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Abstract. Lemongrass (Cymbopogon citratus) is widely recognized for its fra-

grant qualities and is commonly used as spices in Asian countries. Previous re-

search has proven that lemongrass extract, which contains the polyphenols caf-

feic acid and kaempferol, can decrease the absorption of glucose in the human 

intestine by inhibiting the alpha-glucosidase enzyme. With this beneficial poten-

tial, the production of lemongrass extract on an industrial scale is becoming nec-

essary. In previous research, an upscaling of lemongrass extraction process using 

water as a solvent has been carried out in a percolator to obtain optimum alpha-

glucosidase inhibitory (AGI) activity. However, other research has also shown 

higher AGI level of ethanolic extract of lemongrass when compared to its aque-

ous extract. This study hence focused on the optimization of lemongrass extrac-

tion using ethanol in an upscaled laboratory percolator with four varied parame-

ters, the ethanol concentration, maceration time prior to percolation, maceration 

temperature and the percolation time. The result showed that there was no signif-

icant difference between the use of 50% and 70%-v ethanol concentration in a 

mixture with water. Moreover, there was no significant difference found in the 

yield and AGI activity resulting from a maceration conducted at room tempera-

ture, at 30°C, 35°C, or 40°C, however, a maceration time of 5 hours was found 

to result in the best AGI activity. The optimum percolation time after maceration 

was found to be 40 minutes. In conclusion, the best conditions for the ethanolic 

extraction of lemongrass in this percolator are the use of 50%-v ethanol-water as 

a solvent and to conduct 5 hours period of maceration at room temperature prior 

to the 40 minutes percolation. 
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Cymbopogon citratus, Diabetes 

1 Introduction 

Lemongrass (Cymbopogon citratus) is a common plant that grows in tropical and sub-

tropical climates throughout Asia. This aromatic plant belongs to the citrus terpene fla-

vor family and is primarily utilized in Asian cuisine, mostly due to its taste and fra-

grance. In several Asian traditional herbal medicines, however, lemongrass is com-
monly used by diabetic patients to reduce and control their blood sugar levels, since it 
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has been found to contain luteolin, flavonoids, and phenolic compounds, which can 

contribute to alpha-glucosidase inhibition (AGI) activity [1,2]. This AGI activity is a 

very beneficial anti-diabetic property.  Alpha-glucosidase is an enzyme in the epithe-

lium of the human small intestine, which breaks down complex sugars to monosaccha-

rides such as glucose. The ability to inhibit α-glucosidase will result in the reduced 

production of glucose and will slow down the absorption of glucose into the blood-

stream, thus preventing hyperglycaemia [3,4]. 

With this beneficial potential, the production of lemongrass extract on an industrial 

scale is becoming necessary. Based on scientific proofs from previous research, a study 

explored the optimum process conditions for a lemongrass extraction using water as a 

solvent in an upscaled size [5]. Since industrial scale extraction is more commonly per-

formed in a percolator than in a maceration tank, the study attempted to adapt the same 

working principle of an industrial percolation in a pilot scale percolator with a capacity 

of 13 liters. This study obtained the optimum operating conditions of the pilot scale 

percolator for aqueous extraction of lemongrass, which recommended to perform 40-

minutes maceration prior to a 70-minutes percolation at a flowrate of 94.64 cm3/s and 

a temperature of 70°C, using a dried sample-to-solvent (water) ratio of 1:20 (w/v) with 

the maximum amount of 300 grams. This extraction condition resulted in an aqueous 

lemongrass extract with an AGI of 49.89±3.476% and the yield of 39.45±1.59%. 

Nevertheless, several studies showed that under similar maceration conditions, an 

extraction of lemongrass using ethanol resulted in significantly higher inhibitory activ-

ity when compared to its water extract [6,7]. Ethanol in a mixture with water was also 

found to be one of the common solvents used in the extraction of herbs and plants in 

the Indonesian herbal industries for its ability to extract most of the targeted bioactive 

compounds and its volatility, which can allow energy saving during solvent evaporation 

[8]. Therefore, it is of immense interest to the industries to study whether upscaling the 

ethanolic extraction of lemongrass in a percolator will give similar positive results as 

in the aqueous extraction performed previously.  

In this study, the ethanolic extraction of lemongrass in pilot scale percolator was 

performed to observe the effect of several process parameters on the AGI and yield of 

the resulting extract. The parameters studied were the ethanol concentration, macera-

tion time prior to percolation, maceration temperature and the percolation time. 

2 Methods 

This study was performed in 2 main stages as shown in Fig. 1, which include the opti-

mization of the maceration process prior to percolation, followed with the optimization 

of the percolation condition for ethanolic extraction of lemongrass. A re-trial on aque-

ous extraction with the condition recommended by previous research [5] was also per-

formed to have a direct comparison to the result of this study, since different sample of 

lemongrass was used. All of the results of each stage were analyzed based on their 

extraction yield (grams soluble solids/grams dried lemongrass sample) and AGI activ-

ity. Resulting data were analyzed by means of one -way and two-ways ANOVA, t-test, 

and slope analysis. 
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Fig. 1. Experimental design. 

The materials used for the maceration and extraction process were dried lemongrass 

(obtained from PT. Deltomed Laboratories), ethanol 96%-v/v, and distilled water. To 

analyze the samples, chemicals such as dipotassium hydrogen phosphate powder from 

Merck (Germany), potassium dihydrogen phosphate powder from Sinopharm Chemical 

Reagent Co., Ltd. (Shanghai), sucrose powder from Kanto Chemical Co., INC (Japan),  

ethylenediamine tetraacetic acid disodium salt dihydrate powder from Sinopharm 

Chemical Reagent Co., Ltd (Shanghai), tris (hydroxymethyl) aminomethane powder 

from Merck (Germany), hydrogen chloride powder from Merck (Germany), Intestinal 

acetone powders from rat powder from Sigma (Germany), DMSO 100% liquid from 

Merck (Germany) and alpha-glucosidase inhibitor assay kit from Megazyme (Ireland) 

were utilized. 

 

 

Fig. 2. Design of percolator used in this study [5] 
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The extraction process, including the preceding maceration and the percolation after-

wards, was conducted in a percolator as shown in Fig. 2 [5]. The capacity of this per-

colator is 13 liters, with a 1:5 diameter-to-height ratio (15.03 cm in diameter and 75.15 

cm in height). The percolator was designed based on the same working principle of 

industrial percolators and some considerations taken from scientific references [9-11]. 

In this percolator, the lemongrass sample is held in a sieve basket inside the chamber, 

and the heated solvent is circulated from the collecting tank into the showerhead and 

running it through the sample, thus extracting solutes as it percolates down. This circu-

lation continues until an equilibrium concentration is achieved.  

2.1 Maceration and Percolation Method 

It has been pointed out in previous research that initiating the whole extraction process 

with a maceration and then followed with the percolation stage is preferable. Therefore, 

in this study, separate observation was performed on each stage, the maceration stage, 

and the percolation stage to obtain the most optimum process conditions.  

To establish the substantial rise in yield and AGI activity during the initial macera-

tion, two ethanol concentrations were compared. Ethanol 50%-v and ethanol 70%-v in 

a mixture with water were chosen for their applicability in industrial scale extraction.  

For this experiment, 50 g of dried lemongrass was used for each solvent type, and the 

solvent was prepared by diluting 96% ethanol with distilled water. The lemongrass to 

solvent ratio used was 1:20 (w/v in g/ml) with 50 g sample of dried lemongrass. Sam-

ples were then collected every hour until maceration period reached 6 hours and were 

analyzed for its yield and AGI activity. In the optimization of maceration, the solvent 

temperatures were varied to be at room temperature, 30°C, 35°C, and 40°C. The next 

stage of the experiment was conducted in the percolator shown in Fig. 2 by using 150 

g of dried lemongrass to study the effect of upsizing the maceration process at the same 

condition. The maceration periods in the percolator were compared between 5 and 24 

hours. 

After determining the ideal maceration period, the time of ethanolic percolation was 

to be optimized. The optimum percolation condition for aqueous extraction, including 

period of percolation and the solvent flow rate was used as an initial trial. In this stage 

only the percolation period was varied, and both yield and AGI activity were analyzed 

to determine the best condition. 

The extraction yield is defined as the percentage of the total soluble solids (TSS) in 

the extract in its ratio to the mass of dried lemongrass used. For the determination of 

yield, the extracts were taken as sample and weighed, then put in a dried crucible and 

oven dried for 24 h at 100°C. The crucible and the dried sample were then weighed 

again to know the final dried sample mass. The formula to calculate the yield percent-

age is given in Eq. 1. 

𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑌𝑖𝑒𝑙𝑑 (%)

=  
(𝑊2 − 𝑊1) × 𝑇𝑜𝑡𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 𝑆𝑜𝑙𝑣𝑒𝑛𝑡 (𝑚𝑙)

𝑆𝑎𝑚𝑝𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙)𝑥 𝑀𝑎𝑠𝑠 𝐷𝑟𝑖𝑒𝑑 𝐿𝑒𝑚𝑜𝑛𝑔𝑟𝑎𝑠𝑠 (𝑔)
𝑥 100%       (1) 
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W1 = Dry Crucible (g) 

W2= Crucible and Dried Sample (g) 

2.2 The AGI Assay Procedure 

To quantitatively calculate the inhibition of AGI activity of the lemongrass, AGI assay 

procedure according to [12] was adapted. Based on this procedure, four types of solu-

tions were needed: the sample solution, control solution, sample blank and control 

blank. The sample solution was made by adding 200 µL of sucrose solution, 100 µL of 

the extract sample, and 400 µL of rat intestinal enzyme inside a small test tube. The 

control solution was prepared by combining 200 µL of sucrose solution, 100 µL DMSO 

50%, and rat intestinal enzyme. The sample blank solution consisted of 600 µL of buffer 

solution and 100 µL extract sample. Lastly, the control blank solution was prepared by 

adding 600 µL of buffer solution to 100 µL of DMSO 50% solution.  

The solutions were then mixed using a vortex and put inside the pre-heated water 

bath at 37°C for 55 minutes for incubation. After the incubation, 750 µL of Tris HCl 

was then added to each of the solutions and were then filtered using the aluminum oxide 

and cotton filter. Afterwards, 10 µL of each solution was placed onto a microplate and 

added with 300 µL of glucose kit. The microplate was then put inside the incubator for 

20 min at 50°C and read using a microplate reader at 492 nm wavelength. The data 

resulted from the microplate reader will be the absorbance, which can be converted to 

determine the alpha-glucosidase inhibition activity (%) using Eq. 2. 

                𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) = 1 −
(𝐴𝑆𝑎𝑚𝑝𝑙𝑒−𝐴𝑆𝑎𝑚𝑝𝑙𝑒 𝐵𝑙𝑎𝑛𝑘)

(𝐴𝐶𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐵𝑙𝑎𝑛𝑘)
𝑥100%                                   (2) 

 

A= Absorption 

3 Results and Discussion 

3.1 Optimization of Maceration Process 

The optimization of maceration process prior to percolation was done by observing the 

effect of different solvent concentrations used, the maceration period and solvent tem-

perature on the yield and AGI activity of the resulting extract. For this stage, the mac-

eration was done in laboratory scale in an Erlenmeyer flask with 50 g dried lemongrass 

and 1,000 ml solvent. The results are explained in separate parts in the following sub-

chapters. 

Effect of Solvent Concentration. The solvent used in this research as mentioned in the 

methodology part was ethanol in a mixture with water. The concentration of ethanol 

solution was varied: 50% and 70% (v/v) ethanol-water, with the consideration that these 

are the common ethanol concentrations used as solvent for extraction in the Indonesian 

herbal industries. Figure 3 shows the yield percentage from the two different solvents 
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at every hour. The data followed a logarithmic profile, showing that the extraction 

achieved an equilibrium condition after a certain time. The p-value found from the T-

test analysis on these results was 0.746 (p> 0.05), which indicates that there is no sig-

nificant difference between the use of 50% and 70% ethanol from the perspective of its 

effect on the yield.  

 

Fig. 3. Effect of ethanol concentrations on yield. 

 

Different ethanol concentrations were also studied on its effect on the extract’s AGI 

activity. The AGI activity was performed at different concentrations depending on the 

soluble solids of each sample, and the results are shown in Table 1. The result implies 

that there is no significant difference in terms of extracted yield and AGI activity be-

tween ethanol 50% and 70%, thus making ethanol 50% the more preferrable solvent to 

be used in the extraction process. 

 

 

 

 

 

90             D. I. Widiputri et al.



 

Table 1. Effect of ethanol concentrations on AGI activity 

Solvent  
                   Analytical 

Concentration (mg/mL) 

AGI  

activity Inhibition (%) 

Ethanol 50% 45.64±17.39 35.13±25.54a 

Ethanol 70% 44.72±18.31 32.67±12.51a 

The analysis concentration is ten times the concentration of the initial sample. Numerical values on the table 

are written in the format mean ± standard deviation. The alphabetical letter following the numerical value 

for each column represents their significance according to the Tukey HSD test with (p<0.05).  

Effect of Maceration Period and Temperature. The next step of the maceration op-

timization was the determination of the optimum solvent temperature and period. In 

this stage, the same sample-to-solvent ratio of 1:20 was also used. The yield obtained 

at different temperatures (room temperature, 30°C, 35°C and 40°C) and maceration 

times (from 1 h up to 6 h) can be seen in Fig. 4. The analysis for the yield was carried 

out using two-ways ANOVA with replications with alpha 0.05. The results showed that 

there is a significant difference between the factor time, temperature as well as an in-

teraction between time and temperature in affecting the extraction yield. Even though 

the trend of these curves seems to increase with time, they fit at best to a logarithmic 

profile with R2 ≥ 0.975 for all variations of temperature and are approaching equilib-

rium at maceration time of above 5 hours.   

Furthermore, to evaluate if there was a significant increase in yield, a slope test anal-

ysis was performed using Excel with alpha of 0.05. This analysis aimed at finding out 

whether maceration temperature affected the yield significantly. All p-values from the 

slope test regression analysis were bigger than 0.05, which indicated that there was no 

significant difference on yield when different temperature was chosen. After further 

analysis using one-way ANOVA, the analysis showed that there is significant differ-

ence in the effect of time but not of temperature on the extraction yield. 

 

 

Fig. 4. Effect of maceration time and temperature on yield. 
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The analysis on AGI was performed to extract samples taken at the 5th hour for every 

variation of temperature. The sample at the fifth hour was selected, since the yield was 

considered to have already started to approach its equilibrium at this point of time. As 

could be seen in Table 2, no significant differences between the AGI activity for each 

different temperature was found. This implies that neither the time nor the temperature 

of the maceration process contributes to the inhibition activity of alpha-glucosidase. 

Table 2. Effect of solvent temperature in 5 hours maceration on AGI activity 

 

3.2 Optimization of Ethanolic Extraction in a Percolator 

Upscaling Effect of Maceration Process in a Percolator. In this stage, the maceration 

process conducted in a laboratory scale (using 25 grams of dried lemongrass in an Er-

lenmeyer flask) was upscaled with a factor of 6 in its amount and performed in the 

percolator shown in Fig. 2 using 150 grams of dried lemongrass and 3,000 ml 50% 

ethanol as a solvent. The maceration time in both the Erlenmeyer flask and in the per-

colator was varied to be 5 and 24 hours. The 5 hours period of maceration was chosen 

from previous result of the optimization, while the 24 hours maceration time was se-

lected as a comparison since it has been recommended from practical experiences at 

smaller scale herbal industries.  

Figure 5 shows that the laboratory-scale maceration process for 5 and 24 hours re-

sulted in a yield of 9.96% and 17% respectively. Meanwhile the yield resulted from 

maceration process performed in a percolator with a 6 times greater size for 5 and 24 

hours are 5.59% and 8.73% respectively. The significant decrease of yield in this up-

scaling could be the result of some limitations of the equipment. The dried lemongrass 

was expected to expand in its volume during the maceration process, since the solvent 

will be absorbed and retained. As a result, the height of lemongrass placed in the sieve 

basket became higher than the solvent surrounding it, causing some part of the 

lemongrass to be not thoroughly soaked during the maceration. This might have been 

the reason of the decreased yield. 

In terms of the AGI activity of the extracts, as shown in Table 3, although the anal-

ysis concentration of each solution varied based on the yield analysis, there was no 

 

Temperature  
Analysis 

Concentration (mg/mL) 

AGI activity 

 Inhibition (%) 

RT 49.80±2.01 43.3±6.21a 

30oC 62.65±5.48 53.9±11.73a 

35oC 56.1±3.55 64.64±6.80a 

40oC 69.15±4.24 33.68±15.09a 

RT= Room Temperature 

The analysis concentration is ten times the concentration of the initial sample. Numerical values 

on the table are written in the format Mean ± Standard Deviation. The alphabetical letter 

following the numerical value for each column represents their significance according to the 

Tukey HSD test with (p<0.05).   
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substantial change in AGI activity. However, understanding that with the lowest extract 

concentration, a comparable high inhibition activity was resulted, the extract from the 

maceration conducted in percolator for 5 hours showed the strongest ability to inhibit 

alpha-glucosidase enzyme. Therefore, the maceration for 5 hours was selected for fur-

ther exploration on the optimization of percolation. 

 

 

Fig. 5. Effect of upscaling the maceration process in a percolator on yield. 

Table 3. Effect of upscaling the maceration process in a percolator on AGI activity 
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Time  

(hours) 
Maceration Scale 

Analysis 

Concentration 

(mg/mL) 

AGI activity  

Inhibition (%) 

5 Lab 49.80±2.01 43.31±6.21a 

24 Lab  86.15±0.96 41.29±2.21a 

5 Percolator 27.95±0.94 36.82±9.07a 

24 Percolator 43.63±1.07 54.06±16.10a 

The analysis concentration is ten times the concentration of the initial sample. Numerical 

values on the table are written in the format Mean ± Standard Deviation. The alphabetical 

letter following the numerical value for each column represents their significance according to 

the Tukey HSD test with (p<0.05). 



 

Optimizing Percolation Time. After optimizing the maceration process of lemongrass 

ethanolic extraction, the next step in this research was to optimize the percolation time. 

The conditions selected based on previous results in this experiment are the use of 50% 

ethanol as the solvent of extraction, and to perform a maceration process at room tem-

perature for 5 hours prior to the percolation process. Additionally, several recom-

mended conditions based on previous research [5] were also applied, including the sol-

vent flow rate of 1.5 gal/min (94.64 cm3/s) and the sample-to-solvent ratio of 1:20 

(g/ml). During this optimization of percolation time, 300 g of dried lemongrass in 6,000 

ml of 50% ethanol was used. The samples of extract were taken after the first 5 minutes 

of percolation and every 10 minutes afterwards, until the no significant change in yield 

could be observed. Figure 6 shows that the end point of this observation was 90 minutes. 

 

 

Fig. 6. Effect of percolation time of extraction yield. 

During the percolation, 50 ml of sample was taken at the first 5 minutes after the solvent 

circulation was started. After that, samples were taken every 10 minutes until a com-

plete circulation time of 90 minutes has been performed. The data shown in Figure 5 

show the extraction yield of the experiment. Here it is shown that the data followed an 
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increasing linear trend, thus making the result to be inconclusive. However, the obser-

vation had been stopped at 90 minutes, since an insignificant increase in yield has been 

detected between samples taken at minute 80 and 90.  

Table 4 on the other hand shows that the AGI activity of the extracts increased after 

the solvent circulation had started but only up to minute 40, then it started to decrease 

again even though there was still an increase in the extraction yield. The reason that 

this phenomenon could happen is that after 40 minutes of percolation, not only the phe-

nolic compounds contributing to AGI activity are extracted, but also other types of phy-

tochemicals. Since the main goal of this research aimed more at the achieving of best 

AGI rather than the yield alone, a percolation time of 40 minutes is considered to be 

more preferable. 

Table 4. Effect of percolation time on AGI activity 

 

3.3 Comparison between Ethanolic and Aqueous Extract in Percolator 

In the final stage of this study, a re-trial of previous experiment using water as a solvent 

in the same percolator used in this research was performed. The optimum process con-

ditions for the aqueous extraction were applied, whose resulted extract will be com-

pared to the extract resulting from the optimum process conditions for ethanolic extrac-

tions obtained in this research, in terms of their yield and AGI activity. The result can 

be seen in Table 5. 

 

 

Percolation 

Time 

Analysis 

Concentration (mg/mL) 

AGI activity  

Inhibition (%) 

AM 50.62±0.46 26.19±4.86g 

5 41.57±0.87 37.75±4.60ef 

10 41.68±1.54 48.67±0.47cde 

20 42.77±0.81 55.75±3.18bcd 

30 44.05±1.01 45.75±1.77de 

40 45.60±1.79 75.91±0.34a 

50 48.65±1.24 42.33±2.99e 

60 47.53±0.83 65.00±4.24b 

70 50.38±1.69 45.97±0.67cde 

80 53.42±1.71 56.74±0.18bc 

90 55.45±1.53 27.19±4.94fg 

AM= After Maceration 

The analysis concentration is ten times the concentration of the initial sample. Numerical 

values on the table are written in the format Mean ± Standard Deviation. The alphabetical 

letter following the numerical value for each column represents their significance 

according to the Tukey HSD test with (p<0.05).   
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Table 5. Comparison between ethanolic and aqueous extract 

Conditions/Parameters Ethanolic Extraction Aqueous Extraction [5] 

Sample-to-solvent ratio (g/ml) 1:20 1:20 

Amount of dried lemongrass 
(g) 

300 300 

Solvent used 50%-v ethanol Water 

Amount of solvent (ml) 6,000 6,000 

Maceration Temperature (°C) Room Temperature 70 

Maceration time (min) 300 (5 h) 40 

Percolation time (min) 40 70 

Results   

Yield (%) 9.12±0.36 16.68±0.24 

AGI activity (%) 75.91±0.34 81.32±12.07 

Extract concentration (mg/mL) 45.60±1.79 83.4±1.18 

 

From the yield perspective, the optimized aqueous extraction showed a higher yield 

(16.68±0.24%) than the optimized ethanolic extraction (9.12±0.36%). The t-test analy-

sis was performed to compare these two sets of data, and the result showed that with an 

alpha of 0.05, the p-value in two tails was smaller than 0.05. This concluded that there 

is a significant difference between ethanolic extraction and aqueous extraction in terms 

of the resulting yield. 

In terms of the AGI activity, it can be seen in Table 5 that in order to inhibit 

81.32±12.07% of alpha-glucosidase, the extract concentration required is 83.41±1.18 

mg/mL. Whereas in the ethanolic extract, to inhibit 75± 0.034% of alpha-glucosidase 

enzyme, the required concentration is 45.60 mg/mL. This comparison shows that the 

ethanolic extraction has higher ability to inhibit the AGI activity despite the lower con-

centration. This validated a study by [6], stating that the ethanolic extraction from 

lemongrass gives higher results in AGI activity inhibition. Moreover, the extraction 

with ethanol does not require heating of the solvent, which can be another advantage 

for the industry in saving energy. 

From the operational perspectives, one possible reason why the extraction with eth-

anol resulted in lower yield than in the aqueous extraction is the number of circulations, 

which represents how many times the solvent had circulated through the raw material. 

As a consequence of the chosen solvent flowrate and the percolation time, the number 

of circulations in the aqueous and in ethanolic extraction was around 67 and 38, respec-

tively. However, increasing the number of circulations in the ethanolic extraction, if 

done by lengthening the percolation time, will negatively affect the AGI activity, as 

discussed in Table 4. 

4 Conclusion 

In this research the extraction process of lemongrass using ethanol as a solvent in an 

upscaled laboratory percolator was studied. The process conditions recommended by 

this research are to use 50%-v ethanol in water as a solvent, to perform maceration at 

room temperature for 5 hours prior to 40 minutes percolation, and to use a sample-to-
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solvent ratio of 1:20 (g dried lemongrass/mL solvent). This extraction condition will 

deliver an extraction yield of 9.12±0.36% (g TSS/g dried lemongrass) with and AGI 

activity of 75.91±0.34% at a concentration of 45.60±1.79 mg/mL. 

Acknowledgments. The author would like to thank the Ministry of Education and Cul-

ture (Kemendikbud), Republic of Indonesia for funding this project. The help and sup-

port from lecturers and laboratory assistants in the Faculty of Life Sciences and Tech-

nology of Swiss German University are also acknowledged. 

References 

1. H. A. Garba, A. Mohammed, M. A. Ibrahim and M. N. Shuaibu, Effect of 

lemongrass (Cymbopogon citratus Stapf) tea in a type 2 diabetes rat model, 

Clinical Phytoscience, 6(1), (Springer Nature, 2020), doi: 10.1186/s40816-020-

00167-y. 

2. M. Gunawan-Puteri, et al., Aqueous extraction optimization of C. citratus for 

development of food ingredients with alpha glucosidase inhibitory, Integrated Sci-

Tech: Interdisciplinary Research Approach, 2 (Research Institute and Community 

Service of University of Lampung, February 2017), pp. 55–61. 

3. S. Kumar, S. Narwal, V. Kumar, and O. Prakash, Alpha-glucosidase Inhibitors 

from Plants: A Natural Approach to Treat Diabetes. Pharmacognosy Reviews 

(Phcog.net, 2011), Volume 5(9), pp. 19–29. 

4. M.-G. Kang, S.-H. Yi, and J.-S. Lee, Production and Characterization of a New 

αGlucosidase Inhibitory Peptide from Aspergillus oryzae N159-1. Mycobiology. 

(Korean Society of Mycology, 2013), Volume 41(3), pp. 149–154.  

5. D.I. Widiputri, I. Julisantika, I. S. Kartawiria, M. D. P. T. Gunawan-Puteri, and F. 

Ignatia, Upscaling the Cymbopogon citratus (Lemongrass) Extraction Process to 

Obtain Optimum Alpha-glucosidase Inhibitor (AGI) Levels. International Journal 

of Technology, (Universitas Indonesia, 2020), Volume 11(3), pp.532-543. 

6. M. D. P. T. Gunawan-Puteri, F. Rustandi, and P. Hendra, Aktivitas In Vitro dan 

In Vivo Anti Hiperglisemia dari Ekstrak Air Serai. Jurnal Farmasi Sains dan 

Komunitas, (Faculty of Pharmacy, Universitas Sanata Dharma Yogyakarta, 

2017), 15(2), pp.55-61.  

7. C. Soedarma, Evaluation of Alpha Glucosidase Inhibitors From Indonesian 

Medicinal Plants, Analisis Standar Pelayanan Minimal Pada Instalasi Rawat Jalan 

di RSUD Kota Semarang. (Swiss German University, 2015). Available at: 

http://repository.sgu.ac.id/id/eprint/1606. accessed June 4th 2022. 

8. D. I. Widiputri, M. D. Gunawan-Puteri, and I. S. Kartawiria, Benchmarking Study 

of Cymbopogon citratus and C. nardus for Its Development of Functional Food 

Ingredient for Anti-diabetic Treatment. Proceedings of ICONIET 2018, (Swiss 

German University, 2018), Vol 2(2), pp.109-114.  

9. M. Pramparo, S. Gregory, M. Mattea, Immersion vs. Percolation in the Extraction 

of Oil from Oleaginous Seeds. Journal of the American Oil Chemists’ Society, 

(American Oil Chemists' Society, Wiley, Springer Science+Business Media, 

2002), Volume 79(10), pp. 955–960. 

Ethanolic Extraction of Lemongrass in a Scaled-Up Laboratory Percolator             97



 

10. J. Singh, Maceration, Percolation and Infusion Techniques for the Extraction of 

Medicinal and Aromatic Plants, In: Extraction Technologies for Medicinal and 

Aromatic Plants, edited by S. S. Handa et al. Trieste: International Centre for 

Science and High Technology (2018) 

11. R. O. B. Wijesekera, Technologies for the Processing of Medicinal Plants, The 

Medicinal Plant Industry, (Taylor and Francis, New York, 2017). 

12.  F. Santoso, J. Winarno, M.D.P.T. Gunawan-Puteri, Application of Lemongrass 

(Cymbopogon citratus) as a Functional Food Ingredient with Alpha-Glucosidase 

Inhibitory Activity, In 4th International Conference on Food, Agriculture and 

Natural Resources (IC-FANRes), (Atlantis Press, 2019), pp. 204-208. 

 

98             D. I. Widiputri et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Ethanolic Extraction of Lemongrass in a Scaled-Up Laboratory Percolator



