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Distribution of Metabolites and Antioxidant Activity in the Berry and
Shoot of Solanum pseudocapsicum Grown in Nigeria

ABSTRACT

Aim: To evaluate the distribution of metabolites and in vitro antioxidant activity in the berry and shoot of
Solanum pseudocapsicum (S. pseudocapsicum).

Study design: Berry and shoot samples of S. pseudocapsicum were randomly collected from different
plants of the species in the same natural habitat, and were subsequently processed and used for the
spectrophometric quantification of their metabolites and in vitro antioxidant activity.

Methodology: Samples were dried oven-dried to a constant weight, and were later milled separately into
a fine particle size powder. Milled samples were extracted with methanol, and the extracts were analyzed
for their metabolites content and in vitro antioxidant activity using appropriate methods.

Results: The berry had significantly (P < 0.05) higher total protein, total lipid and amylose levels than the
shoot. Conversely, the shoot had significantly (P < 0.05) higher starch, total soluble sugar, amylopectin,
and vitamin C contents than the berry. Secondary metabolites (total phenol, tannin, total flavonoid, total
saponin and total alkaloid) were consistently more predominant in the berry than in the shoot, except total
carotenoid. Methanol extracts of both the berry and the shoot displayed antioxidant activity in vitro, with
the berry having significantly (P < 0.05) higher trolox equivalent antioxidant capacity (TEAC) and ferric
reducing antioxidant power (FRAP) than the shoot. Both extracts also scavenged 1,1-diphenyl-2-
picrylhydrazyl (DPPH) free radical in a dose-dependent manner; with the half-maximal inhibitory
concentration (ICs) of the shoot (1.88 mg/mL) being lower than that of the berry (2.33 mg/mL).
Conclusion: The distribution of metabolites and antioxidant activity in the berry and the shoot of S.
pseudocapsicum provides support for their medicinal uses. However, the preponderance of secondary
metabolites and antioxidant activity in the berry than in the shoot might confer it with more potential to

ameliorate oxidative stress in disease conditions, than the shoot.

Keywords: Solanum pseudocapsicum; Plant metabolites; Antioxidant activity; Oxidative stress.

1. INTRODUCTION

Plant cells produce two types of metabolites, namely, primary and secondary metabolites. Primary
metabolites including carbohydrates, lipids, proteins and organic acids are produced as a result of
photosynthesis, and are directly involved in growth and metabolism. On the other hand, secondary
metabolites such as alkaloids, phenolics, essential oils, terpenes, sterols, flavonoids, lignins and tannins,
are considered products of primary metabolism, and are generally not involved in metabolic activity [1];
rather they protect plants against herbivores and microorganisms, attract pollinators and seed-dispersing

animals, and act as signal molecules under stress conditions [2, 3]. Secondary metabolites, otherwise
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known as phytochemicals, have been linked to many positive effects in disease conditions such as
coronary heart diseases, diabetes, high blood pressure, cataracts, degenerative diseases, and obesity [4,
5]. They are also the major source of pharmaceuticals, food additives, fragrances and pesticides [6].

The medicinal properties of plants have been investigated in the recent scientific developments
throughout the world, due to their potent antioxidant activities, no side effects and economic viability [7].
Furthermore, novel natural antioxidants from some plants have been extensively studied in the past few
years for their antioxidant and radical scavenging properties [7]. Reactive oxygen species (ROS) and
reactive nitrogen species (RNS) are major sources of oxidative stress in cells, damaging proteins, lipids,
and DNA [8]. Oxidative DNA damage has been implicated as a cause of cancer [9], aging and
neurodegenerative diseases such as Alzheimer’s and Parkinson’s [10, 11], cardiovascular diseases such
as arteriosclerosis [12]. Therefore, prevention of oxidative stress caused by ROS and RNS has important
implications for the prevention and treatment of disease.

There is increasing evidence that weeds such as Solanum pseudocapsicum are relatively high in
bioactive secondary compounds which are likely to hold promise for drug discovery [13]. S.
pseudocapsicum L. (Solanaceae) is an erect and highly branched shrub with non-spiny stem reaching a
height of five meters. It is often cultivated as an indoor ornamental plant due to its beautiful berries. At
maturity, the berries are attractive having red to yellow coloration. The number of seeds per berry ranges
from 50 to 100 while the berries could be as many as 100 per plant [14]. The berries contain
solanocapsine and other minor alkaloids [15]. The medicinal values of S. pseudocapsicum have been
reported to include hepatoprotective [16]; antispasmodic, cytotoxic and antihypertensive [17];
antimicrobial [18]; and antitumor [19].

In view of the medicinal values of S. pseudocapsicum, this study was designed to evaluate the

distribution of metabolites and antioxidant activity in the berry and shoot of S. pseudocapsicum.

2. MATERIALS AND METHODS

2.1 Samples collection and preparation

Berry and shoot samples of S. pseudocapsicum were randomly collected from different plants of the
species in the same natural habitat in Akingbile area of Moniya, Ibadan, Nigeria, and were later
authenticated at the Department of Botany, University of Ibadan, Nigeria. Samples were then sorted,
rinsed with distilled water and oven-dried at 50 °C to a constant moisture content of about 5%. The dried
samples were subsequently milled to a fine particle size (0.5 mm), packed in air-tight plastic vials and
stored at 4°C until analysis.

2.1.1 Preparation of Methanol extract: 2 g of sample was extracted by steeping in 100 mL of methanol

for 1 hr with continuous shaking using a mechanical shaker. The supernatant, subsequently referred to as
methanol extract, was collected after centrifuging at 3,000 rpm for 10 min, and stored at -4 °C for further
analysis.

2.2 Determination of Primary Metabolites: Primary metabolites (protein, total lipid, starch, total

soluble sugar, vitamin C, amylose and amylopectin) levels were quantified using appropriate methods as
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follows: protein and lipid [20]; starch and total soluble sugar [21]; and Vitamin C [22]. Amylose was
determined following the method of AACC [23], while amylopectin was calculated by difference [24] using
the following formula:

Amylopectin (%) = 100% — amylose (%).

2.3 Determination of Secondary Metabolites

Total phenol: The total phenol content of samples Methanol extracts was determined according to the
Folin—Ciocalteu method reported by Chan et al. [25], and was expressed as gallic acid equivalent (GAE)
in mg/g sample.

Tannin: Tannin content of samples was determined according to the method reported by Amorim et al.
[26], and was expressed as tannic acid equivalent (TAE) in mg/g sample.

Total flavonoid: Total flavonoid content, expressed as quercetin equivalent (QE) in mg/g sample, was
determined using aluminum chloride method as reported by Kale et al. [27].

Total carotenoid: Total carotenoid content of samples was determined according the method of
Rodriguez-Amaya [28]. The total carotenoid was separated from other pigments in the ether extract by
passing it through an alumina (Activity 1ll) column, and eluting the total carotenoid with ether to a final
volume of 25 mL. To avoid the degradation of the total carotenoid, analysis was carried out under
subdued light and the extract was collected into a vial wrapped with aluminum foil.

Total saponin: Total saponin, expressed as diosgenin equivalent in mg/g of sample, was determined by
the method described by Makkar ef al. [29].

Total alkaloid: The total alkaloid content of the samples was measured using 1,10-phenanthroline
method described by Singh et al. [30].

24 Determination of antioxidant activity
ABTS* radical-scavenging ability: The ABTS* radical-scavenging ability of both extracts were
determined according to the method described by Sellappan and Akoh [31]. The ABTS* radical was
generated by incubating equal volume of a 7 mM ABTS aqueous solution with K;S,0g (2.45 mM) in the
dark for 16 h at room temperature and adjusting the absorbance at 734 nm to 0.7 + 0.02 with 95%
ethanol. Then 0.2 mL appropriate dilution of the extract was added to 2.0 mL ABTS* solution and the
absorbance was measured at 734 nm after 15 min. The trolox equivalent antioxidant capacity (TEAC)
was subsequently calculated.
DPPH free-radical scavenging ability: The free-radical-scavenging ability of the Methanol extracts
against DPPH radical was evaluated as described by Cervato et al. [32]. Briefly, appropriate dilution of
the extracts (1 mL) was mixed with 3 mL of 60uM Methanol solution of DPPH radicals; the mixture was
left in the dark for 30 min before the absorbance was taken at 517 nm. The decrease in absorbance of
DPPH  on addition of test samples in relation to the control was used to calculate the percentage
inhibition following the equation:

% inhibition. = (A517 controt = A517sampie) + A517gontrol X 100.
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109 The 1C5o was calculated from the % inhibition versus extract concentration non-linear regression curve.
110 Ferric reducing antioxidant power: Reducing property of the extracts was determined by assessing the
111 ability of the extract to reduce FeCls; solution as described by Oyaizu [33]. 2.5 mL aliquot was mixed with
112 2.5 mL of 200 mM sodium phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide. The
113 mixture was incubated at 50°C for 20 min. and then 2.5 mL of 10% trichloroacetic acid was added. This
114  mixture was centrifuged at 650 rpm for 10 min. Then 5 mL supernatant was mixed with an equal volume
115  of water and 1 mL of 0.1% ferric chloride. The absorbance was measured at 700 nm. The ferric reducing
116  antioxidant property was subsequently calculated.

117 2.5 Statistical analysis: Experimental results were reported as mean * standard deviation of
118  parallel triplicate measurements. Analysis of variance (ANOVA) was carried out on the result data at 95%

119  confidence level using SPSS statistical software package (version 17).

120 3. RESULTS

121 The result of the primary metabolites distribution in the berry and the shoot of S. pseudocapsicum is
122 presented in table 1. The berry had significantly (P < 0.05) higher total protein, lipids and amylose levels
123 than the shoot. Conversely, the shoot had significantly (P < 0.05) higher starch, total soluble sugar,
124 amylopectin and vitamin C contents than the berry. The result further revealed that amylopectin was more

125 abundant than amylose in both the berry and the shoot.

126  Table 1. Distribution of primary metabolites in the berry and shoot of S. pseudocapsicum on dry weight

127  basis.
Metabolite Berry Shoot
Protein (%) 18.23 + 0.25° 10.64 + 0.25°
Total Lipid (%) 8.20 + 0.03* 1.16 £ 0.01°
Starch (%) 15.20 £ 0.16° 25.49 +0.61°
Total soluble sugar (%) 9.63+0.14° 11.33 £0.10°
Amylose (%) 1.02 + 0.04° 0.11 £0.01°
Amylopectin (%) 99.01 £ 0.07° 99.90 +0.01?
Vitamin C (mg/g) 1.55 + 0.03° 1.91 +£0.02°

178 ~DaETepresent e mean ¥ STanGard devialon of TpCaTe Teadings. Values With GTerent ToWeTCase SUperSCript TeTer a1ong The Same Tow are Signicantly Gerert

129 (P <0.05).

130

131 The result of the secondary metabolites distribution in the berry and the shoot of S. pseudocapsicum,
132  presented in table 2, showed that the berry had significantly (P < 0.05) higher total phenol, tannin, total
133  flavonoid, total saponin and total alkaloid than the shoot. On the other hand, the total carotenoid content

134  of the shoot was significantly (P < 0.05) higher than that of the berry.

135
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136  Table 2. Distribution of secondary metabolites in the berry and shoot S. pseudocapsicum on dry weight

137  basis

Metabolite Berry Shoot

Total phenol (mg/g) 7.02 £ 0.07° 5.01 + 0.05°
Tannin (mg/g) 7.97 +0.13° 5.87 +0.13°
Total flavonoid (mg/g) 0.45+0.03* 0.31 +£0.01°
Total carotenoid (pg/g) 9.92+0.14° 21.39+0.18°
Total saponin (mg/qg) 44.73 +0.07% 20.11 +0.27°
Total alkaloid (mg/g) 29.03 £0.92% 18.12£0.11°

138 Data represen[ The mean  standard deviation o riplicate reaamgs. Values wi € different lowercase superscript letter along the same row are signiticantly

139 different (P < 0.05).

140

141  The antioxidant activity of the berry and the shoot extracts, determined by their ability to scavenge DPPH
142 and ABTS free radicals, and reduce Fe** to Fe2+, is presented in table 3. Both extracts exhibited DPPH
143  free radical-scavenging activity in a dose-dependent manner as depicted by their % inhibition-extract
144 concentration curves (Figure 1). However, their ICs, values (2.33 mg/mL and 1.88 mg/mL, for the berry
145  and the shoot respectively), were higher than that of vitamin C (0.04 mg/mL), that was used as a
146  reference antioxidant. Furthermore, the ABTS* scavenging ability of the extracts reported as TEAC,
147 revealed that the ability of the berry to scavenge ABTS* was significantly (P < 0.05) higher than that of
148  shoot. The FRAP of the extracts, reported in gallic acid equivalent (GAE/Q), revealed that the berry had a
149  significantly (P < 0.05) higher reducing power than the shoot.

150

151 Table 3. DPPH ICsy, Trolox equivalent antioxidant capacity (TEAC), and ferric reducing antioxidant power
152 (FRAP) of Methanol extracts of berry and shoot of S. pseudocapsicum.

Antioxidant Berry Shoot Vitamin C
activity

DPPH ICsq (mg/ 2.33 +£0.02% 1.88 +0.01° 0.04 +0.01°
mL)

TEAC (M 451.12 £ 0.67% 422.88 + 1.34° NA
TEAC/g)

FRAP(mg 8.74 +0.02° 6.25 + 0.07° NA

GAE/qg)

153 Data represent the mean T standard deviation o riplicate reaamgs. ETs Trolox equivalent. Values with different lowercase superscrlp[ efter a ong The same row

154 are significantly different (P < 0.05). NA means “Not applicable”.

155
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Figure 1. DPPH % inhibition-extract concentration curve of Methanol extract of berry and shoot of S.

pseudocapsicum.

3. DISCUSSION

The distribution of primary metabolites indicated that both the berry and the shoot of S. pseudocapsicum
are good sources of protein. Proteins provide structural material for the human body; and they also
function as enzymes, hormones, and antibodies. Dietary proteins are the major source of the essential
amino acids for humans [34]. Plant storage proteins such as lectins are known to be involved in several
biological processes, including antimicrobial/antiviral action, and in the inhibition of growth of tumor cells
[35]. Lipids, in addition to providing fuel for metabolism, are major components of cell membranes. Some
plant lipids contain some bioactive polyunsaturated fatty acids (omega 3 and omega 6) that have been
shown to be beneficial in preventing cardiovascular diseases, and decreasing the incorporation of
cholesterol into the walls of arteries [36].

Intake of the berry and shoot of S. pseudocapsicum may not pose any glycemic problem, due to their low
level of digestible carbohydrates (sugars and starches). Sugars and starches have the primary role of
providing energy to body cells, including the brain, which is entirely carbohydrate-dependent for its energy
need. Sugars are involved in control of blood glucose and insulin metabolism, intestinal microflora activity,
and food fermentation. Monosaccharides bound to protein and lipid molecules (glycoproteins and
glycolipids) are involved in cell signaling [34]. The predominance of amylopectin over amylose in both the
berry and the shoot of S. pseudocapsicum observed in this study is in agreement with the reports of
Yotsawimonwat et al. [37] and Irondi et al. [38], who observed that amylopectin is the major component in
most starch. Starch is composed of amylose (straight chains of glucose) and amylopectin (highly
branched chains of glucose). Hydrolysis of amylose results in the release of fewer glucose molecules at
once than the hydrolysis of the highly branched amylopectin chains. Thus, unlike amylopectin, high

amylose content implies a lower glycemic index [39] due to its lower glucose response [40].
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Vitamin C is a water-soluble antioxidant, acting as a leading natural antioxidant that can scavenge ROS,
and it has anticarcinogenic effects [41, 42]. It promotes iron absorption, increases antibody concentration,
and improves human immunity. In addition, vitamin C is beneficial in strengthening blood vessel and
decreasing cholesterol concentration; it also helps to prevent arteriosclerosis-related cardiovascular
diseases, as well as hypertension and apoplexy [43].

Phenolic compounds are considered as being a major group of plant secondary metabolites that
contribute to the antioxidant activity of plants. In addition, they possess biological activities, such as anti-
histamine [44], anti-inflammatory and anticarcinogenic [7], antibacterial [45], and antiviral activities [46].
Several recent studies have also reported that phenolic compounds present in extracts from different
plants foods and their products, including soybean and Mangifera indica, inhibited carbohydrate-digesting
gastric enzymes [47, 48], that have been implicated in the pathology of type 2 diabetes.

Saponins have a potential as pharmaceutical synthons, and they have been used in hormone synthesis
[49]. They also have other biological activities including, hypoglycemic, antioxidant and hypolipidaemic
activities; lowering of cancer risks, virucidal activity, reduction of protein digestibility and antimicrobial
activity [50]. Alkaloids, as the most efficient therapeutically significant plant substances, have such
pharmacological uses as anticancer agents, gout suppressant, muscle relaxant, antiarrythmic, antibiotic,
and sedative agents [51]. Sharma et al. [52] also reported that alkaloids are preventive or therapeutic
agents against human free radical associated diseases.

The higher level of total carotenoid in the shoot than in the berry may be related to the presence of
chlorophyll in shoot. Gitelson et al. [53] has earlier established a linear relationship between chlorophyll
and carotenoids contents in higher plant leaves. Carotenoids are lipid-soluble antioxidant, which have
been reported to have health benefits such as pro-vitamin A activity [54], antioxidant [55], anticancer [56],
and antiobesity effects [57].

Increase in the free radicals and reactive oxygen species burden of the body cells, without a
corresponding robust antioxidant defense system leads to oxidative stress, and this plays an important
role in the pathogenesis of degenerative diseases [58]. Antioxidants react with DPPH, which is a stable
free radical, and convert it to a,a-diphenyl-B-picryl hydrazine. As antioxidants donate protons to this
radical, its absorption decreases. So the degree of discoloration indicates the scavenging potentials of the
antioxidant extract. The lower DPPH ICg, of vitamin C, a reference antioxidant, in comparison with the
berry and the shoot of S. pseudocapsicum, indicated that vitamin C was more potent in scavenging the
DPPH free radical than the berry and the shoot. However, the scavenging ability of the shoot was
stronger than that of the berry. Irondi et al. [59] noted that since ICs, is @ measure of inhibitory
concentration, a lower I1Csq value indicated a greater antioxidant activity.

Extracts of both the berry and the shoot of S. pseudocapsicum also scavenged ABTS radical. The ABTS
assay is based on the inhibition of the absorbance of the radical cation ABTS* by antioxidants in a
reaction that involves electron transfer process [7]. The ferric reducing antioxidant power (FRAP) of the

extracts indicated their ability to reduce Fe®* to Fe®*. In FRAP assay, potassium ferricyanide is used as an
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oxidant, in a reaction that involves electron transfer, during which there is the reduction of ferric 2,4,6-

tripyridyl-s-triazine (TPTZ) to the coloured ferrous form [60].

4,

CONCLUSION

The results of this study showed that the berry and the shoot of S. pseudocapsicum contain appreciable

levels primary and secondary metabolites, and possess antioxidant activity in vitro. Comparatively, the

berry might have more pharmacological benefit in alleviating oxidative stress in disease conditions than

the shoot, due to its higher content of secondary metabolites and in vitro antioxidant activity.

REFERENCES

1.

10.

Ramawat KG, Dass S, Mathur M. The Chemical Diversity of Bioactive Molecules and Therapeutic
Potential of Medicinal Plants. In: Ramawat KG. editor. Herbal Drugs: Ethnomedicine to Modern
Medicine; 2009: 7-32.

Seiger DS. Plant secondary metabolism. Dordrecht, The Netherlands: Kluwer Academic Publishers;
1998: 592.

Crozier A, Clifford M, Ashihara H. Plant secondary metabolites: occurrence structure and role in the
human diet. Oxford, U.K. Blackwell Publishing Ltd; 2006: 384.

Liu S, Manson JE, Lee IM, et al. Fruit and vegetable intake and risk of cardiovascular disease: the
women’s health study. Am J Clin Nutr. 2000;72:922-8.

Djouss’e L, Arnett DK, Coon H et al. Fruit and vegetable consumption and LDL cholesterol: the
National Heart Lung and Blood Institute Family Heart Study. Am J Clin Nutr. 2004;79:213-7.

Ramawat KG. Secondary metabolites in nature. In: Ramawat KG, Merillon JM. editors.
Biotechnology: Secondary Metabolites. Science Publishers, Enfield, CT; 2007: 21.

Srikanth G, Babu SM, Kavitha CHN, et al. Studies on in-vitro antioxidant activities of Carica papaya
aqueous leaf extract. Res J Pharm Biol Chem Sci. 2010;1(2):59-65.

Orrenius S, Gogvadze V, Zhivotovsky B. Mitochondrial oxidative stress: Implications for cell death.
Annu Rev Pharmacol Toxicol. 2007;47:143-183.

Huang X. lron overload and its association with cancer risk in humans: Evidence for iron as a
carcinogenic metal. Mutat Res. 2003;533:153-171.

Markesbery WR, Lovell MA. DNA oxidation in Alzheimer’'s disease. Antioxid Redox Signaling.

2006;8:2039-2045.



UNDER PEER REVI EW

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Halliwell B. Role of free radicals in the neurodegenerative diseases. Drugs and Aging. 2001;18:685-
716.

Vokurkova M, Xu S, Touyz RM. Reactive oxygen species, cell growth, cell cycle progression and
vascular remodeling in hypertension. Future Cardiol. 2007;3:53-63.

Stepp JR. The role of weeds as sources of Pharmaceuticals. J Ethnopharmacol. 2004;92:25-31.
Bassett IJ, Munro DB. The biology of Canadian weeds: Solanum ptycanthum Dun, S. nigrum L. and
S. sarrachoides Sendt. Can J Plant Sci. 1985;65:401-414.

Chakravarty AK, Das B, Ali E, et al. Studies on Indian Medicinal Plants. Part 77. Structure and
stereochemistry of some new steroidal alkaloids from Solanum pseudocapsicum and Solanum
giganteum by nuclear magnetic resonance spectroscopy. J Chem Soc Pekin Trans. 1984;1:467-74.
Vijayan P, Prashanth HC, Preethy Vijayaraj, et al.: Hepatoprotective Effect of the Total Alkaloid
Fraction of Solanum pseudocapsicum Leaves. Pharm Biol. 2003;41(6):443-48.

Dhar ML, Dhar MM., Dhawan BN, et al. Screening of Indian plants for biological activity. Part IV.
Indian J Exp Biol. 1973;11:43-54.

Mitscher LA, Juvarkar JV, Beal JL. Solacasine, a new steroidal alkaloid from Solanum
pseudocapsicum possessing antimicrobial activity. Experientia. 1976;32:415-16.

Vijayan P, Kumar SV, Dhanaraj SA, et al. In vitro citotoxity and anti-tumor properties of the total
alkaloid fraction of unripe fruits of Solanum pseudocapsicum. Pharm Biol. 2002;40(6):456-60.
Association of Official Analytical Chemists (AOAC). Official Methods of Analysis of Association of
Analytical Chemists International, Horwitz, W. (ed). AOAC International Publs, Maryland USA. Ch.
Edition 17, Vol. 1 and 2; 2000: 12-20.

Onitilo MO, Sanni LO, Daniel I, Maziya-Dixon B, Dixon A. Physicochemical and Functional Properties
of Native Starches from Cassava Varieties in South-west Nigeria. J Food Agric Environ. 2007;
5(384):108 -114.

Benderitter M, Maupoil V, Vergely C, et al. Studies by electron paramagnetic resonance of the
importance of iron in the hydroxyl scavenging properties of ascorbic acid in plasma: Effects of iron

chelators. Fundam Clin Pharmacol. 1998;12:510-16.



UNDER PEER REVI EW

275

276

277

278

279

280

281

282
283
284
285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

American Association of Cereal Chemists, “AACC method 61-03.01: Amylose content of milled rice”,
in “Approved Methods of the American Association of Cereal Chemists” (Ed. K Cummings), AACC
International, St. Paul MN; 2000:1-4.

Juan G, Luis A, David B. Isolation and molecular characterization of Makal (Xanthosoma
yucatanensis) starch. Starch. 2006;58:300-307.

Chan EWC, Lim YY, Chew YL. Antioxidant activity of Camellia sinensis leaves and tea from a lowland
plantation in Malaysia. J food chem. 2007;102:1214-1222.

Amorim ELC, Nascimento JE, Monteiro JM, et al. A simple and accurate procedure for the
determination of tannin and flavonoid levels and some applications in ethnobotany and
ethnopharmacology. Funct Ecosyst Commun. 2008;2:88-94.

Kale A, Gaikwad S, Mundhe K, et al Quantification of Phenolics and Flavonoids by

Spectrophotometer from -Juglans regia. Int J Pharma Bio Sci. 2010;1:1-4.

Rodriguez-Amaya DB. A guide to carotenoid analysis in foods. ILSI Press, Washington DC 1999.
Makkar HPS, Siddhuraju P, Becker K. Plant secondary metabolites. Humana Press Inc., Totowa, NJ,
USA, 2007.

Singh DK, Srivastva B, Sahu A. Spectrophotometric determination of Rauwolfia alkaloids, estimation
of reserpine in pharmaceuticals. Anal Sci. 2004;20:571-573.

Sellappan S, Akoh CC. Flavonoids and antioxidant capacity of Georgia-grown vidalia onions. J Agric
Food Chem. 2002;50:5338-5342.

Cervato G, Carabelli M, Gervasio S, et al. Antioxidant properties of oregano (Origanum vulgare) leaf
extracts. J Food Biochem. 2000;24:453-65.

Oyaizu M. Studies on products of browning reaction: antioxidative activity of products of browning
reaction prepared from glucosamine. Jpn J Nutr. 1986;44:307-15.

Hounsome N, Hounsome B, Tomos D, et al. Plant Metabolites and Nutritional Quality of Vegetables.
J Food Sci. 2008;73(4):R48-R65.

De Souza Candido E, Pinto MFS, Pelegrini PB, et al. Plant storage proteins with antimicrobial activity:
novel insights into plant defense mechanisms. FASEB J. 2011;25:3290-3305.

Vrablik M, Prusikova M, énejdrlové M, et al. Omega-3 Fatty Acids and Cardiovascular Disease Risk:

Do We Understand the Relationship? Physiol Res. 2009;58(Suppl. 1):S19-S26.



UNDER PEER REVI EW

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Yotsawimonwat S, Sriroth K, Kaewvichit S, et al. Effect of pH on complex formation between
debranched waxy rice starch and fatty acids. Int J Biol Macromol. 2008;43:94-99.

Irondi AE, Anokam KK, Chukwuma PC, Akintunde JK, Nurain 10O. Variation in nutrients composition of
Tetrapleura tetraptera fruit at two maturity stages. Int J Biosci. 2013; 3(9):304-312.

Shanita SN, Hasnah H, Khoo CW. Amylose and Amylopectin in Selected Malaysian Foods and its
Relationship to Glycemic Index. Sains Malaysiana. 2011;40(8):865—-870.

Hallfrisch J, Behall KM. Mechanisms of the Effects of Grains on Insulin and Glucose Responses. J
Am College Nutri. 2000;19(3):320S-325S.

Kim DO, Lee CY. Comprehensive study on vitamin C equivalent antioxidant capacity (VCEAC) of
various polyphenolics in scavenging a free radical and its structural relationship. Crit Rev Food Sci
Nutr. 2004;44:253-73.

Lee SH, Oe T, Bliar IA. Vitamin C induced decomposition of lipid hydroperoxides to endogenous
genotoxins. Sci. 2001;292:2083-2086.

Igbal Y, Ihsanullah |, Shaheen N, et al. Significance of vitamin C in plants. J Chem Soc Pak. 2009;
31:169-170.

Nitta Y, Kikuzaki H, Ueno H. Food components inhibiting recombinant human histidine decarboxylase
activity. J Agric Food Chem. 2007;55:299-304.

Romero C, Medina E, Vargas J, et al. In vitro activity of olive oil polyphenols against Helicobacter
pylori. J Agric Food Chem. 2007;55:680—-686.

Song JM, Lee KH, Seong BL. Antiviral effect of catechins in green tea on influenza virus. Antivir Res
2005;68:66—74.

Ademiluyi AO, Oboh G. Soybean phenolic-rich extracts inhibit key-enzymes linked to type 2 diabetes
(a-amylase and a-glucosidase) and hypertension (angiotensin | converting enzyme) in vitro. Exp
Toxicol Pathol. 2013;65:305-309.

Irondi EA, Anokam KK, Chukwuma PC. Phenological Variation in the In-vitro Antioxidant Properties
and a-Amylase Inhibitory Activity of Tetrapleura tetraptera Pod. Int J Pharm Sci Drug Res.

2013;5(3):108-112.



UNDER PEER REVI EW

331

332

333
334
335

336

337

338

339
340
341
342
343
344
345
346
347
348
349
350
351
352
353

354
355
356

357

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Yicekutlu AN, Bildaci I. Determination of Plant Saponins and Some of Gypsophila Species: A review
of the literature. Hacet J Biol Chem. 2008;36(2):129-135.

Desai SD, Desai DG, Kaur H. Saponins and their Biological Activities. Pharm Times. 2009;41(3):13-
16.

Facchini PJ. Alkaloid Biosynthesis in Plants: Biochemistry, Cell Biology, Molecular Regulation, and
Metabolic Engineering Applications. Annu Rev Plant Physiol Plant Mol Biol. 2001;52:29—-66.

Sharma GC, Sharma A, Singh SK, et al. Ethanomedicinal trends in Indian tradition for treatment of
vitiligo. J Med Plants Res. 2012; 6(10):1827-1833.

Gitelson, AA, Gritz Y, Merzlyak MN. Relationships between leaf chlorophyll content and spectral
reflectance and algorithms for non-destructive chlorophyll assessment in higher plant leaves. J Plant
Physiol. 2003;160: 271-282.

Rodriguez-Amaya DB. Carotenoids and Food Preparation: The Retention of Provitamin A
Carotenoids in Prepared, Processed, and Stored Foods. Department of Food Science Faculty of
Food Engineering, State University of Campinas. Brazil. John Snow, Inc. /OMNI Project; 1997: 93.
Tian B, Xu Z, Sun Z, et al. Evaluation of the antioxidant effects of carotenoids from Deinococcus
radiodurans through targeted mutagenesis, chemiluminescence, and DNA damage analyses.
Biochem. Biophys. Acta. 2007;1770:902-911.

Nishino H. Cancer prevention by carotenoids. Mutat. Res. 1998;402:159-163.

Jaswir |, Noviendri D, Hasrini RF, et al. Carotenoids: Sources, medicinal properties and their
application in food and nutraceutical industry. J Med Plants Res. 2011;5(33):7119-7131.

Halliwell B, Gutteridge JMC. Free Radicals in Biology and Medicine, 3rd edn. Oxford University
Press, Inc., New York; 1999: 105-245.

Irondi AE, Oboh G, Akintunde JK. Comparative and Synergistic Antioxidant properties of Carica

papaya and Azadarichta indica Leaves. Int J Pharm Sci Res. 2012;3(12):4773-4779.

Ndhlala AR, Moyo M, Staden JV. Natural Antioxidants: Fascinating or Mythical Biomolecules?
Molecules. 2010; 15:6905-6930; doi:10.3390/molecules15106905.



