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 This work reports a study on evaluation of phenolic compound extraction from the peel 

of limau kasturi using soxhlet extraction. The availability of phenolic compounds in 

limau kasturi peels as a source of antioxidant is important to the protection of DNA 
from cancer-causing damage. The optimum conditions for obtaining the highest yield of 

phenolic compound were determined by employing response surface methodology 

(RSM) coupled with central composite design (CCD). It was predicted that the 
optimum extraction process parameters within the experimental ranges would be the 

extraction time of 5 h 30 min, particle size 0.250 mm and methanol concentration of 60 

%. Under this condition, the highest total phenolic content which about 9.51 mg GAE/g 
DW was obtained. Results showed that the data were adequately fitted into the second-

order polynomial model. 
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INTRODUCTION 

 

 In Malaysia, limau kasturi is one source of economic income. In 2013, a plan was made by the local people 

in Selangor to increase income residents through the production and sale of agricultural limau kasturi for the 

next 10 to 15 years. This due to the potential usage of limau kasturi to be used aslimau kasturi cordial, limau 

kasturi juice, cosmetic products based limau kasturi extract [1]. However, due to extensively used in this 

applications,the peels are often removed as wasteand their disposal will caused serious environment problems 

[2]. In fact, the peels of limau kasturi consist of natural bioactive compounds known as phenolics which have 

the capability of reducing the risk of degenerative diseases by reduction of oxidative stress (the main mechanism 

responsible for cardiovascular diseases) and inhibition of macromolecule oxidation apart reducing bad 

cholesterol in the blood circulatory system [3]. Their anti-aging benefits (controlling inflammation and boosting 

the immune system) present a safe and natural way to enhance longevity and reduce the pangs of aging. Thus, 

due to their ability to promote benefits for human health, they are object of great interest of pharmaceutical, 

cosmetics and food industry. The potential usage of the peels of limau kasturi have came to our interest to 

investigate the feasibility of extracting bioactive phenolics compouds from these waste material. As far as 

concerned, the research that focussed on the recovery of limaukasturi peels as a source of phenolic for 

antioxidants is still in its infancy. 

 

METHODS AND MATERIALS 

 

Sample Preparation: 

 Limau kasturi were purchased from local market in Kangar, Perlis. The fruits were peeled manually and 

heated at 45°Cfor 24 h in a convection oven and the dried peels were sieved to fine powder using for one hour. 

The ground powders were then packaged using a tight plastic sealer. 
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Soxhlet Extraction: 

 About five grams of sample were packed in a nylon fabric before be placed in an extraction chamber, which 

is suspended above a flask that containing of solvent and below a condenser. The flask then were heated using 

heating mantle until the solvent is evaporates and move up into the condenser. The solvent vapor then is 

converted into a liquid form that trickles into the extraction chamber containing the sample. The time taken for 

the solvent to evaporate will be regulated. At the end of the process, the round bottom flask was taken to 

undergone separation process using rotary evaporator. 

 

Experimental Design using Single Factor: 

 Single factor experiments were performed by varying the parameters studied using one factor at a time 

while keeping the others constant. The TPC (mg GAE/g DW) was selected based on screening process using 

parameters conditions in Table 1. 

 
Table 1: Parameters conditions of screening process using single factor experiments. 

Selection parameters Manipulated variables Fixed variables conditions 

Solvent type Methanol, ethanol, acetone Rate of 0.02 mL/s, 0.250 mm, 150 min 

Solvent concentration 20%, 40%, 60%, 80%, 100% Rate 0.02 mL/s, 0.250 mm, 150 min 

Extraction time 60, 150, 240, 330, 420 min Rate 0.02 mL/s, 0.250 mm, best conc. 

Particle size 0.125, 0.250, 0.500, 0.710, 1.000 mm Best solvent conc. and extraction time 

 

Total Phenolic Content (TPC) Determination: 

 The crude extracts obtained from extraction were diluted before use. 0.3 ml of diluted samples were added 

into aluminium foil-wrapped test tubes followed by 1.2 ml of 7.5 % (w/v) sodium carbonate and 1.5 ml of Folin-

Ciocalteu’s reagent (0.2N). Blank sample was prepared by replacing 0.3 ml of sample with distilled water. Test 

tubes were vortex for 10 seconds and being allowed to stand in the dark environment at room temperature for 30 

min. Then, absorbance was measured against the blank sample using UV light spectrophotometer (Model XTD 

5; Secomam) (Alex Cedex, France) at 765 nm. Each extract was replicated for three times. A calibration curve 

of gallic acid was plotted as absorbance vs. concentrations of gallic acid (mg/L) at the beginning of the process 

as the standard [2]. 

 

Optimization of Extraction Condition using DOE: 

 RSM coupled CCD was applied in order to optimize the operating parameters. DOE (Version 6.0.10, Stat-

Ease Inc., Minneapolis) statistical software was used to design the CCRD and to analyse the experimental data 

in RSM. The experimental data will be used to second order polynomial model and obtain regression 

coefficients. 

 

RESULTS AND DISCUSSIONS 

 

Calibration Curve: 

 A calibration curve of gallic acid was plotted to measure the amount of phenolic compounds in limau kasturi 

peels extract. The calibration equation for gallic acid was y=10.231x + 0.0031 (R
2
=0.9997). All the results 

obtained were computed using calibration equation and expressed as gallic acid equivalent (GAE) mg per 100 g 

dry weight (DW).  

 

Single Factor Experiments: 
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Fig. 1: Effect of (a) solvent type; (b) methanol concentration; (c) particle size; and (d) extraction time on total  

phenolic content from the peels of limau kasturi. 

 

Effect of solvent type, solvent concentration, particle size and extraction time on extraction of phenolic 

compounds: 

 For phenolic extractions from botanical materials, aqueous alcohols such as acetone, ethanol and methanol 

were used as solvents. Figure 1(a) presents the effect of solvent type on total phenolic content from the peels of 

limau kasturi which it aqueous methanol showed the highest of compared to ethanol and acetone. Based on the 

polarity index, the TPC of acetone type is slightly low than methanol although they sharing the same polarity. 

This showed that phenolic compounds from limau kasturi peels present wide coverage of polarity. In addition, 

methanol is categorized under GRAS (Generally Recognized as Safe) which is applicable in view of the 

application in food system [2]. Thus, methanol was chosen as the extraction solvent. The effect of methanol 

concentration on the extracted of phenolic compound from limau kasturi peels extract were shown in Figure 

1(b). The TPC is goes upward with increasing of the methanol concentration up till 60 % which give the highest 

TPC. However, beyond this concentration, the TPC starts to decreases.This is agreement with the result obtained 

by Mussatto [4] that 60 % methanol is the best concentration in extraction of phenolic from spent coffee 

grounds. A reduction in TPC at increasing concentration indicate that absolute solvent do not ensure a good 

recovery of phenolic compounds as compared to aqueous methanol. The effect of particle sizes are shown in 

Figure 1(c). The extracted phenolic compounds from the sample size of 0.125 mm was the highest. The TPC 

plotted is in decreasing order with respect to the particle size. Theoretically, the finer particles give more surface 

area, thus the physical barriers to dissolution are weakend and making the process occur much more quickly. 

Giao [5] have applied parameter size in extraction of antioxidant power from the plants using 0.2 mm to 0.3 mm 

and found that antioxidant power increased with decreasing of particle size. The response of phenolic 

compounds produces with respect to extraction time was shown in Figure 1(d). The sample size of 0.125 mm 

was tested with different extraction time starting from one hour up to 7 hours.As shown in the figure, increasing 

in extraction time from 60 min to 330 min was accompanied by a small increased in TPC. For further increase 

of time extraction, it was not significantly improve the recovery of phenolic. Raitanen [6] from Abo Akademi 

University quotes that as a rule of thumb, to get a high extraction yield, at least 16 extraction cycles are required 

in a soxhlet extraction, or in term of time, it could be 6 to 8 hours. 

 

 
      

Fig. 2: Response surface 3D and contour plot showing the effect of (a) methanol concentration and extraction  

time; (b) methanol concentration and particle size; and (c) extraction time and particle size on total  

phenolic content. 
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 Figure 2 pictured three-dimensional response surface plots showing response in function of two factors and 

keep other constant at its middle level. Each sub-figure was covered the effects of interactions between selected 

parameters on TPC. Figure 2(a) covered the effect of methanol concentration and extraction time on TPC which 

the contour gradient in extraction time at fixed particle size of 0.250 mm is less than in methanol concentration 

coordinate direction. This indicates that the methanol concentration is more affected the amount of TPC. The 

phenolic compounds produced was detected higher in the region of methanol concentration between 60 and 75 

% and extraction time 330 and 375 min. Then, TPC began to reduce. Whitaker[7] concluded methanol 

concentration need to reduce from 71 % to 55 % in extraction of aflatoxin from raw peanuts. The polarity of 

methanol water mixture which would increase continuously with the addition of water to methanol using “like 

dissolve like” principle. Figure 2(b) demonstrated the effect of the interaction between methanol concentration 

and particle size on TPC at fixed extraction time of 2 h 30 min. The TPC was increased as methanol 

concentration and particle size increased to 68 % and 0.203 mm and further increase caused TPC produced was 

less. The total phenolic content produced was high up almost to 9.80 mg GAE/ g DW.The bigger the particle 

size the lower the surface area of extraction, and thus slower the rate of mass transfer.The relationship of 

extraction time and particle size with TPC was presented in Figure 2(c). There was a significant interaction 

between extraction time and particle size. The highest TPC was mounted at 330 min using 0.245 mm of particle 

size which give the amount of TPC about 9.51 mg GAE/g DW. However, the amount of the TPC extracted 

starts to decrease beyond this duration. Overall, it can be concluded that methanol concentration was the main 

factor in influencing the extraction of phenolic compounds from limau kasturi peels. The solubility of phenolic 

compounds could be high using aqueous methanol over a limited compositional range. 

 

Conclusion: 

 For overall view, the TPC of limau kasturi peels were most influenced by methanol concentration followed 

by extraction time and particle size. The optimum conditions detected for maximum TPC of 9.46 mg GAE/ 

100g DW as follows: methanol concentration, 60 %; extraction time, 330 min; and particle size, 0.250 mm, 

which can be agreed with the predicted value of 9.49 mg GAE/ 100g DW. Thus, the second-order polynomial 

models developed by RSM were adequate in describing and predicting the phenolic extraction of limau kasturi 

peels. The interaction between the parameters conditions are matched in producing high TPC. The importance 

of optimum conditions in industry is to produce high yield of production and make the process operates 

efficiently. For further study, may carry on antioxidant and antimicrobial properties study on phenolic 

compounds produced. 
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