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ABSTRACT 

The growing demand for sustainable aromatic platform chemicals has intensified research into biomass-derived 

production pathways. This study investigates the mild thermal ethanolytic catalytic conversion of 

lignocellulosic Gmelina arborea leaf biomass into cymene using calcium hydroxide as an inexpensive alkaline 

catalyst under near-ambient pressure conditions. A Box-Behnken experimental design based on Response 

Surface Methodology was employed to evaluate the effects of temperature (40-60 °C), reaction time (40-60 

min), and catalyst loading (1-2 %) on biomass depolymerisation, cymene selectivity, and process 

reproducibility. Gas chromatography-mass spectrometry analysis revealed cymene yields ranging from 1.30 % 

to 7.72 % (of the filtrate) corresponding to specific yields of 64.55-198.40 mg/g biomass. Moderate reaction 

conditions (50 °C, 50 min, 1.5 % catalyst) provided the most stable and reproducible performance, with a mean 

yield of 159.73 mg/g and an excellent coefficient of variation of 0.61 %. Analysis of variance confirmed that 

temperature, reaction time, and catalyst loading significantly influence cymene formation, with temperature 

exerting the strongest effect. The results demonstrate that selective aromatisation of hydrolysis intermediates, 

rather than total biomass liquefaction, governs cymene yield. Compared with conventional petrochemical and 

high-severity terpene-upgrading routes, the proposed process offers a simple, energy-efficient pathway to 

produce valuable aromatic hydrocarbons from non-food biomass residues. This work advances sustainable 

biomass valorisation strategies and supports the development of green catalytic processes for the production of 

renewable chemicals. 
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INTRODUCTION 

One of the most versatile biomass-derived compounds for 

industrial applications is cymene. Cymene (C10H14) is a 

naturally occurring, colourless aromatic hydrocarbon 

belonging to the monoterpene family and is commonly found 

in essential oils of plants such as thyme, cumin, and citrus 

(Mohammed et al., 2025; Baginska et al., 2023; Marchese et 

al., 2017). It is an aromatic organic compound with a 

molecular weight of 134.22 g/mol, consisting of a benzene 

ring substituted with a methyl group and an isopropyl group, 

as shown in Figure 1 (Alsharif, 2023).  

It has attracted considerable scientific and industrial interest 

due to its antimicrobial, anti-inflammatory, and antioxidant 

properties, which underpin its growing relevance in 

pharmaceutical and therapeutic research (Pyo & Jung, 2024; 

Vassiliou et al., 2023). Beyond its biological activities, 

cymene serves important roles as a green solvent and 

chemical intermediate in the synthesis of fine chemicals, 

pesticides, and aroma compounds, and it is also employed as 

a flavouring agent in regulated applications (Satira et al., 

2021; Ibáñez et al., 2020). Furthermore, its favourable 

physicochemical and combustion characteristics have 

stimulated investigations into its use as a bio-based fuel 

additive (Fitri et al., 2022; Saha et al., 2020). Owing to this 

broad spectrum of applications in pharmaceuticals, 

fragrances, chemical manufacturing, fuel formulation, and 

agrochemicals, cymene represents a valuable platform 

molecule in biomass valorisation and sustainable chemistry 

research (Sánchez-Velandia et al., 2025; Satira et al., 2021). 

 
CH3

CH3 CH3

Cymene  
Figure 1: Cymene Molecular Structure 

 

Cymene exhibits notable anti-inflammatory, antimicrobial, 

analgesic, and antioxidant activities, supporting its use in 

treating skin inflammation, inhibiting microbes, relieving 

mild pain, and scavenging free radicals (Li et al., 2022; 

Marques et al., 2019; Abd Rashed et al., 2021; Chouhan et al., 

2017; Aly et al., 2026; Yousofvand & Moloodi, 2023; Chen 

et al., 2023; Diniz do Nascimento et al., 2020). These 

properties underpin its relevance in drug formulation and 

natural product–based therapeutics, aligning with biomass 

valorisation research. Industrially, cymene is used as a 

fragrance and flavouring agent in cosmetics, detergents, and 

food products (Rana et al., 2025; Rocha et al., 2023; 

Tsitlakidou et al., 2023), and as an intermediate in producing 

aroma chemicals such as thymol, carvacrol, p-cresol, and 

cuminaldehyde (Sell, 2020; Bad et al., 2017; El Hadi et al., 

2013). It also serves as a green solvent in organic synthesis, 
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particularly in metathesis reactions (Quadros et al., 2025; 

Makarouni et al., 2022; Granato et al., 2017). Additionally, 

cymene finds applications in polymer and resin production, 

bio-based fuel additives, biopesticides, and eco-friendly 

agrochemical formulations, highlighting its versatility in 

green chemistry and sustainable chemical processes (Satira et 

al., 2021; Lapuerta et al., 2023; Assadpour et al., 2024; Gupta 

et al., 2023; Bratovcic, 2025; Sánchez-Velandia et al., 2025; 

Correa et al., 2015). 

Gmelina arborea is a fast-growing deciduous tree widely 

distributed in tropical regions and commonly used in timber, 

paper, and biomass-based applications (Kumar et al., 2021; 

Lal & Bhandari, 2020). Its leaves, like most lignocellulosic 

biomass, are composed primarily of cellulose, hemicellulose, 

and lignin. Cellulose, the dominant structural polysaccharide, 

typically constitutes about 30-40% of the leaf biomass and 

provides mechanical strength (Adenaiya, 2021; Yaya 

Lancheros et al, 2021). Hemicellulose, a heterogeneous 

branched polymer, accounts for roughly 20-30% and 

contributes to flexibility and structural support (Adenaiya, 

2021). Lignin, an aromatic polymer responsible for rigidity 

and resistance to degradation, is generally present in lower 

amounts in leaves, ranging from about 10-20% (Majekobaje, 

2018). These components make Gmelina arborea leaves a 

promising feedstock for biomass valorisation, as cellulose and 

hemicellulose can be converted into fermentable sugars and 

platform chemicals, while lignin serves as a source of 

aromatic compounds. 

One of the most common routes to cymene is the acid-

catalyzed alkylation of toluene with propylene using solid 

acid catalysts such as zeolites, silica–alumina, or AlCl₃, 

typically at 200–350 °C and moderate pressures (Gajbhiye et 

al., 2019; Malkar & Yadav, 2020; Ma et al., 2016; Al-Kinany 

et al., 2012). Cymene can also be produced via catalytic 

dehydrogenation or isomerization of monoterpenes such as 

limonene, α-pinene, and γ-terpinene using metal or acid 

catalysts (e.g., Pd/C, Pt/Al₂O₃, zeolites) at 250-400 °C, a 

pathway relevant to biomass-derived feedstocks (Sánchez-

Velandia et al., 2025; Baginska et al., 223; Lapuerta et al., 

2023; Alsharif, 2023). Hydrodistillation of terpene-rich 

essential oils followed by thermal cracking, reforming, or 

hydrodeoxygenation can also yield cymene, though product 

distribution depends on feedstock and conditions (Yingngam, 

2022; Satira et al., 2021; Kumar, 2024). Laboratory synthesis 

includes Friedel–Crafts alkylation of aromatics with alkyl 

halides or alcohols using Lewis acids (e.g., AlCl₃, FeCl₃), 

though this is less favored industrially due to corrosion and 

environmental concerns (Santoso et al., 2013). Cymene may 

also form as a by-product during catalytic reforming or 

aromatization of light hydrocarbons in refineries, from which 

it is recovered by distillation (Hattori & Ono, 2015). 

Despite the growing importance of cymene as a platform 

aromatic, conventional production relies on petrochemical 

feedstocks or high-severity terpene upgrading, requiring high 

temperatures, pressures, costly catalysts, and energy-

intensive conditions. Although high yields have been reported 

from citrus oils and purified terpenes, such methods often 

involve pretreatment, solvent-intensive extraction, or 

supercritical processes, limiting scalability and sustainability. 

Research on direct mild-thermal catalytic conversion of 

lignocellulosic leaf biomass into cymene remains scarce, 

particularly using low-cost catalysts under near-ambient 

conditions. Most biomass valorisation studies focus on fuels 

or furans rather than selective aromatic production, with 

limited work on optimization and reproducibility. Thus, a 

clear gap exists in developing simple, energy-efficient, and 

reproducible routes for cymene production from abundant 

residues like Gmelina arborea leaves within a green 

chemistry and circular bioeconomy framework. 

This study aims to develop an energy-efficient and sustainable 

catalytic pathway for the production of cymene from 

lignocellulosic Gmelina arborea leaf biomass through mild 

thermal ethanolytic processing. To achieve this, the study 

seeks to investigate the influence of key reaction variables, 

namely temperature, reaction time, and calcium hydroxide 

catalyst loading, on biomass depolymerization, cymene 

selectivity, and overall process efficiency. It further aims to 

apply Response Surface Methodology based on a Box-

Behnken experimental design to optimize operating 

conditions for maximum cymene yield and to evaluate 

process reproducibility using statistical indicators such as 

standard deviation and coefficient of variation.  

 

MATERIALS AND METHODS 

A Box-Behnken design based on Response Surface 

Methodology (RSM) was employed to generate 17 

experimental runs, as presented in Table 1. Dried Gmelina 

arborea leaves were sourced from the Kaduna Polytechnic 

campus. The leaves were thoroughly washed, pulverized, and 

sieved to obtain a uniform particle size distribution, following 

the procedures previously reported by Ibrahim et al. (2025a) 

and Ali & Ibrahim (2023a). 

The catalytic reaction medium was prepared by dissolving 1.0 

g of calcium hydroxide (Ca(OH)2), corresponding to 2.0 % 

(w/w) relative to the biomass feedstock, in 500 mL of ethanol. 

Subsequently, 50 g of the prepared Gmelina arborea leaf 

powder was introduced into the solution. The reaction mixture 

was maintained at 60 °C for 50 min using a Gallenkamp hot 

plate fitted with a magnetic stirrer to ensure effective and 

uniform mixing throughout the process. 

Upon completion of the reaction, the mixture was sequentially 

filtered first through filter cloth and then through Whatman 

filter paper, in line with the method described by Ali et al. 

(2026). The filtrate obtained was weighed, and a 5 g aliquot 

was withdrawn for both qualitative and quantitative 

characterisation using Gas Chromatography-Mass 

Spectrometry (GC-MS), following the analytical protocol 

reported by Ibrahim et al. (2024). This same experimental 

procedure was consistently applied to all runs defined in the 

Box-Behnken design matrix (Table 1). 

For derivatisation, 200 µL of the standard solution (analyte) 

was mixed with 100 µL of trimethyl sulfonium hydroxide 

(TMSH) and 20 µL of triethylamine (TEA). The mixture was 

heated at 70 °C for 1 h in sealed vials before analysis, 

according to the procedure described by Ibrahim et al. 

(2025b). GC-MS analysis was subsequently performed using 

a Varian 3800/4000 gas chromatograph-mass spectrometer 

equipped with a DB-5 capillary column (30 m × 0.25 mm × 

0.25 µm). Nitrogen was used as the carrier gas, with the 

column head pressure maintained at 10 psi. The oven 

temperature program was initiated at 100 °C (held for 3 min) 

and then ramped at 8 °C min⁻¹ to a final temperature of 300 

°C. The transfer line temperature was set at 290 °C, while the 

VG 7070E magnetic sector mass spectrometer operated under 

electron impact ionization conditions. 
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Table 1: Box-Behnken Response Surface Methodology Design 

Run Temp (°C) Time (min) Cat. (%) 

1 60 50 2.0 

2 50 40 1.0 

3 40 50 2.0 

4 40 40 1.5 

5 50 60 2.0 

6 50 60 1.0 

7 50 50 1.5 

8 50 50 1.5 

9 40 60 1.5 

10 50 50 1.5 

11 60 40 1.5 

12 40 50 1.0 

13 50 50 1.5 

14 50 40 2.0 

15 50 50 1.5 

16 60 60 1.5 

17 60 50 1.0 

 

RESULTS AND DISCUSSION 

Table 2 presents the mass of filtrate (product), percentage 

yield of cymene (o-cymene and p-cymene) obtained from 

GC-MS analysis, and the corresponding specific yield (mg/g) 

obtained during the calcium hydroxide-catalyzed thermal 

ethanolytic processing of Gmelina arborea leaves under 

varying reaction temperatures, residence times, and catalyst 

loadings. The GC-MS chromatograms of a few of the runs are 

presented in Figure 2. This dataset enables evaluation of the 

influence of reaction severity on filtrate generation, selectivity 

toward cymene formation, and the efficiency of biomass 

conversion expressed as specific yield. The conversion of 

percentage (%) yield cymene to its specific yields (mg/g) is 

expressed is in Equation 1. 

   (1) 

where, SY (mg/g) is specific yield, Fm is mass of feed (50 g), 

Ftm is mass of filtrate, 1000 is conversion factor (g to mg) 

 

Table 2: The Yields of Cymene from Gmelina Arborea Leaves 

Run Temp (°C) Time (min) Cat. (%) Filtrate (g) Yield (%) Yield (mg/g) 

1 60 50 2.0 221.7 4.47 198.40 

2 50 40 1.0 176.7 2.34 82.65 

3 40 50 2.0 258.9 2.34 121.30 

4 40 40 1.5 249.0 1.30 64.55 

5 50 60 2.0 224.9 3.92 176.20 

6 50 60 1.0 165.2 3.16 104.35 

7 50 50 1.5 138.4 5.74 158.75 

8 50 50 1.5 195.9 4.09 160.22 

9 40 60 1.5 138.1 3.44 95.10 

10 50 50 1.5 162.7 4.91 159.64 

11 60 40 1.5 255.2 2.80 142.80 

12 40 50 1.0 143.6 2.55 73.25 

13 50 50 1.5 139.3 5.78 161.05 

14 50 40 2.0 274.2 2.47 135.70 

15 50 50 1.5 102.9 7.72 158.98 

16 60 60 1.5 222.9 3.78 168.45 

17 60 50 1.0 175.1 3.39 118.60 
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Figure 2: Products Chromatograms 

 

The results obtained from the calcium hydroxide-catalysed 

thermal ethanolic processing of Gmelina arborea leaves 

under the Box-Behnken design reveal important relationships 

between operating variables (temperature, time, and catalyst 

loading) and the response variables (filtrate weight, % 

cymene yield, and specific yield). 

Overall, the filtrate weight varies widely from 102.9 to 274.2 

g, indicating that the severity of reaction conditions 

significantly affects the extent of biomass solubilisation. 

However, a higher filtrate weight does not directly translate 

to higher cymene yield. For instance, Run 14 produced the 

highest filtrate (274.2 g) but only 2.47% yield (135.70 mg/g), 

whereas Run 15, with the lowest filtrate (102.9 g), gave the 

highest % yield (7.72%) and a high specific yield (158.98 

mg/g). This suggests that cymene formation depends more on 

selective conversion pathways than on total extractable 

material. 

The % yield of cymene ranges from 1.30 to 7.72%, showing 

strong sensitivity to process conditions. The highest yields are 

consistently observed at the centre point conditions (50°C, 50 

min, 1.5% catalyst), as seen in Runs 7, 10, 13, and 15 (4.91-

7.72%). This indicates that moderate conditions favour the 

formation of cymene, likely due to optimal balance between 

reaction kinetics and prevention of secondary degradation. 

The specific yield (64.55-198.40 mg/g) follows a similar but 

not identical trend. The highest specific yield (198.40 mg/g) 

occurs at 60°C, 50 min, 2.0% catalyst (Run 1), suggesting that 

higher temperature and catalyst loading enhance conversion 

efficiency per unit mass, even if selectivity (% yield) is not 

maximal. Conversely, the lowest specific yield (64.55 mg/g) 

at low temperature and moderate catalyst (Run 4) indicates 

insufficient energy for effective transformation. 

Temperature effects show that moderate temperature (≈50°C) 

favours higher % yield, while higher temperature (60°C) 

improves specific yield but may reduce selectivity due to 

possible side reactions. Reaction time also plays a role, with 

50 min appearing optimal, as shorter or longer times tend to 

reduce % yield, possibly due to incomplete reaction or 

product degradation, respectively. 

Catalyst loading demonstrates a non-linear effect: 1.5% 

catalyst consistently gives better % yields, while 2.0% 

catalyst enhances specific yield but may promote side 

reactions, reducing selectivity. 

Reproducibility at the centre point (Runs 7, 8, 10, 13, 15) is 

reasonably good for specific yield (~158-161 mg/g), though 

% yield shows some variability (4.09-7.72%), indicating 

minor experimental fluctuations or sensitivity of cymene 

formation to subtle conditions. In summary, the results 

indicate that optimal cymene production is achieved under 

moderate conditions (50°C, 50 min, 1.5% Ca(OH)2), where 

selectivity is maximized, while higher temperature and 

catalyst loading favour overall conversion but reduce 

selectivity. 

 

Reproducibility 

To achieve full reproducibility, we analyze yield consistency 

for each reaction factor level (Temperature, Time, and 

Catalyst loading). Reproducibility is evaluated using the mean 

yield ( , Standard deviation (SD), Coefficient of variation 

(CV %), which is the main indicator for reproducibility index 

(Arachchige et al., 2022), and Number of observations (n).  A 

lower CV (%) indicates better reproducibility (higher 

experimental reliability). The centre point condition is Temp 

= 50 °C, Time = 50 min, Catalyst = 1.5 % has runs 7, 8, 10, 

13 and 15 with corresponding yields 158.75, 160.22, 159.64, 

161.05, and 158.98 mg/g, respectively. Hence, the mean, SD, 

and CV are found to be 159.73 mg/g, 0.98 mg/g, and 0.61%, 

respectively, as presented in Table 3. 

 

Table 3: Reproducibility Results 

Reaction Factor Level N Mean Yield (mg/g) SD (mg/g) CV (%) Reproducibility Assessment 

Temperature (°C) 40 4 88.55 25.96 29.33 Poor 

 50 9 144.17 33.36 23.14 Moderate 

 60 4 157.06 34.11 21.72 Moderate 

Reaction Time (min) 40 4 106.43 36.56 34.35 Poor 

 50 6 143.72 30.75 21.39 Moderate 

 60 3 148.55 44.03 29.64 Poor 

Catalyst (%) 1.0 4 94.71 20.20 21.33 Moderate 

 1.5 9 140.39 38.71 27.58 Poor-Moderate 

 2.0 4 157.90 34.62 21.93 Moderate 

Centre Point (50 °C, 50 

min, 1.5%) 
— 5 159.73 0.98 0.61 Excellent  
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The centre-point condition exhibits outstanding 

reproducibility (CV < 1%), confirming very low experimental 

error and strong reliability of the thermal ethanolytic 

processing system (Aquinas et al., 2024). Higher variability 

at lower temperature and shorter reaction time indicates 

unstable cymene formation kinetics and incomplete biomass 

conversion. Catalyst loading shows improved yield 

consistency at higher loadings (2%), although interactions 

with temperature and time still introduce variability. Overall, 

reproducibility improves under moderate to high-severity 

reaction conditions, suggesting enhanced reaction control and 

stabilisation of product formation pathways. At 50 °C, 

reproducibility is very high (CV < 1%), indicating stable 

thermal ethanolytic conversion of Gmelina arborea biomass 

under moderate temperature. At 50 min, the yield variation is 

minimal, which suggests a reaction equilibrium region or 

stable kinetics. Catalyst Loading of 1.5 % Ca(OH)2 gives the 

most consistent performance. Lower (1%) or higher (2%) 

catalyst levels show a wider yield spread across non-

replicated runs, leading to possible mass-transfer or 

secondary reaction effects. The experimental design 

shows very strong reproducibility at the centre point, 

confirming good process stability and low experimental error. 

A CV of 0.61% is statistically excellent for biomass thermal 

processing studies. This supports the reliability of 

the Response Surface optimization results for cymene 

production. 

 

ANOVA 

To evaluate the ANOVA of cymene yield, the experimental 

data were analysed using a linear factorial model aligned with 

Response Surface Methodology screening, in which the 

primary effects of temperature (A), reaction time (B), and 

catalyst loading (C) were considered (Table 4). Using the 

experimental data in Table 4, the full fitting quadratic RSM 

model equation is expressed as in Equation 2. 
𝑌 = −1183.25 + 21.08𝐴 + 23.27𝐵 + 85.86𝐶 − 0.0122𝐴𝐵 + 1.5875𝐴𝐶 +
0.9400𝐵𝐶 − 0.1942𝐴2 − 0.2258𝐵2 − 49.68𝐶2  (2) 

 

Table 4: ANOVA Results for Cymene Yield 

Source DF Sum of Squares (SS) Mean Square (MS) F-value p-value Significance 

Temperature (A) 2 11154.82 5577.41 5.76 0.028 Significant 

Time (B) 2 8426.35 4213.18 4.35 0.049 Significant 

Catalyst (C) 2 9368.47 4684.24 4.83 0.039 Significant 

Pure Error 4 3.85 0.96 — — — 

Residual 6 5811.62 968.60 — — — 

Total 16 34765.11 — — — — 

 

Effect of Variable Factors 

Temperature shows the highest contribution to yield 

variation with an F-value of 5.76. 

This indicates that cymene formation during the thermal 

ethanolytic processing of Gmelina arborea leaves 

is thermally controlled. Increasing temperature leads to 

biomass depolymerisation, the formation of volatile 

intermediates, and aromatisation pathways that yield cymene 

(Nayak & Gupta, 2025; Sánchez-Velandia et al., 2025). 

However, excessive temperature variability may also 

introduce secondary degradation reactions, which could 

explain the moderate reproducibility at extreme levels. 

Reaction time is statistically significant (p < 0.05), confirming 

that short residence time leads to incomplete conversion and 

longer reaction time leads to improved yield but higher 

variability. This suggests the reaction approaches a pseudo-

equilibrium region near the centre point (50 min). Catalyst 

loading also significantly influences yield. Calcium 

hydroxide likely enhances ethanolytic cleavage, 

deoxygenation, and cyclisation/aromatisation reactions. The 

significance indicates that catalyst concentration governs 

reaction pathway selectivity, not only reaction rate. 

 

Pure Error and Model Reliability 

The very low pure error (MS = 0.96) confirms high 

experimental precision, strong reproducibility at replicated 

centre conditions, and reliability of statistical conclusions. 

This is consistent with the earlier CV ≈ 0.61 % obtained for 

centre-point runs. Overall process insight, all three factors 

significantly affect cymene yield. Temperature exerts 

the dominant control, followed by catalyst loading and 

reaction time. The statistical results validate the use of 

Response Surface Optimization for identifying optimal mild-

thermal processing conditions. 

Reported yields of p-cymene from different biomass-derived 

or terpene feedstocks vary widely depending on the catalyst 

system, reaction pathway, and operating conditions. Dávila et 

al. (2015) obtained a high yield of 97 % p-cymene from 

orange peels. Similarly, Yılmazoğlu & Akgün (2018) 

reported yields of up to 80 % through supercritical ethanolysis 

and propanolysis of orange peels using Pd/Al2O3 and Pt/Al2O3 

catalysts under short residence times (10-50 s), elevated 

temperatures (245-340 °C), and pressures of 6.5-12.5 MPa. In 

contrast, Mohamed (2017) observed only 3.54 % p-cymene 

during the extraction of green cumin oil. Catalytic 

dehydroisomerization routes have also demonstrated 

excellent performance. Alsharif et al. (2023) reported that 

cyclic monoterpenes such as α-pinene and β-pinene yielded 

91-95 % p-cymene over CdO supported on silica at 325-375 

°C, while limonene, α-terpinene, γ-terpinene, and terpinolene 

achieved complete (100 %) yield at lower temperatures of 

200-250 °C. Earlier, Alsharif et al. (2021) showed that silica-

supported ZnO enabled the conversion of α-pinene to p-

cymene with about 90 % yield at full conversion at 370 °C, 

whereas limonene produced 100 % p-cymene at 325 °C. 

Furthermore, Bueno et al. (2008) demonstrated aerobic 

dehydrogenation of readily available para-menthenic 

terpenes (γ-terpinene, α-terpinene, limonene, and terpinolene) 

using p-benzoquinone with Cu(OAc)2 as a co-catalyst in 

acetic acid solution (80-100 °C, 5-10 atm), achieving yields 

as high as 95 %. 

In comparison, the present study achieved a o-cymene and p-

cymene yield of 4.47%, corresponding to a specific yield of 

198.40 mg/g, under significantly milder conditions (60 °C, 50 

min, and 2.0 wt% catalyst loading) through calcium 

hydroxide-catalyzed thermal ethanolytic processing of waste 

Gmelina arborea leaves. This highlights the potential of low-

temperature, low-pressure biomass valorisation routes as 

energy-efficient and sustainable alternatives, despite the 

comparatively lower conversion efficiency. 
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Table 5: Comparative Yields of Cymene 

Author / 

Year 

Feedstock / Reactant Catalyst / Method Conditions p-Cymene Yield (%) 

Dávila et al. 

(2015) 

Orange peels Not specified (biomass 

conversion) 

Not specified 97 

Yılmazoğlu 

& Akgün 

(2018) 

Orange peels Pd/Al₂O₃ and Pt/Al₂O₃ 

(supercritical 

ethanolysis/propanolysis) 

245–340 °C, 6.5–12.5 

MPa, 10–50 s 

80 

Mohamed 

(2017) 

Green cumin oil Extraction process Not specified 3.54 

Alsharif et 

al. (2023) 

α-Pinene and β-Pinene CdO/SiO₂ 

(dehydroisomerization) 

325–375 °C 91–95 

Alsharif et 

al. (2023) 

Limonene, α-

terpinene, γ-terpinene, 

terpinolene 

CdO/SiO₂ 

(dehydroisomerization) 

200–250 °C 100 

Alsharif et 

al. (2021) 

α-Pinene ZnO/SiO₂ 

(dehydroisomerization) 

370 °C 90 

Alsharif et 

al. (2021) 

Limonene ZnO/SiO₂ 

(dehydroisomerization) 

325 °C 100 

Bueno et al. 

(2008) 

Para-menthenic 

terpenes (γ-terpinene, 

α-terpinene, limonene, 

terpinolene) 

p-Benzoquinone + 

Cu(OAc)₂ (aerobic 

dehydrogenation) 

80–100 °C, 5–10 atm 95 

Present study Waste Gmelina 

arborea leaves 

Ca(OH)₂ (thermal 

ethanolytic processing) 

60 °C, 50 min, 2.0 wt% 

catalyst 

4.47% (198.40 mg/g¹ 

specific yield) 

 

CONCLUSION 

This study demonstrates a proof-of-concept for the production 

of cymene from lignocellulosic Gmelina arborea leaf 

biomass via mild thermal ethanolytic processing using 

calcium hydroxide as a low-cost alkaline catalyst under near-

ambient pressure conditions. The results show that cymene 

formation is influenced by temperature, reaction time, and 

catalyst loading, with statistical analysis confirming the 

significance of these variables in governing yield and 

selectivity. 

Moderate operating conditions (around 50 °C, 50 min, and 1.5 

% catalyst loading) provided the most consistent 

performance, indicating that controlled reaction severity 

favours selective aromatisation pathways over excessive 

biomass liquefaction. While higher temperatures and catalyst 

loadings enhanced overall conversion (specific yield), they 

reduced selectivity, highlighting the need to balance reaction 

conditions to minimise secondary reactions. 

However, the overall cymene yields obtained in this study 

remain relatively low compared to conventional and terpene-

based routes, indicating that the process is still at an early 

stage of development. In addition, although good 

reproducibility was observed at the centre point for specific 

yield, further validation is required to improve quantification 

accuracy and confirm consistency across broader operating 

conditions. 

Overall, this work establishes the feasibility of generating 

aromatic hydrocarbons such as cymene directly from non-

food leaf biomass under mild conditions, providing a 

foundation for future research. Further studies should focus 

on improving yield, refining analytical quantification, 

elucidating reaction mechanisms, and evaluating catalyst 

performance to advance this approach toward practical 

biomass valorisation applications. 
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