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Abstract: The effect of temperature and extraction time on the 

yield of polyphenol and antioxidant activity (DPPH-RSA) of 

Phaleria macrocarpa fruits was studied. The extraction of 

polyphenols from Phaleria macrocarpa fruit was performed using 

a maceration technique. The (TFC) Total Flavonoid Content and 

Total Phenolic Content (TPC) in the sample was analysed using 

aluminium chloride colorimetric assay and Singleton’s method, 

respectively. Meanwhile, the antioxidant activity was determined 

via DPPH assay. The optimum extraction condition was achieved 

at 80 ºC and 60 min which yielded 69.5 mg QE/g DW, 183.2 mg 

GA/g DW and 171.8 mg BHA/g DW, respectively.  Pearson 

correlation coefficient analysis shows excellent correlation 

coefficient with R2 > 0.91 between the TPC, TFC and antioxidant 

activities. The method outlined here may serve as a guide to 

optimize the polyphenol extraction from Phaleria macrocarpa 

fruit. 

 
Index Terms: Keywords: Total Phenolic Content, Total 

Flavonoid Content, Antioxidant Activity, Maceration.  

I. INTRODUCTION 

Phaleria macrocarpa (vernacular name: ‘Mahkota dewa’) 

is a tropical plant native to New Guinea, Indonesia that poses 

many pharmacological activities including anticancer [1], 

antidiabetes [2], antimicrobial [3] anti-inflammatory [4] and 

antioxidant [5]. The aforesaid medicinal benefit of P. 

macrocarpa is due to the presence of polyphenols, such as 

phenolic acids and flavonoids [6], [7]. However, polyphenols 

from P. macrocarpa must be extracted before it can be 

routinely used. 

Polyphenols are dietary antioxidants, which have a higher 

dietary intake (1.0 g/day) than other classes of 

phytochemicals [8]. These antioxidants may also relieve 

oxidative stress in the human body, which causes various 

health issues, such as cancer [9], diabetes mellitus [10]-[12], 

osteoarthritis [13] and male infertility [14], [15]. 

Furthermore, antioxidants are also capable of extending the 

shelf-life of food by reducing rancidity or postponing lipid 

peroxidation [16], [17]. Therefore, they have gained attention 

 
Revised Manuscript Received on 04 May 2019 

Yee Peng Lim, Centre of Excellence for Advanced Research in Fluid 

Flow (CARIFF), Universiti Malaysia Pahang, Malaysia and Faculty of 
Industrial Sciences & Technology, Universiti Malaysia Pahang, Pahang, 

Malaysia 

Sook Fun Pang, Faculty of Industrial Sciences & Technology, Universiti 
Malaysia Pahang, Pahang, Malaysia 

Mashitah M Yusoff, Faculty of Industrial Sciences & Technology, 

Universiti Malaysia Pahang, Pahang, Malaysia 
Jolius Gimbun, Centre of Excellence for Advanced Research in Fluid 

Flow (CARIFF), Universiti Malaysia Pahang, Malaysia and Faculty of 

Chemical and Natural Resources Engineering, Universiti Malaysia Pahang, 
Malaysia, jolius@ump.edu.my. 

in pharmaceuticals and cosmetic industry for their health 

beneficial effects. 

The most common extraction technique such as 

maceration has been frequently applied for harvesting the 

polyphenolic compounds from P. macrocarpa [18]-[20]. 

However, the optimal extraction condition of polyphenols 

from P. macrocarpa is yet to be investigated. There were few 

parameters influencing the extraction efficiencies of 

maceration, including temperature, residence time, particle 

size, type of solvent and ratio of solvent to plant material 

[21]-[23]. Among these parameters, temperature and time are 

the most important keys to minimise the energy usage and 

cost of extraction process [24]. Hence, it is necessary to 

elucidate the influence of temperature and extraction time to 

the yield of polyphenol extraction from P. macrocarpa fruit. 

Thus, the present work aims to determine the influence of 

temperature and extraction time to the TFC, TPC and the 

antioxidant activity (DPPH RSA) of P. macrocarpa fruit 

extracts using a single factor approach. 

II. METHODOLOGY 

A. Chemical and Plant Material 

Aluminum chloride hexahydrate and DPPH 

(1,1-diphenyl-2-picrylhydrazyl) were acquired from 

Sigma-Aldrich (St. Louis, MO), whereas analysis grade 

methanol (99%) and Folin–Ciocalteu reagent were purchased 

from Merck (Darmstadt, Germany). Ethanol absolute 

(99.6%) was purchased from Fisher, meanwhile butylated 

hydroxyanisole (BHA) (98%) was sourced from R&M 

Chemical. 

Ethno Herbs Sdn Bhd, Malaysia supplied the dried P. 

macrocarpa fruit without seed. The plant material was 

oven-dried for two days at 60 ºC before the plant was grinded 

into powder. The powder was sieved by sieve shaker to 

obtain the powder with about 125-250 µm. The grinded 

powder has a moisture content of 11.6%. 

B. Extraction of Polyphenols  

The extraction was performed in a stainless-steel tube 

using a 40% ethanol as solvent and the ratio of solvent to 

plant solid was set at 40 ml/g. Temperature of the vessel was 

maintained by a water bath (Memmert, Germany) and 

duration of extraction was set according to the experimental 

design. After extraction, the supernatant was separated from 

the plant material using 

Eppendorf 5810R centrifuge at 

12857 RCF. The total 

flavonoid content (TFC), total 

Yee Peng Lim, Sook Fun Pang, Mashitah M Yusoff, Jolius Gimbun 

Correlation between the Antioxidant, Total 

Flavonoid and Total Phenolic Content of 

Phaleria macrocarpa Fruit Extract 



 

Correlation between the Antioxidant, Total Flavonoid and Total Phenolic Content of Phaleria macrocarpa Fruit 

Extract 

39 

 

Published By: 
Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: A10060581S19/19©BEIESP 
 

phenolic content (TPC), DPPH radical-scavenging activity 

(DPPH-RSA) of the supernatant was performed thereafter. 

The extraction was performed in duplicate for statistical 

analysis. 

C. Experimental Design 

One factor at time experiment was carried out to determine 

the optimal extraction condition of polyphenols from P. 

macrocarpa fruit. At first, temperature was fixed at 80 ºC and 

different extraction times ranging from 30 to 240 min were 

applied to extract P. macrocarpa fruit. The extracts was 

analysed for its TFC, TPC and DPPH-RSA. The extraction 

time (60 min) that produced the highest TFC, TPC and 

DPPH-RSA was selected to study effect of temperature. The 

effect of temperature ranging from 60 to 100 ºC on the TFC, 

TPC and DPPH-RSA were studied.  

D. Total Phenolic Content  

Singleton’s method was used to determine the TPC. 

Briefly, a 0.125 ml of extract was added into 0.5 ml of 

ultrapure water. Subsequently, a 0.125 ml of the Folin–

Ciocalteu reagent was added. After 3 minutes, 1.25 ml of 7% 

Na2CO3 solution and 1 ml ultrapure water were added. The 

solution was mixed homogeneously and incubated in 

darkness for 60 min prior to analysis. The absorbance was 

measured at λ = 760 nm using an ultraviolet–visible 

spectroscopy (Varian Cary 50). TPC of the sample was 

determined using the calibration curve for gallic acid ranging 

from 10 to 400 ppm as follows:  

y = 0.0046x + 0.0064; R2 = 0.998 

E. Total Flavonoid Content  

The aluminum chloride colorimetric assay was used to 

determine the TFC. A 4.8 mL of ultrapure water is mixed 

with 0.2 mL of extracts, followed by addition of 5% NaNO2 

(0.3 mL) before subjected to intense mixing. A 10% AlCl3 

∙6H2O (0.3 mL) was added 5 min later, followed by 1M 

NaOH (2 mL) and ultrapure water (2.4 mL). The mixed 

solution was measured at λ = 414 nm by ultraviolet–visible 

spectroscopy. TFC of the sample was determined using the 

calibration curve for quercetin ranging from 50 to 1000 ppm 

as follows: 

y = 0.0003x + 0.0008; R2 = 0.9996 

F. DPPH Radical-scavenging activity 

The DPPH-RSA analysis of Mokrani and Madani [25] 

with some adaptations was used. A 0.04 mg/mL methanolic 

solution of DPPH (1.8 mL) was mixed with the sample (0.2 

mL of). The solution was mixed and incubated in darkness 

for 20 min before measuring its absorbance at λ = 517 nm by 

UV-VIS. All measurements were made in duplicate. The 

DPPH-RSA determined as follows: 

% DPPH radical-scavenging = 
𝐴𝑜 − 𝐴𝑠 

𝐴𝑜
 x 100 

where Ao and As were absorbance of the control (blank) and 

sample, respectively. The DPPH-RSA of the sample was 

calculated using a calibration curve of butylated 

hydroxyanisole ranging from 0.5 to 200 ppm as follows: 

y = 0.3770x + 2.0697; R2=0.9951 

G. Statistical Analysis 

All experiments were conducted in duplicate, and the value 

was reported as the mean ± standard deviation.  One-way 

analysis of variance (ANOVA) was performed at p < 0.05 by 

using the data analysis tools in Microsoft Excel 2010.  

Pearson correlation analysis was performed by using 

Microsoft Excel 2010 to compare TPC, TFC and DPPH RSA 

assays obtained.  

III. RESULTS AND DISCUSSION 

A. Effect of Extraction Time 

Extraction time is a main factor that affects the energy 

consumption and process cost. Thus, the influence of 

duration (30 to 240 min) on the extraction of polyphenols 

from P. macrocarpa fruit was investigated. Fig. 1 shows that 

the extraction time of 60 min yielded the maximum TPC, 

TFC and DPPH-RSA with values of 67.1 mg GA/g DW, 

183.2 mg QE/g DW and 161.9 mg BHA/g DW, respectively. 

The TFC, TPC and AA yield increased by 13.5%, 12.3 % and 

3.5% respectively, when duration increased from 30 to 60 

min. However, further increase of extraction time from 60 

min up to 240 min cause the TPC, TFC and AA yield to 

decrease by 27.4%, 38.2% and 30.7%, respectively. The 

initial increase of extraction yield can be explained by Fick’s 

law, which stated that the solute concentration in solvent and 

plant matrix would eventually reach an equilibrium after a 

certain duration [25]. At 30 min, the solute concentration 

gradient may still exist between plant and solvent, thus a 

maximum polyphenols yield was not yet recovered. 

However, this gradient has reached a state of equilibrium at 

60 min, in which no net solute diffusion between the plant 

matric and solvent, and at this point, maceration has produced 

the highest amount of flavonoid and phenolic contents from 

P. macrocarpa fruit. Therefore, a prolong extraction time 

beyond 60 min was unable to extract more polyphenols. 

Instead, after this optimum time is reached, the decreases of 

phenolic and flavonoids accompanied by reduction of 

antioxidant capacity were observed. Obviously,  a longer 

extraction time would have caused denaturation and 

oxidation of compound in presence of light and air [26], [27].  

That is was why the free radical scavenging ability of P. 

macrocarpa extract decreased after 60 min. For, instance 

Muhamad, Yusoff and Gimbun [28] also observed a 

significant degradation of Averrhoa bilimbi’s polyphenols as 

they exposed to heat. In this work, polyphenols in the extracts 

is exposed to hot solvent throughout the extraction process. 

Moreover, the long extraction duration would also cause 

evaporation of solvent and thus lead to solvent saturation 

which reduced the solvent to solid ratio [29]. Therefore, the 

polyphenol yields and antioxidant capacities kept decreasing 

from 60 min until 240 min. 

The results in this work are in agreement with Bindes, 

Cardoso [30] who reported that the highest polyphenol yield 

from green tea leaves was obtained in 60 min via solvent 

extraction. In Bindes, Cardoso [30] study, polyphenol yield 

increased when extraction time increased until 60 min and 

started to reduce after 60 min when moderate temperatures 

applied (40, 60 and 80 º C). Chew, Khoo [31] also employed 

60 min maceration for polyphenols extraction of Centella 

asiatica. Chew, Khoo [31] 

explained that the highest TPC 

was obtained at 120 min was 

not significantly different from 
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that of 60 min, but shorter time was selected to minimize the 

process cost. In this study, 60 min gave the highest TPC, TFC 

and optimal antioxidant activity; hence the extraction time is 

fixed to 60 min for the remainder of this work. 

 

  

 
Fig. 1. Influence of duration on the extraction yield of TPC 

(A), TFC (B) and DPPH-RSA (C) from P. macrocarpa fruit. 

B. Extraction Temperature 

The effects of extraction temperature on TPC, TFC and 

antioxidant capacity (DPPH RSA) of P. macrocarpa extract 

are shown in Fig. 2. It was found that application of different 

temperatures significantly influenced (p < 0.05) the 

extraction of TPC, TFC and DPPH-RSA from P. macrocarpa 

fruits.  The TPC and TFC yield increased from 29.4 mg GA/g 

DW and 53.2 mg QE/g DW to 69.5 mg GA/g DW and 183.2 

mg QE/g DW, respectively when the temperature increased 

from 60 to 80 ºC. However, the further increase of 

temperature to 100 ºC caused a significant reduction of TFC 

yield, although the change in TPC yield is insignificantly. 

Generally, the TPC and TFC yield increased proportionally 

with increases in temperature, then reaching the highest 

values at 80 ºC but further increase of temperature up to 100 

ºC cause a reduction in TPC and TFC. The higher 

temperature cause plant tissue softening and thus improved 

the permeability of cell wall for diffusion of compounds 

though cell wall.  Besides, heat also weakened the 

phenol-protein and phenol-polysaccharide bonds in plant 

matric by hydrolysis to promote transfer of polyphenols into 

solvent [22].  The high temperature also enhanced the 

solubility of compound and increased the diffusion 

coefficient [32], [33]. Therefore, more compounds migrated 

into the solvent at higher temperature. However, a higher 

temperature beyond 80 °C may cause polyphenols 

degradation [34]. Similarly, Mueller-Harvey [35] also 

reported that the phenolic compounds, such as hydrolysable 

tannins, decompose very rapidly when exposure to sunlight 

or higher temperatures. 

The antioxidant activity also increased from 73.4 mg 

BHA/g DW to 171.8 mg BHA /g DW when temperature 

increased from 60 ºC to 80 ºC, but reduced to 101.2 mg 

BHA/g DW when temperature continued to increase up to 

100 ºC.  As explained earlier, this phenomenon can be 

attributed to polyphenol degradation at higher temperature, 

and hence resulted in the loss of antioxidant ability of P. 

macrocapa fruit extract. Previous studies have demonstrated 

that heat promotes the extraction of antioxidants by 

increasing the permeability of cell wall, improving the 

solubility of compound, higher diffusion coefficient and thus 

enhancing mass transfer of compound into solvent [36]-[38]. 

However, the stability of compound can be significantly 

affected and may denature at high temperature. The results 

obtained in this work are in accordance with Bucić‐Kojić, 

Planinić [39] who found an increasing trend of phenolics 

compounds corresponding to increase of temperature from 25 

to 80 ºC and reached the optimum at 80 ºC  to give maximum 

phenolic content of 129.6 mg/ g from grape seed. Similarly, 

Bindes, Cardoso [30] also reported the maximum phenolic 

content recovered from green tea leaves at 80 ºC. Thus, 80 ºC 

was employed as optimum temperature for P. macrocarpa 

fruit extract because it maximized the extraction yield of 

polyphenols and at the same time, minimize the polyphenols 

degradation. 

 

  

 
Fig. 2. Influence of temperature on the extraction yield of 

TPC (A), TFC (B) and DPPH-RSA (C) from P. macrocarpa 

fruit. 

C. Pearson Correlation Analysis 

Analysis of the relation between the TFC, TPC and 

DPPH-RSA for sample obtained at different extraction 

condition was performed to elucidate the effect of extraction 

condition to the in-vitro antioxidant activity of the extracts. 

The Pearson correlation between TFC, TPC and DPPH-RSA 

for sample obtained at different extraction conditions is 

shown in Table 1. At different extraction time, TPC and TFC 

were found to have a significant (p < 0.001) and positive 

correlation to antioxidant activity with the Pearson 

correlation coefficients (R) of 0.93 and 0.96, respectively. 

This indicates that the polyphenol content of P. macrocarpa 

fruit extract contributes to its 

hydrogen electron donating 

abilities. In the other words, the 

antioxidant activity of P. 
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macrocarpa extracts can be attributed to the presence of 

polyphenol. The linear positive correlation between 

polyphenol and antioxidant capacity was also reported by 

previous works [40]-[42].  

Under the influence of extraction temperature, the 

correlation between antioxidant assays and TPC (R = 0.98) 

and TFC (R = 0.91) were also positively significant at p < 

0.001. The positive correlation over elevated temperature 

suggests that polyphenol compound of P. macrocarpa 

undergone thermal degradation into the products which poses 

higher antioxidant capacity. This phenomenon was also 

reported by Hossain, Barry-Ryan, Martin-Diana & Brunton 

[43] who found that the positive relation between antioxidant 

capacity and total phenolic content for increased temperature 

was attributed by the decomposition products of rosmarinic 

acid which poses higher antioxidant activity. Earlier, Moon 

and Terao [44] reported the degradation product from 

polyphenol, such as dihydrocaffeic acid has a stronger 

antioxidant power than caffeic acid which they come from. 

Earlier, other researcher [45] also found that the thermal 

decomposition of rosmarinic acid into 

3,4-Dihydroxyphenyllactic acid contributed to the linear 

positive correlation with antioxidant activity. Therefore, even 

at high temperatures, the thermal degradation of P. 

macrocarpa may produce useful antioxidants. 

 

Table I. Pearson Correlations coefficient (R) between 

different assays under influence of extraction parameters 
 Time  Temperature 
 TFC RSA TFC RSA 

TPC 0.9283 0.9270 0.8841 0.9819 

TFC  0.9625  0.9142 

IV. CONCLUSION 

One factor at time approach employed in this work 

successfully yielded an extract with higher TFC, TPC and 

DPPH-RSA from P. macrocarpa fruit via maceration. The 

best extraction condition was achieved at 60 min and 80 ºC 

with TPC, TFC and DPPH-RSA of 69.5 mg QE/g DW, 183.2 

mg GA/g DW and 171. 8 mg BHA/g DW, respectively. It 

was found that TPC and TFC in the extracts is significantly 

and positively correlated to its in-vitro antioxidant activity. In 

a way, either TPC or TFC values may be used to predict the 

free radical scavenging activity of P. macrocarpa fruit 

extract. The method outlined in this paper may offer a useful 

guidance to optimize the polyphenol extraction from 

Phaleria macrocarpa fruit. 
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