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Chemical Composition and Bioactive Potential
of Dehydrated Peels of Benincasa bispida,
Luffa acutangula, and Sechium edule

SHYAMALA BELLUR NAGARAJATAH and JAMUNA PRAKASH
Department of Food Science and Nutrition, University of Mysore, Mysore, India

Debydrated peels from ash gourd (Benincasa hispida), ridge gourd
(Luffa acutangula), and cho-chow marrow (Sechium edule) were
analyzed for chemical composition and bioactive potential. The
range of constituents per 100g dry peels were protein, 3 to 15 g;
insoluble fiber, 45 to 58 g; ether extractives, 2.3 to 3.3 g; iron,
5.1 to 17.4 mg; calcium, 307 to 704 mg; tannins, 580 to 848 mg;
carotenoids, 1,712 to 35,663 wg; and ascorbic acid, 37 to 51 mg.
Polypbenols, total antioxidant activity, free radical scavenging
activity (FRSA), and reducing power of peel were highest in
aqueous extracts. FRSA of cho-chow marrow peel was the bighest
(87.32%) followed by ridge gourd (85.4%) and ash gourd (63.31%)
peels that correlated well with bioactive components. Methanol and
aqueous extracls of the peel exhibited bile acid binding (61%—98%)
and a-amylase inbibitory activity.

KEYWORDS Nutritional composition, antioxidant activity, bile
acid binding, a-amylase inhibition

INTRODUCTION

Processing of vegetables results in large amounts of by-products that can be
used for various purposes in food, pharmaceutical, and cosmetic industries.
Functional foods represent an important and rapidly growing part of the
overall food market, and the exploitation of by-products of vegetable pro-
cessing as a source of functional compounds is a promising field. To utilize
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a byproduct as a food source, it should both be present at high content and
value (18). The most common antioxidant components present in vegetables
include ascorbic acid, carotenoids, and flavonoids. In this study, the chemi-
cal composition and bio-active potential of peels from three commonly used
vegetables, namely, ash gourd, cho-chow marrow (also known as “cayote”)
and ridge gourd, were analyzed. Traditionally, the use of the peels of all
these vegetables in Indian dietaries for preparation of dishes is limited.

METHODS
Materials

Three cucurbitaceous vegetables—ash gourd (Benincasa bispida, ridge
gourd (Luffa acutangula), and cho-chow marrow (Sechium edule)—were
purchased from a local market in one lot and processed. Peels were sep-
arated from edible portions, washed with distilled water, dried in oven at
50° £ 1°C, powdered using a lab grinder, and stored in air-tight jars main-
tained at 4°C until use. The yield of peel from fresh vegetable and as
dry powder was recorded. Chemicals used for the study {L-Ascorbic acid,
B-carotene, and 2,2-Diphenyl-1-picrylhydrazyl (DPPH)} were from Sigma
Chemical Company (Sigma-Aldrich, USA), and all others were from E-Merck,
Mumbai, or Qualigens Fine Chemicals, Mumbai, India. Double glass-distilled
water was used for all analyses. Analyses were run in triplicates and
averaged.

Analysis
DETERMINATION OF CHEMICAL COMPOSITION

Dehydrated peel samples were analyzed for proximate composition (2).
Moisture estimation was carried out by vacuum oven (926.12, 41.1.02)
method. Protein was determined by Kjeldahl nitrogen distillation (960.52,
12.1.07), and multiplying the nitrogen value with a 6.25. Soxhlet apparatus
was used for total ether extractives using petroleum ether (948.22, 40.1.05).
Ash was analyzed by direct analysis (942.05,4.1.10). Dietary fiber consisting
of both insoluble and soluble fiber was estimated by enzymatic gravimetry
(4). Iron and phosphorus were determined colorimetrically (22,25). Calcium
was precipitated as oxalate, dissolved in H,SO; and titrated against potas-
sium permanganate solution (19). Estimation of ascorbic acid was by 2,
6-dichlorophenol indophenol visual titration method (2). Powdered sam-
ples were extracted in acetone and transferred to petroleum ether phase
for carotenoids estimation. Total carotene was read colorimetrically using
petroleum ether for baseline correction. B-carotene was separated by column
chromatography and read colorimetrically (23). Tannins were estimated by
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the colorimetric method by measuring the blue color formed by the reduc-
tion of phosphotungstomolybdic acid by tannin-like compounds in alkaline
solution (1). Oxalates were extracted in hydrochloric acid, precipitated as
calcium oxalate from the deproteinized extract and estimated by subsequent
titration with potassium permanganate (5,6). Phytic acid was extracted and
determined as per the supernatant difference method (26).

DETERMINATION OF BIOACTIVE POTENTIAL

For estimation of polyphenols, flavonoids, and antioxidant activity, samples
were extracted with ethanol and methanol and in aqueous medium; 1 g of
sample was suspended in 100 mL solvent, allowed to extract for 3 h with agi-
tation, centrifuged at 3,000 rpm, and filtered. All analyses were carried out in
fresh extracts. Samples were analyzed for total polyphenol content as tannic
acid equivalents (TAE) 100 g* of sample as per the Folin-Ciocalteu method
(14). The total flavonoid content was determined using the Dowd method
(3). Total antioxidant activity was determined by the phosphomolybdenum
method (21). Free radical scavenging activity was analyzed using DPPH assay
(16). Reducing power was measured by the formation of Perl’s Prussian blue
at 700 nm (20). Three methods as mentioned above were used for analysis of
antioxidant activities and final values represent average of triplicate determi-
nations. Alpha-amylase inhibition and bile acids binding ability of samples
were determined as described earlier (6,10). For both alpha-amylase inhi-
bition and bile acid binding ability, the samples were run in triplicate and
averaged.

STATISTICAL ANALYSIS

Correlation between the antioxidant components and the antioxidant activity
of the peel (correlation coefficient, R) was determined using SPSS 10.0 for
windows (p < 0.05). Nutritional data were subjected to analysis of variance,
and the means were compared by Tukey’s test.

RESULTS
Chemical Composition of Vegetable Peels

The peel yield as dry powder varied between 2.47% and 10.61%. Bulk den-
sity varied between 55.57 and 66.66 g.100 mL™! (Table 1). The moisture
percentage of fresh peel was 90.1% to 94.1%, whereas that of dry power
was 6.08% to 8.21%. Both ridge gourd and cho-chow marrow peel had pro-
tein content in a similar range of 14.10% and 15.15%, respectively, whereas
the ash gourd was low in protein (3.83%). Ether extractives were higher in
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TABLE 1 Physical Characteristics and Chemical Composition of Dehydrated Vegetable Peels

(per 100 g Fresh Weight)

Parameters Ash gourd Ridge gourd Cho-chow marrow
Yield as (g) 40.28 29.91 11.11
(5.83) (2.47) (10.61D
Bulk density (g) 59.540.07 55.57 + 1.45 66.66 = 0.00
Water absorption capacity (mL) 680.0 £ 0.00 940.54+0.71 021.0+1.41
Moisture (g) 94.10+0.14 90.10+0.07 93.56+0.08
(6.084+0.14) (7.56+0.15) (8.21+£0.32)
Protein (g) 3.60¢£0.08 13.04" +0.18 13.91* £0.09
(3.83) (14.10) (15.15)
Ether extractives (g) 3.11° £0.02 2.46°+0.16 2.134+0.19
(3.3D (2.66) (2.32)
Insoluble fiber (g) 48.86" +£0.11 53.83*+0.23 41.53°£0.05
(52.02) (58.23) (45.24)
Soluble fiber (g) 6.46* +0.57 3.26P+0.11 0.43°4+0.20
6.87) (3.52) (0.46)
Ash (g) 9.14* +0.01 6.14¢ £ 0.05 7.63" £0.09
(9.29) (6.649) (8.31)
Iron (mg) 17.06° £ 0.23 4.74°£0.54 6.17" £0.05
(17.33) (5.12) (6.72)
Calcium (mg) 692% +5.02 416" +5.98 281¢+£19.19
(704) (450) (307)
Phosphorus (mg) 230" +4.61 233*+3.71 180P +4.57
(247) (252) (196)
Ascorbic acid (mg) 39.164+0.76 35.00 +0.00 47334251
(41.69) (37.86) (51.56)
Total carotenes (jLg) 5,410 £ 10.64 32,967 +5.77 1,571+£5.12
(5,760) (35,603) (1,712
B-carotene (Lg) 327+£591 ND** 331 43.96
(348) (361)
Tannins (mg) 545.5+10.64 778.20 +£14.13 778.66 £5.51
(580.81) (841.84) (848.30)
Total oxalates (mg) 0.078" £ 0.00 0.111° £ 0.00 0.29° £0.03
(0.083) (0.120) (0.315)
Water soluble oxalates (mg) 0.019¢ £ 0.00 0.166" £ 0.00 0.166* £ 0.00
(0.020) 0.179 (0.180)
Phytate (mg) 232.44"+0.88  256.96" £ 2.65 206.45¢ £0.56
(247.48) (277.97) (224.91)

Note: Data in parenthesis indicate values on dry weight basis (per 100 g dry weight).
**Not detected. Values represent means of triplicate determinations. Means followed by similar
superscripts within a row are not different (Tukey’s text, p < 0.05).

ash gourd peel (3.31 g.100 g~!) than the other two vegetable peels. All the
three vegetable peels were rich sources of insoluble fiber ranging between
45 and 58 g.100 g!; however, the soluble fiber was low, ranging between
0.46 and 6.87 g.100 g !, respectively. Ash gourd peels were high in ash
(9.29 g.1007" @), iron, phosphorus, and calcium content (17.35, 234, and
704 mg.100 g~!, respectively). The ridge gourd peels were the highest in
total carotene (35,663 1g.100 g~'); however, B-carotene was not detected.
Ascorbic acid content ranged from 35 to 47 mg.100 g~' and tannin content
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from 580 to 848 mg.100 g~'. The phytate content ranged from 224.91 to
277.97 mg.100 g~'. Total and water-soluble oxalate content of all analyzed
peel samples was very low, indicating that consumption of these peels these
may not interfere with mineral absorption.

Extract Yield, Total Polyphenols, and Total Flavonoids

Yields obtained from water and methanol were higher than in ethanol for
all the samples analyzed (Table 2). The yields were the highest in cho-chow
marrow in both methanol and aqueous extracts. Ash gourd peel yield was
the lowest in the three solvent extracts.

On a dry weight basis, ash gourd peel in methanol extract had the lowest
polyphenol (202 mg.100 g™), and ridge gourd peel in aqueous extract had
the highest (529.34 mg.100 g~!; see Table 2). In the case of cho-chow marrow
peel, polyphenol content was high in ethanol followed by methanol and
aqueous extracts (228, 358, and 387 mg TAE.100 g~! sample, respectively).
The flavonoid content in the peels ranged from 0.04 to 1.89 mg QE.100 g™

TABLE 2 Extract Yield, Polyphenols, Flavonoids, and Total Antioxidant Activity of
Dehydrated Vegetable Peels in Solvent Extracts

Extracts
Samples Methanol Ethanol Aqueous
Extract Yield (mg.100 g~' sample)
Ash gourd 9.36£0.03 8.24+0.43 7.04+0.22
Cho-chow marrow 19.324+0.12 9.03 +0.00 24.97+0.21
Ridge gourd 15.90 +0.42 10.99 +0.09 19.03 +£0.01
Polyphenols (mg TAE.100 g~! fresh sample)
Ash gourd 190+ 0.70 200 £+ 0.49 315+5.47
(202.29) (212.94) (335.39)
Cho-chow marrow 32949.00 209 +14.45 356 £15.59
(358.78) (228.05) (387.84)
Ridge gourd 436 £10.73 304 £9.46 489 £5.46
(471.65) (328.80) (529.34)
Flavonoids (mg QE.100 g™ of fresh sample)
Ash gourd 0.55£0.01 0.25£0.01 0.18£0.00
(0.58) (0.26) (0.19)
Cho-chow marrow 1.13+£0.01 0.33+0.01 0.16+0.01
(1.23) (0.35) (0.17)
Ridge gourd 1.75+£0.04 0.78£0.01 0.04 £0.00
(1.89) (0.84) (0.04)
Total antioxidant activity (umoles of ascorbic acid.100 g™! of sample)
Ash gourd 54,998 & 889.50 3,7679 & 220.75 13,2215 4 333.93
Cho-chow marrow 93,444 £ 455.42 10,2777 % 268.69 12,2385 +182.85
Ridge gourd 63,464 4+ 331.79 80,196 175.90 10,1567 +314.96

Note: Values are means of triplicate determinations. Figures in parenthesis are based on dry weight basis.
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of dry sample. Flavonoid content was the lowest in ridge gourd peel in
aqueous extracts and was highest in methanol extract (see Table 2).

The total antioxidant activity was higher in aqueous extracts than in sol-
vent extracts (see Table 2). The value ranged from 37,679 to 132,215 pmoles
of ascorbic acid.100 g~! of fresh sample. Correlation coefficient showed that
the activity was well correlated with ascorbic acid (R > 0.5), tannins (R >
0.9), polyphenols (R > 0.7), and flavonoids (R > 0.6). A strong correla-
tion was observed in methanol extracts with ascorbic acid (R > 0.8) and
tannins (R > 0.6) and in aqueous extracts with B-carotene (i.e., R > 0.9;
Table 3).

The vegetable peels were analyzed for their free radical scavenging
activities (Figure 1A). The three peels showed highest activity in aqueous
extracts compared to solvent extracts. Cho-chow marrow peel showed high-
est activity (87.32%) followed by ridge gourd (85.4%) and ash gourd (63.31%)
peels. The peels in ethanol extracts showed the lowest antioxidant activity.
The radical-scavenging activity of DPPH expressed as ICsy (concentration
of the extract required to inhibit 50% of the initial DPPH free radical) in
methanol, ethanol, and aqueous extracts were: 21, 52, and 8 mg for ash
gourd; 11, 45, and 6 mg for the cho-chow marrow peels; and 7, 24, and 5 mg
for the ridge gourd peel, respectively. While the total carotene was positively
correlated with free radical scavenging activity (R > 0.6), B-carotene and
ascorbic acid did not show any correlation (see Table 3). Tannins (R > 0.6),
polyphenols (R > 0.8), and flavonoids (R > 0.9) were also strongly correlated
with free radical scavenging activity,

Cho-chow marrow peel had the highest reducing power compared to
the other two peels in all the three extracts (see Figure 1B). The reducing
power of samples was in the order of cho-chow marrow>ridge gourd>ash

TABLE 3 Association between Antioxidant Components and Antioxidant Activity of
Dehydrated Vegetable Peels as Determined by Different Assays

Total Ascorbic
Extracts carotene  fB-carotene acid Tannins  Polyphenols  Flavonoids

Total antioxidant activity

Methanol —0.41 0.35 0.88 0.68 0.29 0.21

Ethanol 0.06 —0.12 0.55 0.94 0.71 0.63

Aqueous —0.91 0.93 0.46 —0.73 —0.95 —0.98
Free radical scavenging activity

Methanol 0.84 —0.87 —0.33 0.82 0.98 0.99

Ethanol 0.97 —0.98 —0.63 0.58 0.88 0.92

Aqueous 0.63 —0.68 —0.03 0.95 0.98 0.96
Reducing power

Methanol 0.01 —0.07 0.59 0.93 0.67 0.60

Ethanol —0.33 0.28 0.84 0.74 0.37 0.28

Aqueous —0.22 0.16 0.77 0.81 0.47 0.38

Correlation coefficient, R values; values in block letters indicate high positive correlation.
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FIGURE 1 (A) Free radical scavenging activity of dehydrated vegetable peels by DPPH
method. Values represent means of triplicate determinations. (B) Reducing power of
dehydrated vegetable peels in different extracts.

gourd. Reducing power assay was positively correlated with ascorbic acid,
tannins, polyphenols, and flavonoids (see Table 3). A strong correlation was
observed with tannins (R > 0.7) and ascorbic acid (R > 0.6).

Bile Acid Binding of Samples

The vegetable peels showed high extent of bile acid binding (Figure 2).
Ridge gourd peel had the highest bile binding (98.95%) followed by ash
gourd (91.07%) and cho-chow marrow peel, (61.78%). A negative correlation
was observed with total dietary fiber of vegetable peels; however, soluble
and insoluble dietary fiber R values were 0.74 and 0.94, respectively, indi-
cating strong positive correlation (see Table 3). Thus, bile acid binding was
correlated to the insoluble and soluble dietary fiber content.

In vitro Inhibition of a-Amylase

Methanol and aqueous extracts were tested for the a-amylase inhibi-
tion assay to detect activity, which might be extrapolated to detect a
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FIGURE 2 (A) Extent of bile acid binding by vegetable peels. (B) Alpha-amylase inhibitory
activity of vegetable peels. Values represent means of triplicate determinations.

potential anti-diabetic effect using this iz vitro method. Acarbose, the
positive control demonstrated an ICs, value of 45 pg.mL™' (Figure 2B).
Acarbose used as standard in 20, 40, 60, 80, and 100 pg.mL™! concentra-
tion exhibited inhibition of a-amylase in aqueous media to the extent of
15.0%, 36.33%, 50.50%, 76.5%, and 99.86%, respectively. The percentage
inhibition showed that cho-chow marrow peel in aqueous extract demon-
strated strong inhibition activities compared to the methanol extracts. The
methanol extract of the ridge gourd peel also demonstrated inhibitory
activities.

DISCUSSION

The results confirmed that vegetable peels were a good source of nutrient
content, especially ridge gourd peel, which was an excellent source of
dietary fiber and B-carotene. Extraction yield and antioxidant activity of
extracts were strongly dependent on the solvent, due to the fact that the
antioxidant potential of compounds vary with solvent polarity (13). The
results showed that extracts with the more polar solvents (methanol and
aqueous extract) showed higher antioxidant activity. Vegetable materials con-
tain many polyphenols with antioxidant activity that could be potentially safe
natural antioxidants for the food industry (15). Ismail, Marjan, and Foong (11)
reported the phenolic content of spinach, swamp cabbage, kale, shallots, and
cabbage to be 7,167, 4,175, 3,689, 2,528, and 886 mg.100 g~!, respectively.
Flavonoids are plant pigments that are synthesized from phenylalanine and
generally display marvelous colors in the flowering parts of plants (8). The
results of this study on cho-chow marrow peel showing highest activity
(87.32%) in aqueous extracts is in accordance with earlier reports (17).
Dietary fiber protects against cardiovascular diseases, diverticulosis, con-
stipation, irritable colon, colon cancer, and diabetes (24). The insoluble
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fraction of the fiber has been related to the intestinal regulation and the sol-
uble fiber to the decrease of cholesterol levels and adsorption of intestinal
glucose (12). However, the reports on this have been controversial (7,9,12).
In this study, the correlation values showed that the bile acid binding
was strongly associated with insoluble as well as soluble fiber content of
samples.

A therapeutic approach to decreasing hyperglycemia is to retard absorp-
tion of glucose by inhibiting carbohydrate hydrolyzing enzymes, such as
a-amylase and a-glucosidase. The potential of anti-diabetic activity of the
vegetable peels was carried out focusing on the inhibitory effects on a-
amylase. The methanol and aqueous extracts had considerable inhibitory
activity, suggesting that these samples contained both lipophilic and lipopho-
bic components that may contribute to the inhibitory activity in reducing the
sugar level.
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