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Abstract: In this study, total phenolic and flavonoid contents, antioxidant capacity, and phenolic 

compositions of Castanopsis phuthoensis and Castanopsis grandicicatricata (Fagaceae family) 

were investigated. It was found that bark extracts were rich of phenolic contents, whereas leaf 

extracts were abundant of flavonoids. The total phenolics varied from 11.20 to 35.47 mg gallic acid 

equivalent g
-1

 dry weight (DW), and the total flavonoids were from 2.24 to 12.55 mg rutin 

equivalent g
-1

 DW. The results of antioxidant activity evaluation showed that the DPPH (1,1-

diphenyl-2-picryl-hydrazyl) radical scavenging activity of the free phenolic extracts were higher 

than the bound phenolic extracts. Regarding the reducing power and β-carotene bleaching assays, 

the free phenolic extracts showed remarkably strong antioxidant capacity that were similar to the 

levels of the standard BHT (dibutyl hydroxytoluene) did. It could be concluded that free phenolic 

extracts were more effective in antioxidant activities than bound phenolic extracts. Highly 

significant correlations were observed between phenolic contents and antioxidant activities (0.813 

for DPPH and 0.841 for reducing power). By HPLC analysis, seven phenolic acids were detected 

including gallic, p-hydroxybenzoic, vanillic, sinapic, p-coumaric, ellagic acids, and vanillin. Of 

which, gallic, ellagic, and sinapic acids were the most abundant compounds in the two species. The 

results suggest C. phuthoensis and C. grandicicatricata contain rich sources of natural antioxidants 

and phenolic compounds which are probably considered in pharmaceutical use.  

1. Introduction 

Antioxidants are molecules which can delay or inhibit cellular damages from free radicals 

existing in biological systems and to be generated in various metabolic processes [1,2]. There are 

two types of free radicals including reactive oxygen species and nitrogen species. These radicals 

cause aggregation of protein, degradation of DNA and eventually destroy cell membranes and kill 

cells. As a result, this process probably increases the possibility of common diseases [3-7]. 

Antioxidants are believed to play a central role in health care to prevent and scavenge radicals 

because they can alleviate chronic diseases and degenerate ailments such as cancer, autoimmune 

disorder, hypertension, atherosclerosis and ageing process [8-14]. In recent years, several plants 
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have been studied for their antioxidant activity to develop natural antioxidant formulations for food, 

cosmetic, medicine and other purposes [15,16]. Plants are an excellent source of bioactive 

compounds with high antioxidant activity such as phenolic acids, flavonoids, coumarins, stilbenes, 

vitamins, hydrolysable and condensed tannins [17]. Approximately 4,000 to 6,000 antioxidant 

compounds synthesized by plants as secondary products have been detected [15]. Among these 

natural compounds, phenolics are the major group which possesses great biological activities 

including antioxidant, antibacterial, and antifungal activities [18].  

Castanopsis belongs to the Fagaceae family which is represented by 52 dominant species in 

subtropical evergreen forests and mountain moist evergreen broad-leaved forests in Vietnam [19]. 

Castanopsis grandicicatricata is a new species recorded in 2014 which distributes in northern and 

central regions of Vietnam with 20-35 m in height and 50 cm in diameter, cupules range from 6 to 7 

cm in diameter and nut scar covering 2/3 of the nut [19]. Castanopsis phuthoensis grows in the 

northern Vietnam with 10-15 m in height and 50-70 cm in diameter [20]. Both two species are 

timber trees, and seeds are edible. Castanopsis species have been known as ornamental trees and 

are also used as construction materials.  

Many pharmacological properties have been reported from different parts Castanopsis 

species like anticancer activity in KB cancer cell and phostidylserine targeting antibody system [4]. 

The extracts from leaves, bark and resin of Castanopis species have been used as herbal medicine 

for treatment of stomach disorder, headache, diarrhea, chest pain and other diseases related to skin 

[4]. Several bioactive compounds identified from Castanopsis species were classified into phenolic 

acids, flavonoids, saponins, tannins, galloyl phenolic glucosides, acylated quinic acids, and flavonol 

glycosides [4]. Thus, Castanopsis species are considered as a source of antiseptic agents and can be 

suitable for the development of food preservatives. However, the studies on antioxidant capacity 

and phenolic components of C. phuthoensis and C. grandicicatricata have not been reported yet. 

The purposes of this study were to determine phenolic and flavonoid contents, evaluate antioxidant 

activities using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging, reducing power and β-

carotene bleaching assays, and to identify phenolic constituents of C. phuthoensis and C. 

grandicicatricata.  

2. Materials and methods 

2.1. Standards and reagents 

Standard phenolics including benzoic acid, caffeic acid, catechol, cinnamic acid, 

chlorogenic acid, ellagic acid, ferulic acid, gallic acid, protocatechuic acid, p-coumaric acid, p-

hydroxybenzoic acid, sinapic acid, syringic acid, rutin, vanillic acid and vanillin were purchased 

from Kanto Chemical Inc. 

Reagents including Folin-Ciocalteu’s phenol, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 

dibutyl hydroxytoluene (BHT), aluminium (III) chloride hexahydrate (AlCl3.6H2O), β-carotene, 

linoleic acid, polyoxyethylen esorbitan monopalmitate (Tween-40), trichloroacetic acid 

(CCl3COOH), iron (III) chloride (FeCl3), sodium carbonate (Na2CO3), disodium 

hydrogenphosphate (Na2HPO4), sodium dihydrogenphosphate (NaH2PO4), sodium hydroxide 

(NaOH),  hydrochloric acid (HCl) and all solvents were used of analytical grade and purchased 

from Kanto Chemical Co., Inc. 

2.2. Plant materials  

Fresh leaves and barks of C. phuthoensis and C. grandicicatricata were collected from Phu 

Tho province of Vietnam in April 2015. Voucher specimens have been deposited in the Forest Plant 

Department, Vietnam Forestry University.  

Leaves were collected at lower canopy whereas barks were collected at 1-1.5 m in height by 

shaving with 3 mm thickness of the outer part from three individual mature trees (with more than 10 

m in height and 20-40 cm in diameter) in sunny places. All samples were cut into small pieces and 

separately dried in a convection oven (MOV- 212F (U), Sanyo, Japan) at 30 C. Afterward, leaves 

and barks were pulverized into fine powder using a grinding machine. An amount of ten grams leaf 

or bark powder of three individual trees of one species were combined and considered one sample. 
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2.3. Extraction of free phenolics 

Dried powdered leaves or barks (3 g) were extracted with 100 mL ethanol (99.5%), stirred 

for 24 h at room temperature. After extraction, the mixtures were centrifuged at 7,000 rpm for 5 min 

followed by filtration. The residues were re-extracted using the same procedure once more time. 

The solvent was removed in a rotary evaporator (SB-350-EYALA, Japan) at 30 C. The precipitates 

were weighed, dissolved in methanol and kept in the dark at 4 C for further analysis. 

2.4. Extraction of bound phenolics 

 Bound phenolics were extracted following the method described previously by Xuan et al. 

[21] with some modifications. The residues from the free phenolic extraction were hydrolyzed with 

50 mL of 4 M NaOH and stirred at 60 C for 4 h. The suspension was centrifuged at 5,000 rpm for 

10 min, filtered by filter papers (Toyo Roshi Kaisha, Ltd., Japan). It was then acidified to pH 2.0 

with 37% hydrochloric acid solution. The remaining mixture was extracted five times with ethyl 

acetate. The ethyl acetate supernatant was evaporated to dryness on a rotary evaporator (SB-350-

EYALA, Japan) at 30 C. The dried extracts were dissolved in methanol and then stored in the dark 

at 4 C to further use. 

2.5. Determination of total phenolic content 

The total phenolic content of the extracts was determined using the Folin-Cicalteau (FC) 

method described by Ti et al. [22]. In brief, an amount of 0.125 mL of the extracts (free or bound) 

was mixed with 0.5 mL of distilled water and 0.125 mL of FC reagent was added. After 6 min, 1.25 

mL of 7.5% aqueous Na2CO3 solution was added into the mixture. Then, 1 mL of distilled water 

was added to bring the total volume to 3 mL. The mixtures were incubated for 90 min at room 

temperature. The absorbance of the reaction was measured at 760 nm using a spectrophotometer 

(HACH DR/4000U, USA). The amount of total phenolic content was expressed as mg of gallic acid 

equivalent (GAE) per g dry weight (DW). 

2.6. Determination of total flavonoid content 

The total flavonoid content in extracts was determined using the method described 

previously by Djeridane et al. [23]. One mL of the extracts (free and bound) was mixed with 1 mL 

of 2% aluminium (III) chloride hexahydrate. After 15 min, the absorption was measured at 430 nm 

against methanol as a blank. The amount of total flavonoid content was estimated as mg of rutin 

equivalent (RE) per g DW. 

2.7. Antioxidant properties 

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity 

The antioxidant capacity was determined using DPPH free radical scavenging assay as 

described in the previous study [24]. The mixture consisted of 0.5 mL sample extracts, 0.25 mL 

DPPH (0.5 mM) and 0.5 mL of 0.1 M acetate buffer (pH 5.5). After mixing, the reaction was 

maintained in the dark at room temperature for 30 min. The absorbance was measured at 517 nm. 

BHT concentrations from 0.01 mg mL
-1

 to 0.025 mg mL
-1

 were used as the positive control. The 

percentage of scavenged DPPH was calculated as follows: 

% radical scavenging = [(abscontrol - abssample)/abscontrol] x 100 

The abscontrol is the absorbance of DPPH solution without extract and abssample is the 

absorbance of sample with DPPH solution. IC50 was defined as the concentration of the sample     

required to scavenge 50% of DPPH. Therefore, a lower IC50 value reflects a higher DPPH radical 

scavenging activity. 

Reducing power 

The reducing power of different extracts was determined by using a method described 

previously [12] with some slight modifications. The reducing power was investigated by observing 

the transformation of Fe
3+ 

to Fe
2+

. The extracts were diluted in methanol to obtain the 

concentrations from 0.025 to 1 mg mL
-1

. Two hundred microliters of each extract or BHT was 

mixed with 0.5 mL phosphate buffer (pH 6.6) and 0.5 mL potassium ferricyanide [K3Fe(CN)6] (10 

g L
-1

) in a test tube and incubated in a water bath at 50 C for 30 min. Afterwards, the test tube was 

removed from the water bath and 0.5 mL trichloroacetic acid (100 g L
-1

) was added to the mixture 

and centrifuged at 4,000 rpm for 10 min. Then 0.5 mL of the supernatant solution was diluted with 
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0.5 mL of distilled water and 0.1 mL FeCl3 (1 g L
-1

) was added. The mixture was measured at 700 

nm. The decrease of the reaction mixture absorbance indicated the increase of reducing power and 

was expressed by IC50 values. 

Antioxidant assay using the β-carotene bleaching system 

Antioxidant activity was evaluated according to a β-carotene bleaching method described by 

Elzaawely and Tawata [9]. β-Carotene (2 mg) was dissolved in 10 mL of chloroform, and 1 mL of 

the solution was mixed with 20 µL linoleic acid and 200 mg Tween-40. The chloroform was 

evaporated under vacuum at 45 C. Afterwards, an aliquot of 50 mL oxygenated water was added, 

and the emulsion was vigorously shaken until complete homogenization achieved. A volume of 

0.120 mL of extracts or BHT (1000 µg mL
-1

) was mixed with 1 mL of the emulsion. An equal 

amount of methanol was used for negative control. The solutions were incubated at 50 C and 

measured at 492 nm. All samples were recorded from 0 to 180 min every 15 min intervals. A blank 

without β-carotene was prepared for background subtraction. Three replicates were prepared for 

each extract. Lipid peroxidation inhibition (LPI) was calculated using the following equation: LPI 

inhibition (%) = A1/A0 x 100, where A0 is the absorbance value measured at 0 min for the test 

sample, while A1 is the corresponding absorbance value measured after incubation for 180 min. 

2.8. Quantification by HPLC 

The phenolic compositions of different samples were determined at 254 nm by using HPLC 

system (LC-Net II/ADC, UV-2075 Plus and PU-2089 Plus, Jasco, Japan), and the column RPC18 

(250 mm x 4.6 mm x 5µm) was employed. The mobile phase was methanol 99.8% (A) and 0.1% 

acid acetic (v/v) (B) at a flow rate of 1 mL min
-1

. The gradient elution was performed as follows: 0-

5 min (5% A), 5-10 min (20% A), 10-20 min (50% A), 20-30 min (80% A), 30-40 min (100% A), 

40-50 (100% A) min, 50-60 min (5% A). Phenolic standards and extracts at 1 mg mL
-1

 were 

injected to the HPLC column with an amount of 5 µL. Phenolic compositions were identified based 

on the retention times, and its concentrations were calculated by comparing peak areas of samples 

with those of the standards. 

2.9. Statistical analysis 

The results of all assays were expressed as means ± standard error (SE). Data were analyzed 

by the Minitab 16 software. Analysis of variance (ANOVA) was used to determine if significant 

differences existed at a level of confidence of p < 0.05.  

3. Results  

3.1. Total phenolic content 

The free, bound and total phenolic contents from leaf and bark extracts of C. 

grandicicatricata and C. phuthoensis are presented in Table 1. It was found that free extracts had 

higher content of phenolics. Free phenolic contents of the barks were significantly higher than the 

leaves. However, bound phenolics of the leaves were markedly greater than the barks. In general, 

total phenolic contents of both free and bound extracts from barks were significantly higher than 

leaves. 

Table 1. Phenolic contents of C. grandicicatricata and C. phuthoensis leaves and barks. 

Tree species Plant parts 
Total phenolics (mg GAE g

-1
 DW) 

Free  Bound  Total phenolics 

C. grandicicatricata Barks 33.24 ± 0.27b  0.89 ± 0.08c 34.13 ± 0.32b 

Leaves 9.72 ± 0.09d 1.48 ± 0.07b 11.20 ± 0.16d 

C. phuthoensis Barks 34.52 ± 0.31a 0.95 ± 0.08c 35.47 ± 0.36a 

Leaves 24.60 ± 0.00c 3.66 ± 0.07a 28.27 ± 0.07c 

Values represent means ± standard errors (SE) (n = 3) 

Different letters in the same column indicate significant differences (p < 0.05) 

 

80 International Letters of Natural Sciences Vol. 55



3.2 Total flavonoid content 

Free, bound and total flavonoid contents of extracts are presented in Table 2. The results 

showed that total flavonoid contents in the leaf extracts were extremely higher than the bark 

extracts in both free and bound forms (p < 0.05). In particular, total flavonoid content of C. 

phuthoensis leaf extract was the highest with five folds higher than its bark extract, and four folds 

higher than bark extract of C. grandicicatricata. This figure was similar in the case of C. 

grandicicatricata, that leaf extract was higher than bark extract.  

Table 2. Flavonoid contents of C. grandicicatricata and C. phuthoensis leaves and barks. 

Tree species Plant parts 
Total flavonoids (mg RE g

-1
 DW) 

Free  Bound  Total flavonoids 

C. grandicicatricata Barks 1.23 ± 0.02c 1.80 ± 0.03a 3.04 ± 0.03c 

Leaves 6.26 ± 0.08b 1.65 ± 0.09a 7.91 ± 0.16b 

C. phuthoensis Barks 1.30 ± 0.04c 0.93 ± 0.03c 2.23 ± 0.02c 

Leaves 11.32 ± 0.19a 1.23 ± 0.03b 12.55 ± 0.16a 

Values represent means ± standard errors (SE) (n = 3)  

Different letters in the same column indicate significant differences (p < 0.05) 

3.3. Antioxidant properties   

The antioxidant activities of extracts were evaluated using DPPH free radical scavenging, 

reducing power, and β-carotene bleaching assays. The results of DPPH scavenging activities of 

extracts showed that the highest activity was found in free extracts of C. phuthoensis’ bark (Table 

3). In bound extracts, leaf extracts of both species were much higher activities than the barks. 

Interestingly, the levels of antioxidant activities in free extracts were much stronger than bound 

extracts, and they were close to the antioxidative level of the standard BHT (Table 3).  

Table 3. Antioxidant activity of free and bound phenolic extracts of C. grandicicatricata and  

C. phuthoensis by DPPH radical scavenging (IC50). 

Tree species Plant parts 
IC50  (mg mL

-1
) 

Free  Bound  

C. grandicicatricata 
Barks 0.033 ± 0.000b 0.377 ± 0.003b 

Leaves 0.048 ± 0.000a 0.308 ± 0.001c 

C. phuthoensis 
Barks 0.030 ± 0.000c 0.447 ± 0.002a 

Leaves 0.031 ± 0.000bc 0.178 ± 0.003d 

BHT  0.027 ± 0.001d 0.027 ± 0.001e 

Values represent means ± standard errors (SE) (n = 3).  

Different letters in the same column indicate significant differences (p < 0.05). BHT was used as the 

positive control 

The reducing power capacity of the extracts is represented in Fig. 1 and Table 4. The 

reducing power was proportional to the examined doses of the extracts and BHT (Fig. 1). The 

values obtained for all free extracts were excellent because they were similar to the BHT did. At 0.5 

mg mL
-1

 free extracts, the absorbance values of all samples were above 0.6 (Fig. 1A). Bound 

extracts showed low activities because both leaves and barks exhibited much weaker than the 

standard BHT (Fig. 1B). The IC50 values were estimated by the sample concentrations at which the 

absorbance was 0.5 (Table 4). IC50 values of free extracts revealed strong reducing power, 

especially bark extracts were more pronounced than leaf extracts and similar to that of BHT (p < 

0.05). By contrast, IC50 values of the bound extracts were significantly lower than that of BHT (p < 

0.05).  
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(A) 

 
(B) 

 
Fig. 1. Reducing powers of (A) free phenolic extracts and (B) bound phenolic extracts  

of C. phuthoensis and C. grandicicatricata. 

CGRL: leaf extract of C. grandicicatricata, CGRB: bark extract of C. grandicicatricata 

CPHL: leaf extract of C. phuthoensis, CPHB: bark extract of C. phuthoensis 

Table 4. Antioxidant activity of free and bound phenolic extracts of C. grandicicatricata  

and C. phuthoensis by reducing power assay expressed (IC50) 

Tree species Plant parts 
IC50  (mg mL

-1
) 

Free  Bound 

C. grandicicatricata 
Bark 0.197 ± 0.007c 1.861 ± 0.101ab 

Leaf 0.293 ± 0.005a 1.894 ± 0.266a 

C. phuthoensis 
Bark 0.170 ± 0.000d 2.294 ± 0.038a 

Leaf 0.257 ± 0.002b 1.270 ± 0.037b 

BHT  0.185 ± 0.001cd 0.185 ± 0.001c 

Values represent means ± SE (n = 3).  

Different letters in the same column indicate significant differences (p < 0.05). BHT was used as the 

positive control 

The β-carotene bleaching method is also one among the most common methods to evaluate 

the antioxidant activities of plants extracts. In general, all the extracts of two species inhibited β-

carotene oxidation (Fig. 2). There was a negligible difference of antioxidant activity between the 

free phenolic extracts of two species and BHT (Fig. 2A). Meanwhile, the bound phenolic extracts 
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exhibited a weaker inhibition than standard compound BHT. The bound extracts of C. phuthoensis 

exhibited a higher inhibition than that of C. grandicicatricata (Fig. 2B). 

(A) 

 
(B) 

 
 
 

Fig. 2. Antioxidant activity of (A) free phenolic compound and (B) bound phenolic compounds of 

C. grandicicatricata and C. phuthoensis measured by β-carotene bleaching method. 

CGRL: leaf extract of C. grandicicatricata, CGRB: bark extract of C. grandicicatricata 

CPHL: leaf extract of C. phuthoensis, CPHB: bark extract of C. phuthoensis 

3.4. Correlation between phenolic contents and antioxidant activities  

As shown in Table 5, negative correlations were found between the antioxidant activities 

(IC50 values) and phenolic contents. This means a lower IC50 value correlating to a higher content of 

phenolics or flavonoids. Highly significant correlations were observed between phenolic contents 

and DPPH radical scavenging ability and reducing power, while no significant correlation was 

found between flavonoid contents and antioxidant activities. Moreover, the scavenging free radical 

activity positively correlates with the reducing power. 
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Table 5. Correlation coefficients (r) between antioxidant activities and contents of phenolics and 

flavonoids of Castanopis extracts 

 Phenolic contents Flavonoid contents DPPH (IC50) 
Reducing 

power (IC50) 

Phenolic contents   1 
   

Flavonoid contents   0.219   1 
  

DPPH (IC50) - 0.813** - 0.469* 1 
 

Reducing power (IC50) - 0.841** - 0.470* 0.970** 1 

* p < 0.05, ** p < 0.01. 

3.5. Identification and quantification of phenolic compounds using HPLC 

The identification of phenolic acids was conducted by comparing peak retention times with 

the standard compounds. The quantification was determined by using standard curves established 

from different concentrations (0-100 µg mL
-1

) of the standard phenolics. 

Table 6. Phenolic acids (mg g
-1

DW) of free and bound phenolic extracts of C. grandicicatricata 

and C. phuthoensis measured by HPLC. 

Phenolics RT 

C. grandicicatrica  C. phuthoensis   

Barks Leaves  Barks Leaves  Total 

Free Bound Free Bound Free Bound Free Bound  

GA 11.9 9.34 ± 

0.07a 

- 0.20 ± 

0.04c 

 - 0.55 ±  

0.03b 

   -  - 10.09 

p-HY 

 

16.3  -  - 0.07 ± 

0.00a 

 -  -  -  - 0.04 ± 

0.00b 

0.11 

VA 20.9  - -  -  -  -  -  - 0.01 ± 

0.00 

0.01 

V 22.4  -  -  -  - - 0.27 ± 

0.00 

 -  - 0.27 

SA 24.3  - 0.71 ± 

0.02a 

 - 0.52 ± 

0.01c 

- 0.62 ± 

0.02b 

 - 0.32 ± 

0.00d 

2.17 

p-CO 24.6  -  -  - 1.06 ±  

0.03 

 -  -  -  - 1.06 

EA 27.5 3.96 ± 

0.04a 

 - 0.70 ± 

0.08b 

0.32 ±  

0.03c 

0.90 ± 

0.11b 

 - 0.19 ± 

0.01c 

0.21 ± 

0.02c 

6.28 

RT: Retention time; GA: gallic acid; p-HY: p-Hydroxybenzoic acid; VA: Vanillic acid; V: Vanillin; 

SA: Sinapic acid; p-CO: p-Coumaric acid; EA: Ellagic acid. 

Values represent means ± standard errors (SE) (n = 3). 

Different letters in the same row indicate significant differences (p < 0.05).  

(-) Not detected. 

There were seven phenolic acids detected including gallic acid, p-hydroxybenzoic acid, 

vanillic acid, vanillin, sinapic acid, p-coumaric acid, and ellagic acid with varied quantities and 

concentrations among the extracts (Table 6). Gallic acid was the major constituent (10.09 mg g
-1 

DW, followed by ellagic and sinapic acids (6.28 and 2.17 mg g
-1

 DW, respectively). The amounts 

of other phenolic substances were lower than 1.06 mg g
-1

 DW. Vanillic acid and vanillin were 

found only in C. phuthonensis, whereas p-coumaric acid was found only in C. grandicicatrica. 

Sinapic acid only existed in bound form in all extracts.  

4. Discussion 

Plants produce an extraordinary diversity of phenolic compounds which are increasingly 

being used in the food industry. Phenolic compounds show potent antioxidant activity because they 

can retard or quench oxidative degradation of lipids and play a crucial role in protecting human 
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body [2,25,26]. In addition, natural antioxidant compounds are considered to be nontoxic and they 

contain many medical properties [4]. The total phenolic and flavonoid contents are different from 

species as well as parts of plants. Actually, many plants contain large amount of polyphenols which 

can act as antioxidants. Previous studies reported that cancer cell growth could be inhibited by some 

flavonoid components [27]. The results of this study indicated that the barks and leaves of two tree 

species contain free phenolic compounds which account for around 90% of total phenolics. Total 

phenolic contents obtained in this study were higher than those in leaf extracts of Quercus resinosa, 

Q. laeta, Q. obtusata (5.7-7.1 mg GAE g
-1 

DW) [28], and cork extracts of Q. suber (1.7-19.9 mg 

GAE g
-1

 DW) [29]. Furthermore, total phenolic contents of the two tree species were similar to that 

of several other medicinal plants such as Anthemis arvensis, Artemisia campestris, Globularia 

alypum and Artemisia herbahalba [23]. Flavonoids are the most important group of polyphenolic 

compounds, and they exist widely in leaves and flowers of vascular plants [30]. In this study, the 

free flavonoid contents were up to 80% in leaf extracts and 40% in bark extracts. The total 

flavonoids of the two tree species were higher than that of Q. suber (0.6-8.2 mg RE g
-1

 DW) which 

is a source of high value compounds [5,29].  

Natural antioxidants, known as a crucial alternative to the synthetic antioxidants, can be 

used in the treatment of oxidative damages in food productions [31]. Several previous studies 

reported that the antioxidant property of plants and their phenolic contents are highly correlation 

[1,10,32,33]. This study indicated a highly significant correlation between phenolic contents and 

antioxidant activities in extracts of Castanopis species (Table 5). As shown in Table 3, 4, free 

phenolic extracts contain higher phenolic contents that properly resulted in stronger free radical 

scavenging activity, β-carotene bleaching and higher reducing power than bound phenolic extracts. 

Reducing power of bark extracts were significantly higher than leaf extracts due to the phenolic 

contents in bark extracts were significantly higher than leaf extracts (Table 1).  

Moreover, the amounts of gallic and ellagic acids in bark extracts were much higher than 

leaf extracts. That was probably the main factor contributing the antioxidant activities of extracts 

because, gallic acid has three hydroxyl groups in the ortho positions bonded to the aromatic ring 

which is one of the most important factors associated with a strong DPPH scavenging activity [24]. 

Additionally, ellagic acid consists of four hydroxyl groups which primarily contribute to the strong 

antioxidant activity of plant extracts [6]. Apart from DPPH radical scavenging and reducing power 

capacities, ellagic acid also had high antioxidant activities in other assays including hydrogen 

peroxide scavenging, 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) and superoxide 

anion radical scavenging [32]. Furthermore, relating to pharmaceutical studies, ellagic acid was 

proven to have strong effects on anti-inflammation, anti-proliferation, anti-angiogenesis, anti-

carcinogenesis, and event anti-cancer [3]. 

5. Conclusion 

 In this study, the antioxidant activity and phenolic compositions of C. phuthoensis and C. 

grandicicatricata were investigated for the first time. The findings of this study revealed that the 

phenolic and flavonoid contents were proportional to the levels of antioxidant activities of the two 

tree species. The antioxidant activities of free phenolic extracts showed similar levels of the 

standard BHT did. Seven phenolic acids were detected by HPLC, and gallic, ellagic, and sinapic 

acids were the most abundant compounds in the two species. The results suggest that C. 

phuthoensis and C. grandicicatricata contain rich sources of natural antioxidants. Therefore, the 

further research to exploit the potential pharmaceutical properties of the two tree species is 

indispensable. 
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