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Abstract - The hydroxyl groups of the polyphenols are capable to act as reducing agent for reduction reaction. The effect of drying 
temperature, extraction temperature and extraction duration were evaluated using central composite design which consists of 20 
experimental runs. Response surface methodology (RSM) was used to estimate the optimum parameters in extracting polyphenols 
from the palm leaves. The correspondence analysis of the results yielded a quadratic model which can be used to find optimum 
conditions of extraction process. The optimum extraction condition of drying temperature, extraction temperature and extraction 
duration are 70°C, at 70°C of 10 minutes, respectively. Total polyphenols were determined by application of the Folin-Ciocalteu 
micro method and the extract was found contain of 8 mg GAE/g dry palm leaves at optimum conditions. 
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Introduction 

Oil palm leaves are biomass produced throughout 
the year. They are pruned during harvesting process and 
left rotting for nutrient recycling. Recent studies found 
that palm leaves extract are rich in phenolic content and 
exhibit good antioxidant activity [1, 2]. Screening of palm 
leaves extract performed by Sasidharan et al. [3] revealed 
the presence of tannins, alkaloids, reducing sugars, 
steroids, saponins, terpenoid, and flavonoids. According 
to NgMei and ChooYuen [4] the phenolic contents was 
higher in dried palm leaves extract compared to fresh 
palm leaves extract.  

Phenolic has at least one hydroxyl group attached to 
an aromatic ring. The common classes of phenolic 
compounds naturally found in plants are phenolic acids, 
flavonoids and tannins. Usually the total phenolic content 
(TPC) is expressed as gallic acid equivalent (GAE) per 
gram dry weight. The gallic acid was chosen as the 
standard to represent the various types of phenolic 
compounds mostly due to its stability, active antioxidant 
activity and reproducible result [5]. 

 

Traditionally, optimization was performed by 
considering single factor at a time. The use of response 
surface methodology (RSM) in the process optimization is 
a time and cost saving approach because the number of 
experimental trials required to evaluate multiple 
variables and their interactions is reduced [6]. Most of 
previous studies on optimization of phenolic content 
extraction employed central composite design (CCD) as 
their experimental design [7-9].  

The objective of the present study is to optimize the 
processing conditions (drying temperature, extraction 
temperature and extraction duration) for maximum 
phenolic content extracted from palm leaves by applying 
RSM. These conditions will serves as a preliminary basis 
for conducting further studies on the application of palm 
leaves extract as the reducing agent for synthesis of 
metallic nanoparticles. 
 
Materials and Methods 
Experimental Materials and Chemicals 

The palm leaves were obtained from Pasir Panjang, 
Sekinchan, Selangor, Malaysia. The collected leaves are 
the leaves that have been pruned from the tree. Folin-
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Ciocalteu, Gallic acid and Sodium Carbonate were 
purchased from Merck where all the reagents are of 
analytical grade.   
 
Preparation of plant extract 

The collected palm leaves were washed with 
distilled water, cut into small pieces and oven-dried. The 
plant samples were dried at different temperature (65-
75°C) and were ground into small pieces. The palm leaves 
extract was prepared by weighing 20 g of dried palm 
leaves in  250 ml beaker along with 200 ml of distilled 
water at varied temperature (68-72°C) and time   (7-13 
min) before filtered through filter paper.  
 
Determination of total polyphenols 

The total phenolic content (TPC) was determined 
according the Folin-Ciocalteu micro method by 
Waterhouse [10]. A 0.1 ml sample was mixed with 7.9 ml 
water and 0.5 ml Folin-Ciocalteu solution (C6H6O). After 5 
min, 0.15 ml of sodium carbonate (Na2CO3) were added to 
the mixture. The mixture then was left at 40°C for 30 min 
before the absorbance of the mixture was measured 
against the blank reagent at 765 nm using 
spectrophometry. The quantification of TPC was 
measured using calibration curve of Gallic acid and 
results were expressed as mg Gallic acid equivalent 
(GAE)/ g dry plant [11].   
 
Response surface methodology 

Respond surface method (RSM) is an experimental 
optimization procedure based on experiments and 

experimented observations [12]. The three independent 
variables considered were drying temperature (x1 , A), 
extraction temperature (x2 , B) and extraction time (x3 , C) 
while response variable was the yield of TPC. A central 
composite design (CCD) was selected for the optimization 
of process with 20 runs, including six replicates at central 
point [13]. In Table 1, the range and levels of independent 
variables were presented in their coded forms. The 
quadratic equation model for predicting optimal point 
was expressed according to the following equation: 
 

 
                                      ....................... (1) 
 
where Yn represent the response variables, a0 is a 
constant, ai, aii and aij are the linear, quadratic and 
interactive coefficients, respectively. xi and xj are the 
levels of the independent variables. Three-dimensional 
surface response plots were generated by varying two 
variables within the experimental range and holding the 
other constant at the central point. The experiment was 
designed and analyzed by Minitab 16 software (Minitab 
Inc., USA). The regression and estimated regression 
coefficients were considered to be notable when the P-
value ˂0.05 [14]. Surface plots were performed and 
optimal extraction conditions were determined with 
Minitab 16.  

 
Table 1. Values of the independent parameters and their coded forms with their symbols employed in RSM for optimization of palm 

leaves extraction process 
Independent parameters Symbols of the parameters Original values of the 

parameters 
Coded forms of the 

parameters 
Drying temperature (°C) x1 62.0 -α 

65.0 -1 
70.0 0 
75.0 1 

78.5 +α 
Extraction temperature (°C) x2 66.6 -α 

68.0 -1 
70.0 0 
72.0 1 
73.4 +α 

Extraction time (min) x3 5.0 -α 
7.0 -1 

10.0 0 
13.0 1 
15.0 +α 

 
Results and Discussion 

Effect of plant drying temperature (65-75°C), 
extraction temperature (68-72°C) and extraction time (7-
13 min) on total phenolic content (TPC) were 
investigated. The responses obtained for TPC from the 20 
experiments are shown in Table 2.  

The estimated main effects and interaction effects 
were examined from the main effects plots as shown in 

Figure 1 and interaction plots (Fig. 2). The steep effect 
lines obtained for the main effects of drying temperature 
(TD) and extraction time (t) denote that they affected the 
phenolic content significantly (Fig. 1). From the 
interaction plots (Fig. 2), the unparallel effect lines for the 
TDTE and TEt interaction implies that there was rather 
strong two-way interaction between the main effects of 
TD-TE and also between TE-t. Meanwhile, the interactions 
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between main effects TD-t was relatively weak since their effect lines are nearly parallel. 
 

 
Figure 1. Main effect plots of drying temperature, extraction temperature and extraction time 

 

 
Figure 2. Interaction effect plots between drying temperature, extraction temperature and extraction time 

 
Response surface analysis of the data in Table 2 

demonstrates that the relationship between the total 
phenolic content and the processing conditions to extract 
the phenolic compounds is quadratic. Fig. 3 (A) is a 
response surface plot showing the effect of drying 
temperature and extraction temperature on the total 
phenolic content at the fixed extraction duration of 10 
minutes. The drying temperature was shown as quadratic 
effect on the total phenolic content. The total phenolic 
content initially increased and then decreased when 
drying temperature increased, which revealed that 
moderate drying temperature was favorable for 
extracting phenolic compounds from palm leaves. With 
regard to extraction temperature, the total phenolic 
content shows different pattern when compared to drying 
temperature (Fig. 3 (A)) and extraction duration (Fig. 3 
(C)). According to Prasad et al. [8] a rise in temperature 

can rupture the phenolic matrix bonds and influence the 
membrane structure of plant cells thus increasing 
phenolic diffusion rate. However, elevated temperature 
could degrade phenolic compounds.  

The extraction duration also shows quadratic effect 
on the total phenolic content. The total phenolic content 
increased with increase in temperature up to a certain 
extent and then decreased. Prasad et al. [8] obtained 
highest phenolic content from Mangifera pajang when 
carried out extraction at 58 °C for 30 minutes. Extraction 
of phenolic compounds from mangosteen hull carried out 
by Cheok et al. [9] at room temperature required 2 hour 
of extraction duration to obtained highest phenolic 
content. Contradictory, this study achieved highest 
phenolic content after 10 minutes of extraction at 70 °C. 
Therefore, increasing in temperature has increased the 
extraction rate, but also reduced the extraction time. 
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Table 2. Central Composite Design arrangement and responses of total phenolic content (TPC) based on drying temperature, 
extraction temperature and extraction time. 

Run Order 
Drying Temperature, x1 

(°C) 
Extraction 

Temperature, x2 (°C) 
Extraction time, x3 

(min) 
TPC, Y1 (mg GAE/g dry 

plant) 

1 70.0 70.0 10 7.105 

2 70.0 66.6 10 7.044 

3 70.0 70.0 10 7.195 

4 78.5 70.0 10 7.389 

5 70.0 70.0 10 6.653 

6 75.0 72.0 7 6.671 

7 65.0 72.0 13 6.777 

8 65.0 68.0 13 6.242 

9 70.0 70.0 10 7.167 

10 70.0 70.0 5 6.702 

11 75.0 72.0 13 6.162 

12 75.0 68.0 13 7.221 

13 75.0 68.0 7 6.495 

14 65.0 72.0 7 6.341 

15 70.0 70.0 10 7.362 

16 65.0 68.0 7 6.382 

17 70.0 70.0 15 7.276 

18 62.0 70.0 10 6.618 

19 70.0 73.4 10 7.874 

20 70.0 70.0 10 8.005 

 
 

 
 

Figure 3. Surface plot of the total phenolic content (TPC) as a function of (A)drying temperature and extraction temperature at 
extraction duration of 10 minutes, (B) drying temperature and extraction duration at extraction temperature of 70 °C, (C)extraction 

temperature and extraction duration at drying temperature of 70 °C. 

 
The capability of this extract to act as reducing agent 

has been experimented in synthesis of Ag nanoparticles. It 
was found that the particles formed were in nano-scale 
sized (Fig. 4). From the FTIR studied (Fig. 5), it was found 
that there was large –OH stretches obtained from the 

palm leaves extract (3307 cm-1). However, the FTIR 
spectra for the residue solution of Ag synthesis showed 
that there was no longer –OH stretches in the solution. 
This suggests that hydroxyl group was responsible as 
reductant in the formation of Ag nanoparticles

(A)               (B)                 (C) 
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Figure 4. FESEM image of Ag nanoparticles formed from bioreduction, with 20 ml of palm leaves extract and 80 ml of 10 mM 

aqueous solution of AgNO3 

 

 

Figure 5. FTIR spectra of  palm leaves extract and residue solution of Ag synthesis. 

 
Conclusions 

Response surface methodology was successfully 
implemented for optimization of total phenolic content 
(TPC). The maximal TPC predicted by response surface 
analysis was 8.005 mg GAE/g of dried palm leaves under 
the following condition: the drying temperature of 70 °C, 
extraction temperature of 70 °C and extraction duration 
of 10 minutes. Palm leaves extracts can thus be used in 
synthesis of metallic nanoparticles as reducing agent 
since it is rich in polyphenols.   
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