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Abstract Banana is a highly nutritious fruit crop consumed
by many people’s worldwide while endangered species are
consumed by limited peoples and their health benefits are
not explored. The unripe fruits and flowers of wild and
commercial banana are consumed by peoples after cooking
only. Hence, the present study was undertaken to evaluate
and compare the effect of pressure cooking on antioxidant
activity of wild and commercial banana species. The raw
and processed samples were extracted with 70 % acetone.
Except wild flower, thermal processing enhanced the con-
tent of phenolics, tannins, flavonoids, DPPH, ABTS, FRAP,
hydroxyl and peroxidation activity than raw. Wild species
presented higher phenolics, tannins, DPPH, ABTS and
FRAP activity than commercial ones. Except few samples,
wild species and commercial species exhibit similar activity
in superoxide, hydroxyl and peroxidation activity. FRAP
(r°=0.922; 0.977) and hydroxyl (*=0.773; 0.744) activities
were dependent on phenolics and tannin content whereas
tannins may be responsible for DPPH scavenging activity
(+°=0.745). Thermal processing enhanced the antioxidant
activity might be due to the release of bound phenolics from
cell wall and oxidation and polymerisation of compounds
present in it. This wild species may be an alternative to
commercial ones and will be valuable to consumers for
protecting from chronic diseases.
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Introduction

Fruits and vegetables are important sources of essential
dietary nutrients such as vitamins, minerals and fibre (Sagar
and Suresh Kumar 2010). Among fruits, banana (Musaceae
family) is the world’s fourth most valued fruit crop for its
nutritive value with high carbohydrates, fiber, protein, less
fat and water. There are more than 300 kinds of banana but
only a few are commercially important. Many wild species
of banana have many medicinal qualities and it will not
explore to the present population. In search of rare and
endangered species, Ensete superbum (Cliff banana), an
Indian wild banana species was selected for this present
study. It can withstand severe drought and it occupies as
staple food of almost 10 million people in Ethiopia. The
seeds were reported to cure various ailments like diabetes,
leucorrhoea, kidney stone and dysuria (Yesodharan and
Sujana 2007). Indigenous communities consume these
fruits, flowers and pseudostem as vegetable (Monica et al.
2008). This species are observed to be rare and endangered
(Saroj Kumar et al. 2010). Commercial species of Musa
paradisiaca var. Monthan was compared with wild species.
The ripening period of Ensete superbum and Musa paradi-
siaca is 12—15 days. M. paradisiaca fruit is reported to have
strong ability to protect itself from the oxidative stress caused
by intense sunshine and high temperature (Kanazawa and
Sakakibara 2000). After processing only, rural peoples in
India include these banana flower and unripe fruits in their
diet. Thus, it is important to investigate the changes in pro-
cessing. Many health benefits of plants are mainly due to the
presence of antioxidant compounds. Reactive oxygen species
or free radicals (hydroxyl, superoxide anion, hydrogen perox-
ide, singlet oxygen, nitric oxide, hypochlorite and various
lipid peroxides) in biological system can be formed by perox-
idative enzyme systems, lipid oxidation, irradiation, inflam-
mation, smoking, air pollutants and glycoxidation (Halliwell
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1997). These free radicals are capable of reacting with
membrane lipids, nucleic acids, proteins and enzymes, and
other small molecules, resulting in cellular damage and lead
to a number of degenerative diseases like atherosclerosis,
diabetes mellitus, ischemia/reperfusion (I/R) injury, Alz-
heimer’s disease, inflammatory diseases, carcinogenesis,
neurodegenerative diseases, hypertension, ocular diseases,
pulmonary diseases and haematological diseases (Maxwell
1995). The consumption of fruits and vegetables rich in
antioxidants may neutralize free radicals and prevent these
diseases. To date, no one had studied the antioxidant activ-
ity of Ensete superbum. It is also important to investigate
whether processing increases or decreases the antioxidant
activity in fruits and flowers. Hence, this present study
deals with the influence of processing in wild (Ensete
superbum) and commercial banana (Musa paradisiaca var.
Monthan) unripe fruit and flower.

Materials and methods

Plant material The whole unripe fruits and flowers of ba-
nana, Ensete superbum and Musa paradisiaca (var.
Monthan) were collected from their natural vicinity at
Idukki, Kerala, India.

Preparation of plant extracts The whole unripe fruits and
flowers were chopped into pieces. Then, the samples were
divided into two portions, 600 g for processing and 400 g as
fresh without any treatment. Unripe fruits and flowers of E.
superbum and M. paradisiaca (600 g) were autoclaved
separately using sample: water in the ratio of 1:5 (W/V) at
a 15 Ibs pressure for 15 min. The pressure-cooked and fresh
fruits and flowers were frozen before freeze drying. The
samples were lyophilized (4KBTXL-75; VirTis Benchtop
K, New York, NY, USA) (flower lyophilised at =70 °C for
8—12 h and fruit lyophilised at =70 °C for 1518 h) and then
grounded into small particles using laboratory blender.
Then, the powdered samples were stored in an air tight
container at 4 °C until extraction. Both raw and processed
samples of fruit and flower of E. superbum and M. para-
disiaca were subjected to extraction. Before extraction, the
samples (30 g) were defatted with petroleum ether for 24 h.
The samples were filtered and sample residues were collect-
ed and dried. The sample residues (20 g) were extracted by
stirring with 70 % acetone (1:7 w/v) for 48 h at room
temperature in a shaker. Then the supernatant was filtered
with Whatman No.4 filter paper. The residues were re-
extracted with 70 % acetone for 5 h. The solvent of the
combined extract was evaporated using reduced pressure in
a rotary vacuum-evaporator and the remaining water was
removed by lyophilisation. The freeze dried extract was
used for analysis.
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Chemicals Butylated hydroxyanisole (BHA), Butylated
hydroxytoluene (BHT), potassium ferricyanide, 2,2'-
diphenyl-1-picryl-hydrazyl (DPPH"), 3- carotene, linoleic ac-
id, nitro blue tetrazolium (NBT), potassium persulfate, ferrous
chloride, ascorbic acid, Tween 20, 2,4,6-tripyridyl-s-triazine
(TPTZ), ferric chloride, 6-hydroxy-2,5,7,8-tetramethylchro-
man-2-carboxylic acid (Trolox), 2,2-azinobis (3-ethyl
benzothiazoline-6-sulfonic acid) diammonium salt (ABTS)
were obtained from Himedia, Merck and Sigma. All chemicals
used were of analytical grade. All analysis was performed with
UV-visible spectrophometer (Cyberlab-UV 100, USA).

Determination of total phenolics and tannin contents Total
phenolics and tannins were measured as tannic acid equiv-
alents (Makkar et al. 2007) from tannic acid standard curve
(3—15 pg range). One mL of the sample extract was trans-
ferred to a test tube and 0.5 mL of Folin-Ciocalteu reagent
and 2.5 mL of sodium carbonate solution (20 %w/v) were
added. After an incubation period of 40 min in dark and the
absorbance was recorded at 725 nm against the reagent
blank. For tannin estimation, the sample extracts were incu-
bated with polyvinylpolypyrrolidone (PVPP) (100 mg) for
4 h at 4 °C. The supernatant was centrifuged and using the
same method of phenolics, tannins were estimated. The
phenolics and tannins were expressed as mg tannic acid
equivalents (TAE)/g extract.

Tannins(%) = Total phenolics(%) — Non — tannin phenolics(%)

Estimation of total flavonoids Total flavonoid content was
measured according to the method of Zhishen et al. (1999).
Sample was added with 0.3 mL of 5 % sodium nitrite and
well mixed. After 5 min of incubation, 0.3 mL of 10 %
aluminium chloride solution was added. Then, after 6 min,
2 mL of 1 M sodium hydroxide was added to the mixture
and made up the volume to 10 mL with water. The absor-
bance was measured at 510 nm. The flavonoids were
expressed as mg rutin/g extract.

Free radical scavenging activity on 2, 2-diphenyl-1-picryl-
hydrazyl (DPPH’) The antioxidant activity of extracts and
standards (BHA, rutin and ascorbic acid) was measured in
terms of hydrogen donating ability using a stable, com-
mercially available organic nitrogen radical DPPH" by the
method of Brand-Williams et al. (1995) with slight mod-
ifications. Sample extracts were prepared in methanol was
mixed with 3.9 mL of DPPH" (0.025 g/L) and incubated
in dark for 30 min. The absorbance was measured at
515 nm. The trolox standard was prepared in the range
of 0-2.5 mM. The concentration of DPPH was calculated
from trolox standard graph and expressed as mmol trolox
equivalents/g extract.
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Antioxidant activity by the ABTS ™" assay The ABTS " rad-
ical cation decolourization assay was performed to evaluate
the radical scavenging ability of crude extracts by the meth-
od of Re et al. (1999). ABTS radical cation (ABTS ") was
generated by adding 2.45 mM potassium persulphate to
7 mM ABTS and incubated in dark at room temperature
for 12-16 h. This stock solution of ABTS " was diluted with
ethanol to give an absorbance of 0.70 (+0.02) at 734 nm,
which act as a positive control. 10 pL of crude extract (pre-
pared in ethanol) was mixed with 1.0 mL of diluted ABTS""
solution and incubated at 30 °C for 30 min. The absorbance
value was estimated at 734 nm. Trolox standards were also
prepared (in ethanol: 0—1.5 mM) to get the concentration
response curve. The unit of Trolox equivalent antioxidant
activity (TEA) was defined as the concentration of Trolox
having the equivalent antioxidant activity expressed as
mmol/g of extracts. The TEA of ascorbic acid, BHA and rutin
were also measured by ABTS" " method for comparison.

Ferric reducing antioxidant power assay (FRAP) FRAP
assay can be used to evaluate the electron donating ability of
antioxidants according to the method of Benzie and Strain
(1996). An aliquot of 30 uL sample was mixed with 90 uL of
water and 900 uL of FRAP reagent (2.5 mL of 20 mmol/L of
TPTZ in 40 mM of HCI, 2.5 mL of 20 mmol/L of ferric
chloride, 25 mL of 0.3 mol/L of acetate buffer (pH-3.6))
and incubated at 37 °C for 30 min. After incubation the
absorbance values were recorded at 593 nm. Known ferrous
sulphate concentrations ranging from 400 to 2,000 pmol were
used to generate the calibration curve. From the graph, the
ferrous ions reduced by the sample were calculated using
regression equation. The antioxidant activity is expressed as
amount of extract required to reduce 1 mmol of ferrous ions.
The antioxidant activity of sample was compared with the
following standards: rutin, BHA and ascorbic acid.

Superoxide anion radical scavenging assay This assay is
used to evaluate the superoxide radical scavenging ability of
plant extracts according to the method of Beauchamp and
Fridovich (1971) as described by Zhishen et al. (1999). All

the solutions used for this assay should be prepared in
phosphate buffer, 0.05 M, pH 7.8. Samples (250 pg/mL)
prepared in phosphate buffer 0.05 M, pH 7.8 were mixed
with 1 mL of NBT (10™* mol/L), I mL of methionine
(102 mol/L) and 3 mL of riboflavin (10~® mol/L) solution.
The mixtures were kept in an aluminium foil lined box with
two 20 W fluorescent lamps. The reactants were kept in
such a way that the light should reach the contents with
approximately 4,000 lux intensity. Control was also (assay
mixture without sample) treated as above. All the samples
and standards (rutin, catechin, BHA and trolox) were run in
triplicates and in both illuminated and non-illuminated con-
ditions. The absorbance was recorded at 560 nm. The differ-
ences in sample absorbance (A;) and control (A) between
the illuminated and non-illuminated condition was recorded
in order to avoid interferences.

The degree of superoxide radical scavenging activity was
calculated as,

% SRSA = [(A — A;)/A] x 100

Hydroxyl radical scavenging activity Hydroxyl radical scav-
enging ability of extract and standard like catechin was mea-
sured according to the method of Klein et al. (1981). Sample
extracts and standard (200 pg/mL) were mixed with 1 mL of
iron—-EDTA solution (0.13 % ferrous ammonium sulphate in
0.26 % EDTA), 0.5 mL of 0.018 % EDTA and 1 mL of
DMSO solution (0.85 % in phosphate buffered saline 0.1 M,
pH 7.4). The reaction was initiated by the addition of 0.5 mL
of 0.22 % ascorbic acid and incubated at 80-90 °C in water
bath for 15 min. The reaction was terminated by the addition
of 1 mL of ice cold TCA (17.5 w/v). 3 mL of Nash reagent
was added to the above mixture and allowed to stand at room
temperature for 15 min and the absorbance values were
recorded at 412 nm. Sample control was also run with the
substitution of phosphate buffer instead of ascorbic acid.
Reaction mixture without samples was used as control. The
% hydroxyl radical scavenging activity (HRSA) was calculat-
ed using the following formula,

% HRSA = 1 — (Differences in absorbance of sample/Difference in absorbance in blank) x 100

(-carotene linoleic acid system The antioxidant activity of
sample extracts and standards (BHA, rutin and trolox) were
analyzed according to the method of Taga et al. (1984) with
slight modifications. Two milligram of (3-carotene was dis-
solved in 1 mL of chloroform containing 40 mg of linoleic
acid and 400 mg of Tween 40. The chloroform was removed

by rotary vacuum evaporator at 45 °C for 4 min, and
100 mL of distilled water was added slowly to the semisolid
residue with vigorous agitation to form an emulsion. A 5 mL
aliquot of the emulsion was added to a tube containing
sample extract (250 pg/mL) and the absorbance was mea-
sured at 470 nm, immediately, against a blank, consisting of
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the emulsion without 3-carotene. The tubes were placed in a
water bath at 50 °C, and the absorbance measurements were
conducted again at 30 min intervals up to 120 min. All
determinations were carried out in triplicates. The antioxi-
dant activity (AA) of the extracts was evaluated in terms of
bleaching of [3-carotene using the following formula: AA =
[1-(Ag-A)/(A'g—A')] x 100, where Ay and A’y are the
absorbance of values measured at zero time of the incuba-
tion for test sample and control, respectively and A, and A’
are the absorbances measured in the test sample and control,
respectively, after incubation for 120 min.

Statistical analysis Results were expressed as the mean =+
standard deviation (SD) of at least three independent experi-
ments. Differences are estimated by the analysis of variance
(ANOVA) followed by Duncan’s multiple-range test. Differ-
ences were considered to be significant at P<0.05. Correlation
analysis was performed between phenolics and tannins with
antioxidant activity using Pearson correlation-Two tailed. All
statistical analyses were performed using the statistical soft-
ware SPSS 13.0 version (SPSS Inc., Chicago, Illinois, USA).

Results and discussion

Total phenolics and tannins Polyphenols form a large group
of phytochemicals, which are produced by plants as secondary
metabolites to protect them from photosynthetic stress, reac-
tive oxygen species (Das et al. 2012). Phenolics acting as
primary antioxidants or free radical terminators that are much
stronger than those of Vitamin C and E. Tannins or polymeric
polyphenolics are also potent antioxidants than simple mono-
meric phenolics and thus may be important dietary antioxi-
dants (Hagerman et al. 1998). So, it is reasonable to determine
the phenolics and tannins in selected plant extracts. Wild
species expressed highest phenolic and tannin contents than
commercial species (Table 1). Phenolics and tannins were
resistant to thermal processing and the phenol content of raw
samples was 27.95-352.55 mg TAE/g extract and processing
samples were 95.45-402.42 mg TAE/g extract respectively.
The values of tannins were within the range of 15.05-
298.79 mg TAE/g extract. All processed samples except wild
flower were observed to contain higher amount of phenolics
and tannins than their respective raw samples. Processing
increased 1.6-3.5 times of phenolics and 1.2-5.2 times of
tannins than their raw samples. Among each species, the
processed fruit in wild species and processed flower in com-
mercial species showed higher phenolics and tannins. Similar
increase in phenolic content during thermal processing were
observed in banana peel (Gonzalez-Montelongo et al. 2010),
leafy vegetables and corn (Adefegha and Oboh 2011; Kwon et
al. 2007). The present report showed higher phenolic content
than Ensete glauca ripe fruit (1.27 mg/g) (Kubola et al. 2011)

@ Springer

and Musa sapientum fruit (0.51 mg/g) (Patthamakanokporn et
al. 2008). Hence, this increase could be due to the release of
bound phenolic acids from the breakdown of cellular constit-
uents and cell walls during processing, disassociation of con-
jugate phenolic forms and formation of by-products (Chism
and Haard 1996). Other reasons could also be due to Maillard
reaction (non-enzymatic browning), caramelization, chemical
oxidation of phenols and maderisation (Eichner and Ciner-
Doruk 1981).

Flavonoids Flavonoids, mainly present as colouring pig-
ments in plants also function as potent antioxidants at var-
ious levels and could protect membrane lipids from
oxidation (Terao et al. 1994). Variation in flavonoid content
was shown in Table 1. As like phenolics and tannins, except
wild flower, all other processed samples showed higher
flavonoid content up to 1.22-2.85 times than raw. The
increase might be due to the release of bound flavonoid
compounds and loss is due to the thermal degradation of
compounds. The present report showed higher flavonoid
content than Ensete glauca ripe fruit (Kubola et al. 2011).
Similar increases in flavonoid content were shown in leafy
vegetables after cooking (Adefegha and Oboh 2011) and
oak acorns during thermal treatment (Rakic et al. 2007).
Except wild flower, commercial species have higher flavo-
noid content than wild species.

Free radical scavenging activity on DPPH’™ DPPH’ is a free
stable radical and it is an easy and efficient method to
determine the antioxidant capacity of samples. In its radical
form, DPPH" absorbs at 515 nm, but upon reduction by an
antioxidant or a radical species, the absorption disappears.
Sample extract react very quickly with DPPH’, reducing a
number of DPPH" molecules equal to their number of avail-
able hydroxyl groups. The DPPH activity of all samples was
presented in Table 2. All samples showed lower scavenging
activity than standards because the interference of many
compounds in the crude extract and purity of standards
used. All processed samples other than wild flower regis-
tered higher DPPH activity than raw. Antioxidant activity
toward DPPH was found to correlate with their tannin
content (+°=0.745 and P<0.05) (Table 3). Tannins, which
are highly polymerized and have many phenolic hydroxyl
groups with molecular weights of between 500 and
30,000 Da. It is much more potent antioxidants than are
simple monomeric phenolics and scavenge DPPH efficient-
ly (Hagerman et al. 1998). Wild species observed to have
higher scavenging activity than commercial ones. The pres-
ent results showed higher DPPH scavenging activity than
Musa sapientum fruit extracts, stem and flower of Musa
paradisiaca (Lim et al. 2007; Loganayaki et al. 2010). The
number of DPPH" radical is reduced by available hydroxyl
groups in sample extract.
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Table 1 Total phenolics, tannins and flavonoid contents of raw and processed samples of Ensete superbum and Musa paradisiaca (var. Monthan)

Samples Total phenolics (mg TAE/g extract)® Tannins (mg TAE/g extract)” Flavonoids (mg rutin/g extract)
ERFA 249.4°4+34.02 249.2+34.02 ° 530.9+28.32 ©

EPFA 402.4 *+£16.11 298.8+14.94 ¢ 648.0+32.38 °
ERFLA 352.6 °+30.28 276.2435.13 519.1+49.02 ©
EPFLA 335.2°+£39.92 239.6+37.07 ® 311.8+22.05 ¢

MRFA 27.9 °+2.69 15.1£0.98 © 585.6+40.29
MPFA 95.5 948.99 77.9+9.38 ¢ 1670.6+121.41 2
MRFLA 77.9 9+2.39 53.9+3.20 % 176.4+10.34 ©
MPFLA 237.2 °+36.61 148.7+13.17 ¢ 391.8+22.55 ¢

A mg Tannic acid equivalents

Values are means of triplicate determination + standard deviation. Mean values followed by different superscript in the same column are
significantly (P<0.05) different. ERFA E. superbum raw fruit acetone extract; EPFA E. superbum processed fruit acetone extract; ERFLA E.
superbum raw flower acetone extract; EPFLA E. superbum processed flower acetone extract; MRFA M. paradisiaca raw fruit acetone extract;
MPFA M. paradisiaca processed fruit acetone extract; MRFLA M. paradisiaca raw flower acetone extract; MPFLA M. paradisiaca processed

flower acetone extract

Antioxidant activity by the ABTS™ assay ABTS ~ is a
radical generated from potassium persulphate and ABTS * in
a dark for 16 h and forms a blue-green chromophore. The
increase in concentration of extracts decreases the absorbance.
The ABTS activity of all samples was presented in Table 2.
Similar results were reported in Musa acuminata peel extract
and leafy vegetables, the ABTS activity was increased with
increase in temperature (Gonzalez-Montelongo et al. 2010;
Adefegha and Oboh 2011). Except wild fruit, all other pro-
cessing samples showed higher activity than raw. Processed
samples reported to have high phenolic content and it might be
responsible to scavenge ABTS radical efficiently than raw
sample. However, when compared to standards, processed

wild fruit and commercial flower showed higher ABTS radi-
cal scavenging activity. Processed fruit and flower of both the
species (10.7-189.6 mmol/g DM) registered higher ABTS
activity than reported banana stem and flower (2.6—
10.2 mmol/g DM) (Loganayaki et al. 2010).

FRAP assay FRAP measures the ferric reducing ability of
the samples at a low pH, forming an intense blue colour as
the ferric tripyridyltriazine (Fe**-TPTZ) complex is reduced
to the ferrous (Fe?") form and absorbance is measured at
593 nm (Gil et al. 2000). The reductants present in the
sample extract causes the reduction of ferric to ferrous.
The ferric reducing antioxidant activity of all sample

Table 2 DPPH', ABTS ™ and Ferric reducing power assay of raw and processed samples of Ensete superbum and Musa paradisiaca (var.

ABTS?
mmol TEA/g extract

FRAP®
mmol Fe(Il)/g extract

654356.1+617.42 ¢
432942.74233.01 ¢
597916.7+104.88 °
43657.14258.46 ©
2259047.6+174.57 °
125714.3+174.57 €
118476.2+412.63 €
8266.7+25.91 ©
28457.1+34.75 ¢
32495.2+108.19 ©
3394285.7+261.86 °

350278.7+735.79 ®

172898.6+272.78 ©

730676.3+911.82 °
59072.5+458.51 ¢
66695.7+469.57 ¢
64347.8+301.72 ¢
53739.1+487.89 ¢
10391.3+130.43 ¢
34739.1+98.29 ¢
20086.9+291.76 ¢
32463.8498.89 ¢

Monthan)
Samples DPPHA

mmol TEA/g extract
BHA 814172.8+187.06 °
RUT 748175.2+598.32 ¢
ASC 841240.94273.72 *
ERFA 420194.7+126.02 °
EPFA 483941.6+394.77 ¢
ERFLA 440997.6+402.01 ©
EPFLA 439781.0+291.97 ©
MRFA 33625.3+172.48 "
MPFA 37262.8+166.93 "
MRFLA 383090.0+197.26 &
MPFLA 39914.8+486.01 "
A

B Ferric reducing antioxidant power assay (mmol Fe (II) equivalent)

mmol of trolox equivalent antioxidant activity

Values are means of triplicate determination + standard deviation. Mean values followed by different superscript in the same column are
significantly (P<0.05) different. BHA Butylated hydroxyanisole; RUT rutin; ASC Ascorbic acid. Refer to Table 1 for abbreviations of samples
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extracts was shown in Table 2 (10391.3-66695.65 mmole
Fe (I)/g extract). All sample extracts showed higher reduc-
ing power than Musa sapientum fruit residues (Babbar et al.
2011) and Ensete glauca ripe fruit (Kubola et al. 2011).
Previous reports showed that the reducing power of bioac-
tive compounds associated with the antioxidant activity
(Siddhuraju and Becker 2003). All processed samples other
than wild flower exhibited higher reducing activity than raw.
The correlation also showed that phenolics (°=0.922 and p>
0.01) and tannins (*=0.977 and p>0.01) were responsible for
reducing activity (Table 3). All sample extract showed lower
activity than standards compared. The presence of antioxi-
dants like polyphenols in the samples would result in the
reduction of Fe *>* to Fe ** by donating an electron. The
reducing power of extracts appears to be more related to the
degree of hydroxylation and the extent of conjugation in
polyphenols (Blazovics et al. 2003).

Superoxide anion radical scavenging activity Superoxide
anion radical (O, ") is one of the strongest reactive oxygen
species among the free radicals that are generated first after
oxygen is taken into living cells. O, changes to other
harmful reactive oxygen species and free radicals such as
hydrogen peroxide and hydroxyl radical attacks a number of
biological molecules and leads to unfavourable alterations
of biomolecules including DNA (Al-Mamun et al. 2007).
The superoxide anion radical scavenging activity of all
sample extracts (at 250 pg) showed 54.2-83.8 % (Fig. 1a).
Processing of both unripe fruit and flower of wild and
commercial species increases their superoxide radical scav-
enging activity than raw. When compared to standards, all
samples except commercial raw fruit registered higher scav-
enging activity towards superoxide. Except commercial
fruit, wild and commercial species expressed similar activ-
ity. The presence of vitamin-C, flavonoids, superoxide dis-
mutase in sample extracts may be responsible for superoxide
scavenging activity (Percival 1996).

Hydroxyl radical scavenging activity Hydroxyl radical is the
most toxic radical and nonspecifically oxidizes all classes of
biological macromolecules including lipids, proteins, and
nucleic acids at virtually diffusion-limited rates and giving
rise to many diseases including arthritis, atherosclerosis,

Table 3 Correlation between phenolics, tannins and antioxidant
activities

Parameters DPPH FRAP Hydroxyl
Phenolics 0.687 0.922™" 0.773"
Tannins 0.745" 0.977" 0.744"

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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cirrhosis, diabetes, cancer, Alzheimer’s disease, emphysema,
and ageing (Imlay and Linn 1988). The range of hydroxyl
radical scavenging activity was 29.9-94.6 % (Fig. 1b) and the
order of activity was EPFLA> EPFA> ERFLA> MPFA>
MPFLA> CAT> ERFA> MRFA> MRFLA. At 200 ng, all
samples except commercial raw fruit and flower exhibited
similar hydroxyl radical scavenging activity than standard,
catechin. Processing increases the scavenging activity towards
hydroxyl radical but in wild flower, it showed similar activity.
Phenolics (+*=0.773) and tannins (+*=0.744) were correlated
with hydroxyl radical scavenging activity at P<0.05 (Table 3).
The presence of phenolics and tannins in sample extract may
be responsible to donate active hydrogen groups to hydroxyl
radical and stabilizes it (Percival 1996). Tannic acid, has ten
galloyl groups and has ability to complex with ferric formed in
fenton reaction and converted in to Fe(Il),-TAoxidizeq- Then
this complex may not react to form hydroxyl radical (Lopes et
al. 1999). When compared to commercial species, raw sam-
ples of wild species expressed higher activity and processed
samples showed similar activity.

[-carotene linoleic acid assay In this method, (3-carotene, a
highly unsaturated molecule will be degraded by a free
radical formed from linoleic acid. This linoleic acid
abstracts hydrogen atom from one of its diallylic methylene
groups and form free radicals. The presence of antioxidants
in sample extracts can protect the extent of (3-carotene
bleaching by neutralizing the linoleate-free radical and other
free radicals formed in the system (Chew et al. 2008). (3-
carotene degradation depends on the antioxidant activity of
the sample extracts. The protection of sample extracts at
250 pg on (-carotene was 49.14-70.39 % (Fig. 1c). In this
assay also, except wild flower, all processed samples have
more protecting activity towards (3-carotene from peroxida-
tion. EPFA, ERFLA and MPFLA showed higher protection
activity than standards, rutin and trolox whereas, exhibit
similar activity on BHA. The presence of vitamin E, flavo-
noids and glutathione peroxidase in samples may be respon-
sible for scavenging lipid peroxides generated from
oxidation of linoleic acid (Percival 1996).

During processing, the phenolics, tannins and flavonoid
contents of wild fruit were increased and in wild flower, it
was decreased. In commercial species of banana, processing
increased higher amount of phenolics, tannins and flavo-
noids. The difference might be due to the variations in the
composition of samples used. The increase of phenolics,
tannins and flavonoids might be due to the following rea-
sons. The disruption of the cell wall through heating or the
breakdown of insoluble phenolic compounds could have led
to better extractability of these compounds. The increase of
phenolics might be due to the release of more bound phe-
nolic acids from the breakdown of cellular constituents
(Dewanto et al. 2002a). The decrease might be due to the
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Fig. 1 Superoxide anion radical scavenging activity (a), Hydroxyl
radical scavenging activity (b) and (3-carotene linoleic acid peroxida-
tion activity (¢) of Ensete superbum and Musa paradisiaca extract.
Values of triplicate determinations (mean + SD) with different letters

more solubility nature of compounds in cooking water and
discarded it. Overall, except wild flower, the processing
increased the antioxidant activity of all other samples. Ther-
mal processing alters the phenolic structure resulting in
improved antioxidant function. Other factors for improved
antioxidant activity could be due to the additive and syner-
gistic effects between other phytochemicals and thermally
altered phenolics, increase in extractability of antioxidant
compounds and formation of Maillard reaction products
(Bondet et al. 1997). The Maillard reaction is known as a
major source of compounds related to enhanced antioxidant
activity by heat treatment in various foods (Chen and Kitts
2008). In a recent paper (Rufidn-Henares and Delgado
Andrade 2009), it has been demonstrated that cooking pro-
cess releases some Maillard reaction products that contrib-
ute to the overall antioxidant activity in breakfast cereals
(Nicoli et al. 1997). Also, it has been reported that thermal
processing deactivates the oxidative and hydrolytic enzymes

Samples

are significantly different (P<0.05). SRSA—Superoxide radical scav-
enging activity; HRSA—Hydroxyl radical scavenging activity; BHA—
Butylated hydroxyanisole; CAT—Catechin; TRO-Trolox; RUT—Rutin.
Refer to Table 1 for abbreviations of samples

which are responsible for destroying the antioxidants in
fruits and vegetables and enhances their antioxidant activity
(Chism and Haard 1996). The present findings found to be
agreement with earlier findings where antioxidant activity
increased during processing in following samples, sweet
corn (Dewanto et al. 2002a), tomato and carrot purées
(Patras et al. 2008) and tomatoes (Dewanto et al. 2002b).
The correlation was made for phenolics, tannins and fla-
vonoids with their antioxidant activity. There was no signifi-
cant correlation except phenolics and tannins with hydroxyl
and FRAP and tannins with DPPH. This could mean that other
phytochemicals than phenolics are responsible for antioxidant
activity. Certain phenolic and non-phenolic compounds in
various parts of banana were identified in previous reports.
They are arginine, flavonoids, catcholamines, vitamins (A, B,
C and E), sulthydryl- containing compounds (Cysteine and
Glutathione), catechin, epicatechin, lignin, tannins, anthocya-
nins, lutein, B-cryptoxanthin, total carotenoids, apigenin
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glycosides, myricetin glycoside, myricetin-3-O-rutinoside,
naringenin glycosides, kaempferol-3-O-rutinoside, quercetin-
3-O-rutinoside, dopamine and N-acetylserotonin, anthocyani-
dins, procyanidins, trans-ferulic acid, p-coumaric acid, caffeic
acid, vanillic acid, syringic acid, p-hydroxybenzoic acid and
leucocyanidin (Lewis et al. 1999; Kanazawa and Sakakibara
2000; Vinaykumar et al. 2010; Someya et al. 2002; Lim et al.
2007; Isabelle et al. 2010; Kanazawa and Sakakibara 2000;
Bennett et al. 2010). Processing might increases these com-
pounds and the synergism of these compounds might contrib-
ute for the highest antioxidant activity in the present study.

Conclusion

Based on the relative order of potency in the above assays
tested, the wild species showed higher polyphenol content
than commercial species. They exhibited higher activity
against some radicals and similar activity on others. Hence,
the wild species can afford to be an alternative source to
commercial banana for consumers. In various studies, it may
be shown that processing decreases the antioxidant activity.
This study may be a contradiction to these reports. All samples
except in wild flower, processing increases the polyphenol
and antioxidant activity. So, this present investigation may
encourage the consumption of processed bananas and this
study will be useful to investigate their potential in alleviating
diseases and maximizing their use in food industry. The
proper conservation of this wild species in their natural habitat
will pave a way as alternative species of banana to include in
our diet in upcoming days. Certain in vivo and toxicity studies
will be focussed to promote this species in health promoting
attributes in future.
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