromatic 

compounds, aliphatic compounds, and carboxyl groups.  

The mean value of spectral intensities revealed that the 

carbohydrate region had the highest intensity, specifically 

cellulose. Cellulose is a major component of plant cell 

walls (Zhang et al. 2021a), and is known for its structural 

role in providing strength and rigidity to plant tissues. This 

polysaccharide is crucial for the formation of anisotropic 

cell walls, allowing plants to manipulate the size and shape 

of their cells as they grow (Cosgrove 2024). The orientation 
of cellulose microfibrils enables plants to modify the 

mechanical properties of their tissues, facilitating growth 

and organ movement. Furthermore, the physical and 

chemical properties of cellulose can influence the plant's 

interactions with various biotic and abiotic factors, such as 

herbivory and water availability. The high abundance of 

cellulose in the carbohydrate region indicates the importance 

of this compound in the overall composition of plant 

leaves. 

Variations in chemical ratios 

The analysis of plant samples further revealed 

significant variations in the ratios of different chemical 
groups among the samples. Sample I: C. lutetiana exhibited 

the highest carbohydrate ratio (0.82), this suggests that C. 

lutetiana leaves may have a higher concentration of 

carbohydrates, potentially reflecting their role in energy 

storage or other metabolic processes. On the other hand, 

sample A: P. harmala displayed the lowest carbohydrate 

ratio (0.48), indicating a relatively lower abundance of 

carbohydrates in these leaves. The variation in carbohydrate 

ratios among the samples may be attributed to differences 

in plant species (Almahasheer et al. 2016a,b; Chen and 
Chen 2021), developmental stages or environmental factors 

(Zhang et al. 2024). The broadest variation in phenological 

patterns is linked to the storage of starch or sucrose as a 

main reserve carbohydrate (Almahasheer et al. 2016a,b; 

Roxas et al. 2021). This complex interplay may explain the 

observed differences in carbohydrate composition and their 

functional implications in plant physiology. 

Aromatic compounds and ecological roles 

In terms of the aromatic ratios, samples A: P. harmala 

and F: Crataegus sp. demonstrated significantly higher 

values (0.10) compared to samples B: C. senna and E: F. 
carica, which had the lowest aromatic ratios (0.01). 

Aromatic compounds, including phenylalanine, tyrosine, 

and tryptophan residues, are known for their involvement 

in various physiological processes, such as defense 

mechanisms and signaling pathways (Parthasarathy et al. 

2018; Chowdhary and Tank 2023). The higher aromatic 

ratios in P. harmala and Crataegus sp. leaves suggest a 

potentially greater presence of aromatic compounds, which 

may be associated with specific biological functions or 

adaptations of these plants. This phenomenon could indicate 

an evolutionary advantage in their respective environments, 

allowing them to fend off herbivores or pathogens better. 
Additionally, the presence of aromatic compounds can 

influence plant interactions with pollinators and 

microorganisms, further enhancing their ecological roles 

(Vannette 2020). Phenolic compounds in plants exhibit 

strong antioxidant properties, helping to neutralize free 

radicals and protect against oxidative stress, as well as 

possessing anti-inflammatory effects, contributing to the 
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reduction of inflammation and related diseases (Yu et al. 

2021). 

Aliphatic compounds and metabolic processes 

The aliphatic ratio was significantly higher in sample 

A: P. harmala (0.35) compared to Sample I: C. lutetiana 

(0.10), indicating a distinct compositional difference in 

terms of aliphatic compounds. Aliphatic compound groups 

are involved in diverse metabolic processes, such as lipid 

metabolism and membrane function (Zill and Cheniae 

1962; Schmid 2021). The higher aliphatic ratio in P. 
harmala leaves suggests a relatively higher abundance of 

aliphatic compounds, potentially reflecting specific metabolic 

pathways or adaptations in this plant species. 

Understanding these metabolic pathways can provide 

insights into the ecological roles and adaptive strategies of 

these plants. For instance, aliphatic compounds may play 

crucial roles in plant defense against herbivory or 

environmental stressors (Mithöfer and Boland 2012), 

further highlighting their significance in plant resilience. 

Carboxyl groups and physiological functions 

Furthermore, Sample B: C. senna exhibited the highest 
carboxyl ratio (0.12), while samples F: Crataegus sp. and I: 

C. lutetiana displayed significantly lower values (0.05) for 

this chemical group. Carboxyl groups, such as those found 

in acetate and protein carbonyls, are involved in various 

biochemical processes, including energy production and 

protein modification (Akharume et al. 2021). The higher 

carboxyl ratio in C. senna leaves suggests a relatively 

higher concentration of carboxyl compounds, potentially 

indicating specific metabolic activities or physiological 

functions in this plant. This may also reflect adaptations to 

environmental stressors, as carboxyl-containing compounds 
are often implicated in stress responses. For example, 

increased carboxyl group concentrations can facilitate the 

regulation of metabolic pathways under adverse conditions 

(Nabavi et al. 2020). 

Implications for conservation and future research 

These pronounced differences in the chemical group 

ratios among the plant samples highlight the diverse 

compositions and potential variations in the chemical 

properties of the analyzed specimens. The variations in 

chemical group ratios may be attributed to genetic factors, 

environmental conditions, or other factors influencing plant 

metabolism and physiology (Yadav et al. 2020; Mehalaine 
and Chenchouni 2021). Such diversity underscores the 

need for further investigation into how these variations can 

affect ecological interactions and plant health. Understanding 

these relationships is vital for conservation efforts and the 

sustainable use of plant resources. 

Finally, further investigations integrating metabolomics 

and transcriptomics approaches are warranted to elucidate 

the underlying mechanisms and biological significance of 

these compositional differences. Employing advanced 

analytical techniques can enhance our understanding of the 

metabolic networks within plants, revealing how they adapt 
to their environments while potentially leading to novel 

applications in agriculture and medicine. Comparative 

studies across different ecosystems could provide valuable 

insights into how environmental factors shape plant 

chemical compositions and their functional roles within 

ecosystems. Such research is essential for developing 

strategies that promote biodiversity conservation while 

leveraging plant resources sustainably for human benefit. 

By advancing our understanding of the complex interplay 

between biochemical composition, environmental variables, 

and ecological roles, we can cultivate a more nuanced 

appreciation of the intricate web of life that sustains both 
plant species and the ecosystems they inhabit. Such 

knowledge not only enriches our scientific understanding 

but also informs conservation efforts and sustainable 

resource management practices, ultimately contributing to 

the resilience of ecosystems in the face of anthropogenic 

pressures. The interplay of these factors underscores the 

necessity for interdisciplinary approaches in ecological 

research, as they are vital for addressing global challenges 

related to biodiversity loss and environmental sustainability. 

In conclusion, these findings demonstrate the utility of 

NMR spectroscopy in characterizing the chemical 
composition and metabolic variations in plant leaves, 

focusing on the spectral intensities and ratios of different 

chemical groups. The results revealed that carbohydrate 

compounds, specifically cellulose, were the most abundant 

among the functional groups analyzed in the plant leaves. 
Moreover, these insights align with the goals of Vision 

2030, which emphasizes the sustainable use of natural 

resources and the promotion of biodiversity. Furthermore, 

significant variations in the ratios of aliphatic, aromatic, 

carbohydrate, and carboxyl compounds were observed 

among the plant samples. By understanding these variations, 
we can better inform conservation strategies and 

sustainable agricultural practices that are essential for 

achieving the ambitious objectives outlined in Vision 2030. 

These findings provide valuable an important insight into 

the diverse compositions and potential functional differences 

of plant leaves, highlighting the importance of understanding 

their chemical properties for various biological and 

ecological applications. 
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