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ABSTRACT 
 
A study was performed on the antioxidant activity of the methanol extract of Luffa acutangula (L.) Roxb (ridge 
gourd) fruit (LAM) and its derived fractions, such as n-hexane (LAH), chloroform (LAC), ethyl acetate (LAE), n-
butanol (LAB) and residual aqueous fraction (LAA) and their correlation to the total phenolics and flavonoids 
contents. The phytochemical screening demonstrated the presence of phenolic and flavonoid compounds in all the 
fractions except the n-hexane fraction. Carotenoids were present in the LAH and LAC, while absent in the LAE. The 
antioxidant activity was assessed using β-carotene bleaching method and the results showed that LAM, LAH and 
LAC have significant antioxidant activities in the comparison with those of BHT and PG. The total phenolics content 
of the extract/fractions was determined by the Folin-Ciocalteu procedure and ranged from 18.7±0.11 to 105.1±0.08 
mg GAE/g of dried weight basis. The flavonoids content of extract/fractions was measured by aluminium chloride 
colorimetric assay and ranged from 34.9±0.09 to 105.3±0.09 mg QE/g of dried weight basis. The correlation 
coefficients between the antioxidant activities and the phenolics/flavanoids contents were found to be very small. 
The highest antioxidant activity was demonstrated by LAH and the highest total phenolics/flavonoids contents were 
presented by LAE. Thus, phenolics/flavanoids compounds were not the major contributor to the antioxidant activity 
of this fruit. The other antioxidant secondary metabolites, such as carotenoids, contributed considerably to the total 
antioxidant activity of the LAH and LAC. The results provided evidence that Luffa acutangula (L.) Roxb fruit could 
be potential rich source of natural antioxidant for use in food, cosmetic and pharmaceutical products.  
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INTRODUCTION 
 

Antioxidants are compounds which possess the ability to protect cells from the damage caused by unstable 
molecules known as free radicals. Free radicals have been implicated as mediators of many diseases, including 
cancer, atherosclerosis and heart diseases [1-4]. Antioxidants have the capacity in preventing or slowing the 
oxidation reactions and have been recognized for their potential in promoting health and lowering the risk for 
cancer, hypertension and heart disease [5]. Since synthetic antioxidants like butylated hydroxytoluene (BHT) and 
butylated hydroxyanisole (BHA), tertiary butyl hydroquinone (TBHQ) and propyl galate (PG)  are suspected to be 
toxic and have carcinogenic effects, naturally occurring antioxidants has considerably increased for use in food, 
cosmetic and pharmaceutical products [6-14].  
 
The plant kingdom is endowed with various biologically active compounds, such as phenolics, flavonoids, 
carotenoids, tocopherols and ascorbate acid (vitamin C) which are known as antioxidant agents. Naturally occurring 
antioxidants can be found from different part of the plant. Flowers, fruits, leaves, seeds, cereal crops, barks and roots 
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have been investigated for their antioxidant properties [15-18]. In the search for new antioxidant sources, the present 
research is focused on fruit of Luffa acutangula (L.) Roxb (ridge gourd).  
 
Luffa acutangula (L.) Roxb belongs to Cucurbitaceae family. It is widely found throughout southeastern Asia as a 
growing vegetative climber. The young fruits usually are taken as vegetables. The plant has been shown to have 
various medicinal properties such as treatment of jaundice, splenic enlargement and laxative and also proved as CNS 
depressant used traditionally in insect bites [19]. The plant also has potent α-glucosidase inhibitory effect [20]. The 
present study was designed to examine the antioxidant activities of the various fractions of methanol extract of Luffa 
acutangula (L.) Roxb fruit, to determine their total phenolics and flavanoids contents and to investigate the 
correlation between antioxidant activity and phenolics/flavanoids contents. 
 

EXPERIMENTAL SECTION 
 

Materials 
Fresh fruit of Luffa acutangula (L.) Roxb was purchased from local market in Surakarta, Indonesia. Identification of 
the species was done at the Department of Biology, Gadjah Mada University, Indonesia. All the chemicals used 
were of analytical grade, purchased from Merck Chemical Company (Merck, Germany). 
 
Preparation of the methanol extract 
The fruit samples were cleaned, dried in the oven at 55°C for 72 h and powdered by Disk Mill FFD model to 40 
mesh size. The powdered material (1 kg) were macerated with 95% methanol and allowed to stand for 48 h. The 
samples were filtered with filter paper and the residue was further macerated twice under the same conditions. The 
collected filtrates were combined and concentrated using a rotary evaporator (Bibby RE 200) under reduced 
pressure. The extract then was dried under vacuum dessicator, yielding  237 g of the LAM (23.3%) of greenish 
brown liquid. 
 
Fractionation of the methanol extract  
The methanol extract LAM (150 g) was suspended in 100 mL water and partitioned successively using organic 
solvents in order of increasing polarity with n-hexane, chloroform, ethyl acetate and n-butanol. After evaporation of 
the solvents in a rotary evaporator, the following fractions were obtained, respectively: LAH 6.4 g (4.3%), LAC 5.0 
g (2.8%), LAE 3.2 g (2.1%), LAB 2.9 g (2.0%) and LAA 104.4 g (69.1%). 
 
Screening of Phytochemical Components 
The plant extract was subjected to qualitative tests adopting standard procedure for the identification of the phyto 
constituents [21-23]. 
 
Test for Phenolics  
0.25 g of the extract was dissolved in 10 ml distilled water and filtered. A few drops of 0.1% ferric chloride were 
added to the filtrate. The appearance of intense brownish-green or a blue-black color indicated the presence of 
tannins in the test samples. 
 
Test for Flavonoids  
Test solution when treated with sodium hydroxide solution, shows increase in the intensity of yellow color which 
would become colorless on addition of few drops of dilute hydrochloric acid, indicates the presence of flavonoids. 
 
Test for Carotenoids 
0.25 g of the extract was extracted with 10 ml of chloroform in a test tube with vigorous shaking.  The resulting 
mixture was filtered and 85% sulphuric acid was added. Blue color at the interface showed the presence of 
carotenoids. 

 
β-Carotene bleaching method 
The experimental procedure was conducted according to Suja et al. (2005) [24]. β-Carotene (0.2 mg), 20 mg of 
linoleic acid and 200 mg of tween 20 were mixed in 1 mL chloroform and the solvent was evaporated in rotary 
evaporator under vacuum. The residue was diluted with 50 mL oxygenated distilled water. To 4.8 mL of the 
resulting emulsion, 200 ppm (0.2 mL) of extract was added. A solution with 0.2 mL of ethanol and 4.8 mL of the 
above emulsion was used as control. Absorbance readings at 463 nm in an UV mini 1240 spectrophotometer 
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(Shimadzu, France) were carried out at 20 minute intervals during a period of 2 hours, keeping the cuvettes in a 
water bath at 50°C. Antioxidant activity was calculated as inhibition percentage, relative to the control, using the 
following equation:  
  
% inhibition of β-carotene oxidation = [(AS(120) – AC(120)) / AC(0) –AC(120))] x 100 
 
where AS(120) and AC(120) is the absorbance at 120 mins of the sample and control, respectively, and AC(0) is the 
absorbance of the control at zero time. 
 
Total phenolics content  
Total phenolics content was determined using the Folin-Ciocalteu method [25]. A calibration curve of gallic acid 
was prepared and the results were expressed as gallic acid equivalents (mg GAE/g of dried weight basis). In this 
method, 1 mL of the sample (1 mg/mL) and Folin-Ciocalteu’s reagent (1 mL) and were mixed into a test tube. A 
control sample was prepared at the same time using distilled water (1 mL), and Folin-Ciocalteu’s reagent (1 mL). 
After 4 min, saturated Na2CO3 solution (2 mL) was added. Ingredients in test tubes were well mixed using vortex 
and left in a dark place for 90 minutes. Absorbance was measured at 640 nm using an UV mini 1240 
spectrophotometer (Shimadzu, France).  
  
Total flavonoids content  
Total flavonoids content was quantified following a method by Park et al. (2008) [26] with slight modification using 
quercetin as standard. In a 10 mL test tube, 0.3 mL of extract/fractions, 3.4 mL of 30% methanol, 0.3 mL of NaNO2 
5% and 0.3 ml of AlCl3 10% were mixed. After 5 mins, 2 ml of NaOH 4% was added. The solution was mixed well 
and the absorbance was measured against the reagent blank at 506 nm. The total flavonoids were expressed as 
milligrams of quercetin equivalents (mg QE/g of dried weight basis).  
 
Statistical Analysis 
Experimental results were performed in triplicate and the data are presented as mean ± SD. The results were 
compared by one-way ANOVA. A difference was considered statistically significant if p≤0.05. 
 

RESULTS AND DISCUSSION 
 
Phytochemical screening 
Phytochemical screening have been performed to evaluate the presence of constituents which are known to show 
antioxidant properties, such as phenolics, flavonoids and carotenoids. The phytochemical screening of methanol 
extract LAM and soluble fractions of Luffa acutangula (L.) Roxb fruits presented the presence or absence of the 
phytochemicals tested (Table 1). Phytochemical analysis of the LAM showed the presence of all the phytochemicals 
tested. Phenolic and flavonoid compounds were present in all the soluble fractions except the LAH. The carotenoids 
analysis was only be performed for the LAH, LAC and LAE and the results demonstrated the presence of the 
carotenoids in the LAH and LAC and the absence of the carotenoids in the LAE. The obtained results have shown 
good agreement with those obtained by Riaz et al. (2012) [27]. Phytochemical screening of the methanol derived 
fractions of Dodonaea viscosa Jacq revealed that phenolics and flavonoids were present in the chloroform, ethyl 
acetate and n-butanol fractions, whereas absent in the n-hexane fraction. 
 

Table 1. Phytochemical analysis of the methanol extract and derived fractions of the Luffa acutangula (L.) Roxb fruit 
 

Fruit extracts 
Phytochemicals 

Phenolics Flavonoids Carotenoids 
Methanol extract (LAM) + + + 
n-Hexane fraction (LAH) - - + 
Chloroform fraction (LAC) + + + 
Ethyl acetate fraction (LAE) + + - 
n-Butanol fraction (LAB) + + n.a 
Residual aqueous fraction (LAA) + + n.a 

+ = present; - = absent 

 
Antioxidant Activity 
The antioxidant activities of the methanol extract and the derived fractions were determined spectrophotmetrically 
by β-carotene bleaching method. The β-carotene bleaching method is based on the loss of the yellow colour of β-
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carotene due to its reaction with radicals which are formed by linoleic acid oxidation in an emulsion. The rate of β-
carotene bleaching can be slowed down in the presence of antioxidants [28-29]. Accordingly, the absorbance 
decreased rapidly in reaction mixtures without antioxidant, whereas in the presence of antioxidant the reaction 
mixtures retained their colour and thus absorbance for a longer time. This fact is used in the antioxidant activity 
evaluation of the Luffa acutangula (L.) Roxb fruit. Table 2 shows the antioxidant activity of the methanol extract 
LAM of the Luffa acutangula (L.) Roxb fruit in the comparison with those of BHT and PG. The antioxidant power 
decreased in the order of PG > BHT > LAM. The antioxidant capacities of PG, BHT and LAM were significantly 
different from each other (p<0.05). Although antioxidant activities of the synthetic antioxidants are higher than that 
of the methanol extract LAM, the results suggested that the methanol extract presented relatively significant 
antioxidant effect.   
 

Table 2. Antioxidant activity of the methanol extract LAM of the Luffa acutangula (L.) Roxb fruit, PG and BHT as assessed with β-
carotene bleaching method 

 

Sample Antioxidant Activity 
(% inhibition of β-carotene oxidation) 

Methanol Extract (LAM) 21.86 ± 1.01 
BHT 26.24 ± 0.45 
PG 31.29 ± 1.16 

 
Table 3 shows the antioxidant activity of the LAM derived fractions of the Luffa acutangula (L.) Roxb fruits. The 
organic fractions LAH and LAC exhibited considerably good antioxidant activities in the comparison with those of 
BHT and PG, where the LAH fraction was the most potent antioxidant. The antioxidant power decreased in the 
order LAH > LAC > PG > BHT > LAE > LAB > LAA. Statistical analysis of antioxidant capacities exposed that 
LAH was significantly different with PG and BHT (p<0.05), whereas LAC, PG and BHT were not significantly 
different from each other (p>0.05).  LAE and LAB were statistically undistinguishable from each other (p>0.05) but 
they were significantly different from LAH, LAC, PG and BHT (p<0.05). 
 

Table 3. Antioxidant activity of the soluble fractions of the Luffa acutangula (L.) Roxb fruit, PG and BHT as assessed with β-carotene 
bleaching method 

 

Fruit extracts Antioxidant Activity 
(% inhibition of β-carotene oxidation) 

n-Hexane fraction (LAH) 52.089 ± 2.37 
Chloroform fraction (LAC) 36.33 ± 3.58 
Ethyl acetate fraction (LAE) 22.09 ± 1.18 
n-Butanol fraction (LAB) 19.69 ± 0.46 
Residual aqueous fraction (LAA) 15.26 ± 0.22 
BHT 30.54 ± 0.35 
PG 33.55± 1.33 

 
Total phenolics and total flavonoids contents 
Phenolic and flavonoid compounds have been reported as potent antioxidants in β-carotene bleaching assays [30-
32]. In this study, total phenolics and total flavonoids contents were estimated by Folin-Ciocalteu method and 
aluminium chloride colorimetric assay, respectively. Since phytochemical screening demonstrated the absence of 
phenolic and flavonoids in the LAH, total phenolics and total flavonoids contents estimation was not performed for 
LAH. Table 4 summarizes that total phenolic compounds in fractions varied widely, ranging from 18.7±0.11 to 
105.1±0.08 mg GAE/g dw and the content of flavonoids varied from 34.9±0.09 to 105.3±0.09 mg QE/g dw. The 
LAC, LAE and LAB fruit fractions contained moderate to high phenolics and flavonoids contents and the LAE 
exhibited the highest phenolics and flavonoids contents. Statistical analysis of the phenolics content of the fractions 
were found to be similar to that of flavonoids content. The phenolics and flavanoids contents in LAE were 
significantly different from those in LAC and LAB (p<0.05), however the phenolics and flavanoids contents of LAC 
and LAB were not significantly different from each other (p>0.05). The phenolics/flavanoids contents of LAA was 
significantly different from those in LAC, LAE and LAB. 
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Table 4. Total phenolics and flavonoids contents of methanol extract and soluble fractions of Luffa acutangula (L.) Roxb fruit 
 

Fruit extracts 
Total phenolics 
(mg GAE/g dw) 

Total flavonoids 
(mg QE/g dw) 

Methanol extract (LAM) 24.6±0.05 43.2±0.12 
n-Hexane fraction (LAH) n.a n.a 
Chloroform fraction (LAC) 71.9±0.09 95.1±0.07 
Ethyl acetate fraction (LAE) 105.1±0.08 105.3±0.09 
n-Butanol fraction (LAB) 82.4±0.09 92.9±0.15 
Residual aqueous fraction (LAA) 18.7±0.11 34.9±0.09 

 
A wide variation of total phenolics and flavanoids contents was observed in vegetables, fruits and medicinal plants 
with high level of antioxidant activity, which supports our findings. Sengul et al. (2009) described the antioxidant 
activity of some medicinal plants and Crocus sativus had the highest total phenolic content of 42.29 mg GAE/g dry 
weight basis with antioxidant activity of 82.23% inhibition of β-carotene oxidation [33]. Alimpic et al. (2014) 
studied antioxidant DPPH free radical-scavenging activity of Salvia amplexicaulis Lam. in the whole plant and 
different parts, leaves, stems and flowers. The ethanol extract of leaves and methanol extract of the whole plant 
showed the highest activity against the DPPH radical. The ethanol extract of the leaves was the richest in phenols 
(222.40 mg GAE/g) and flavonoids (49.81 mg QE/g), whereas the methanol extract of the whole plant contained the 
highest amount of phenolics (180.89 mg GAE/g) and flavonoids (38.15 mg QE/g) [34]. Torilis leptophylla L were 
reported to act as an antioxidant agent due to its free radical scavenging and cytoprotective activity and its total 
phenolic content of the different fractions were found varied widely, ranging from 49.9±4.1 to 121.9±3.1 mg GAE/g 
dry weight basis (Saeed, 2012) [35]. 
 
Correlation between antioxidant activity and phenolics and flavonoid contents 
The correlation coefficient (R2) between the antioxidant capacity and the phenolics content of the soluble fractions 
of the Luffa acutangula (L.) Roxb fruit was found to be small (R2 = 0.16). This result suggested that 16% of the 
antioxidant capacity of Luffa acutangula (L.) Roxb accessions results from the contribution of phenolic compounds. 
The correlation coefficient between the antioxidant capacities and the flavonoid contents was also established to be 
small (R2 = 0.26). Statistical analysis exposed that the total phenolics or flavonoids contents were not correlated to 
the antioxidant activity (p>0.05). Although several studies have reported a good correlation between phenolics 
content and antioxidant activity of a number of plant species like fruits, vegetables, herbs and medicinal plants [36-
40], our result is in agreement with some the other findings [33, 41-42]. Li et al. (2007) demonstrated no correlation 
between total phenolic content and antioxidant activities of 23 selected microalgae [43]. 
 
The correlation coefficient between the antioxidant capacities and the phenolic contents was very small could 
probably be due to the molecular antioxidant response of phenolic compounds. Different types of phenolic 
compounds have different antioxidant activities, depending on their chemical structure [35, 44]. The antioxidant 
activity of phenolics is mostly due to their redox properties, which allow them to act as reducing agents, hydrogen 
donors and singlet oxygen quenchers. Only phenolic compounds with a certain structure and particularly hydroxyl 
position in the molecule can act as proton donating [45-47]. The samples possibly contain different type of phenolic 
compounds, which have different antioxidant activities. 
 
Although phenolic compounds such as flavonoids, phenolic acids and tannins are considered to be major antioxidant 
compounds in many plant species like vegetables, fruits and medicinal plants [48-51], they were not a major 
contributor to the antioxidant capacities in Luffa acutangula (L.) Roxb. Thus, the antioxidant activity observed was 
not merely from the phenolics content and therefore, could not be explained just on the basis of their phenolics 
content. Some other antioxidant secondary metabolites such as volatile oils, carotenoids, polyunsaturated fatty acids, 
polysaccharides and vitamins [52-53] in this case contributed to 84% of the total antioxidant activity. The 
contribution of carotenoids to the total antioxidant activity was supported by the phytochemical screening results 
which demonstrated the presence of carotenoids in the LAH and LAC fractions possessing potent antioxidant 
activity. 

 
CONCLUSION 

 
The analysis of antioxidant activity of the Luffa acutangula (L.) Roxb fruit suggested that LAM, LAH and LAC can 
be the potent source of natural antioxidants. Although LAC, LAE and LAB contains considerable amount of 
phenolic and flavonoid compounds, the statistical analysis revealed the poor correlation between antioxidant activity 
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and phenolics and flavanoids contents. Thus, phenolic and flavonoid compounds were less important as antioxidants 
in Luffa acutangula (L.) Roxb fruit. The contribution of other antioxidant secondary metabolites to the total 
antioxidant activity of LAH and LAC was supported by the phytochemical screening results which demonstrated the 
presence of carotenoids in those fractions. Further work is required to quantify the carotenoids as well as to identify 
and quantify the other antioxidant secondary metabolites, such as polyunsaturated fatty acids, polysaccharides and 
vitamins that might have contribution to the high antioxidant activities. 
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