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Abstract: The mangrove plant - Avicennia officinalis L has been widely used for the treatment of 

various diseases such as anti-inflammatory, anticancer, antioxidant therapy. In this study, we optimize 

the extraction process using the easily obtainable solvents with different polarities toward obtaining 

high total phenolic- and flavonoid- contents from Avicennia officinalis L's leaves. The influences of 

solvents (i.e., methanol, ethanol, ethyl acetate, acetone, dichloromethane, and chloroform) in the 

extraction process on total phenolic-, flavonoid- contents and their antioxidant activity were 

investigated. Avicennia officinalis L was extracted using six solvents. The total phenolic and flavonoid 

contents were determined by the phytochemical screening method. The antioxidant activity of extracted 

phenolics and flavonoids was studied by using 2,2-diphenyl-1-picrylhydrazy (DPPH) radical 

scavenging assay and 2,2-azinobis- (3-ethylbenzothiazoline-6-sulfonate) (ABTS+) radical scavenging 

assay. As a result, the highest extraction yield was obtained using methanol (10.56%). In addition, the 

extract obtained using acetone solvent exhibited the highest antioxidant activity in the DPPH assay. 

Meanwhile, the extract obtained using ethyl acetate solvent showed the highest antioxidant activity in 

the ABTS+ assay. The acetone- extract also exhibited high phenolic content (100.64 mg GAE/g) and 

flavonoid content (95.44 mg QCE/g). This study confirms that, besides commonly used solvents such 

as methanol, ethanol, etc., acetone is also a good solvent for extracting polyphenols from the mangrove 

plant - Avicennia officinalis L. for antioxidants.  
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1. Introduction 

In recent years, natural antioxidants discovered in plants have attracted significant 

interest due to their widely acclaimed nutritional and therapeutic values. The antioxidant 

properties of plant-derived compounds/ extracts are valuable for understanding the biochemical 

mechanisms of several folk remedies and other medical applications [1,2]. Studies on the 

bioactivities of various plants have attracted a great deal of attention because the effectiveness 
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of the plant extracts can be significantly varied depending on the solvents used in the extraction 

process [3,4], and the used part, age, geographical origin of plants [5,6]. Several methods are 

popularly used to extract antioxidant compounds from plants, such as Soxhlet extraction, 

maceration, supercritical fluid extraction, and ultrasound-assisted extraction [5]. Besides the 

extraction method, the used solvent is an important factor that can significantly affect the 

extracts' extraction yield and antioxidant activity [3,4,7]. The antioxidant compounds with 

different chemical properties and polarities can or cannot be soluble in a specific solvent [8].  

Mangroves are salt-tolerant trees and shrubs that grow in muddy and wet soil along the 

tropical and subtropical coastlines [9,10]. Wetlands are among the most productive and diverse 

ecosystems globally [11], and they can also be thought of as a contaminant reservoir [11]. 

Mangroves can thrive in ecologically hostile conditions such as high salinity, heavy metals, 

flooding, UV-B, and waterlogging [12,13]. Thus, mangrove plants are said to be enriched with 

a unique and diverse class of phytochemicals to survive in these harsh conditions. The presence 

of the phytochemicals may be responsible for the ethnomedicinal uses of mangrove plants to 

treat various ailments [14,15]. Mangroves are now thought to have nutritional values and 

medicinal uses owing to their high antioxidant, antiradical scavenging activity, antibacterial 

and antifungal activity [1,2,13–18]. Mangrove plants may contain phenolic compounds such 

as phenolic acid, flavonoids, quinones, coumarins, lignans, stilbenes, and tannins as free radical 

scavenging molecules [1,13,19–21]. 

Avicennia is the major mangrove genus in the Avicenniaceae family. It is the most 

prevalent genus in mangrove habitats with eight to ten species documented globally [6]. 

Avicennia officinalis is a medium-sized mangrove plant that grows in brackish water and is 

common along the subtropical coast [15,22]. Ethnomedicinal practices also report the use of 

stem/bark of this plant as a contraceptive, astringent, diuretic, antiulcer, treatment for snake 

bites, rheumatism, smallpox, skin diseases, hepatitis, leprosy, antitumor, bronchial asthma, 

antibacterial, gastroprotective, aphrodisiac, boils, abscesses, etc. [12,23,24]. The 

pharmacological studies have also reported the antimicrobial, antiulcer, anti-inflammatory, 

anticancer, and antioxidant activities of different leaf and bark extracts of Avicennia officinalis 

[12, 24–26]. This plant is an evergreen species of mangrove that is mainly found in Bangladesh, 

India, Indonesia, Malaysia, Brunei, Myanmar, Vietnam, and southern Papua New Guinea [27].  

To the best of our knowledge, the effects of extraction solvents on phenolic- and 

flavonoid- contents and antioxidant activities of Avicennia officinalis have not been reported, 

although a similar work on Phoenix dactylifera L. has been reported [4]. In this study, we 

optimize the extraction process from Avicennia officinalis' leaves using some easily obtainable 

solvents with different polarities. The influences of the extraction parameters on total phenolic 

and flavonoid contents and antioxidant activity are also investigated and reported. 

2. Materials and Methods 

2.1. Materials. 

Folin-Ciocalteu (FC) reagent, sodium carbonate anhydrous, gallic acid, sodium nitrite, 

sodium hydroxide, aluminum chloride anhydrous, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 

2,2'azinobis-3-ethyl benzothiazonline-6-sulfonate (ABTS), trichloroacetic acid, ferric chloride 

anhydrous, gallic acid, quercetin, and Trolox were purchased from Sigma-Aldrich GmbH 

(Merck, Germany). 
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2.2. Sample preparation. 

Leaves of fresh Avicennia officinalis (10 kg) were collected in Ca Mau province, 

Mekong Delta, Vietnam. The leaves were washed with water to remove soil and dirt. The 

moisture of the dried sample was lower than 13%. All samples were stored in black glass 

containers and kept at room temperature. The plants were identified by PCR methods at the 

Department of Biology, Can Tho University, Vietnam.  

2.3. Extraction. 

In this study, the ultrasound-assisted extraction (UAE) method was used to extract 

phenolics and flavonoids from the leaf of Avicennia officinalis. It is worthy of mentioning that 

UAE offers several advantages, including high extraction efficiency, good reproducibility, low 

solvent consumption speed, low cost, environmental friendliness, laboratory availability, and 

ease of scale-up for industrial applications. The high extraction efficiency of UAE method is 

attributed to the production and bursting of cavitation bubbles at the surfaces of plant samples, 

which enhanced solvent penetration into the plant material and mass transfer of the phenolic 

acids and flavonoids across disrupted cellular membranes into solution [28]. Using this general 

strategy, the phenolic extraction efficiencies of different parts of Avicennia officinalis can be 

optimized based on the difference in relative polarity of target compounds. Therefore, different 

extraction solvents should be chosen depending on the known distribution of target compounds 

in various plant anatomical locations. In this study, six different solvents (i.e., methanol, 

ethanol, ethyl acetate, acetone, dichloromethane, and chloroform) in ascending polarity were 

used to extract the soluble compounds from leaves of Avicennia officinalis. Air-dried-leaf 

samples (20 g) were extracted in an ultrasonic bath three times for 90 min (30 min each time). 

The extracted solutions were combined in an Erlenmeyer flask. Methanol, ethanol, ethyl 

acetate, acetone, dichloromethane, and chloroform in the extracts were removed using a rotary 

evaporator to obtain the extracts. The organic solvent extracts were dissolved in methanol (2 

mg/ml). The extraction yield of samples calculated by using the following formula: 

Yield (g/100 g) = (W1 × 100)/W2 

where W1 is the weight of the extract residue obtained after solvent removal, and W2 is the 

weight of samples taken before extracting. 

2.4. Methods for polyphenol content determination. 

Total phenol content (TPC) in each extract was determined using the Folin-Ciocalteu 

method described by McDonald et al. [29], with minor modifications. The diluted extract or 

gallic acid (250 µl) will be oxidized with 250 µl of Folin-Ciocalteu's reagent and neutralized 

by adding 250 µl of 10% Na2CO3. The mixture was allowed to stand for 30 minutes at room 

temperature. The absorbance at 760 nm of the mixtures was measured using a UV-VIS 

spectrophotometer (V-550 model Jasco, Tokyo, Japan). TPC was expressed as milligram gallic 

acid equivalent per gram defatted Avicennia officinalis (mg GAE/g extract). 

The total flavonoid content (TFC) of each extract was investigated using the aluminum 

chloride colorimetric method described by Chang et al. [30] with slight modifications. The 

calibration curve was prepared by diluting quercetin in methanol (10-120 mg/ml). The diluted 

extract or quercetin (250 µl) was mixed with 200 µl of distilled water, 200 µl of 5% NaNO2. 

Then 200 µl of 10% AlCl3 (w/v) was added to the mixture. After 6 minutes, 600 µl NaOH 1M 

was added and the volume was made up to 1.5 ml with distilled water. The maximum 
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absorbance of the mixture was measured at 510 nm using a UV-VIS spectrophotometer. TFC 

was expressed as milligram quercetin equivalent per gram defatted Avicennia officinalis (mg 

QCE/g extract). 

2.5. Methods for studying antioxidant activities. 

2.5.1. DPPH radical scavenging activity. 

2,2-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging capacities of the plant 

extracts were estimated by reducing the reaction color between DPPH solution and sample 

extracts, as previously described in refs. [31,32]. The plant extract at various concentrations 

was diluted with methanol to get a sample solution. One milliliter of each solution was 

transferred to a test tube and mixed with 200 µl of 1000 µg/ml DPPH volume made up to 2 ml 

with methanol. Afterward, the reaction solutions were kept in the dark for 30 min at ambient 

temperature before measuring their absorbance at 517 nm. In this study, Trolox was used as a 

standard substance; blanks were run in each assay. DPPH radical ability was expressed as IC50 

(mg/ml), and the inhibition percentage was calculated using the following formula: 

DPPH scavenging activity (%) = 
(𝐴0−𝐴1)

𝐴0
 × 100 

where A0 is the absorbance of the control sample, and A1 is the absorbance of a sample. All 

tests were performed at least in triplicate, and the average of three determinations was used to 

plot in the graphs. 

2.5.2. ABTS radical scavenging assay. 

In 2,2-azinobis-(3-ethylbenzothiazoline-6-sulphonate) (ABTS) assay, the plant extract 

will be reacted with ABTS+, and a model stable-free radical derived from ABTS+ assay was 

reported by L.H. Long and B. Halliwell (2001) [33]. The ABTS+ (990 µl) was added to the 

extracts (10 µl) in the test tube and shook thoroughly for 10 seconds. The mixture was held at 

room temperature for 6 min before absorbance was immediately measured at 734 nm. The 

assay was performed at least in triplicates. The assay was first carried out on Trolox, which 

served as a standard. ABTS scavenging ability was expressed as IC50 (mg/ml), and an inhibition 

percentage was calculated using the following formula:  

ABTS scavenging activity (%) = 
(𝐴0−𝐴1)

𝐴0
 × 100 

where A0 is the absorbance of the control sample, and A1 is the absorbance of the sample. 

2.6. Statistical analyses. 

All analyses were done at least in triplicate, and average values and the standard 

derivations were used to present the data in this study. Data were analyzed using Microsoft 

Excel 2016. Statistical comparisons were performed with a one-way analysis of variance, and 

p values < 0.05 were regarded as significant. The correlation coefficients (R) between TPC and 

TFC were calculated to determine their relationship. 
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3. Results  

3.1. Results of solvent on extraction yield and polyphenol content. 

3.1.1. Extraction yield. 

Avicennia officinalis extracts were obtained using six different solvents, namely 

methanol, ethanol, ethyl acetate, acetone, dichloromethane, and chloroform. Extraction yields 

ranged from 2.17% for dichloromethane to 10.56% for methanol (Table 1). The yields of 

extraction by various solvents decreased in the order: Methanol > Ethanol > Acetone > 

Chloroform > Ethyl acetate > Dichloromethane. This result indicates that the extraction yield 

increases with increasing polarity (e.g., methanol, ethanol, acetone). Whereas the yield of a 

Chloroform extract (3.20%) is not the lowest value, although it has the lowest polarity among 

the solvents.  

Table 1. Extraction yield, TPC, TFC of Avicennia officinalis extracts using different solvents. 

Solvent Extraction yield  

(%) 

TPC 

(mg GAE /g)1 

TFC 

(mg QCE /g)2 

Methanol 10.56 ± 0.66 67.61 ± 0.03 94.02 ± 0.05 

Ethanol 8.95 ± 0.69 71.82 ± 0.02 73.55 ± 0.02 

Ethyl acetate 2.45 ± 0.06 108.16 ± 0.03 88.22 ± 0.07 

Acetone 3.35 ± 0.06 100.64 ± 0.03 95.44 ± 0.04 

Dichloromethane 2.17 ± 0.01 43.05 ± 0.01 61.04 ± 0.02 

Chloroform 3.20 ± 0.57 73.48 ± 0.02 61.40 ± 0.03 
1GAE = gallic acid equivalent; 2QCE = quercetin equivalent. 

3.1.2. Total phenolic contents (TPC). 

Table 1 shows TPC of the extracts measured using the FC method. TPC values were 

obtained from a calibration curve y = 0.1383x – 0.0053 with R2= 0.9926, where x is the 

absorbance, and y is the concentration of a gallic acid solution (mg/ml), expressed as mg 

GAE/g extract. The TPC values of the extracts range from 43.05 mgGAE/g for 

dichloromethane to 108.16 mg GAE/g for ethyl acetate (Table 1). The TPC values decrease in 

the order: Ethyl acetate > Acetone > Chloroform > Ethanol > Methanol > Dichloromethane. 

The TPC of the ethyl acetate extract is not significantly higher than that of the acetone extract 

(108.16 vs. 100.64 mg GAE/g). Meanwhile, the TPC of the dichloromethane extract is 

significantly lower than those of other solvents.  

3.1.3. Total flavonoid contents (TFC). 

Total flavonoid contents were also summarized in Table 1. TFC values were obtained 

from a calibration curve y = 0.0905x – 0.0027 with R2 = 0.9977, where x is the absorbance, 

and y is the concentration of quercetin solution (mg/ml), expressed as mg QCE/g extract. The 

TFC values of the extracts varied from 61.04 mg QCE/g for dichloromethane to 95.44 mg 

QCE/g for ethyl acetate (Table 1), and they decrease in the order: Acetone > Methanol >  Ethyl 

acetate > Ethanol > Chloroform >  Dichloromethane. The TFC of the acetone extract is 

considerably higher than those of other extracts.  
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3.2. Results of solvent on the antioxidant assay. 

The effects of Avicennia officinalis extraction solvents (i.e., methanol, ethanol, ethyl 

acetate, acetone, dichloromethane, and chloroform) on DPPH radical scavenging activity are 

shown in Figure 1. Obviously, the percentage of scavenging effect on the DPPH radical was 

increased monotonically with increasing the concentration of Avicennia officinalis extracts 

from 50 to 350 µg/ml. At a 350 µg/ml concentration, the DPPH radical scavenging activity of 

acetone- and methanol- extracts were 77.16% and 75.75%, respectively. Among the 

investigated extracts, Avicennia officinalis extracts using acetone exhibited maximum DPPH 

radical scavenging activity. However, the antioxidant activity of all the extracts significantly 

lower than the Trolox standard. Particularly, the IC50 value of Trolox was 7.39 µg/ml, while 

the IC50 value of acetone extract was 155.68  µg/ml (Table 2). 

 
Figure 1. DPPH radical scavenging activity of Avicennia officinalis extracted using different solvents.  

Table 2. Effect of A. officinalis leaf extract on DPPH and ABTS radical scavenging activities 

Extraction solvents and 

standard substance 

DPPH 

(IC50) 

ABTS 

(IC50) 

Methanol 194.31 ± 2.99 37.92 ± 2.11 

Ethanol 257.04  ± 3.30 42.73 ± 0.86 

Ethyl acetate 287.53 ± 2.15 31.90 ± 2.61 

Acetone 155.68  ± 2.96 40.43 ± 3.69 

Dichloromethane 396.05 ± 3.38 53.92 ± 2.45 

Chlorofom 348.0 ± 1.4 41.76 ± 3.28 

Trolox 7.39 ± 0.38 0.63 ± 0.01 

 

The effects of Avicennia officinalis extraction solvents on ABTS+ radical cation are 

presented in Figure 2. The scavenging effect increases when the sample concentration increases 

from 10 to 100 µg/ml. At 100 µg/ml, the scavenging activity on ABTS+ of methanol and ethyl 

acetate extracts achieved high values of 93.41% and 92.18%, respectively. At 100 µg/ml 

concentration, the ABTS+ activity of extraction solvents researched was higher than 80%. The 

IC50 value of Trolox was 0.63 µg/ml, and ethyl acetate extract was found to be 31.90 µg/ml 

(Table 2). The plant extracts' scavenging activity of ABTS+ radical was found to be 
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appreciable; this implies that the plant extract may be useful for treating radical-related 

pathological damage, especially at higher concentrations [34]. 

 
Figure 2. ABTS+ radical scavenging activity of Avicennia officinalis extracted using different solvents.  

4. Discussion 

4.1. Effects of solvent on extraction yield and polyphenol content. 

4.1.1. Extraction yield. 

Milling, grinding, homogenization, and extraction are the steps for extracting 

phytochemicals from plants. Since the concentration of biologically active compounds in 

natural plants is very low, optimization of extraction method using suitable solvents is a critical 

step in discovering process and isolating phytochemicals from plant materials. Generally, the 

chemical nature of phytochemicals, extraction method, sample particle size, solvent, and the 

presence of interfering substances have an impact on the extraction efficiency [28]. For 

choosing the right extraction solvents, a wide range of polarity solvents should be studied. 

The extraction yield in the present study increased with increasing polarity (e.g., 

methanol, ethanol, acetone). Extraction using ethanol solvent resulted in a relatively high yield 

(8.953%), which was comparable to the ethanol extract yield of 8.94% by using a shaker from 

Moringa oleifera leaves. The present extract yield is higher than the ethanol- extract yields of 

8% and 5.2% for Avicennia officinalis leaves in refs. [23,35]. L. Sulmartiwi et al. [36] reported 

extract yields of Avicennia rumphiana leaves in Indonesia using ethanol solvent (6.24%) and 

ethyl acetate solvent (1.38%). The reasons for the extraction yield difference could be a 

variance of soil between countries, chemical compounds in different species of Avicennia 

genus, and the extraction method of each study. 

Most researches on Avicennia officinalis usually use ethanol solvent for extracting 

[23,27]. In this study, the highest yield was obtained for methanol. It is suggested that phenolics 

should be greatly extracted and thus contribute to the higher yield of the methanol- extract. 

This may be attributable to the higher solubility of proteins and carbohydrates in methanol than 

that in ethanol and acetone [37]. The results of this study are consistent with the extraction 

yields of Aegiceras corniculatum- a mangrove plant [38] and some other medicinal plants [39]. 
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4.1.2. Total phenolic contents. 

Table 1 summarizes the content of phenolic compounds (mg GAE/g extract) in different 

solvent extracts from the leaves Avicennia officinalis. The total phenolic content (TPC) in the 

different solvent extracts ranges between 43.05 and 108.16 mg GAE/g extract. The highest 

TPC (108.16 mg GAE/g extract) was achieved for ethyl acetate, followed by TPC of 100.64 

mg GAE/g extract for acetone.   

In general, the extractability of a specific component depends on the extraction polarity 

and the solute-to-solvent ratio. Furthermore, the recovery of phenolic compounds appears to 

depend on the extraction solvents, their polarity index (PI), and the solubility of phenolic 

compounds in the extraction solvents. Polyphenol solubility was primarily determined by the 

presence and position of hydroxyl groups and the molecular size and length of constituent 

hydrocarbon chains. Phenolic compounds are frequently extracted in greater quantities in high 

polar solvents [40]. However, we found that methanol (PI = 6.6) resulted in lower efficiency 

in extracting polyphenolic compounds than ethyl acetate (PI=4.4) and acetone (PI=5.1).  

In the same plant, different parts may synthesize and store different chemicals or 

varying quantities of a particular compound as a result of their varying gene expression, which 

affects antioxidant activities and other biological properties of the plant extracts [41,42]. The 

present TPC results are higher than the results reported by Febriani et al. [42], in which the 

reported TPC values of Avicennia marina – ethanol extracts were 23.024 mg GAE/g for leaves, 

49.119 mg GAE/g for fruits, and 33.738 mg GAE/g for stem barks. In addition, TPC of 

Avicennia rumphiana extracts was 1.436 mg GAE/g for ethyl acetate extract from leaves, 

1.2431 mg GAE/g for ethyl acetate extract from bark 0.8761 mg GAE/g for ethanol extract 

from leaves [36]. Similar to our results, methanol and ethanol have been recognized as effective 

solvents for extracting phenolic compounds [3]. Meanwhile, acetone, methanol, and water were 

relatively ineffective for the phenolic extraction from grape seeds [43]. 

The polarity of the extraction solvents and the solubility of each component in the 

solvents impact the recovery of phenolic contents in various samples [4,44]. Therefore, it is 

difficult to select a completely appropriate solvent for phenolic extraction from multiple plants. 

The yield of polyphenol content and the antioxidant activity of extracts can be higher in high 

polarity solvents, and this guides us in selecting good solvents for screening of multi-sample 

substances. In light of these observations, it should be mentioned that phenolic compounds are 

frequently associated with other biomolecules (e.g., polysaccharides, proteins, terpenes, 

chlorophyll compounds). Consequently, a suitable solvent for a specific compound extraction 

must be used based on the specific target molecule's structural features and related level of 

aqueous solubility [45].  

4.1.3. Total flavonoid contents (TFC). 

TFC of the extracts was determined using colorimetric methods. The flavonol/flavone 

content of various plant extracts was determined using quercetin equivalent as a reference 

[1,38]. We consider the major features of target compounds to gain insight into the molecular 

mechanism that can affect solvent extraction efficiency. For example, the aluminum chloride 

method involves forming stable acid complexes between the AlCl3 reagent and C-4 keto group, 

as well as the C-3 or C-5 hydroxyl group of flavones and flavonols. Furthermore, the ortho-

dihydroxyl groups in flavonoids' A- or B-rings complexes with labile acid form aluminum 

chloride [5]. 
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For the present plant materials, the highest flavonoid yields were found in acetone and 

methanol extract (95.44 mg QCE/g and 94.02 mg QCE/g, respectively), and these values were 

much higher than the TFC yield of 3.92 mg Quercetin Equivalent (QE)/g dry leaf Avicennia 

officinalis sample extracted using petroleum ether [46]. It indicates that the extractions using 

acetone and methanol solvents were superior to the other solvents for the high recovery of total 

flavonoids from Avicennia officinalis. It means that polyphenols from Avicennia officinalis 

were extracted most efficiently in the higher polarity solvents.  

4.2. Solvent effects on antioxidant activities. 

4.2.1. DPPH radical scavenging activity. 

DPPH free radical scavenging assay is a method to assess the antioxidant activity of 

bioactive compounds. It is an easy-, rapid- and sensitive- method for the antioxidant screening 

of plant extracts [47]. DPPH is a stable nitrogen-centered organic free radical with an 

absorption peak at 517 nm. It loses absorption as accepting electrons or free radical species, 

which is observed by noticeable discoloration from purple to yellow. DPPH can accommodate 

many samples in a short period and is sensitive enough to detect active ingredients at low 

concentrations [12,48]. 

DPPH radical scavenging activity of the various Avicennia officinalis extracts using six 

different solvents is shown in Figure 1. The obtained extracts exhibited free radical scavenging 

properties and low IC50 values, which are indicative of robust antioxidant capacities. The IC50 

values varied from 31.90 ± 2.61 for ethyl acetate to 53.92 ± 2.45 µg/ml for acetone. Clearly, 

the acetone extracts exhibited potent scavenging capacity against the free radical DPPH. This 

acetone extract result was much better than those obtained in 96% ethanol extract of leaves of 

Avicennia officinalis (160.9 µg/ml) reported by Khushi et al. [27]. Meanwhile, Masoko and 

Eloff [49] found strong antioxidant activity in different plants of the family Combretaceae 

extracted by acetone solvent. Moreover, Sulmartiwi et al. [37] found the lowest IC50 value in 

ethyl acetate extract from Avicennia rumphiana leaves, primarily due to the low polarity of 

ethyl acetate (PI = 4.4).  

4.2.2. ABTS radical scavenging assay. 

ABTS radical cation decolorization assay is applicable to both lipophilic and 

hydrophilic antioxidants for screening of antioxidant activity, including flavonoids, 

hydroxycinnamates, carotenoids, and plasma antioxidants. The preformed radical monocation 

of 2, 2-azinobis- (3-ethylbenzothiazoline-6-alfonic acid) (ABTS) is generated by oxidation of 

ABTS with potassium persulfate and thus reduce the content of such hydrogen-donating 

antioxidants [34]. 

The IC50 values for free radical scavenging activity were between 31.90 ± 2.61 µg/ml 

and 53.92 ± 2.45 µg/ml. At 100 µg/ml concentration, Avicennia officinalis extracts showed 

remarkable high ABTS radical scavenging activity (above 80%) (Fig.2). Amongst the six 

solvents, ethyl acetate extract achieved the lowest IC50 values, 31.90 µg/ml, which is associated 

with the potent scavenging capacity against the free radical ABTS+. This antioxidant 

effectiveness of ethyl acetate extract of Avicennia officinalis was higher than that of Phoenix 

paludosa – a mangrove plant with IC50 values 177.6 µg/ml. Differ from our result, the methanol 

extract from Mangrove Plant- Phoenix paludosa Roxb showed the highest antioxidant activity 

(ABTS+, IC50 = 27.91 µg/ml) [50]. Briefly, the results in this study demonstrate that high-
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polarity solvents (e.g., ethanol and methanol) were less effective for extracting antioxidants 

with efficient free radical scavenging properties as compared to intermediate-polarity solvents 

(e.g., acetone, ethyl acetate). 

5. Conclusions 

In this study, six kinds of solvents (methanol, ethanol, ethyl acetate, acetone, 

dichloromethane, and chloroform) extracts from leaves Avicennia officinalis (Ca Mau 

province, Vietnam) were used to examine the effects of extraction solvent on total phenol, 

flavonoid content, and antioxidant activity of the extracts. We found that the extraction yield 

increased with increasing the polarity of solvents. The TPC, TFC values, and antioxidant 

activity (studied by DPPH and ABTS assay) were high for intermediate-polarity-solvent extract 

(i.e., acetone). Therefore, acetone is considered a good solvent for extracting polyphenols in 

Avicennia officinalis besides commonly used solvents such as methanol and ethanol. Further 

studies are needed to clarify the bioactive compounds individually and understand the 

mechanism of action for the substances fully.  
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