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Abstract

Phenolics were extracted from the fruit tissues of Ananas comosus L. var. queen, cv. ‘Meitei Keehom’, a variety of pineapple grown in 
Manipur, India, after skin peeling, purified and their antioxidant properties were analyzed. The antioxidant properties were assessed based 
on the ability of fruit phenolics in absolute methanol to scavenge DPPH, superoxide anion radicals and hydroxyl radicals and compared 
to antioxidant compounds like ascorbic acid and pyragallol. Pineapple fruit phenolics scavenged DPPH, superioxide anion radicals 
and hydroxyl radicals in a dose dependent way. In DPPH assay, the IC50 values of pineapple phenolics, ascorbic acid and pyragallol were 
12.2µg/ml, 17.82µg/ml and 15.92µg/ml respectively. In superoxide anion and hydroxyl radical scavenging activities, the IC50 values of 
pineapple phenolics were 11.42µg/ml and 55.292µg/ml, for ascorbic acid 49.62µg/ml, 48.52µg/ml and that of pyragallol was 15.672µg/
ml and 60.62µg/ml. The IC50 value was lowest in pineapple phenolics than ascorbic acid and pyragallol in DPPH and superoxide anion 
assays. But it is higher than ascorbic acid and lower than pyragallol in hydroxyl radical assay. The lower the IC50 values, the higher the 
antioxidant activities. The phenolics extracted from this variety of pineapple exhibit excellent free radical scavenging activity. The result 
shows that pineapple and its active constituents may be used in further antioxidative therapy.
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Introduction

Ananas comosus L. belongs to Bromeliaceae family is a 
tropical to subtropical fruit native to Thailand, Phillipines, 
China, Brazil and India. Ananas comosus L. var. queen cv. 
‘Meitei Keehom’ commonly known as pineapple is a ma-
jor horticultural indigenous fruit grown in Manipur, India 
for commercial purposes. The fresh fruits are consumed 
by the local people and the fruits in the process form are 
exported. Pineapple contains nutrients which are good for 
human health. Pineapple fruit contains large amount of 
phenolics. Although a number of flavonoids and pheno-
lics have been identified in different pineapple cultivars, 
little information is available about the antioxidant activ-
ity of these phenolics. It has been recently shown that phe-
nolics from edible fruits are effective in vitro antioxidants 
(Gracia-Alonsa et al., 2004; Soong et al., 2004). Plant phe-
nols in red wine exerted cardioprotective effect (Frankel 
et al., 1995). Polyphenols possess outstanding antioxidant 
and free radical scavenging properties suggesting a pos-
sible protective role in man (Laughton, 1999; Scott et al., 
1993). Their antioxidant potential is closely related to the 
number of hydroxyls, the higher the number, the more 
potent the chain breaking antioxidant action of the com-
pound (Rafat Hussain et al., 1987). The phenolic content 
and composition of fruits and vegetables depend on ge-
netic and environmental factor as well as post harvest pro-
cessing conditions (Robards et al., 1999). Plant phenolics 
are the largest class of plant secondary metabolites, which 
serve in plant defense mechanism to counteract reactive 

oxygen species (ROS) in order to survive and prevent mo-
lecular damage. The antioxidant activity of phenolics is 
related to a number of different mechanisms such as free 
radical scavenging, hydrogen donation, singlet oxygen 
quenching, metal ion chelation and acting as a substrate 
for radical such as superoxide and hydroxide.

The objective of the current study was to evaluate the 
antioxidant property of phenolics extracted from the fruit 
tissues of a variety of pineapple by scavenging activity of 
DPPH (diphenyl-picryl-hydrazyl) and inhibitory effect of 
superoxide anion radicals and hydroxyl radical scavenging 
activity.

Materials and methods

Plant Materials
Pineapple (Ananas comosus L. var. queen) fruits were 

collected from local orchard of Manipur, India at commer-
cial mature stage. Mature fruits were collected for succes-
sive three years and experiments were carried out. 

Extraction and purification of phenolics
Phenolic compounds were extracted and purified ac-

cording to Muchuweti et al. (2005). Sample powder (5 g) 
was extracted two times with ethyl acetate (15 ml) using a 
magnetic stirrer for 20 min. The fractions were combined 
and supernatant dried for 30 min in a dessicator using 
monohydrate manganese sulphate. The sample was evapo-
rated in a rotary evaporator keeping the bath temperature 
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FeCl3, 0.1mM EDTA, 0.1 mM ascorbic acid, 1 mM H2O2,  
and 20 mM phosphate buffer (pH 7.4) and made up to a 
final volume of 3.0 ml. The amount of TBRS formed fol-
lowing 1 h of incubation at 37°C was measured according 
to the method of Ohkawa et al. (1979). One milliliter of 
thiobarbituric acid (TBA, 1%) and 1.0 ml of trichloroa-
cetic acid (TCA, 2.8%) were mixed with the reaction mix-
tures in the tubes, and the mixtures were then incubated at 
100°C for 20 min. After the mixtures were cooled to room 
temperature, their absorbances at 532 nm were measured 
against a blank containing deoxyribose and buffer. Percent 
inhibition of deoxyribose degradation was calculated with 
the equation 

Inhibitory effect %=(A0-A1)/A0 ×100
where A0 is the absorbance of the control reaction 

(containing all reagents except the test compound) and A1 
is the absorbance of the sample. The absorbances were the 
means of triplicate measurements. The IC50 (inhibitory 
concentration) values of all the methods were calculated 
by using linear regression analysis. All the experiments 
were repeated thrice. 

Statistical analysis
All analyses were performed in triplicate. The data were 

expressed as means ± standard error (SE) in three figures 
and then analysed by SPSS (version 10.0). One way analy-
sis of variance (ANOVA) and Tukey’s multiple compari-
sons were carried out to test any significant difference be-
tween the means. Differences between means at the 5% 
level were considered to be significant.

Results and discussion

DPPH-radical scavenging activity
The DPPH radical scavenging activity has been used 

extensively for screening antioxidants from fruit juices or 
extracts (Sanchez-Moreno, 2002). DPPH can generate 
stable free radicals in methanolic solution. Free radicals 
are well known to be able to induce lipid peroxidation. 
The change in colorization from violet to yellow and sub-
sequent fall in absorbance of the stable free radical was 
measured. The initial absorbance of the DPPH was 1.2-
1.3. Fig. 1 compares the DPPH radical scavenging activity 
of pineapple phenolics, ascorbic acid and pyragallol. The 
pineapple phenolics exhibited a dose dependent DPPH 
radical scavenging activity. Further more, these pineapple 
phenolics shows the highest scavenging activity followed 
by pyragallol and ascorbic acid respectively. At 15 µg/ml, 
the DPPH radical scavenging activities of pineapple phe-
nolics, ascorbic acids and pyragallol were 52.2%, 30.7% 
and 38.2% respectively. Many researchers investigated the 
total antioxidant properties of different fruits and claimed 
high antioxidant properties of different fruits like apple, 
red grape, strawberry, pineapple, banana, peach, lemon, 
orange, pear and grapefruit (Sun et al., 2002). 

below 35°C. The sample was dissolved in absolute metha-
nol in 1mg/ml and keep at 4°C for further experiment.

Antioxidant activity
The antioxidant capacity of the pineapple fruit pheno-

lic extract was examined by comparing it to the activity of 
known antioxidants such as ascorbic acid and pyragallol 
by scavenging of DPPH radical, superoxide anion radicals 
scavenging activity and hydroxyl radical scavenging activ-
ity. 

DPPH radical scavenging activity
Phenolic compounds using DPPH were determined 

spectrophotometrically, according to the method de-
scribed by Cuendet et al. (1997). The reaction mixture 
consisted of 125 µM DPPH with 5 µg/ml, 10 µg/ml, 15 
µg/ml and 20 µg/ml of the pineapple phenolics. The stock 
solutions of 0.1mM ascorbic acid or 125 µg/ml of pyra-
gallol are used as reference antioxidants. After a 30 min 
incubation period in the dark room temperature, the ab-
sorbance was read against a blank at 517 nm. Percentage 
inhibition was determined by comparison with a metha-
nol treated control group. 

DPPH decoloration(%)=(1-OD sample/OD control) 
×100

The degree of decoloration indicates the free radical 
scavenging efficiency of the substances. 

Inhibition of superoxide radicals
Superoxide radical generated by hypoxanthine and 

xanthine oxidase system was determined spectrophoto-
metrically by monitoring the product of NBT (nitroblue 
tetrazolium). Various concentrations of the extracts were 
added to the reaction mixture containing 100 µl of 25 
mM EDTA, ethylene diamine tetra acetic acid (pH 7.4), 
50 µl of 30mM hypoxanthine in 50 mM NaOH, 2 ml of 2 
mM NBT and the final volume of 3 ml was made up by 50 
mM PO4 buffer (pH 7.4). After adding 100 µl of 0.5 U/
ml Xanthine Oxidase, the reaction mixture was incubated 
for 30 min at 25°C. The absorbance was read at 560 nm 
and compared with control sample in which the enzyme, 
xanthine oxidase was not included.

The percentage inhibition of superoxide radicals was 
calculated from the optical density of the treated and con-
trol sample.

Inhibitory effect (%)=[(Acontrol-Asample)/Acontrol]×100

Hydroxyl Radical (OH.) Scavenging activity
Hydroxyl radical scavenging activity was determined 

by measuring the competition between deoxyribose and 
the extracts for hydroxyl radicals generated from the Fe+3 

ascorbate/EDTA/H2O2 system. The attack of the hydrox-
yl radical on deoxyribose leads to TBRS formation (Kun-
chandy and Rao, 1990). Various concentration of the test 
sample and antioxidant compound were added to the re-
action mixture containing 3.0 mM deoxyribose, 0.1 mM 
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Inhibition of superoxide radicals
The relative scavenging effects of pineapple phenolics 

towards superoxide radicals are compared with ascorbic 
acid and pyragallol in Fig. 2. At 20 µg/ml, the superoxide 
radical scavenging activities of pineapple phenolics, ascor-
bic acid and pyragallol were 63.43%, 20.37% and 53.32% 
respectively.

The hypoxanthine, xanthine oxidase system is fre-
quently used as a generator of superoxide anion radicals. 
Superoxide anion can damage the biomolecules directly or 
indirectly by forming reactive hydroxyl radical (Halliwell, 
1987). The pineapple phenolics were found to scavenge 
the superoxide radicals in a dose dependent response. Su-
peroxide radicals are produced by a number of cellular re-
actions, including various enzyme systems like peroxidase, 
lipoxygenase and xanthine oxidase. Superoxide radical 
plays an important role in plant tissues and is involved in 
the formation of other cell damaging free radicals (Blokni-
na et al., 2003). 

Hydroxyl radical (OH.) radical scavenging activity
The hydroxyl radical scavenging activity of pineapple 

phenolics was determined according to deoxyribose deg-
radation in Fenton type reaction system. Fig. 3 shows the 
concentration dependent inhibition of hydroxyl radicals 
by pineapple phenolics, ascorbic acid and pyragallol. At 
100 µg/ml, the hydroxyl radical scavenging activity of pine-
apple phenolics, ascorbic acid and pyragallol are 85.4%, 
96.6% and 78.5% respectively. Hydroxyl radical can be 
formed by the Fenton reaction in the presence of reduced 
transition metals such as Fe2+ and H2O2, which is known 
to be the most reactive of all the reduced forms of di-oxy-
gen, capable of damaging almost every molecules found in 
living cells (Rollete-Labelle et al., 1998). Deoxyribose was 
oxidized when exposed to hydroxyl radicals generated by 
Fenton reagent and the oxidation degradation can be de-
tected by heating the products with TBA and measuring 
the absorbance at 532 nm (Cheng et al., 2003). The hy-
droxyl radical scavenging activity of pineapple phenolics 
was found to be lowered than those of ascorbic acid and a 
little higher than pyragallol. Similar results of dose depen-
dent inhibition were reported for litchi phenolics (Duan 
et al., 2007).

Tab. 1. shows the IC50  values of the methanolic ex-
tracts of pineapple phenolics and two standard compound 
ascorbic acid and pyragallol. The DPPH, superoxide and 
hydroxyl radical scavenging activities of pineapple pheno-
lics compares well with that of the same dose of ascorbic 

Fig. 1. Scavenging effect of pineapple phenolics on DPPH free 
radicals

Fig. 2. Superoxide radical scavenging activity of pineapple phe-
nolics

Fig. 3. Hydroxyl radical scavenging activity of pineapple pheno-
lics

Tab. 1. IC50 values of methanolic extracts of pineapple 
phenolics and two standard compounds on DPPH, superoxide 
and hydroxyl free radical inhibition

Sample
IC50 values (µg/ml)

DPPH Superoxide Hydroxyl
Pineapple phenolics 12.25 11.42 55.29

Ascorbic acid 17.84 49.61 48.45
Pyragallol 15.90 15.67 60.63
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acid and pyragallol. Pineapple phenolic exhibited higher 
DPPH and superoxide scavenging activity compared to 
ascorbic acid and pyragallol. But in hydroxyl radical scav-
enging activity, it exhibit higher activity than pyragallol, a 
lower activity than ascorbic acid. IC50 value is defined as 
the concentration of the sample extracts causing 50 per-
cent inhibition of absorbance; a lower IC50 value would 
reflect greater antioxidant activity of the sample.

Various research data about the antioxidant capacity of 
fruits and vegetables in the literature clearly show that the 
methods in many stages of research from sample prepara-
tion to antioxidant activity measurement vary highly and 
it is almost impossible to compare the results of one inves-
tigation with another (Kolayli et al., 2003).On the other 
hand, when the experiments were carried out, no signifi-
cant variation was recorded in the scavenging activity of 
the mature fruits of this pineapple variety in successive 
years. 

Conclusions

The phenolics extracted from this variety of pineapple 
exhibited excellent antioxidant activity. The results of all 
the assays are in agreement that methanol extracts of pine 
apple phenolics displayed high antioxidant activity. They 
act as hydrogen donating agent in the DPPH assay, were 
effective in scavenging superoxide anion produced by hy-
poxanthine-xanthine oxidase and hydroxyl radicals gener-
ated from Fenton reaction. These effects may be correlated 
with its phenolic structure, which can react with a free 
radical to form the phenoxyl radicals. These results show 
that pineapple and its active constituents may be used in 
future antioxidative therapy and provides a valuable source 
of nutraceutical supplements.
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