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Abstract—Rambutan is a tropical fruit which peel possesses 

antioxidant properties. This work was conducted to optimize 

extraction conditions of phenolic compounds from rambutan peel. 

Response surface methodology (RSM) was adopted to optimize 

subcritical water extraction (SWE) on temperature, extraction time 

and percent solvent mixture. The results demonstrated that the 

optimum conditions for SWE were as follows: temperature 160°C, 

extraction time 20min. and concentration of 50% ethanol. 

Comparison of the phenolic compounds from the rambutan peels in 

maceration 6h, soxhlet 4h, and SWE 20min., it indicated that total 

phenolic content (using Folin-Ciocalteu’s phenol reagent) was 26.42, 

70.29, and 172.47mg of tannic acid equivalent (TAE) per g dry 

rambutan peel, respectively. The comparative study concluded that 

SWE was a promising technique for phenolic compounds extraction 

from rambutan peel, due to much more two times of conventional 

techniques and shorter extraction times.  

 

Keywords—Subcritical water extraction, Rambutan peel, 

phenolic compounds, response surface methodology. 

I. INTRODUCTION 

HE agricultural wastes are produced vast quantity 

annually. In addition, the disposal of agricultural wastes 

can have a serious environmental impact. Nowadays, many 

investigations on waste utilization have been aimed at 

evaluation of the waste materials in possible value-added 

applications. Rambutan (Nephelium lappaceum L.) is native to 

Southeast Asia. The fruit canning factory has variety wastes of 

seeds and peels of fruits such as lychee, longan, and rambutan. 

The discarded rambutan peels are red and be covered with 

hairy spines which comprise powerful phenolic antioxidants 

[1]-[3]. Moreover, various biological properties such as 

antibacterial and anti-herpes simplex virus type 1 have also 

been reported [4]-[5].  

Phytochemicals, especially phenolic in fruits and vegetables 

are major bioactive compounds known for health benefits. 

Plant phenolics are commonly found in both edible and non-

edible parts of the plants. Phenolic compounds represent a 

majority of the natural antioxidants presently identified. The 

most important classes of natural antioxidants include 

tocopherols, flavonoids, and phenolics acids [6]. Recently, 
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there has been an increasing interest in phenolic compounds 

from fruit that function as free radical scavengers. The 

potential free radical scavenging property observed in the 

rambutan fruit was influenced by phenolic compounds, 

especially ellagitannins, present in its peels [5]. The variables 

in phenolic compound types and content depended on the 

types of fruits, cultivars and the stage of fruit development [7]-

[8]. Phenolic accumulation in rambutan peels increased 

gradually in the early and middle stages of growth and then 

increased rapidly in both cultivars [9]. Several factors that 

contribute to the efficiency of polyphenols extraction such as 

type of solvent, pH, temperature, solvent to solid ratio, particle 

size, and extraction method have been studied [10].  

The properties of extracts from plants such as antioxidant 

activity depend on the extraction solvent and extraction 

techniques used [11]-[13]. Water and ethanol are commonly 

used to extract phytochemicals from plants due to absence of 

toxicity. Extraction with ethanol and water was investigated 

for isolation of possible antioxidants in the present study. The 

conventional methods used currently for extraction of 

compounds from herbal plants are distillation and solvent 

extraction. Low extraction efficiency and toxic solvent 

residues in the extracts occurs when using these technologies. 

Recently, Subcritical water, also called pressurized (hot) 

water, superheated water or hot liquid water, it refers to water 

at temperature between 100 and 374°C and at a pressure which 

is high enough to maintain the liquid state (below the critical 

pressure of 22MPa [12]. Subcritical water extraction (SWE) 

exhibits a number of advantages over conventional extraction 

methods (i.e. maceration, hydro-distillation, soxhlet with 

organic solvent), mainly including the reduction of extraction 

time, simplicity, less expensive operation, higher quality of the 

extracts and environment-friendly [11]-[13] SWE has been 

used for the extraction of catechin and epicatechin from green 

tea [14], anti-cancer damnacantheal from roots of Morinda 

citrifolia [15], lignans from whole flaxseed [16], antioxidant 

nutraceuticals from star fruit residues [17], antioxidant from 

red grape marc [18], antioxidants from rosemary [19], and 

flavonoids, phenolic acids, and anthocyanins from red grape 

skins [20]. 

The objectives of this work were to extract and compare the 

total phenolic content from rambutan peels by subcritical 

water extraction (SWE) with conventional methods. The 

optimized conditions of SWE using response surface 

methodology were investigated the effect of extraction 

parameters on the total phenolic content (TPC) as following: 

temperature, extraction time, and percent solvent mixture. 
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II. MATERIAL AND METHODS

A. Chemicals 

All chemical were obtained from Sigma Chemical Co.

(USA) unless otherwise specified. 

B. Preparation of Plant Sample 

Rambutan peels were taken from a fruit c

Nakornprathom province, Thailand. They

cut into small pieces. Then they were dried in the oven at 

60°C for 6 hours. Lastly, they were ground into pa

ranging from 0.2 to 0.5mm in size by a hammer mill and being 

forced through a sieve. 

C. Maceration 

The rambutan peel powder (10g) was added 

hexane in conical flask and 150ml of ethanol in conical flask 

at solid to solvent ratio of 1:15 in a 500mL flask, respectively

Then, they were mixed on a magnetic stirre

room temperature (28°C). The supernatant was passed through 

Whatman filter paper (no.1). All filtrates were evaporated 

under vacuum at 60°C using a rotary evaporator (Buchi, 

Switzerland). The volume of sample is adjust

HPLC grade ethanol and stored in refrigerator until analysis. 

The experiments were carried out in duplicate.

D. Soxhlet 

Soxhlet extractions were carried out in triplicate using 20

(dry weight) of rambutan peel powder with 300

ethanol for 2 to 8 hours. Temperature during soxhlet 

extraction was set at 70°C. The filtrate extracts

evaporated under vacuum at 60°C using a rotary evaporator 

(Buchi, Switzerland). The extracted sample was evaporated 

and prepared for analysis same as maceration.

E. Subcritical Water Extraction (SWE) 

The Rambutan peel powder (8g) was

extraction column (Type 304 Stainless) 200ml and then added 

120ml of solvent with varying water-ethanol concentration 

into vessel. The extraction vessel was placed in a heatin

to maintain an operating temperature within ±1

point temperature for each run. Response surface methodology 

(RSM) was employed to optimize the operating conditions of 

subcritical water technique to obtain a high extraction yield. 

The studied parameters and their concentration ranges were: 

ethanol concentration (X1) at 5, 50, 

temperature (X2) at 100, 130, and 160°C, extraction time (X

20, 40, and 60min. After the operation finished,

solution were collected and then prepared sample for analysis 

as maceration. All the experiments were performed in 

duplicate and each set of yields was average.

F. Determination of Total Phenolic Content

The total phenolic content of extracts was determined 

Folin-Ciocalteu’s phenol reagent (modified from Kahkonen et 

al., 1999) [21]. Brifely, 1ml of extracts was mixed with 1ml of 

Folin-Ciocalteu’s phenol reagent and allowed to

minutes. Then, 0.8ml of 7.5% (w/v) sodium carbonate was 

added. The mixture were agitated and allowed to stand for 
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C. The filtrate extracts was 

C using a rotary evaporator 
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powder (8g) was filled into an 

column (Type 304 Stainless) 200ml and then added 

ethanol concentration 

into vessel. The extraction vessel was placed in a heating bath 

to maintain an operating temperature within ±1°C of the set 

point temperature for each run. Response surface methodology 

(RSM) was employed to optimize the operating conditions of 

subcritical water technique to obtain a high extraction yield. 

udied parameters and their concentration ranges were: 

) at 5, 50, and 95% mixture, 

C, extraction time (X3) 

finished, the extracted 

and then prepared sample for analysis 

as maceration. All the experiments were performed in 

duplicate and each set of yields was average. 

Total Phenolic Content 

The total phenolic content of extracts was determined using 

Ciocalteu’s phenol reagent (modified from Kahkonen et 

extracts was mixed with 1ml of 

Ciocalteu’s phenol reagent and allowed to react for 3 

ml of 7.5% (w/v) sodium carbonate was 

re agitated and allowed to stand for 

further 30 minutes in the dark. The absorbance of 

peel extracts and a prepared blank were measured at 765

using a spectrophotometer (UV

Japan). The concentration of total phenolic co

rambutan peel extracts was expressed as mg of tannic acid 

equivalents (TAE) per g dry weight of 

linear equation. All determination was performed in duplicate.

III. RESULTS AND 

A. Types of Solvent 

The effect of types of solvent 

extracts yield using maceration technique 

shown in Fig. 1.  
 

Fig. 1 Effect of solvents on the extracts

solvent ratio (w/v) of 1:15

For extracts yield (Fig. 1)

extraction time due to contact 

fact the total extract yield kept on increasing with polarity of 

organic solvent, the extracts yield in eth

higher than that of hexane (non

to get the highest yield of 12.51

experiment only 4h, because of a sm

extracts yield.  

B. Comparison of Maceration and Soxhlet tech

The comparison of maceration and soxhlet techniques at 

solid to solvent ratio (w/v) of 1:15 and using 95% ethanol was 

investigated the influence of temperature on extracts yield of 

rambutan peel at various times as shown in Fig.

 

Fig. 2 Comparison of maceration and soxhlet 
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ared blank were measured at 765nm 

using a spectrophotometer (UV-Vis model 1601, Shimadzu, 

Japan). The concentration of total phenolic compounds in 

extracts was expressed as mg of tannic acid 

equivalents (TAE) per g dry weight of rambutan peel using a 

linear equation. All determination was performed in duplicate. 

ESULTS AND DISCUSSIONS 

The effect of types of solvent (hexane and ethanol) on the 

maceration technique was studied as 

 

on the extracts yield of maceration at solid to 

solvent ratio (w/v) of 1:15 and various extraction times 
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Soxhlet technique showed total phenolics much more than 

two times of maceration for all times and did experiment only 

4h to get the highest total phenolic copmounds of 70.29mg 

TAE/g dry rambutan peel. While maceration technique could 

extract the highest total phenolics only 26.43mg TAE/g dry 

rambutan peel for 6h. According to increasing temperature 

[22], it helps to enhance both the solubility of solute and the 

diffusion coefficient. Heating also might soften the plant 

tissue. Thus, the extraction could be developed by increasing 

temperature.  

C. Optimization for Subcritical Water Extraction (SWE) by 

Response Surface Methodology (RSM) 

Response surface methodology was a good tool for 

optimization of extraction conditions [23]-[25]. The 

experimental data of total phenolic contents from rambutan 

peel using SWE were used to calculate the coefficients of the 

second-order polynomial in (1). The coefficient of 

determining (R
2
) was 0.9252, indicating adequate accuracy. 

The application of RSM yielded the following regression (1) 

which was an empirical relationship between total phenolic 

contents (Y) and the test variables in code units i.e. X1, X2, 

and X3 were temperature (°C), concentration ethanol in water 

(%), and extraction time (min.), respectively: 

 

� = 330 - 3.1887�� - 0.1811�� - 1.1033�� + 0.0268��
2 - 0.0031��

2 

- 0.0295��
2 +0.0045���� -0.0112���� -0.0009����  

(1) 

 

Based on the above findings, an optimization study was 

performed to surface plot in Figs. 3-5. 

 

 

Fig. 3 Surface plot of temperature and % ethanol in water at time 

20min for total phenolic contents from rambutan peels 

 

From Fig. 3, temperature and concentration of ethanol in 

water affected to extraction of total phenolic content from 

rambutan peel. The best conditions for SWE were 50% 

ethanol and 160°C and 20min. and gave 172.47mg TAE/g dry 

rambutan peel. In addition, the result also demonstrated that 

total phenolic contents increased as the temperature increases 

as a result of increased solubility of phenolic compounds in 

solvent. Meanwhile, concentration of ethanol in water did not 

have a significant effect on phenolic compounds extraction in 

this study. In addition, Heat was known to have the ability in 

enhancing the recovery of phenolic compounds. [22], [26].  

 

 

Fig. 4 Surface plot of temperature and extraction times at 50% 

ethanol for total phenolic contents from rambutan peels 

 

In term of extraction times, it was reported that an extended 

extraction time favored the extraction of phenolic compounds 

[27]. This might be due to the time requirement of the 

exposure of the solute to the release medium where the liquid 

penetrated into the dried powder, dissolved the solute and 

subsequently diffused out from the powder. In this study, Fig. 

4 showed that it seemed to extending the period of extraction 

time lead to decreasing extracts yield. This occurrence might 

be due to the applied extraction high temperature, which 

decomposed the antioxidant at the extended extraction times 

i.e., increasing the loss of phenolic by oxidation [22].  

 

 

Fig. 5 Surface plot of % ethanol and extraction times at temperature 

160°C for total phenolic contents from rambutan peels 

 

The surface plot in Fig. 5 revealed that the high amounts of 

phenolic compounds occurred within extraction time 20min. at 

any concentration of ethanol in mixture. Total phenolic 

contents decreased inversely with extraction time more than 

20min. at any concentration of ethanol in mixture. They 

increased with increasing % ethanol in water, but did not have 

a significant effect. As a result, propose statistical model is 

adequate for predicting phenolic compounds from rambutan 

peel using SWE. 
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D. Comparison of Total Phenolic Contents 

Extraction Methods 

The total phenolic contents were extracted from rambutan 

peel at different extraction methods (maceration, soxh

SWE) were presented in Fig. 6. 

 

Fig. 6 Comparison of total phenolic contents from different

methods 

 

From Fig. 6, the maximum of total phenolic contents 

subcritical water extraction, soxhlet and maceration

compared, they showed that phenolic compounds were 

172.47, 70.29, 26.42mg TAE/g dry rambutan 

respectively. Thus, SWE (160°C, 50% ethanol, 20min.)

removed higher 2, 5 times of amounts of phenolic compounds 

and much higher 12, 18 times of extraction time

conventional extraction (maceration 6h and soxhlet 4h

respectively). According to Shi et al. [28]

and pressure would cause softening of the plant tissue, 

disrupting the interactions between phenolic compounds and 

protein or polysaccharides and increasing the solubility of the 

phenolic compounds, which improves the rate of diffusion, 

thus giving a higher rate of extraction [25]

IV. CONCLUSION 

This study showed that phenolic compounds from rambutan 

peel were successfully extracted using subcritical water 

extraction (SWE). The SWE removed high amounts of 

phenolic compounds from rambutan peels in sho

required about 50% less solvent than with conventional 

extraction. The RSM was used to determine the optimum 

process parameters that high yield total phenolic contents

optimal conditions based on both individual (temperature and 

extraction time) and combination all responses were 

determined. However, it was suggested that the temperature 

range could be the optimum for the extraction at single 

parameters due to this could lead to negative effects, if 

extended extraction times were applied. 
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