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Abstract

The bioactive chemical compounds in the ethanolic extracts of the peel of Dioscorea bulbifera Linn, native to
Nigeria was investigated and characterized using gas chromatography-mass spectrometric (GC-MS) analysis.
The relatively high concentration of the phytochemicals in the peel of this tuber; saponin (32.28mg/g), terpenoid
(22.90mg/g), cardiac glycoside (15.90mg/g), flavonoid (9.17mg/g), tannin (4.79mg/g) and phlobatannin
(1.87mg/g), was the most attractive factors that triggered the present study. The GC-MS analysis of the ethanolic
extract of the peel of D. bulbifera shows 4 prominent peaks as R-(-)-1,2-Propanediol (C;HgO,) with retention
time of 6.103min and the highest peak area of 86.05%; 1-Methylhexylhydroperoxide (C;H;s0,) with retention
time of 42.567min and peak area of 5.57%; Cis-3-hexenyllactate (CoH¢0;) with retention time of 45.395min
and peak area of 5.01%; and Pyrrole (C,;HsN) showed peak of 3.37% with retention time of 45.508min. Other
less prominent peaks at other retention times included; 2-Nitro-Dimethylnitromethane (C;H;NO,) with retention
time of 37.355min, Ethylenimine (C,HsN) with retention time of 42.665min, N-Formyl-N-Methyl-formamide
(C5H5NO,) with retention time of 44.225min, and Guanidine (CH;sN3) with retention 44.225min. This work
which is the first-time report on the bioactive compounds in the organic crude extracts of Dioscorea bulbifera
native to Nigeria, using the GC-MS, has however established the presence of quite number of chemical
compounds in the peel of the tuber, to which their pharmacological activities could be attributed. The presence of
these secondary metabolites in the peel of Dioscorea bulbifera, is hence, the major contributing factors behind
its antimicrobial potential.
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1. Introduction

Despite that antibiotic has been widely used in the last decades because it was then proven to be the only
effective therapeutic agent against microbial infections and have greatly benefited health-related quality of
human life (Fransworth, 1993), the development of microbial resistance to them has however been increasingly
alarming. To tackle and overcome this challenge, scientists have recently focused their research towards the
antimicrobial components of medicinal plants as alternative solution (Thangavel et al., 2014).

The use of natural products such as plant materials as therapy for different pathologies can be dated from
antiquity and continuously expanding, leaving its renaissance in recent time throughout the world (Mota et al.,
2009). This is so, because nature and its compounds have been of great influence in the history of pharmacology,
as they serve as source of invaluable therapeutic properties (Thangavel et al., 2014). Apparently, about 80% of
the populace in developing countries, like Nigeria, has been estimated by the World Health Organization to rely

on these medicinal plants for basic health care (Muruganantham et al., 2009). The upfront and increasing
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reliance on these medicinal plants as remedy is due to their biological activities, higher safety compared to
synthetic drugs and low cost (Grabley and Thiericke, 1999). This has therefore necessitated the understanding of
the therapeutic properties, safety and efficiency of these natural entities.

Extract of different parts (root, leaves, peel and bulbil) of this plant, Dioscorea bulbifera Linn have been
documented to be traditionally used in many part of the world to cure a number of diseases such as sore throat,
gastric cancer, carcinoma of rectum, and goiter in China (Jiang, 1978; Gao et al., 2001); tumor and leprosy in
Bangladesh (Czarapata, 2005). It has also been noted to be useful as; anorexiant (Jindal et al., 1969), antitumor
(Gao et al., 2002), antihyperlipidemic (McKoy et al., 2003), antioxidant (Bhandari and Kawabata, 2004),
plasmid curing agent (Shririam et al., 2008), antihyperglycemic (Ahmed et al., 2009), analgesic and anti-
inflammatory agent (Nguelefack et al., 2011). The antimicrobial properties and potential of this tuber, native to
Nigeria, against clinical pathogens were however first reported by Adeosun et al. (2016).

Furthermore, literature search revealed that there is still no work that has reported the actual bioactive chemical
constituents in the organic crude extracts of Dioscorea bulbifera native to Nigeria, using the GC-MS. The
present study is hence the first time report on the investigation and characterization of the bioactive chemical
constituents (serving as the functional group) in the ethanolic extracts of the peel of Dioscorea bulbifera Linn,

native to Nigeria.

2. Materials and Methods

2.1 Plant samples and authentication

Tubers of Dioscorea bulbifera Linn (Aerial yam) were obtained from the experimental garden of the Department
of Microbiology at the back of Microbiology Laboratory, Obakekere, Federal University of Technology, Akure
(FUTA), Ondo-State, Nigeria.

Authentication of the plant tubers was done in The Department of Crop, Soil and Pest, FUTA. Much tubers of D.
bulbifera were harvested, packed in clean sterile manila papers, labelled with a voucher specimen and
transported to the Laboratory of Department of Microbiology, FUTA, Ondo-State, Nigeria, for analysis.

2.2 Preparation of plant sample

The peel of the tuber was washed and sanitized in a 6% sodium hypochlorite solution (50 ppm), (Reckitt
Benckiser, Nig. Ltd) (Ritenour et al., 2011). It was thinly sliced (approximately 25mm) and dried in an oven-
drier (HME Global Laboratory Oven Model No. DHG-9101-1SA, England) set at 60°C for 48hrs. The peel was
then grounded using a 12-speed blender (Excella) for Smins and stored in an air-tight container at 4°C in the
Laboratory Refrigerator, until used.

2.3 Extraction procedure

One hundred grams (100g) of dried powdered peel of Dioscorea bulbifera were macerated in a 3L flask using
ethanol as solvent, making a ratio of 1 to 15 of the plant materials and solvents respectively; described by (Parish
and Davidson, 1993). The mixture was placed in an orbital shaker (Stuart Orbital incubator, S1500) for 24hrs at
a speed of about 100rpm at room temperature (25°C) for extraction and filtered through a 90mm diameter filter
paper (Whatman No. 1, Whatman® Schleicher and Schuel) (Adeniran and Sonibare, 2013). Extract was

collected and concentrated under reduced pressure using rotary evaporator (SearchTech Instruments, RE52-1) at
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40°C for 10mins and reconstituted with 50% dimethylsulphoxide (DMSO) to make a stock extract, which was
stored at 4°C until needed.

2.4 Phytochemical screening

Standard techniques described by Patil and Paikrao (2012) for phytochemical analysis were respectively carried
out on the crude extracts of the bulbils, peels and whole tuber of D. bulbifera to detect the presence and absence
of alkaloids, saponins, tannins, coumarin, flavonoids and other bioactive compounds. Quantification of each
bioactive compounds detected was done using different techniques described by (Sofowora, 1993).

2.5 Gas chromatography —mass spectrometry analysis (GC-MS)

The Gas Chromatography-Mass Spectrometry (GC-MS) analysis of the bioactive chemical and functional group
constituent of the ethanolic extract of the peel of Dioscorea bulbifera Linn was performed using GC-MS
SHIMADZU GC-MS QP2010 instrument equipped with AB innowax column (60 x 0.25mm i.d., film thickness
0.25um). Initially, oven temperature was maintained at 50°C for 3 min and temperature was gradually increased
up to 280°C at 30min before 0.2uL of the sample was injected for analysis, using helium gas (with a flow rate of
1.2ml/min) as the carrier gas. The sample injector and mass transfer line temperature were set at 270°C and
280°C and split ratio is 20 throughout the experimental periods. The ionization mass spectroscopic analysis was
done with 70eV and the mass spectra were recorded across the range of 40 to 1000m/z for 35 min. the relative
percentage of the chemical constituents in the crude extract from the peel of this tuber, Dioscorea bulbifera were
expressed as percentage by peak area normalization (Verma et al., 2013; Al-Hashmi et al., 2013).

2.6 Identification of the chemical constituent

The chemical compounds serving as the functional group in the crude extract from the peel of Dioscorea
bulbifera Linn were identified in accordance and comparison of their mass spectra with those of standard,
contained in Wiley and NIST libraries and those described by Adams (1995) as well as on comparison of their

retention indices with literature (Vanden and Kratz, 1963).

3. Results and Discussion

The results of the phytochemical analysis reported in a previous work by Adeosun et al. (2016) were actually
adopted for this present report, because this research is not a fresh one per se, it rather corrects a blooper in the
result and also compliments the preliminary results with the bioactive compounds in the tuber, Dioscorea
bulbifera Linn. Hence, the preliminary phytochemical result presented in Table 1 shows that average constituent
of saponin was 32.28mg/g, followed by terpenoid which was 22.90mg/g, cardiac glycoside was 15.90mg/g,
flavonoid was 9.17mg/g, tannin followed with 4.79mg/g and phlobatannin with 1.87mg/g was the least among
the phytochemical ingredients detected in the peel of D. bulbifera. The peel of this tuber comparatively recorded
highest amount of the phyto-constituents, as against the bulbil of tuber with average concentration of active
compounds as; saponin (21.37mg/g), terpenoid (20.40mg/g), cardiac glycosides (12.37mg/g), flavonoid
(6.33mg/g), tannin (4.25mg/g) and phlobatannin (1.56mg/g), and even the whole tuber, Dioscorea bulbifera.
Relatively high concentration of the phytochemicals in the peel of this tuber as reported by Adeosun ef al.
(2016), was the most attractive factors that triggered the present study. Adeosun et al. (2016) reported saponin
which is consistent with the report by Eleazu ef al. (2013); terpenoids, flavonoids and cardiac glycosides, all of

which has been affiliated with one or other health promoting properties including, hypocholesterolemic effect of
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saponin (Esenwah and Ikenebomeh, 2008) and as antibleeding agent (Okwu, 2004); antimicrobial and anti-
inflammatory properties of terpenoids (Omojate et al., 2014) and flavonoids (Okwu, 2004), and antiprotozoal
properties of cardiac glycosides (Omojate et al., 2014).

Notably, phytochemical evaluation has recently been seen as a facet tool for assessing and exploring the
importance of any medicinal plants which starts with a preliminary phytochemical screening that unveil the real
nature of compounds present in the plant (Shankar et al., 2016). Knowledge of these phytochemical constituents
of plants is however desirable, not only for the discovery of therapeutic agents, but also because such
information may be of value in disclosing new sources of economic materials such as tannins, oils, gums,
flavonoids, saponins, essential oils precursors for the synthesis of complex chemical substances (Akrout et al.,
2010; Thangavel et al., 2014).

In the Gas Chromatography Mass Spectrometric (GC-MS) analysis, four (4) compounds were identified in the
ethanolic extract of Dioscorea bulbifera peel, based on the peak area (which depicts the percentage of each
compounds), molecular weight and molecular formula, as depicted in Table 2. The chromatogram (Fig. 1) of the
ethanolic extract of the peel of D. bulbifera shows 4 prominent peaks as R-(-)-1,2-Propanediol (C3H3O,) with
retention time of 6.103min and the highest peak area of 86.05%; 1-Methylhexylhydroperoxide (C;H,s0,) with
retention time of 42.567min and peak area of 5.57%; Cis-3-hexenyllactate (CoH;50;) with retention time of
45.395min and peak area of 5.01%; and Pyrrole (C4;HsN) showed peak of 3.37% with retention time of
45.508min.

Other less prominent peaks at other retention times as observable on the chromatogram (Fig. 1) are shown in
Table 2 as; 2-Nitro-Dimethylnitromethane (C;H;NO,) with retention time of 37.355min, Ethylenimine (C,HsN)
with retention time of 42.665min, N-Formyl-N-Methyl-formamide (C3HsNO,) with retention time of 44.225min,
and Guanidine (CHsN3) with retention 44.225min. The structure of these compounds detected in the ethanolic
extract of the peel of D. bulbifera are presented in Table 3.

Plants have long proven to be a novel source of potentially useful compounds for the development of new
chemotherapeutic agents, but searching for these biomolecules of plant origin and in-vitro evaluation for
antimicrobial potency is essential towards achieving the goal for developing eco-friendly management of
infectious disease of humans (Samy et al., 2008; Mohana et al., 2008; Thangavel et al., 2014). It is worthy of
note that most of the major compounds detected in the peel of Dioscorea bulbifera, in this work, are biologically
active molecules. Many of these compounds could be considered as part of plants defense systems, and as such
have been included among large group of protective molecules found in plants called “phytoanticipins™ or
“phytoprotectants” (Hossain et al., 2011; Dobre et al., 2011; Al-Hashmi et al., 2013). Thus, identifying such

good number of compounds in this tuber using GC-MS might have some ecological significance.
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Table 1: Phytochemical composition of Dioscorea bulbifera
Average concentration (mg/g)

Bioactive compounds Bulbils Peel Whole tuber
Saponin 21.37 32.28 24.00
Tannin 4.21 4.79 4.21
Phlobatannin 1.56 1.87 ND
Flavonoid 6.33 9.17 5.36
Steroid ND ND ND
Terpenoid 20.40 22.90 8.48
Alkaloid ND ND ND
Anthraquinone ND ND ND
Cardiac glycoside 12.37 15.90 13.13

Key: ND- Not Detected

Table 2: Chemical constituents in the ethanolic extract of the peel of D. bulbifera using GC-MS

Peak area Molecular Molecular
S/N Rt (Min) (%) Name of Compound formula weight (=)
1 6.103 76.01 R- (-) - 1, 2 - Propanediol C;HgO, 76
2 37.355 4.01 2-Nitro-Dimethylnitromethane C;H,NO, 89
3 42.567 5.57 1-Methylhexylhydroperoxide C;H,60, 132
4 42.665 1.98 Ethylenimine C,H;sN 43
5 44.225 2.04 N-Formyl-N-Methyl-formamide C3;H5NO, 87
6 44,225 2.01 Guanidine CH;sN; 59
7 45.395 5.01 Cis-3-hexenyllactate CoH 605 172
8 45.508 3.37 Pyrrole C,HsN 67
Total - 100 - - -
_ 1C
£9.450
I
100 ' 200 ' 300 ' 400 T 500 540

min

Figure 1: Chromatogram (GC-MS) of ethanolic extract of the peel of D. bulbifera

The potential biological activities of each of the chemical compounds found in the ethanolic extract of peel of
Dioscorea bulbifera, in this work, has however been reported in many excellent reviews. R-(-)-1,2-Propanediol,
a synthetic organic compound with chemical formula C;H3O,, also known as propylene glycol, is a viscous

colorless liquid which is nearly odorless with faintly sweet taste. It is an additive that is “generally recognized as
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safe” for use in food, especially to absorb extra water (i.e. as Deicing agent) and maintain moisture in certain
medicines, cosmetics and food products (FDA, 2016). Propylene glycol has been described by Rowe et al.
(2009) as an antiseptic usable against mold, which is similar to ethanol and glycerin only slightly less effective

as ethanol.

Pyrrole (C4HsN), a five-membered heterocyclic aromatic organic compound, is a colourless volatile liquid that
darkens readily upon exposure to air. Pyrrole derivatives are the biosynthetic precursor to many natural products
and more complex macrocycles, including the porphyrins of heme, the chlorins, bacteriochlorins, chlorophyll,
porphyrinogens. Several biological activities of pyrrole derivatives have been reported, including anticoagulant
(Idhavadhulla et al., 2012a), antimicrobial (Idhavadhulla et al., 2011), human tumor models (Evans et al., 2003),
anticonvulsant (Carson et al., 1997), antiviral (Almerico et al., 2000) and anticonvulsant activities (Indumathi et
al., 2015). It has gained diverse applications in the production of therapeutic compounds like antibiotics,
fungicides anti-inflammatory drugs (Wilkerson et al., 1995), cholesterol reducing drugs (Wurz and Charette,
2005), antitumor agents (Lee et al., 2001) and many more. Pyrrole subunit has been reported by Artico et al.
(1997) to inhibite reverse transcriptase human immunodeficiency virus type-1 (HIV-1) and cellular DNA
polymerase protein kinases.

Ethylenimine is a derivative of aziridine, contains at least one three-membered ring which is very reactive
because of the ring strain. It is produced by heating bromoethylamine hydrobromide or 2-aminoethyl hydrogen
sulfate in the presence of sodium hydroxide. Bahnemann et al. (1975) have long reported ethylenimine to
inactivate the foot-and-mouth disease virus in vaccines for cattle, as well as other viruses

and mycoplasma in blood samples. The ability of ethylenimine to alter and/or modify nucleic acids and viral
protein especially at higher pH values, has been reported as major inhibitor to viral particle from engulfing cell
(Bahnemann et al., 1976). Another compound present in this tuber is guanidine (CHsN3); a colourless solid that
is soluble in polar solvents and serve as strong base, which is found in urine as a normal product of

protein metabolism. Guanidine is the functional group on the side chain of arginine, with several derivatives like
guanidine Chloride with chaotropic properties that make it capable of denaturing proteins; and guanidine
hydrochloride is known to denature proteins with a linear relationship between concentration and free energy of
unfolding. Guanidine hydrochloride is used as an adjuvant in treatment of botulism, introduced in 1968 (Puggiari
and Cherington, 1978; Kaplan et al., 1979).

Like the phytochemical constituents of plants, elucidating these bioactive chemical compounds will not only
contribute to the discovery of new therapeutic agents, but also reveal information as regards some potential
sources of economic chemical compounds. Hence, the peel of Dioscorea bulbifera, in this work, has shown to be
a good source of such compounds, as cis-3-Hexenyllactate (CoH;c05), which has been documented by Yannai
(2004) to be useful as a flavouring ingredient in alcoholic beverages. The industrial applications of 2-Nitro-
Dimethylnitromethane (CsH;NO,) as a solvent, principally in blends, printing inks, paints, varnishes, adhesives
and other coatings such as beverage container linings has long been reported (IARC, 1982; ACGIH, 1986). It has
also been reported useful as a solvent to separate closely related substances such as fatty acids; as an
intermediate in some chemical (such as 2, 2-Dinitropropane; 2-Nitro-2-methyl-1-propanol) syntheses; as fuel
additive; and also for its carcinogenic properties (IARC, 1982). Kido et al. (1975) had long ago reported the

antimicrobial properties of 2-Nitro-Dimethylnitromethane against bacteria (Escherichia coli, Pseudomonas
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iodinum), yeasts (Endomyces fibuliger, Hansenula anomala, H. octospora, H. sauveolens, H. matritensis), and
fungi (Aspergillus niger, Penicillium oxalicum, Fusarium oxysporum).

This work which is the first-time report on the bioactive compounds in the organic crude extracts of Dioscorea
bulbifera native to Nigeria, using the GC-MS, has however provided an overview of different classes of
molecules present, to which their pharmacological activities could be attributed. The presence of these secondary
metabolites in the peel of Dioscorea bulbifera, is hence, the major contributing factors behind its antimicrobial

potential reported by Adeosun et al. (2016).

Table 3: Chemical structures of compounds in the ethanolic extract of the peel of D.

bulbifera
Name of the compound Chemical structure of the compound
R- (-) - 1, 2 - Propanediol {l\oh_
=
=
2-Nitro-Dimethylnitromethane 11
T
1-Methylhexylhydroperoxide w
Ethylenimine H
N-Formyl-N-Methyl-formamide D g e
I
Guanidine - HES
MEHZ
o
Cis-3-hexenyllactate M

Pyrrole ”: ---[A|

4. Conclusion

The present study has established the presence of quite number of chemical compounds in the peel of Dioscorea
bulbifera Linn, which may be responsible for its pharmacological properties, like antibacterial activities. This
work also showcased that this tuber can be as effective as modern medicine to combat pathogenic
microorganisms and overwhelming the antibiotic resistance. Further studies are needed on these bioactive

compounds including in-vivo toxic effects in experimental animals to formulate a new drug for regular practice.

72



Journal of Natural Sciences Research www.iiste.org

ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) jLIN]]
Vol.7, No.18, 2017 Ils E
References

Idhayadhulla, A., Kumar, R. S., Abdul Nasser, A. J. and Manilal, A. (2011): Synthesis of some new pyrrole
derivatives and their antimicrobial activity. Der. Pharma Chemica., 3(4): 210-218.

Thangavel, A., Balakrishnan, S., Arumugam, A., Duraisamy, S. and Muthusamy, S. (2014): Phytochemical
screening, gas chromatography-mass spectrometry (GC-MS) analysis of phytochemical constituents and
anti-bacterial activity of Aerva lanata (L.) leaves. African Journal of Pharmacy and Pharmacology, 8(5):
126-135.

ACGIH (1986): Documentation of the threshold limit values and biological exposure indices, 5th ed. Cincinnati,
Ohio, American Conference of Governmental Industrial Hygienists, Inc. Pp. 441-442.

Adeniran, A. A. and Sonibare, M. A. (2013): In vitro potential anthelmintic activity of bulbils of Dioscorea
bulbifera L. on earthworms and liverflukes. J. Pharmacognosy Phytother, 5(12): 196-203.

Ahmed, Z., Chishti, M. Z., Johri, R. K., Bhagati, A., Gupta, K. K. and Ram, G. (2009): Antihyperglycemic and
antidyslipidemic activity of aqueous extract of D. bulbifera. Diabetol. Croat., 38(3): 63-72.

Akrout, A., El Jani, H., Zammouri, T., Mighri, H. and Neffati, M. (2010): Phytochemical screening and mineral
contents of annual plants growing wild in the southern of Tunisia. J. Phytology, 2(1): 034-040.

Almerico, A. M., Lauria, A., Diana, P., Barraja, P., Cirrincione, G. and Dattolo, G. (2000): Glycosidopyrroles:
Part 4. 1-B-D-ribofuranosyl- pyrroles and indoles as potential antiviral agents. Arkivok., 486—496.

Bahnemann, H. G. (1975): Binary ethylenimine as an inactivant for foot-and-mouth disease virus and its
application for vaccine production. Archives of Virology. 47(1): 47-56.

Bahnemann, H. G. (1976): Inactivation of viruses in serum with binary ethyleneimine. Journal of Clinical
Microbiology, 3(2): 209-210.

Bhandari, M. R., Kawabata, J. (2004): Assessment of antinutritional factors and bioavailability of calcium and
zinc in wild yam (Dioscorea spp.) tubers of Nepal. Food Chemistry, 85(2): 281-287.

Czarapata, E. J. (2005): Invasive plants of the Upper Midwest: An illustrated guide to their identification and
control Madison. WI. The University of Wisconsin Press, Pp. 215.

Dobre, A. A., Gagiu, V. and Petru, N. (2011): Antimicrobial activity of essential oils against food-borne bacteria
evaluated by two preliminary methods. Rom Biotech Lett., 16(6): 119-125.

Eleazu, C. O., Iroaganachi, M. A. and Okoronkwo, J. O. (2013b): Determination of the physico-chemical
composition, microbial quality and free radical scavenging activities of some commercially sold honey
samples in Aba, Nigeria: “The effect of varying colours’. Int. J. Biomed. Res., 4: 1-7.

Esenwah, C. N. and Ikenebomeh, M. J. (2008): Processing effects on the nutritional and anti-nutritional contents
of African locust bean (Parkia biglobosa Benth.) seed. Pak. J. Nutr., 7(2): 214-217.

FDA, (2016): "Database of Select Committee on GRAS Substances (SCOGS) Reviews". Federal Drugs Agency.

Fransworth, N. R. (1993): Ethnopharmacology and future drug development: The North American experience.
Journal of Ethnopharmacol., 38: 145-152.

Gao, H., Wu, L. and Kuroyanagi, M. (2001): Seven compounds from D. bulbifera L. Natural Medicines, 55(5):
277-285.

73



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) JLIET]
Vol.7, No.18, 2017 Ils E

Gao, H. Y., Kuroyanagi, M., Wu, L., Kawahara, N., Yasuno, T. and Nakamura, Y. (2002): Antitumour
promoting constituents from Dioscorea bulbifera in JB6 mouse epidermal cells. Biol. Pharm. Bull.,
25(12): 1241-1243.

Grabley, S. and Thiericke, R. (1999): Bioactive agents from natural sources: trends in discovery and application.
Adv. Biochem. Eng. Biotechnol., 64: 101-154.

Hossain, M. A., Shah, M. D. and Sakari, M. (2011): Gas chromatography-mass spectrometry analysis of various
organic extracts of Merremia borneensis from Sabah. Asian Pac J Trop Med., 4(8): 637-641.

IARC (1982): 2-Nitropropane. In: Some industrial chemicals and dyestuffs. Lyon, International Agency for
Research on Cancer (IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to
Humans, Volume 29), Pp. 331-343.

Idhayadhulla, A., kumar, R. S., Abdul Nasser, A. J. and Manilal, A. (2012): Synthesis of Some Pyrrole
Derivatives and their Anticoagulant Activity. American journal of drug discovery and development, 2(1):
40-49.

Jiang, S. (1978): Dictionary of Chinese Crude Drugs. New Medical College Edition. Shanghai Scientific and
Technical Publishers: Shanghai, China.

Jindal, M. N, Kelkar, V. V. and Doctor, R. B. (1969): The anorexiant activity of Kalio-kund (Dioscorea
bulbifera Linn.), methyphenidate and cocaine in rats: a preliminary study. India J. Med. Res., 57(6):
1075-1080.

Carson, J. R., Carmosin, R. J., Pitis, P. M., Vaught, J. L., Almond, H. R., Stables, J. P., Wolf, H. H., Swinyard,
E. A., White, H. S. (1997): Aroyl(aminoacyl)pyrroles, a New Class of Anticonvulsant Agents. J. Med.
Chem., 40: 1578-1584.

Kaplan, J. E., Davis, L. E., Narayan, V., Koster, J. and Katzenstein, D. (1979): Botulism, type A, and treatment
with guanidine. Annals of Neurology, 6(1): 69-71.

Kido, T., Yamamoto, T., and Soda, K. (1975): Microbial assimilation of alkyl nitro compounds and formation of
nitrite. Arch Microbiol., 106: 165-169.

Al-Hashmi, L. S., Hossain, M. A., Weli, A. M., Al-Riyami, Q. and AlSabahi, J. N. (2013): Gas chromatography-
mass spectrometry analysis of different organic crude extracts from the local medicinal plant of Thymus
vulgaris L. Asian Pacific Journal of Tropical Biomedicine, 3(1): 69-73.

Lee, H., Lee, J., Lee, S., Shin, Y., Jung, W. H., Kim, J. H., Park, K., Kim, K., Cho, H. S., Ro, S., Lee, S., Jeong,
S., Choi, T., Chung, H. H. and Koh, J. S. (2001): A novel class of highly potent, selective, and non-
peptidic inhibitor of Ras farnesyltransferase (FTase). Bioorganic and Medicinal Chemistry Letter, 11:
3069-3072.

Artico, M., Di Santo, R., Costi, R., Massa, S., Scintu, F., Loi, A. G., De Montis, A. and La Colla, P. (1997): 1-
Arylsulfonyl-3-(a-hydroxybenzyl)- 1H-pyrroles, a Novel Class of Anti-HIV- 1 Reverse Transcriptase
Inhibitors. Bioorg. Med. Chem. Lett., 7: 1931-1936.

Evans, M. A., Smith, D. C., Holub, J. M., Argenti, A., Hoff, M., Dalglish, G. A., Wilson, D. L., Taylor, B. M.,
Berkowitz, J. D., Burnham, B. S., Krumpe, K., Gupton, J. T., Scarlett, T. C., Durham, R. and Hall, L.
(2003): Arch. Synthesis and cytotoxicity of substituted ethyl 2-Phenacyl-3-Phenylpyrrole-4-carboxylates.
Pharm. Med. Chem., 336: 181-190.

74



Journal of Natural Sciences Research www.iiste.org

ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) may
Vol.7, No.18, 2017 Ils E

Mckoy, M. L., Omoniyi, F., Simon, O. and Asemota, H. (2003): Investigation of the effects of a sapogenin-rich
preparation from a Jaimacan yam (Dioscorea species) on blood cholesterol levels in rats. Proc. West.
Pharmacol. Soc., 46: 156-159.

Mohana, D. C., Satish, S. and Raveesha, K. A. (2008): Antibacterial evaluation of some plant extracts against
some human pathogenic bacteria. Adv. Biol Res., 2(3-4): 49-55.

Mota, K. S. L., Dias, G. E. N., Pinto, M. E. F., Luiz-Ferreira, A., Souza-Brito, A. R. M., Hiruna-Lima, C. A.,
Barbosa-Filho, J. M. and Batista, L. M. (2009): Flavonoids with gastroprotective activity. Molecules, 14:
979-1012.

Muruganantham, S., Anbalagan, G. and Ramamurthy, N. (2009): FT-IR and SEM- EDS comparative analysis of
medicinal plants, Eclipta alba and Eclipta prostrate. Rom J Biophy., 19: 285-294.

Nguelefack, T. B., Mbiantcha, M., Kamanyi, A., Teponno, R. B., Tepondjou, A. L. and Watcho, P. (2011):
Analgesic and anti-inflammatory properties of extracts from the bulbils of D. bulbifera L. var. sativa
(Dioscoreaceae) in mice and rats. Evidence-Based Compl. Altern. Med., 16: 71-82.

Adeosun, O. M., Arotupin, D. J., Odeyemi, A. T., Adebayo, A. A. (2016): Antibacterial activities and
phytochemical properties of extracts of Dioscorea bulbifera Linn (Air Potatoe) tubers and peels against
some pathogenic bacteria. The Journal of Phytopharmacology, 5(1): 20-26.

Okwu, D. E. (2004): Phytochemicals and vitamin content of indigenous species of South Eastern Nigeria. J.
Sustain. Agric. Environ., 6: 30-34.

Omojate, G. C., Enwa, F. O., Jewo, A. O. and Eze, C. O. (2014): Mechanisms of antimicrobial actions of
phytochemicals against enteric pathogens-A Review. Journal of Pharmaceutical, Chemical and
Biological Sciences, 2(2): 77-85.

Parish, M. E. and Davidson, P. M. (2003): Methods for evaluation. In: Antimicrobials in foods, 2nd Ed. Marcel
Dekker, Inc.: New York, Pp. 597-615.

Patil, A. S. and Paikrao, H. M. (2012): Bioassay guided phytometabolites extraction for screening of potent
antimicrobials in Passiflora foetida L. Journal of Applied Pharmaceutical Science, 2(9): 137-142.

Puggiari, M. and Cherington, M. (1978): Botulism and Guanidine: Ten Years Later. J. Am. Med.

Assoc. 240 (21): 2276-22717.

Wurz, R. P. and Charette. A. B. (2005): Doubly Activated Cyclopropanes as Synthetic Precursors for the
Preparation of 4-Nitro- and 4-Cyano-dihydropyrroles and Pyrroles. Org. Lett., 7: 2313-2316.

Ritenour, M. A., Sargent, S. A. and bartz, J. A. (2011): Chlorine use in produce packing lines. HS-761, IFAS
Extension, Gainesville, FL, Pp. 1-4.

Rowe, R. C., Sheskey, P. J. and Quinn, M. E. (2009): Handbook of pharmaceutical excipients; 6th Edition.
Pharmaceutical press, London England, Pp. 592.

Indumathi, S., Karthikeyan, R., Abdul Nasser, A. J., Idhayadhulla, A. and Kumar, R. S. (2015): Anticonvulsant,
analgesic and anti-inflammatory activities of some novel pyrrole and 1,4-dihydropyridine derivatives.
Journal of Chemical and Pharmaceutical Research, 7(2): 434-440.

Samy, R. P., Pushparaj, P. N. and Gopalakrishnakone, P. (2008): Compilation of bioactive compounds from
ayurveda. Biotransform, 3: 100-110.

75



Journal of Natural Sciences Research www.iiste.org

ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) may
Vol.7, No.18, 2017 Ils E

Shririam, V., Jahagirdar, S. and Latha, C. (2008): A potential plasmid curing agent, 8-epidiosbulbin E acetate
from Dioscorea bulbifera L. against multi-drug bacteria. Int. J. Antimicrob. Agents, 32(5): 405-410.

Sofowora, A. (1993): Medicinal plants and traditional medicine in Africa. Spectrum books limited, Ibadan,
Nigeria, Pp. 220-224.

Vanden, D. H. and Kratz, P. D. (1963): A generalization of the retention index system including linear
temperature programmed gas-liquid partition chromatography. J. Chromatogr., 11: 463-471.

Verma, R. Satsangi, G. P. and Shrivastava, J. N. (2013): Analysis of phytochemical constituents of the ethanolic
and chloroform extracts of Calotropis procera using gas chromatography-mass spectroscopy (GC-MS)
technique. Journal of Medicinal Plants Research, 7(40): 2986-2991.

Wilkerson, W. W., Copeland, R. A., Covington, M. and Trzaskos, J. M. (1995): Antiinflammatory 4,5-
Diarylpyrroles. 2. Activity as a Function of Cyclooxygenase-2 Inhibition J. Med. Chem., 38: 3895-3901.

Yannai, S. (2004): Dictionary of food compounds with CD-ROM: Additives, flavors, and ingredients. Boca
Raton: Chapman & Hall/CRC.

76



