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ABSTRACT

Ridge gourd pulp and peel powders as well as their various solvent fractions were evaluated for antioxygenic activity
using different methods. Ridge gourd pulp and peel powders at 2% level and their ethanol/water soluble extracts exhib-
ited strong antioxygenic activity in sunflower oil stored at 37°C. The water soluble extract devoid of any antioxygenic
activity in sunflower oil. Ridge gourd pulp and peel powders as well as their extracts were evaluated for their antioxy-
genic activity using linoleic acid peroxidation, S-carotene-linoleic acid bleaching and 1,1-diphenyl-2-picryl-hydrazyl
(DPPH) methods. Ethanol/water extracts from ridge gourd pulp and peel showed highest antioxygenic activity followed
by water extracts, while the petroleum ether extract showed moderate antioxygenic activity. Ridge gourd peel powder
and its extracts showed slightly higher antioxygenic activity than ridge gourd pulp powder and its extracts. This may be
attributed to the presence of higher amounts of phenolics and flavonoids which have been reported as potential antioxi-

dants.
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1. Introduction

One of the major causes of food quality deterioration is
lipid peroxidation, a free radical mediated process re-
sponsible for both the development of objectionable odour
and flavour in foods [1,2]. Tocopherol, butylated hydroxy
anisole (BHA), butylated hydroxy toluene (BHT) and
tertiary butyl hydro quinone (TBHQ) are important syn-
thetic antioxidants that protect polyunsaturated fatty ac-
ids from oxidative degradation. However, due to their
unstable, highly volatile nature and toxicological side
effects [3,4], there has frequently been some questions
raised about their efficiency since their first introduction
into the food industry [5,6]. TBHQ has been banned in
Japan and certain European countries while BHA and
BHT are reported to be carcinogenic [7]. Hence, research
into safer and more effective natural antioxidants is un-
der way and several natural sources are being examined
[8-12] that act as a stable and efficient antioxidant to pre-
vent lipid deterioration of foods [13]. Fruits, vegetables,
herbs and oil seeds have been long recognized as a good
source of phenolic compounds such as phenolic acids,
flavonoids, isoflavonoids, flavones, anthocyanins, cate-
chins etc rather than having micronutrients [14-17], act
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as antioxidant compounds impart greater benefits to hu-
man being.

Ridge gourd is a popular vegetable consumed in Asian,
African and Arabic countries and a common vegetable in
daily Indian diet. Data on the antioxygenic activity of
ridge gourd is unavailable. Therefore, the present study
was undertaken to extract antioxidant compounds sepa-
rately from pulp and peel of ridge gourd using various
solvents and the relative antioxygenic activities of these
extracts evaluated using different assays.

2. Materials and Methods

Refined sunflower oil (Sunpure brand) without added
synthetic antioxidant was supplied by sunflower oil pro-
ducers (M/s MK Agrotech, Srirangapattanam, Karnataka,
India). Good quality ridge gourd was procured from local
market. Linoleic acid, catechin, ammonium thiocyanate,
tween 20, tween 40, 1,1-diphenyl-2-picryl-hydrazyl (DPPH)
and Tertiary Butyl Hydro Quinone (TBHQ) were pro-
cured from Sigma chemicals, Mumbai, India. Ferrous
chloride, sodium dihydrogen phosphate, disodium hydro-
gen phosphate, chloroform, methanol, petroleum ether
(40°C - 60°C) and gallic acid were procured from E-Merck,
Mumbai, India, while f-carotene was procured from Fluka
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chemicals, (Fluka chemie, GMbH, Buchs, Switzerland).
Ethyl alcohol was distilled before use, while all other
chemicals were of analytical reagent grade and used as
such.

2.1. Preparation of Ridge Gourd Pulp and Peel
Powders

Good quality ridge gourd was washed in a running tap
water to remove the adhering dust and durt. Ridge gourd
was trimmed and hand peeled and peel portion was col-
lected separately. Remaining portion (ridge gourd pulp)
was diced in to small pieces (1 - 2 mm thickness) manu-
ally. Both peel and pulp were dried at 70°C separately in
a fluidized bed drier (Model 30D, Chemec Engineering,
Mumbai, India) to a moisture level of 7% - 8%. Dehy-
drated ridge gourd pulp and peel were ground to a fine
powder in an ultra centrifugal mill (Model Restch R1,
Haan, Germany) using 1 mm sieve and used for experi-
mental studies.

2.2. Solvent Extraction Procedure

Ridge gourd pulp and peel powders (20 gm) were taken
individually in glass columns (2.5 x 30 ¢cm) and sequen-
tially eluted with 1000 ml each of petroleum ether (40°C -
60°C), ethanol/water (80:20 v/v) and distilled water. Each
fraction was separately evaporated using a rotary vacuum
evaporator (Model Superfit PBU6 Continental instru-
ments, Mumbai, India) and preserved at 5°C prior to use.
A flow chart for the preparation of various fractions from
ridge gourd is given in Figure 1.

Powders (0.2 g) of ridge gourd pulp and peel as well
as their solvent extracts (0.1 g) were extracted with 25 ml
of 70% methanol (70 ml methanol + 30 ml distilled water)
for 1 h under sonication and the extracts were filtered.
The residues were re-extracted for 1 h and both the fil-
trates were combined and made up to 50 ml with 70%
methanol. The total phenolics and flavonoids were esti-
mated according to the method of Gerard and Roberts

[18].

2.3. Test for Antioxygenic Activity in
Sunflower Oil

Ridge gourd pulp and peel as well as their various sol-
vent fractions were evaluated for antioxygenic activity in
refined sunflower oil. Samples (100 g) of sunflower oil
both with and without 0.5, 1.0 and 2.0 g powder each of
ridge gourd pulp and peel and an equivalent amount (2 g
of powder) of various ridge gourd fractions were incu-
bated in 250 ml glass beaker at 37°C £ 1°C. Initially and
after regular intervals of 30 days, 20 g samples were re-
moved and analysed for peroxide value (PV) as well as
thiobarbituric acid (TBA) values by the methods reported
earlier [19]. Antioxygenic activity was calculated as the
ratio between the peroxide or thiobarbituric acid value of
control and the peroxide or thiobarbituric acid value of
the samples.

2.4. Determination of Antioxygenic Activity
Using #-Carotene-Linoleic Acid System

Antioxygenic activities of ridge gourd pulp, peel and
their extracts were measured by monitoring the coupled
oxidation of S-carotene and linoleic acid with the method
reported by Peterson et al. [20]. f-carotene (2 mg) was
dissolved in 20 ml chloroform and 3 ml of this solution
was added to 40 mg of linoleic acid and 400 mg of tween
40. The chloroform was removed at 40°C under a stream
of nitrogen gas. Oxygenated deionised water (100 ml)
was added and the solution mixed well. Aliquots (3 ml)
of p-carotene-linoleic acid emulsions were mixed with
100 pl of the methanolic extracts (diluted with methanol
to obtain equivalent of 1 mg of starting material/100 pl).
Oxidation of the emulsion was monitored spectropho-
tometrically (Shimadzu UV 1601 UV-Vis Spectrophoto-
meter) by measuring absorbance at 470 nm at 15 min
intervals upto 120 min at 50°C against a blank consisting
of 100 pl of water and emulsion without f-carotene. Con-

Ridge gourd
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Figure 1. Scheme for the solvent extraction from ridge gourd.
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trol contained 100 pl of methanol in place of the extract.

Antioxygenic activity was expressed as percentage inhi-

bition, relative to the control, in terms of bleaching of

f-carotene after incubation for 120 min using the formula
DR.-DR

AOA =100x M

C

where AOA is the antioxygenic activity, DR¢ is the deg-
radation rate of control and DRy is degradation rate of
sample.

2.5. Determination of Antioxygenic Activity
Using Linoleic Acid Peroxidation Method

The antioxygenic activities of ridge gourd pulp and peel
as well as their extracts were determined using thiocy-
anate method [21]. The linoleic acid emulsion was pre-
pared by homogenizing 0.28 g of linoleic acid and 0.28 g
of tween 20 as an emulsifier and 50 ml of phosphate
buffer (0.2 M, pH 7.0). The test samples were prepared
in methanol-water mixture (80:20 v/v) and 1 ml of each
of them was mixed with 2.5 ml of linoleic acid emulsion,

2 ml of phosphate buffer and incubated at 37°C for 120 h.

The mixture prepared as above without test sample served
as a control. Aliquots (0.1 ml) were drawn from the in-
cubated mixtures at intervals of 24 h and mixed with 4.7
ml of 75% ethanol, 0.1 ml of 30% ammonium thiocy-
anate and 0.1 ml of 0.2 mM ferrous chloride in 3.5% HCI
and allowed to stand at room temperature for 3 min. Af-
ter 3 min, the colour developed was measured at 500 nm.
A control was performed using linoleic acid without the
test sample. Synthetic antioxidant TBHQ was used as a
control for comparison. The degree of linoleic acid per-
oxidation was calculated at 96 h using the formula:

Antioxygenic activity

—100— Increase in absorbance of sample 1

Increase in absorbance of control

2.6. Determination of Antioxygenic Activity
Using DPPH Radical-Scavenging Method

The antioxygenic activities of ridge gourd pulp and peel
as well as their extracts and TBHQ was measured in

terms of hydrogen donating or radical-scavenging ability
using DPPH method [22]. Different amounts of vegeta-
ble extracts (100, 300, 500 and 1000 pl) equivalent to 1,
3, 5 and 10 mg/ml of vegetable powders and their ex-
tracts were placed in separate test tubes. The volume was
adjusted to 1 ml with methanol, 5 ml aliquots of 0.2 mM
methanolic solution of DPPH were added to each tube
and shaken vigorously. The tubes were allowed to stand
at room temperature (30°C + 0.5°C) for 30 min. The con-
trol was prepared as above without any extract and metha-
nol was used for the base line correction. The absorbance
of the samples was measured at 517 nm. The radical-
scavenging activity was expressed as percentage of inhi-
bition and calculated using the formula:

Radical scavenging activity

Absorbance of sample

=100- x100.

Absorbance of control

2.7. Statistical Analysis

All the reported values are mean of three replicates and
were subjected to two way analysis of variance (ANOVA).
Significant differences (p < 0.01) between the means
were tested by Duncan’s multiple range test using statis-
tical software (Statistica, Ver. 7.1 Series 1205) at p < 0.01
significance levels. The correlation coefficients were also
calculated and tested for significance at p < 0.05 levels.

3. Results and Discussion

3.1. Total Phenolics and Flavonoid Contents of
Ridge Gourd Pulp, Peel and Their Extracts

The total phenolics and flavonoid contents of ridge gourd
pulp, peel and their solvent extracts are shown in Table 1.
Ridge gourd peel contained slightly higher amounts of
phenolics (6830 ppm) and total flavonoids (1025 ppm) as
compared to ridge gourd pulp which contained 6250 and
875 ppm of phenolics and flavonoids respectively. Among
the different extracts of ridge gourd pulp and peel, etha-
nol/water extract showed higher amounts of phenolics
and flavonoids followed by water and petroleum ether
extracts.

Table 1. Total phenol and flavonoid contents of ridge gourd pulp , peel and their extracts.

Total phenols (mg/kg)

Total flavonoids (mg/kg)

Ridge gourd pulp powder 6250 + 14 875+ 10
Petroleum ether extract 7825+2 -
Ethanol/water extract 5022 £21 668 + 14
Water extract 442+ 8 14+2
Ridge gourd peel powder 6830+ 16 102512
Petroleum ether extract 142+3 -
Ethanol/water extract 5880 + 14 859+ 6
Water extract 368+5 91+3

Data are mean + SD (n = 3).

Copyright © 2012 SciRes.

AJPS



1416 In Vitro Antioxygenic Activity of Ridge Gourd (Luffa acutangula) Pulp, Peel and Their Extracts on Peroxidation Models

3.2. Antioxygenic Activity of Ridge Gourd Pulp,
Peel and Their Extracts in Sunflower Oil

Effect of ridge gourd pulp and peel powders at 0.5% to
2% levels on the rate of autooxidation in refined sun-
flower at 37°C + 1°C is shown in Table 2. Addition of
these powders even at 0.5% level significantly (p < 0.01)
retarded the rate of lipid peroxidation in sunflower oil.
The catalytic action of these vegetable powders was de-
pendant on concentration and antioxygenic activity in-
creased with rise in concentration of these vegetable
powders from 0.5% to 2%.

As both ridge gourd pulp and peel at 2% level showed
highest antioxygenic activity in refined sunflower oil
stored at 37°C and therefore, their effect in refined sun-
flower oil were also evaluated at elevated temperature
(80°C « 1°C) normally encountered for the preparation of
various traditional Indian foods. It is interesting to ob-
serve that, at higher temperature, ridge gourd peel pow-
der showed higher antioxygenic activity as compared to
TBHQ, clearly indicating the degradation of TBHQ and
beneficial effect of ridge gourd peel and pulp in retarding
the rate of autooxidation in refined sunflower oil at high-
er elevated temperature (Table 3).

Table 4 shows the effect of ridge gourd pulp, peel (2

g/100g) and their various extracts equivalent to 2 g/100g
of vegetable powder obtained by sequential extraction
with petroleum ether, ethanol/water (80:20 v/v) and wa-
ter on peroxide and malonaldehyde formation in sun-
flower oil in comparison to TBHQ. It may be observed
that both ridge gourd pulp and peel powders at 2% level
and their ethanol/water soluble extracts showed strong
antioxygenic activity, whereas their petroleum ether ex-
tracts exhibited only moderate activity (Table 5). Ridge
gourd pulp, peel and their extracts significantly (p < 0.01)
reduced peroxide and malonaldehyde formation in sun-
flower oil during storage at 37°C. The control gave
higher peroxide (PV) and thiobarbituric acid (TBA) val-
ues than the samples containing ridge gourd pulp and
peel or their ethanol/water soluble extracts (Table 4).
The antioxygenic activities of ridge gourd pulp and peel
powders were found comparatively higher than that of its
ethanol/water soluble fraction (Table 5). The water solu-
ble fractions of ridge gourd pulp and peel were practi-
cally devoid of any antioxygenic activity. The higher
antioxygenic activity of ethanol/water soluble fractions
may be due to the solubility of phenolics and flavonoid
compounds as well as sugars in the ethanolic medium
which are known to have antioxygenic activity in lipids.

Table 2. Changes in peroxide value (PV) and thiobarbituric acid (TBA) value of ridge gourd pulp and peel powders in sun-

flower oil during storage at 37°C.

PV (meq O,/kg fat) TBA (mg malonaldehyde/kg sample)
Storage period (months)
1M 2M 3M IM 2M 3M
Control 48.76 82.47 158.61 0.48 0.64 0.91
TBHQ 8.65" 14.31° 20.37* 0.15° 0.20° 0.27°
Ridge gourd pulp (%)
0.5 30.63" 65.31° 118.21° 0.30° 0.43* 0.61°
1.0 22.62° 50.10° 105.13* 0.25° 0.39* 0.49°
2.0 19.63" 44.56° 96.99* 0.22° 0.32° 0.44°
Ridge gourd peel (%)
0.5 26.03" 58.73" 102.35° 0.26" 0.41* 0.57*
1.0 19.92° 49.23* 89.60" 0.23* 0.36 0.46
2.0 17.81° 40.39° 74.93° 0.19° 0.28° 0.41°

Data are mean + SD (n = 3); Initial PV & TBA values were 4.22 meq Oy/kg fat & 0.12 mg MA/kg sample respectively. Values superscripted with “a” indicates

antioxygenic activity significantly different (p <0.01) from control.

Table 3. Antioxygenic activity” of ridge gourd pulp and peel powders during storage in sunflower oil at 80°C.

After 8 h After 24 h

TBHQ 1.23£0.03 1.26 £0.02
Ridge gourd pulp 1.23+0.04 1.20 £0.02
Ridge gourd peel 1.45+0.02 1.33+£0.03

Data are mean + SD (n = 3); Initial PV & TBA values were 4.22 meq O»/kg fat & 0.12 mg MA/kg sample respectively. “Calculated as the ratio of TBA value of
control to the TBA value of the sample. Values > 1 indicates antioxygenic activity and values < 1 indicates prooxygenic activity.

Copyright © 2012 SciRes.
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Table 4. Changes in peroxide value (PV) and thiobarbituric acid (TBA) value of ridge gourd pulp, peel and their various sol-

vent extracts” in sunflower oil during storage at 37°C.

TBA (mg malonaldehyde/kg sample)

Storage period (months)

PV (meq Oy/kg fat)
1M 2M

Control 46.76 85.78
TBHQ 10.16* 17.20°
Ridge gourd pulp (2%) 33.09* 67.91°
Petroleum ether 40.70° 82.76"
Ethanol/Water 35.09° 70.02°
Water 44.02° 84.52
Ridge gourd peel (2%) 33.61° 65.08"
Petroleum ether 41.49° 80.82"
Ethanol/Water 35.58° 68.71°
Water 45.28" 85.10

3M 1M 2M 3IM
182.56 0.58 0.75 0.98
28.11° 0.18* 0.31° 0.39°
131.22° 0.38° 0.52° 0.68*
162.10° 0.50° 0.66 0.84*
144.69° 0.48° 0.58° 0.74*
180.18° 0.58 0.74 0.99
127.06" 0.32° 0.50° 0.62°
163.85" 0.48° 0.66" 0.84°
139.27* 0.43* 0.53* 0.71°
179.16" 0.57 0.73 0.97

Data are mean + SD (n = 3); Initial PV and TBA values were 4.62 meq O/kg of fat & 0.11 mg MA /kg sample respectively. "Concentrations equivalent to 2%
of the ground spice. Values superscripted with ‘a’ indicates antioxygenic activity significantly different (p < 0.01) from control.

Table 5. Antioxygenic activity of ridge gourd pulp, peel and
their various solvent extracts® during storage in sunflower
oil at 37°C.

Antioxygenic activity" + SD

TBHQ 2.72+£1.02

Ridge gourd pulp (2%) 1.47+0.34
Petroleum ether 1.16 £ 0.20
Ethanol/Water 1.27+0.47
Water 1.00 £0.03

Ridge gourd peel (2%) 1.63+0.31
Petroleum ether 1.17+0.10
Ethanol/Water 1.38+0.52
Water 1.02 +0.05

Data are mean + SD (n = 3); *“Mean of three values after 30, 60, 90 days of
storage. Calculated as the ratio of TBA value of the control to the TBA
value of the sample. Values > 1 indicates antioxygenic activity and values <
1 indicates prooxygenic activity. "Concentrations equivalent to 2% of the
ground sample.

3.3. Antioxygenic Activity of Ridge Gourd Pulp,
Peel and Their Extracts Using
p-Carotene-Linoleic Acid Bleaching Method

The antioxygenic activities of ridge gourd pulp, peel
powders as well as their extracts and TBHQ as measured
by the bleaching of f-carotene are shown in Figure 2. It
can be seen that ridge gourd peel showed slightly higher
antioxygenic activity than that of ridge gourd pulp. Rela-
tively, ethanol/water extracts from both pulp and peel
showed the highest antioxygenic activity followed by
water extracts, while the petroleum ether extracts showed
the least activity. However, the higher antioxygenic ac-
tivity of ridge gourd peel and its ethanol/water extracts
than its pulp and ethanol/water extracts may be due to the
presence of higher amounts of both phenolics and fla-
vonoids (Table 1). Flavonoids and phenolics have been
reported as potent antioxidants in f-carotene-linoleic acid
bleaching systems [2,23,24].

Copyright © 2012 SciRes.

3.4. Antioxygenic Activity of Ridge Gourd Pulp,
Peel and Their Extracts in Linoleic Acid
Peroxidation System

The antioxygenic activities of ridge gourd pulp, peel
powders as well as their extracts were measured using
the thiocyanate method. Figure 3 indicates the percent-
age inhibition of linoleic acid after the addition of pulp
and peel powders as well as their extracts and TBHQ.
The ridge gourd pulp, peel and their petroleum ether,
ethanol/water, water extracts and TBHQ gave a lower
increase in peroxidation levels over the 96 h of testing.
After 96 h, the inhibition percent of ridge gourd pulp,
peel, their petroleum ether, ethanol/water and water ex-
tracts were 51.08%, 53.4%, 31.25%, 35.94%, 47.60%,
49.77% and 38.55%, 40.87% respectively. However,
these values were found to be lower than that of the
TBHQ (84.05%). Relatively ridge gourd peel powders
and their extracts exhibited slightly higher antioxygenic
activity than their ridge gourd pulp counter parts.

3.5. Scavenging Effect on
1,1-Diphenyl-2-Picryl Hydrazyl (DPPH)
Radical

The profile of scavenging activities of ridge gourd pulp,
peel powders as well as their extracts were determined
and compared with those of TBHQ (Figures 4 and 5).
The order of antioxygenic activity (I mg/ml of ridge gourd
pulp, peel and their extracts) ridge gourd peel (ethanol/
water extract) > ridge gourd peel > ridge gourd pulp >
ridge gourd pulp (ethanol/water extract) > ridge gourd
peel (water extract) > ridge gourd peel (petroleum ether
extract > ridge gourd pulp (water extract) > ridge gourd
pulp (petroleum ether extract). Even at 10 mg/ml con-
centration, both ridge gourd pulp and peel powders and
their extracts exhibited lower scavenging activity to that
of TBHQ. However, the scavenging activity of both ridge
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Figure 2. Antioxygenic activity of ridge gourd pulp/peel and its various solvent extracts using g-carotene bleaching method.
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Figure 3. Antioxygenic activity of ridge gourd pulp/peel and its various solvent extracts using ammonium thiocyanate me-
thod.
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Figure 4. Antioxygenic activity of ridge gourd pulp and its various solvent extracts using DPPH radical scavenging method.
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Figure 5. Antioxygenic activity of ridge gourd peel and its various solvent extracts using DPPH radical scavenging method.
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gourd pulp and peel powders and their extracts increased
with increasing concentrations.

3.6. Correlation Analysis

Total phenolics and total flavonoids from ridge gourd
showed a positive correlation (r > 0.80) with antioxy-
genic activity as determined by p-carotene bleaching,
ammonium thiocyanate and DPPH radical scavenging
methods. The correlation was found significant (p < 0.05)
between total phenolics, f-carotene bleaching method
and DPPH radical scavenging methods in case of ridge
gourd pulp, while in case of ridge gourd peel, the corre-
lation between total phenolics and ammonium thiocy-
anate method was significant (p < 0.05). The correlation
between total flavonoids and antioxygenic activities de-
termined by ammonium thiocyanate, f-carotene bleach-
ing and DPPH radical scavenging methods were found
insignificant (p > 0.05) in case of ridge gourd pulp except
for DPPH radical scavenging methods and total flavon-
oid of ridge gourd peel was significantly (p < 0.05) cor-
related with DPPH radical scavenging only.

4. Conclusion

The results of the present work indicate the presence of
compounds possessing antioxygenic activity in pulp and
peel of ridge gourd. Ridge gourd peel had higher anti-
oxygenic activity as compared to ridge gourd pulp which
may be ascribed to their different phenolic and flavonoid
compositions. Ethanol/water extract from both pulp and
peel exhibited higher antioxygenic activities than did other
solvent extracts, when evaluated for antioxygenic activity
by any of the methods. Because this is the first report on
the description of antioxygenic activity from ridge gourd,
further studies are needed on the isolation and charac-
terization of individual phenolic and flavonoid compounds
to elucidate their antioxidant mechanism. However, ridge
gourd pulp and peel, and particularly their ethanol/water
extracts have great potential as natural antioxidants.
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