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Results and Discussion
 

Kinetics of Eugenol Extraction 
 

In Fig. 4, it is evident that the extraction rate gradually decreases over time under all studied operating conditions, 

where experiments were conducted at different times (4, 5, 6, and 7 hours) and temperatures (60, 65, 70, and 75 

degrees Celsius). During the early stages of the process, the rate of transfer of eugenol from the clove buds to the 

solvent is high, attributed to the high concentration of eugenol in the solid material at the beginning of the 

extraction. As time progresses, the concentration of remaining eugenol in the cloves gradually decreases, leading 

to a reduction in its concentration in the extract and a slowdown in the extraction rate regardless of the temperature 

or time used. However, the results indicate that an increase in temperature or extraction time can lead to a 

significant improvement in the amounts of extracted eugenol, but the overall extraction rate continues to decline 

over time due to the gradual depletion of the active ingredient from the solid phase. 
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Temperature °C KL min⁻¹ hi  (𝒈 ∕ 𝑳𝒎)

0.000957 0.21844

0.00963 2.197396

0.010678 2.436503

0.019319 2.436503

 

 
Figure 5. The effect of temperature on the mass transfer coefficient in the process of extracting eugenol. 

 

In figure 5. notice that 𝑘L increases with the rise in temperature the reason for that is: 

The increase in temperature reduces the viscosity of ethanol which improves mass transfer. Increasing the 

temperature increases the speed of molecular movement which accelerates the dissolution of eugenol and its 

transition from solid to solvent. The relationship is almost linear as shown by the value of R² = 0.9315 

 

 
Figure 6. The effect of time on the mass transfer coefficient in the process of extracting eugenol 

 

In figure 6. notice a nearly linear direct relationship between time and the transfer coefficient: 
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The longer the extraction time, the higher the value KL. The reason is that prolonged contact between the solid 

(clove buds) and the solvent (ethanol) increases the likelihood of eugenol transferring to the liquid. 

 

The Soxhlet apparatus operates by continuously recycling hot solvent through the sample, making time an 

important factor in improving the extraction of the target compound. Notice that there is a point (at around 6 

hours) where KL decreased. A bit less than expected from the line, which may indicate the beginning of the 

solvent's saturation with eugenol. Reducing the transfer rate due to the decrease in the concentration of the residual 

material in the solid sample. 

 

 

Kinetics of Caffeine Extraction 

 

 
Figure 7. Second-order extraction kinetics of caffeine in Soxhlet method from Coffea arabica L 

 

- orange line: the ratio 1:3   

- dark blue line: the ratio 1:1  

- yellow line: the ratio 1:7  

- light blue line: the ratio 1:9  

 

Fig. 7 showed that the ratio of solute weight to solvent weight had the greatest impact on the behaviour of the 

extraction process over time, as evidenced by the differences in the positions and slopes of the lines representing 

the various conditions. Where the ratio 1:3 (orange line) in this experimental condition showed a clear gradient in 

the values of t/ct over time, indicating a relatively high mass transfer rate under the specified conditions. This 

ratio represented a balance point between the amount of solid and the amount of solvent, leading to an effective 

continuation of the extraction process over time. The 1:1 ratio (dark blue line) showed a slowdown in the rate of 

change of t/ct over time compared to the other conditions. The explanation for this is often due to the rapid 

saturation of the solvent or weak mass transfer resulting from the small amount of solvent compared to the amount 

of solid, which limits the continuation of the process with the same efficiency. The ratios 1:7 and 1:9 (yellow and 

light blue) showed that with the increase in the amount of solvent, the extraction behavior remained stable and 

efficient, and the rate of change of t/ct over time continued at a good rate, reflecting the achievement of stability 

in the mass transfer process with reduced saturation effect. Although temperature is an influencing factor, the 

most apparent effect came from the ratio between solute and solvent, as evident from the variation in the main 

curves of th

 

60 0.000312 0.076735 

65 0.000759 0.08865 

70 0.002313 0.054878 

75 0.004546 0.048699 
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Figure 8. The effect of temperature on the mass transfer coefficient in the process of extracting caffeine 

 

Fig. 8 shows that increasing the temperature leads to improve the value of  KL, which means speeding up the 

transfer of caffeine. A temperature of 75°C provided the highest transfer rate, which is close to the boiling point 

of ethanol (78.4°C), indicating high efficiency without significant solvent loss. 

 

 
Figure 9. The effect of time on the mass transfer coefficient in the process of extracting caffeine 

 

Fig 9 observes a clear linear direct relationship between time and the mass transfer coefficient. The longer the 

extraction time, the higher the value of KL, and this makes sense because: 

 

As the hot solvent continues to circulate in the Soxhlet apparatus, more caffeine is continuously extracted from 

the beans. Increasing time means longer contact between the solvent and the solid increased amount of transferred 

substances. The Soxhlet apparatus repeatedly boils and condenses the solvent, which makes the time directly 

affect the amount of extracted material and the efficiency of transfer. There is one point at 5 hours that shows a 

slight deviation from the line, but its impact is not significant because the determination coefficient is still high. 

 

 

Effect of KL on Extraction Process  

 

The mass transfer coefficient is the most influential factor in the extraction process, as it directly determines the 

amount of material transferred per unit time. If 𝑘𝐿 is low, even under good operating conditions, the process will 

be slow and uneconomical. In industrial and pharmaceutical processes, the goal is always to increase 𝑘𝐿 to achieve 

the highest yield and fastest extraction, which is accomplished by controlling operational factors such as 

temperature, time, and solvent ratio. 
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Through the research, it was confirmed that increasing the mass transfer coefficient leads to a significant increase 

in the extraction yield of both substances (eugenol and caffeine), especially under optimal conditions (relatively 

high temperature and before solvent saturation). 

 

 

Conclusion 
 

The present study examined the Soxhlet method with ethanol as the solvent to extract eugenol from clove buds 

and caffeine from dried coffee beans. The second-order kinetic model proved to be more effective at explaining 

the extraction mechanism for both compounds. With the highest mass transfer coefficient (𝑘𝐿) seen at 75°C, 

attributed to lowered solvent viscosity and enhanced molecular movement, the extraction efficiency raised with 

temperature for eugenol. Additionally, caffeine extraction efficiency increased with increasing temperature, 

reached its peak close to ethanol's boiling point. Time also was important since longer extraction times raised the 

mass transfer coefficient and the best time was 6 hours, although effects on solvent saturation were observed 

beyond ideal durations. Coffee extraction was much influenced by the solute-to-solvent ratio; a 1:3 ratio produced 

the best efficiency. These results provide valuable information for both industrial and pharmaceutical uses since 

they show the need of optimizing temperature, time, and solvent ratios to maximize extraction yields for bioactive 

compounds. More investigation could look at substitute solvents or techniques to improve scalability and 

efficiency. 
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