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ABSTRACT: The ethanolic extract of Aloe vera leaf skin was fractionated by liquid-liquid partition using hexane, 

ethyl acetate, chloroform-ethanol and butanol. The total phenolic content of the four different fractions were determined 

by Folin-Ciocalteu method and their antioxidant activity was essayed through some in vitro models such as the 

antioxidant capacity by phosphomolybdenum method, β-carotene bleaching method, radical scavenging activity using 

2,2-diphenyl-1-picryl hydrazyl (DPPH) assay and reducing power assay. The chloroform-ethanol fraction showed the 

highest total phenolics (40.500 ± 0.041 µg gallic acid equivalents/g of extract), the highest scavenging activity and the 

greatest reducing power, followed by ethyl acetate, butanol and hexane extracts. However, the hexane fraction showed 

the highest antioxidant capacity (471.300 ± 0.013) and the highest antioxidant activity coefficient (AAC) by the β-

carotene bleaching method. 
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1. INTRODUCTION 

     Many diseases are caused by oxidative stress. Accelerated cell oxidation contributes to 

cardiovascular disease, tumor growth, wrinkled skin, cancer, Alzheimer's disease, and even a 

decline in energy and endurance [1-4]. Antioxidants are substances that delay or prevent the 

oxidation of cellular oxidizable substrates. They exert their effect by scavenging reactive oxygen 

species, activating a buttery of detoxifying proteins or preventing the generation of reactive oxygen 

species [5-7]. In recent years, there has been an increasing interest in finding natural antioxidants, 

which can protect the human body from free radicals and retard the progress of many chronic 

diseases [8, 9]. Natural antioxidants such as α-tocopherol and ascorbic acid are widely used because 

they are regarded as safer and causing fewer adverse reactions but their antioxidant activities are 

lower than the synthetic antioxidants such as butylated hydroxyanisol (BHA) and butylated 

hydroxytoluene (BHT) which have been restricted by legislative rules because they are suspected to 

have some toxic effects and as possible carcinogens [10-12]. Therefore, there is a considerable 

interest in finding new and safe antioxidants from natural sources to replace these synthetic 

antioxidants [13, 14]. 

     Recently, natural plants have received much attention as sources of biological active substances 

including antioxidants. Numerous studies have been carried out on some plants, vegetables and 

fruits because they are rich sources of antioxidants, such as vitamin A, vitamin C, Vitamin E, 

carotenoids, polyphenolic compounds and flavonoids [15] which prevent free radical damage, 

reducing risk of chronic diseases. Thus, the consumption of dietary antioxidants from these sources 

is beneficial in preventing cardiovascular disease [16]. The search for newer natural antioxidants, 

especially of plant origin has ever since increased.   
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     Aloe vera L. (syn.: Aloe barbadensis Miller) is a perennial succulent plant belonging to the 

Aloeaceae family (sub-family of the Asphodelaceae) [17]. From 400 Aloe species, A. vera is most 

widely accepted and used for various medical and cosmetic purposes [18-20]. The plant is made of 

turgid green leaves joined at the stem in a rosette pattern. Each leaf consists of two parts: an outer 

green rind (skin) and an inner clear pulp (gel). The plant contains a large amount of phenolic 

compounds [18, 21-26]. It also has a high content of 1,8-dihydroxyanthraquinone derivatives (aloe 

emodin) and their glycosides (aloins), which are used as cathartic [27-29]. Various studies have 

revealed that Aloe vera leaf skin (AVLS) possesses many pharmaceutical activities, including 

purgative [30], antibacterial [31, 32], anticancer [33-35], antifungal [36] and antioxidant [37-41]. 

     The objective of our research work was to investigate the total phenolic content and the 

antioxidant properties of different fractions of the ethanol extract from AVLS by various methods 

including reducing power, total antioxidant capacity, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 

scavenging and the β-carotene linoleate model system. 

2. MATERIALS AND METHODS 

2.1. Experimental materials 
     Mature fresh leaves of Aloe vera plant (Aloaceae) with an approximate length of 0.5-0.7 m were 

supplied in August 2006 by Mr. Abdallah Sakli Msakni (Chemist Biologist in Kairouan, Tunisia).  

     The compounds, 2,2-Diphenyl-1-picrylhydrasyl (DPPH), linoleic acid, polyoxyethylene sorbitan 

monopalmitate (tween 40), potassium phosphate, β-carotene, BHT (butylated hydroxytoluene), α-

tocopherol and gallic acid were purchased from Sigma Chemical Co. (St. Louis, MO). Potassium 

ferricyanide, ferric chloride and Folin-Ciocalteu phenol reagent were purchased from Merck. Other 

reagents were of analytical grade. Visible spectra measurements were done using Anadéo visible 

spectrophotometer (Anadéo-Bibby). 

2.2. Preparation of extracts 
     Fresh Aloe vera leaf skin (3 kg) was washed with distilled water and was extracted with ethanol 

by maceration at room temperature for 48 hours. After filtration, the ethanol was evaporated under 

reduced pressure to yield the ethanolic extract (79.80 g). This extract was dissolved in water, kept at 

4°C for 12 hours and filtered again thus obtaining the aqueous extract (AE). This AE was then 

partitioned successively with hexane, ethyl acetate, chloroform-ethanol (2:1, v/v) and butanol, 

yielding respectively the hexane (5.11 %), ethyl acetate (11.21 %), chloroform-ethanol (6.01 %) and 

butanol (8.58 %) fractions.  

2.3. Determination of the total phenolic content  
     The total phenolic content (TPC) of the Aloe vera leaf skin fractions were estimated by a 

colorimetric assay, according to the method described by Singleton and Rossi (1965) with some 

modifications [42]. Briefly, 1 ml of sample (1mg/ml) was mixed with 1 ml of Folin-Ciocalteu 

reagent. After 3 min, 1 ml of saturated Na2CO3 solution was added to the mixture folled by the 

addition of 7 ml of distilled water. The mixture was kept in the dark for 90 min, after which the 

absorbance read at 725 nm. The total phenol contents (TPC) was determined using a standard curve 

prepared with gallic acid. The estimation of the phenolic compounds was carried out in triplicate. 

The results were mean ± standard deviations and expressed as milligram of gallic acid equivalent/g 

of extract. 
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2.4. Determination of total antioxidant capacity  
     The total antioxidant capacity (TAOC) of hexane, ethyl acetate, chloroform-ethanol (2-1, v/v) 

and butanol fractions of AVLS was evaluated by the method of Prieto et al. [43]. An aliquot of 0.1 

ml of sample solution (1 mg/ml) was combined with 1 ml of reagent solution (600 mM sulphuric 

acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were capped and 

incubated in a boiling water bath at 95°C for 90 min. After the samples had cooled to room 

temperature, the absorbance of the aqueous solution of each was measured at 695 nm against a 

blank. A typical blank solution contained 1 ml of reagent solution and the appropriate volume of the 

same solvent used for the sample and it was incubated under the same conditions. The antioxidant 

capacity was expressed as the number of equivalents of α-tocopherol (µg/g of extract). 

2.5. Reducing power assay 
     The reducing power was determined according to the method of Oyaizu [44]. Various 

concentrations of AVLS fractions (1 ml) were mixed with 1 ml of 200 mmol/l sodium phosphate 

buffer (pH 6.6) and 1 ml of 1% potassium ferricyanide. The mixture was incubated at 50
o
C for 20 

min. After 1 ml of 10% trichloroacetic acid (w/v) was added, the mixture was centrifuged at 2000 

rpm for 10 min. The upper layer solution (2.5 ml) was mixed with 2.5 ml of deionised water and 0.5 

ml of fresh ferric chloride (0.1%). The absorbance was measured at 700 nm: a higher absorbance 

indicates a higher reducing power.  

2.6. DPPH radical scavenging assay 
     The antioxidant activity of the AVLS was measured in terms of hydrogen-donating or radical 

scavenging ability, using the DPPH method [45-47] with a minor modification. Briefly, 1.5 ml of 

DPPH solution (10
-4 

M, in 95% Ethanol) was incubated with 1.5 ml of AVLS fractions at various 

concentrations (0.01-1 mg). The reaction mixture was shaken well and incubated in the dark for 30 

min at room temperature. The control was prepared as above without any extract. The absorbance 

of the solution was measured at 517 nm against a blank. The radical scavenging activity (RSA) was 

measured as a decrease in the absorbance of DPPH and was calculated using the following 

equation: 

                              Scavenging effect (%) = (1 - 
(517nm)Control

nm)Sample(517

A

A
) x 100 

     The assays were carried out in triplicate and the results were expressed as mean values ± 

standard deviation. The extract concentration providing 50% inhibition (EC50%) was calculated 

from the graph of scavenging effect percentage against the extract concentration. α-tocopherol and 

BHT were used as standards. 

2.7. Antioxidant assay using the β-carotene bleaching method  
     The oxidative losses of β-carotene/linoleic acid emulsion were used to assess the anti-oxidation 

ability of the AVLS fractions [48, 49]. One milligram of β-carotene was dissolved in 10 ml of 

chloroform and 1 ml β-carotene solution was mixed with 20 mg of linoleic acid and 200 mg of 

Tween 40 emulsifier in a round-bottom flask. The chloroform was removed by nitrogen gas and 50 

ml of oxygenated distilled water was added slowly to the semi-solid residue with a vigorous 

shaking, to form an emulsion. An absorbance at 470 nm was immediately recorded after adding 2 

ml of the sample to the emulsion, which was regarded as t = 0 min. The round-bottom flasks were 

capped and placed in an incubator at 50°C. The absorbance at 470 nm was determined every 15 min 

until 120 min. A second emulsion, consisting of 20 mg of linoleic acid and 200 mg of Tween 40 
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and 50 ml of oxygenated water, was also prepared and served as blank to zero the 

spectrophotometer.  

All determinations were carried out in triplicate. The antioxidant activity coefficient (AAC) was 

calculated according to the following equation:  

AAC = [(AA(120) – AC(120) ) / (AC(0) - AC(120))] x 1000 

     Where AA(120) is the absorbance of the antioxidant at 120 min, AC(120) is the absorbance of the 

control at 120 min and AC(0) is the absorbance of the control at 0 min . 

The assays were run in triplicate and the results expressed as mean values ± standard deviation. The 

AAC was calculated from the graph of absorbance against time. BHT and α-tocopherol were used 

as standards. 

2.8. Statistical analysis 
     Experimental results were mean value ± SD of three parallel measurements. All statistical 

analysis was conducted using Microsoft Excel. Differences among treatments were determined 

using student’s t-test. Differences at P<0.05 were considered to be significant. 

   

3. RESULTS AND DISCUSSION 

3.1. Antioxidant activity and phenols content 
   The antioxidant activity of plant materials closely correlated with the content of their phenolic 

compounds [50]. Table I shows the phenolic concentration in the AVLS fractions, expressed as 

milligram of gallic acid equivalents (GAEs) per gram of extract. 

     Among the four fractions, the chloroform-ethanol fractions showed the highest amount of 

phenolic compounds (40.500 ± 0.041 mg/g) followed by the ethyl acetate extract (23.800 ± 0.058 

mg/g), the butanol extract (16.900 ± 0.039 mg/g) and the hexane extract (9.600 ± 0.014 mg/g). 

3.2. Total antioxidant capacity 
     The antioxidant capacity of the fractions was measured spectrophotometrically through 

phosphomolybdenum method, which was based on the reduction of Mo (VI) to Mo (V) by the 

sample analyte and the subsequent formation of green phosphate/Mo (V) compounds with a 

maximum absorption at 695 nm. The antioxidant capacity of fruit extracts of AVLS was found to 

decrease in this order: hexane extract > ethyl acetate extract > chloroform-ethanol extract > butanol 

extract (Table I). 

  Table I: Total phenolic content (TPC) and total antioxidant capacity (TAOC) in AVLS fractions

Samples  TPC (µg gallic acid equivalent /g

of extract)

TAOC (µg d'α-tocopherol/g 

 of extract) 

Hexane fraction 9.600 ± 0.014 471.300 ± 0.013  

Ethyl acetate fraction 23.800 ± 0.058 420.700 ± 0.010 

Chloroform-ethanol fraction 40.500 ± 0.041 289.600 ± 0.014 

Butanol fraction 16.900 ± 0.039 195.400 ± 0.005 

    The results are the average of three determination ± standard deviation. 
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3.3. Reducing power assay  

     Figure 1 shows the reducing power of the AVLS fractions and BHT, as a function of their 

concentrations. In this assay, the yellow color of the test solution changes to various shades of green 

and blue, depending on the reducing power of each compound. The presence of reducers causes the 

reduction of the Fe 
3+

/ferricyanide complex to the ferrous form. Therefore, by measuring the 

formation of Perl's Prussian blue at 700 nm, we can monitor the Fe
2+

 concentration. The reducing 

properties are generally associated with the presence of reductones [51], which have been shown to 

exert antioxidant action by breaking the free radical chain by donating a hydrogen atom [52].  

      

     The reducing power of AVLS fractions increased and correlated well with the increasing 

concentration. However, as anticipated, the reduction power of BHT was relatively more 

pronounced than that of AVLS. The reducing powers for the different fractions were in the following 

order: chloroform-ethanol > ethyl acetate > butanol > hexane fraction. 

Figure 1: Reducing  powers of  AVLS  fractions (higher absorbance indicates higher 

                                     reducing power). Results are mean ± SD of three parallel measurements. 

  

3.4. DPPH radical scavenging activity (RSA) assay 
    The RSA of the AVLS fractions was evaluated using an ethanolic solution of the stable free 

radical, DPPH. A freshly prepared DPPH solution exhibited a deep purple color with a maximum 

absorption at 517 nm. This purple color disappears when an antioxidant is present in the medium. 

Thus, antioxidants molecules can quench DPPH free radicals and convert them to a colorless 

product, resulting in a decrease in absorbance at 517 nm.  

     The RSA values of hexane, ethyl acetate, chloroform-ethanol and butanol fractions are presented 

in Figure 2; results are expressed as the ratio percentage of sample absorbance decrease and the 

absorbance of DPPH solution in the absence of an extract at 517 nm. RSA % was proportional to 
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3.5. Antioxidant assay using the β-carotene bleaching method 
     The antioxidant activities of the AVLS fractions by the β-carotene bleaching method, in which 

the oxidation of linoleic acid takes place. Linoleic acid hydroperoxides attack the β-carotene 

Table II: Comparison of antioxidant properties of AVLS fractions BHT and α-tocopherol  

Sample                                         EC50 (µg/ml) AAC 

Hexane fraction  406.8 681 

Ethyl acetate fraction 335.5 566 

Chloroform-ethanol fraction 254.2 143 

Butanol fraction  361.0 349 

BHT 68.9 619 

α-tocopherol 7.5 646 

the concentration of the extract. EC50 values (concentration of sample required to scavenge 50% of 

free radicals) of AVLS fractions, α-tocopherol and BHT are indicated in Table II.  

     

                                Figure 2:  Scavenging activity (%) on DPPH radicals of AVLS fractions.  

                                               Results are mean ± SD of three parallel measurements. 

     Among the four fractions the chloroform-ethanol fractions has the greater scavenging effect. 

From the analyses of Figure 2, we can conclude that the scavenging effects of leaf skin extract 

increase as the concentration increases. Chloroform-ethanol extract that contained the highest 

amount of total phenolics was found to be the most active radical scavenger followed by the ethyl 

acetate, butanol and hexane extracts. However the chloroform-ethanol extract was not as effective 

as the positive controls, BHT and α-tocopherol. 
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molecule and as a result, it undergoes a rapid decolorization. The corresponding decrease in 

absorbance can be monitored spectrophotometrically. The presence of antioxidant extracts can 

hinder the extent of β-carotene bleaching by acting on the linoleate-free radical and other free 

radicals formed in the system [54]. Accordingly, the absorbances decreased rapidly in samples 

without antioxidant whereas, in the presence of an antioxidant, they retained their color and thus 

absorbance, for a longer time. The absorbance of the emulsion decreased with time (Figure 3). 

AVLS fractions, BHT and α-tocopherol showed a variant anti-oxidation activity. The decreasing rate 

of absorbance for an emulsion sample with the added of hexane and ethyl acetate fractions was 

significantly lower than the samples with the addition of other fractions. The order of AAC at 2 

mg/ml among the four fractions of AVLS was as follows: hexane > ethyl acetate > butanol > 

chloroform-ethanol.  The AAC are summarized in table II. 

            

Figure 3: Change of absorbance at 470 nm with time for AVLS fractions (2mg/ml) 

         in β-carotene / linoleic  acid  emulsion.  Results are mean ± SD of three  

         parallel measurements. 

3.6. Conclusion

The chloroform-ethanol fraction of the ethanol crude extract of AVLS showed the highest 

antioxidant activity when evaluated by the DPPH and reducing power method compared with the 

other fractions. Whereas the hexane extract showed the highest antioxidant activity when 

determined by the phosphomolybdenum and the β-carotene-bleaching methods.  

Research is in progressing to isolate and identify the antioxidant compoments in the chloroform-

ethanol fraction. 
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