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 Background: This work reports a study on evaluation of antioxidant properties 

including antioxidant activity and total phenolic content from the selected Malaysian 
traditional herbs. Natural antioxidants are crucial to replace synthetic antioxidants 

which posses side effects. Extraction was done on selected tropical herbs in Perlis 

(commonly known as ‘ulam’) including Gajus, Peria Pantai, Cemumar and Kedondong 
to evaluate their antioxidant activity and total phenolic content. Cemumar possess 

highest antioxidant activity which is 67.45±0.96 % as compared to Gajus (58.03±1.04 

%), Peria Pantai (17.69±1.79 %) and Kedondong (43.89±1.31 %). Thus, Cemumar was 
chosen to be continued with screening and optimization process. Single factor 

experiment using the one factor at a time (OFAT) method was done to study the effect 

of each extraction parameter that was size of leaves, solvent-to-solid ratio and 
extraction time. The extraction condition in each parametric study which results in 

highest antioxidant activity was used as the middle level of optimization process using 

Response Surface Methodology (RSM) coupled with Central Composite Design 
(CCD). Optimized extraction condition of the parameter of solvent-to-solid ratio and 

extraction time predicted by the second order polynomial model was validated. The 

optimum condition was at 18.85 ml/g solvent-to-solid ratio and 183.8 minutes by using 
shredded leaves and water as the extraction solvent which result in antioxidant activity 

of 58.77%. 
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INTRODUCTION 

 

 The biological antioxidants are natural compounds that function as a protective agent of biological system 

against the potentially harmful effects of processes or reactions that causes excessive oxidation. This can be 

supported with the previous studies which found that antioxidants can inhibit or delay the oxidation of an 

oxidisable substrate in a chain reaction [1]. Phenolic compounds with their strong in vitro and in vivo 

antioxidant activities and their ability to scavenge the free radicals that is responsible for the damaging oxidation 

reaction in the body have attracted the researchers’ interest on discovering them [10,8,12]. To fulfill the market 

demand of antioxidant product, synthetic antioxidants have been introduced. However, due to their likelihood of 

carrying toxic and carcinogenic effects, there has been growing concern on the use of synthetic antioxidants [3]. 

Hence, the research on discovering natural and safe antioxidants from plant origin, especially from herbs is 

given attention recently. In Malaysia, most of the tropical herbal plants are not yet fully studied and understood. 

Thus, this present study focusing on four species of the local herbal species which is ‘ulam’ in Perlis. It was 

believed that these herbs have their own antioxidant activities responsible by the phenolic content in them. The 

aim of this research was to determine the optimum parameters for phenolic compound extraction which gives 

the highest antioxidant activity. For this, the potential herb was selected by comparing the antioxidant potential 

between the four species of ulam studied. The correlation between the antioxidant activities and total phenolic 

content has also been established. Type of herb or ‘ulam’ that has potential to be promoted and commercialized 

in the market has been recommended with the optimum extraction condition obtained. 



58                                                           Nor Helya Iman Kamaludin et al, 2015 

Advances in Environmental Biology, 9(19) Special 2015, Pages: 57-63 

MATERIALS AND METHODS 

 

Sample preparation: 

 The plant materials included all the edible parts of Cemumar (Micromelum pubescens), Peria Pantai 

(Colubrina asiatica), Kedondong (Spondias pinnata) and Gajus (Anacardium occidentale). All of the herbal 

plant samples were purchased from wet market around Perlis. The leaves samples were dried in oven at 50
o
C for 

24 hours and later grind into small particles using domestic blender, cut into small pieces or maintain in whole 

leaf size. Each of the samples was then kept in different container in a cool and dry environment for further use. 

 

Soxhlet extraction procedure: 

 About ten 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 was 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. 

 

Analysis: 

Total Phenolic Content Determination:  

 The TPC was determined using Folin-Ciocalteu method described by Li et al. [8]. 0.03 ml of the sample 

extract was mixed with 0.15 ml Folin-Ciocalteu reagent. Then, 2.37 ml distilled water was added to the mixture 

and vortex. The mixture was kept at room temperature for 10 min, and then 0.45 ml of 20% (w/v) sodium 

carbonate was added. The mixture was heated in a water bath at 40°C for 30 min and then was cooled until it 

reaches room temperature. The absorbance of each sample was taken at 765 nm by using the spectrophotometer. 

The TPC absorbance reading were calibrated using standard curve of gallic acid to obtain the TPC that express 

as mg Gallic acid equivalent per 100g of dry weight sample (mgGAE/100g DW). All the measurements were 

done in triplicate. 

 

DPPH Radical Scavenging Assay:  

 The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radial-scavenging activity was determined by the method 

described by Jamal et al. [7] with slight modification. 0.025 ml of sample extract, 0.85 ml of distilled water and 

0.1 ml of methanol were mixed in an aluminium foil-wrapped test tube. Then, 0.025 ml of 1 mM DPPH in 

methanol solution was added. Incubation at room temperature for 30 minutes in dark environment was done 

before taking the absorbance at 517 nm. The control solution was the DPPH radial solution without sample 

extract while the blank solution was the methanol solution. All the analyses were done in triplicate. The DPPH 

radial-Scavenging activity (S %) was calculated using the equation 1:  

S% = (Acontrol-Asample)/Acontrol ×100%                         (1) 

where Acontrol is the absorbance of the blank control and Asample is the absorbance of the test sample. 

 

Screening Different Types of Herbs: 

 Water extraction was done to choose the type of herb that possesses highest antioxidant activity which to be 

used in the screening and optimization process. The solvent-to-solid ratio of the extraction was set to 20:1 which 

is 200 ml: 10 g [4]. The extraction for each sample was carried out separately in a 250 ml Erlenmeyer flask 

using dried powdered sample. The mixture was shaken at 150 rpm and 30
o
C in dark using a water bath shaker 

for 24 hours. After extraction, the extract was filtered using filter paper to separate out the solid sample matrix 

from the crude extracts. The crude extracts were then tested immediately using Folin-Ciocalteu method for the 

total phenolic content and DPPH Radial Scavenging Assay for the antioxidant activity. This extraction method 

was repeated for all four types of herbal samples. All extractions were carried out in triplicate. The type of ulam 

to be used for further study in screening and optimization process was chosen according to the highest 

antioxidant activity. 

 

Effect of Extraction Parameters on Antioxidant Properties using one factor at a time (OFAT) method: 

Leaf size:  

 By fixing solvent-to-solid ratio (20:1), extraction time (4 hour), extraction temperature (10
o
C), and using 

water as the solvent, 10 g samples of different leaf sizes (whole leaves, shredded leaves or ground leaves) were 

extracted respectively using soxhlet extraction method. After the extraction process, the extract was left to cool 

down to room temperature. The extract was then tested immediately using Folin-Ciocalteu method and DPPH 

Radial Scavenging Assay. The best leaf size was selected according to the highest value of DPPH radial-

Scavenging activity (S %). 
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Solvent to Solid Ratio:  

 Using the best leaf size selected previously, sample was extracted using water with solvent-to-solid ratio of 

15:1, 20:1, 30:1 and 40:1 by fixing the extraction time and extraction temperature at 4 hour and 103
o
C 

respectively. The best solvent-to-solid ratio was selected according to the highest value of DPPH radial-

Scavenging activity (S %). 

 

Extraction time:  

 Using the best leaf size and the best solvent-to-solid ratio selected previously, sample was extracted at 2 

hours, 3 hours, 4 hours, 5 hours and 6 hours. The extraction solvent and temperature was also water and 103
o
C. 

The best extraction time was selected according to the highest value of DPPH radial-Scavenging activity (S %).  

 

Optimization Studies using Response Surface Methodology: 

 The optimization process was carried out using Response Surface Methodology (RSM) coupled with 

Central Composite Design (CCD) from Design Expert software (Version 7.1.5). The factors that were optimized 

include solvent-to-solid ratio and time while the response variable was the antioxidant activity. A second order 

equation for two factors was developed by multiple regression procedure using the general equation (2):  

Y = b0+b1X1+b2X2+b11X1
2
 + b22X2

2
+ b12X1X2           (2)  

 where Y representing the experimental response; Xi the independently evaluated factors (in coded 

variables); b0 the intercept; bi the linear coefficient; bii the squared coefficients; bij the interactions coefficients 

[7]. 

 

RESULTS AND DISCUSSION 

 

Comparison of Antioxidant Properties among Different Types of Herbs: 

 The water extraction procedure was carried out to test on the selected types of ulam. The antioxidant 

activity and TPC of each type of herb are summarized as in Table 1 together with their level of significance. 

From Table (1), the type of ulam showing the highest antioxidant activity was Cemumar, with the percentage of 

67.45±0.96 %. The antioxidant activity was followed by Gajus (58.03±1.04%), Kedondong (43.89±1.31%), and 

the least antioxidant activity was for Peria Pantai which was 17.69±1.79%. The same trend goes to the TPC. 

Cemumar having the highest TPC which is 0.694±0.00009 GAE mg/ml while Peria Pantai gives the lowest TPC 

which is only 0.159±0.00018 GAE mg/ml. By comparing antioxidant activity by each type of ulam, Cemumar 

which has the highest antioxidant activity was selected to be further studied for its optimized extraction 

condition. 

 
Table 1: Antioxidant activity and the TPC of each type of herbs. 

Type of herb Antioxidant Activity (S%) Total Phenolic Content, TPC (GAE mg/ml) 

Gajus 58.03±1.04b 0.645±0.0004b 

Cemumar 67.45±0.96a 0.694±0.0001a 

Peria Pantai 17.69±1.79d 0.159±0.0002d 

Kedondong 43.89±1.31c 0.315±0.0004c 

*Values are given as means ± SE (n=2) and the means with different superscripts (a, b, c, d) are significantly different (p<0.05).  

SE: standard error  
 

Effect of Extraction Parameters on Antioxidant Properties: 

Leaf Size: 

 The effects of leaf size on TPC and antioxidant activity were shown in Figure (1). The highest TPC 

(0.7139±0.023 GAE mg/ml) was extracted using shredded leaves while the lowest TPC (0.2009±0.005 GAE 

mg/ml) was obtained using the whole leaves sample. Smaller particle size result in larger total exposed surface 

area of the solid matrix, where the diffusivity of solute to solvent phase will be enhanced [5]. This explained the 

phenomenon that whole leaves size was having the lowest value of TPC. Besides, the shredded leaf size shows 

the highest TPC instead of ground leaf. This might be due to the decomposition of phenolic compound in the 

ground leaf as prolonged heating will cause the decomposition and evaporation of the phenolic compound [9]. 

While for antioxidant activity, shredded leaves size gives the highest antioxidant activity of 58.58±0.13 % for 

the soxhlet extraction using water as solvent, followed by whole leaf size (56.00±2.85 %), and ground leaves 

(47.49±1.01 %). Although the highest antioxidant activity and TPC were both given by the shredded leaves, the 

lowest antioxidant activity and lowest TPC was contributed by ground leaves and whole leaves respectively. 

Therefore, shredded leaf size was selected as the best leaf size for extraction in the next parametric study as well 

as optimization process. 
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Fig. 1: Effect of leaf sizes on (a) TPC and (b) antioxidant activity of Cemumar. 

 

Solvent to Solid Ratio: 

 The effects of solvent to solid ratio on TPC and antioxidant activity were shown in Figure (2). Highest TPC 

value was 1.2649±0.006 GAE mg/ml which was given by solvent-to-solid ratio of 15:1 while the lowest TPC 

(0.6965±0.036 GAE mg/ml) was contributed by ratio of 40 ml/g. A higher ratio of solvent-to-solid results in 

higher concentration gradient. However, use of high solvent-to-solid ratio would result in dilute solutions [6]. 

For antioxidant activity, highest antioxidant activity was contributed by solvent-to-solid ratio of 20:1 

(58.46±0.35 %) while the lowest activity was obtained at ratio of 15 ml/g (42.6±1.47 %). Further increment of 

solvent-to-solid ratio to 40ml/g resulted in slight decline of antioxidant activity. The study by Tan et al. [13] had 

concluded that antioxidant capacity increases with the increase of solid-to-solvent ratio until reaching an 

optimum level. This explained the changes occurred for the antioxidant activity when the activity started to 

decrease very slightly from 20 ml/g to 40 ml/g. Based on this result, ratio of 20 ml/g was chosen as the best 

solvent-to-solid ratio for extraction in the next parametric study. 

 

   
 

Fig. 2: Effect of solvent to solid ratio on (a) TPC and (b) antioxidant activity of Cemumar 

 

Extraction Time: 

 The effects of extraction time on TPC and antioxidant activity were shown in Figure (3). The value of TPC 

increases as extraction time increased. Highest TPC was obtained with extraction time of 6 hours which is 

1.2782±0.029 GAE mg/ml. Lowest TPC of 0.9512±0.006 GAE mg/ml was obtained when the extraction time 

was only 2 hours. This result was matched with the theory that longer extraction time gives sufficient time for 

the extraction to occur until the final equilibrium is reached between the solid matrix and the bulk solution. 

Besides, highest antioxidant activity (64.73±0.66 %) was obtained at 3 hours while the lowest (54.79±1.08 %) 

was obtained at 6 hours. The observation of this study could be explained by the Fick’s second law of diffusion, 

which stated that a final equilibrium between the solute concentrations in the solid matrix (plant matrix) and in 

the bulk solution (solvent) might be reached after a certain time, leading to deceleration in the extraction yield 

[11]. From Naczk & Shahidi [9], the deceleration in the extraction yield might be due to the prolonged 

extraction time that increases the chance of decomposition and oxidation of phenolics when expose to 

unfavourable environmental factors such as temperature, light and oxygen. Thus, 3 was the best extraction time 

and were selected for optimization studies.  

 

(a) (b) 

(a) (b) 
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Fig. 3: Effect of extraction time on (a) TPC and (b) antioxidant activity of Cemumar 

 

Optimization Studies: 

 The optimization experiment design was carried out using Response Surface Methodology (RSM) coupled 

with Central Composite Design (CCD) in Design Expert software. There were only two factors being studied in 

this process, the solvent-to-solid ratio and extraction time. The range for solvent-to-solid ratio was 17.17 ml/g-

22.83 ml/g while for extraction time is 137.57 minutes to 222.43 minutes. The experimental design of Cemumar 

leaves extraction using rotatable RSM coupled with CCD was shown in Table 2 together with the measured and 

predicted values of both of the responses, antioxidant activity and total phenolic content (TPC). Based on the 

results in Table 2, two second order equation was developed as in Equation 3 and Equation 4 where A is 

solvent-to-solid ratio, B is the extraction time and TPC stands for total phenolic content.  

Antioxidant activity =57.98-1.58A-0.089B-2.70AB-1.67A
2
-5.79B

2
          (3) 

TPC = 2.51 – 0.20 A + 0.24 B – 0.14 AB +0.20 A
2
 - 0.11 B

2          
(4) 

 
Table 2: Rotatable central composite design using RSM. 

Standard Order Factor 1 

A:Solvent-to- solid ratio (ml/g) 

Factor 2 

B:Extraction time (min) 

Response 1 

Antioxidant activity (%) 

Response 2 

TPC (GAE mg/ml) 

Experimental Predicted Experimental Predicted 

1 18.00 150.00 50.53 49.49 2.14 2.41 

2 22.00 150.00 52.33 51.74 2.25 2.30 

3 18.00 210.00 54.00 54.72 2.97 3.17 

4 22.00 210.00 44.98 46.16 2.52 2.49 

5 17.17 180.00 56.62 56.87 3.46 3.18 

6 22.83 180.00 52.80 52.41 2.59 2.63 

7 20.00 137.57 45.36 46.54 2.12 1.94 

8 20.00 222.43 47.60 46.29 2.68 2.61 

9 20.00 180.00 58.39 57.98 2.46 2.51 

10 20.00 180.00 57.31 57.98 2.51 2.51 

11 20.00 180.00 59.38 57.98 2.32 2.51 

12 20.00 180.00 55.16 57.98 2.60 2.51 

13 20.00 180.00 58.76 57.98 2.71 2.51 

14 20.00 180.00 58.90 57.98 2.45 2.51 

 

Model Analysis: 

 Figure 4 (a) shows the response surface plot representing the combination effect of solvent-to-solid ratio 

and extraction time on antioxidant activity from the Cemumar leaves extract. The red colour region was the 

region with maximum antioxidant activity. The antioxidant activity increases with the decreasing of solvent to 

solid ratio at the same time also depending on the extraction time. When the extraction time was fixed, the 

antioxidant activity increases from solvent-to-solid ratio of 18 ml/g to 18.85ml/g but beyond this range, the 

activity started to decrease slightly. When fixing the solvent-to-solid ratio, extraction time shows positive effect 

from 150 minutes to 183.79 minutes but the antioxidant activity started to decrease with longer extraction time. 

Highest antioxidant activity was obtained at the condition of 18.85 ml/g solvent-to-solid ratio and 183.79 

minutes of extraction. 

 Figure 4 (b) showing the response surface plot representing the combination effect of solvent-to-solid ratio 

and extraction time on total phenolic content from Cemumar. As observed in the figure, TPC increases with 

decreasing solvent-to-solid ratio but this is dependent on the extraction time. Al-Farsi and Chang [2] suggested 

that TPC would be increase due to greater driving force of mass transfer when higher solvent-to-solid ratio is 

used. Higher concentration gradient between the solid and the liquid solvent can promote the leaching of the 

phenolic compounds from the solid matrix, hence increases the phenolic yield. However, high ratio of solvent-

to-solid would also cause dilution of the phenolic content. Besides that, highest TPC was obtained at upper limit 

(a) (b) 
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of the extraction time and from the shape of the graph, to get maximum TPC the upper limit of the extraction 

time should have been increase to a much higher value. Highest TPC was obtained at the solvent-to-solid ratio 

of 18ml/g and 210 minutes of extraction.  

 

 
 

Fig. 4: 3D response surface plot for the effect of solvent-to-solid ratio and extraction time on (a) antioxidant  

activity (b) TPC 

 

Conclusion: 

 For overall view, the antioxidant properties was detected exist in the selected Malaysian traditional herbs. 

Cemumar showed the highest antioxidant activity of 67.45±0.96 % together with the highest TPC 

(0.694±0.00009 GAE mg/ml) as compared to the other three herbs tested. For optimization studies, the optimum 

condition for highest antioxidant activity was at solvent-to-solid ratio of 18.85 ml/g and extraction time of 

183.79 minutes. The antioxidant activity obtained under this condition was 58.77 % which was in compliance 

with the predicted value of 58.43 %. The verification of RSM showed that the model was valid and adequate for 

the optimum extraction conditions of antioxidant activity of Cemumar leaves. The importance of optimum 

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

 

ACKNOWLEDGEMENTS 

 

 The authors would like to express their appreciations to Universiti Malaysia Perlis (UniMAP) for 

facilitating this project. 

 

REFERENCES 

 

[1]  Agarwal, M., A. Kumar, R. Gupta, S. Upadhyaya, 2012. Extraction of polyphenol, flavonoid from 

Emblica officinalis, Citrus limon, Cucumis sativus and evaluation of their antioxidant activity. Oriental 

Journal of Chemistry, 28(2): 993-998. 

[2]   Al-Farsi, M.A., Y.L. Chang, 2007. Optimization of phenolics and dietary fibre extraction from date seeds. 

Food Chemistry,108: 977-985.  

[3]  Arabshahi-Delouee, S., A. Urooj, 2006. Antioxidants properties of various solvent extracts of mulberry. 

Food Chemistry, 102: 1233–1240. 

[4]  Dent, M., V. Dragovic-Uzelac, M. Penic, M. Brncic, T. Bosiljkov, B. Levaj, 2013. Polyphenols from 

Dalmation Wild Sage. Food Technology and Biotechnology, 51(1): 84-91.  

[5]  Eric, C.W.C., L. PhuiYan, T. LeaNgar, E. SuitYing, T. YuenPing, W. ZhiewCheng, 2012. Effects of 

drying method and particle size on the antioxidant properties of leaves and teas of Morus alba, 

Lagerstroemia speciosa and Thunbergia laurifolia. Chemical Industry and Chemical Engineering 

Quaterly, 18(3): 465-472. 

[6]   Ho, C.H.L., J.E. Cacace, G. Mazza, 2008. Mass transfer during pressurized low polarity water extraction 

of lignans from flaxseed meal. Journal of Food Engineering, 89: 64-71. 

[7]  Jamal, P., Zulkarnain Mohamed Idris, Md Zahangir Alam, 2011. Effects of physicochemical parameters 

on the production of phenolic acids from palm oil effluent under liquid-state fermentation by Aspergillus 

niger IBS-103ZA. Food Chemistry, 124(4): 1595-1602. 

[8]  Li, B.B., B. Smith, M.M. Hossain, 2006. Extraction of phenolics from citrus peels II: Enzyme-assisted 

extraction method. Separation and Purification Technology, 48: 189-196. 

Design-Expert?Software

Antioxidant activity

Design points above predicted value

Design points below predicted value

59.38

44.98

X1 = A: Solvent-to-solid ratio

X2 = B: Extraction time

18.00  

19.00  

20.00  

21.00  

22.00  

  150.00

  165.00

  180.00

  195.00

  210.00

44  

48  

52  

56  

60  

 
 
A

n
t
io

x
id

a
n

t
 
a

c
t
iv

it
y

 
 

  A: Solvent-to-solid ratio  

  B: Extraction time  

Design-Expert?Software

Total Phenolic content

Design points above predicted value

Design points below predicted value

3.4612

2.11568

X1 = A: Solvent-to-solid ratio

X2 = B: Extraction time

  18.00
  19.00

  20.00
  21.00

  22.00

150.00  

165.00  

180.00  

195.00  

210.00  

2.1  

2.375  

2.65  

2.925  

3.2  

  
T

o
ta

l 
P

h
e

n
o

li
c

 c
o

n
te

n
t 

 

  A: Solvent-to-solid ratio  

  B: Extraction time  

(b) (a) 



63                                                           Nor Helya Iman Kamaludin et al, 2015 

Advances in Environmental Biology, 9(19) Special 2015, Pages: 57-63 

[9]   Naczk, M., F. Shahidi, 2004. Extraction and analysis of phenolics in food. Journal of Chromatography A, 

1054: 95-111. 

[10]   Pinelo, M., M. Rubilar, M. Jerez, J. Sineiro, M.J. Nunez, 2005. Effect of solvent, temperature, and solvent-

to-solid ratio on the total phenolic content and antiradical activity of extracts from different components of 

grape pomace. Journal of Agricultural and Food Chemistry, 53: 2111-2117. 

[11]  Silva, E.M., H. Rogez, Y. Larondelle, 2007. Optimization of extraction of phenolics from Inga edulis 

leaves using response surface methodology. Separation and Purification Technology, 55: 381-387. 

[12]   Silva, E.M., J.N.S. Souza, H. Rogez, J.F. Rees, Y. Larondelle, 2007. Antioxidant activities and 

polyphenolic contents of fifteen selected plant species from the Amazonian region. Food Chemistry, 101: 

1012-1018. 

[13]  Tan, P.W., C.P. Tan, C.W. Ho, 2011. Antioxidant properties: Effects of solid-to-solvent ratio on 

antioxidant compounds and capacities of Pegaga (Centella asiatica). International Food Research 

Journal, 18: 557-562.  

 


