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Abstract

Only healthy surface tissues of healthy animals that are constantly in
contact with the environment can easily be colonized by various
microbial species, including pathogenic ones. However, these
microorganisms are usually the cause of opportunistic infections in
animals. Two plants; Vernonia amygdalina (taxonomic ID number
112605) and Ocimum gratissimum (taxonomic ID number 112606) were
identified at the Nigerian Federal Research Institute in Ibadan and
subsequently concentrated with methanol, water and n-hexane. Twelve
pre-slaughter healthy cattle in the same ratio of male to female were
selected for this study. Samples from the mouth, skin, nose, vaginal and
gastrointestinal tract were collected. Susceptibility patterns for
antimicrobial agents were performed using disk-diffusion agar method.
All isolates were subjected to bacteriological and molecular
identification (PCR and sequencing techniques). Preliminary
identification was carried out based on standard bacteriological,
microscopic identification, biochemical criteria, while PCR and DNA
sequencing techniques were used for molecular identification and
analysis. Basic local alignment sequence tools (BLAST) were used to
compare retrieved bacterial sequences to a set of previously published
strains in the database. The morphological and biochemical profiles of
six out of eight normal flora from different sites were Gram-negative. All
bacterial cultures were oxidase-positive, including 7 catalase-positive
cultures. The majority of isolated bacteria were moderately sensitive to
all the extracts tested but resistant to Amoxylin. Noticeable amplification
of 16S rRNA genes from Klebsiella pneumoniae strain EMB and
Enterobacter bugandensis strain AdM2 was obtained. The amplification
of the resistant genes of the two isolates was approximately 1,500 base
pairs; however, some of the suspected virulence and antibiotic genes
were within this base pair range.

Keywords: Vernonia amygdalina, Ocimum gratissimum, Anti-bacterial, 16S
rRNA, Cattle

Introduction

Antibacterial are kinds of antimicrobial agent used mainly against bacteria,
for the treatment of bacterial infections [1]. The invention of antibiotics has
assisted in the control of pathogenic bacteria until when most pathogens become
resistant to the treatment. Increased alarming rate of Antibiotic resistance
worldwide is causing difficulty and posing danger to humanity as various diseases
and ailments are now difficult to treat and control [2].
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In addition, majority of available synthetic
antibacterial drugs are becoming less effective due to their
side effects such as tendonitis, seizure, and Steven-Johnson
syndrome [3]. The emergence of antibiotic resistance and
the unbearable side effects (toxicity) of some of the
commercially available antibiotics makes it imperative to
search for newer, more effective and cheaper drugs that
could serve as alternative therapy for the treatment of
various infections and diseases [4]. Plants are reservoir of
therapeutic substances which have a vital role in the
sustenance of human health in the time past. World Health
Organization (WHO) opines that plant parts or their potent
make up are used in the productions of array of drugs in
traditional therapies [5]. These plants have highly
contributed to the development of human health and welfare.
Simultaneously, there is an increase in data and huge
patronage to herbal products round the world [6].

Medicinal plants such as Ocimum gratissimum have
been affirmed to provide different culinary and medicinal
properties which effect can be bacteriostatic and
bacteriocidal on some bacteria. These effects have been
attributed to the peptides, alkaloids, essential oils, phenols
and flavonoids which are main constituents in these plants
[7]. It is a therapeutic plant which has been used
traditionally for the treatment of various disorder [8].

Cattle are reared for various reasons for consumption
and economic purposes .they are used to pull farm
implements in farmland and rural areas. Cattles are
herbivores which mean they do not eat only plants, grass and
cereals. Microbiota is the total of microorganisms that
resides on or within any of a number of human tissues and
bio-fluids. In new born, it is a powerful stimulus for the
development of the immune system. Unlike humans which
are also colonized by many microorganisms, some microbes
are normal flora in human they are commensal, they co-exist
without being detrimental to humans; others to humans host
are mutualistic [9]. This study was to provide an insight into
molecular identification of two pathogenic organisms and
document their antimicrobial susceptibility profiles to
locally available plants. Gene sequencing technology will be
used for strain identification, and classification. In addition,
we aim to use some nucleotide sequence analysis tools to
perform a basic phylogenetic and diversity analysis in order
to evaluate the genetic variability of the flora studied.

Materials and Methods
Plant collection and identification

Plants were selected based on ethno botanical
information obtained from traditional medicine practitioners
in Saki. All plants were collected around Challenge Il area
in Saki. Parts of the plants (leaves) were used for extraction.
The identification was carried out in Forest Research
Institute of Nigeria (FRIN), Ibadan with voucher specimen

of 112605 and 112606 for Vernonia amygdalina and
Ocimum gratissimum respectively.

Extraction and isolation of active agents

The materials of each was washed with distilled water
and dried at room temperature by exposure to atmosphere
for weeks. The dried materials were pulverized into fine
powder using electric blender and packed into a plastic
container with screw cap for further use. Four types of
extracts (aqueous, methanol, methanol plus water, n-hexane)
were done. 100 g of each bitter leaf powder were weighed
into three different sterile bottles and was soaked with 500
ml of methanol; n-hexane and 250 ml of methanol plus 250
ml of distilled water. 50 g of each scent leaf powder were
also weighed into three different sterile bottles and was
soaked with 250 ml of methanol, n-hexane and 175 ml of
methanol plus 175 ml of distilled water. The mixture was
stirred carefully with sterile stirrer and was covered with foil
paper. The bottles were kept at room temperature for 3 days.

The aqueous solution was prepared on the night of
extraction by weighing 100g of bitter leaf powder in another
bottle and was soaked with 500 ml of water and 50 g of
scent leaf powder was also weighed in another sterile bottle
and soaked with 250 ml of distilled water and covered with
foil paper. The mixtures were extracted by sieving through
muslin cloth, cotton wool and later filtered using Whatman
filter paper into clean sterile bottles. The aqueous prepared
was boiled for 15 minutes and it was allowed to cool and
was extracted like it was done to the previous ones. The
extracts filtrates were concentrated using rotary evaporator
at 45°C at the Department of Pharmaceutical Chemistry
Laboratory in University of Ibadan, Oyo State, Nigeria.

Determination of the antibacterial activity of the extract

Normal flora samples were collected from twelve cattle
(6 males and 6 females) from different sites (nose, mouth,
anus, vagina and skin) from the abattoir situated in Foofo,
Saki, Ibadan, Oyo State, Nigeria. Swab sticks were used for
the collection of specimen from different site from each
cattle and were well labeled for recognition. Nutrient agar
was prepared according to manufacturer’s instructions. The
specimens were directly streak on the prepared agar in
different plates after solidifying and then incubated for 24
hours at room temperature. After 24 hours, the growth from
the media incubated was transferred on MacConkey Agar
and Eosin Methylene Blue for sub-culturing till pure culture
is formed. Isolates were also tested on MRS and SSA agar
but there was no growth.

Minimum inhibitory concentration

Each test organisms from serial dilution were streaked
onto various plates and carried out in a septic condition and
the plates were labeled accordingly. Disc diffusion method
were introduced by using disc(sterilized perforated disc 6
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mm in size seeded with different concentrations of the
extract of 2 g, 4g and 6 g which is diluted into 10 ml of each
methanol, n-Hexane, methanol + aqueous and aqueous and
Amoxylin which is the control used was also diluted in 100
ml of distilled water. Then the seeded disc was placed on the
surface of the inoculated agar medium. The inoculated
plates were incubated at 37°C the organism’s susceptibility
test with plant extracts were recorded after 24 hours by
measuring the mean diameter of the clear zone of inhibition
using Vernier caliper in millimeter (mm).

Biochemical tests for bacterial identification

Isolates were subjected to catalase and oxidase tests,
which was identified using Bergey's determinative
bacteriology manual [10]. In order to perform a catalase test,
the production of gas bubbles has been used as an indication
of a positive result. Isolate was placed on a glass slide with
an inoculating loop 2 % of Hydrogen Peroxide was drop on
the isolates and bubble isolates were recorded positive and
vice versa. The oxidase test was used to detect the enzyme
cytochrome oxidase activity. A purple coloration indicates
positive results while no color change indicates oxidase
negative results. Inoculums of each isolate were smeared on
a clean filter paper and oxidase reagent (tetramethyl-
phenylenediaminedihydrochloride) was drop on each isolate.
Then colour changes were observed.

DNA extraction and 16S PCR

Bacterial cells broth was prepared and lysed through a
ZR Bashing TM Lysis Tubes. 750ul lysis was pipetted in
form of solution to the tubes. DNA extraction from bacterial
samples was carried out using the ZYMO bacterial DNA
extraction kit according to the protocol used by the
manufacturer. The DNA quantity and quality was measured
using gel electrophoresis techniques. Conventional PCR was
applied to all the samples to amplify the 16S rRNA gene
using previously reported protocol (Figure 1) [11].

Figure 1. Agarose gel electrophoresis showing positive
amplification of 1,500 bp fragment of 16S rRNA gene of
Klebsiella pneumoniae performed with strain-specific
primer. Lane M: 200-1037 bp DNA ladder. Strain lane
G1:1500bp from cattle while G2: AdM2 (1000-1700)
isolated from cattle. G3 and G4 (Isolates from other sources:
rain and well water respectively).

The PCR results were sequenced by using Sanger
sequencing technique and its products were subjected to
analysis by Basic Local Alignment Search Tools [12]
(BLAST) and similar sequences were retrieved from the
National Centre for Biotechnology Information (NCBI)
database [13]. The phylogenetic analysis was performed
using MEGA 5.2 version [14].

Ethical considerations

Experiments on animals have been conducted,
according the research protocol reviewed by animal ethics
committees of Microbiology Option, the Oke Ogun
Polytechnic, Saki, Nigeria.

Results and Discussion

The resultant nucleotides sequences of the 16S rRNA
was matched to Klebsiella pneumonia and Enterobacter
bugandensis (AdM2) with accession number MK719814
and MN213349 (Figure 2).

Enterobacter bugandensis strain AdM2 16S ribosomal RNA gene, partial sequence
A Sequence ID: MN213349.1 Length: 1354 Number of Matches: 1

Range 1: 57 to 598 GenBank Graph
Score Expe
619 bits(322) 0.0

Identities Gaps strand
478/546(88%) 4/546(0%) Plus/Plus

Query 94  TGGAGGGGGATAACTACTGGAAACAGTATCTAATACAGCATAACGCCGCACGACCCAAGT 153
DUCLLELLERLEEELEE L (L LLEEEr Rt tiee feng 1l
Sbjct 57  TGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGA 116

GGGACCTTCTCGCCTCTTGCGATCTCATGTGCCCCGATGGGATTAGCTATTAGGTGGG 213
S H Ll UL AR A HHEUL LML A ALHLL 176
Query 214 GTAACGGCTCACCTATGCGACAATCCCTATCTGGTCTGAGAGAATGA 273

LELLLLLLEEELEnt Cen e i Lenieieetel (eieit 1l I[IIII
Sbjct 177 GTAACGGCTCACCTAGGCGACAATCCCTAGCTGGTCTGAGAGGATGACCACCCACACTGG 236

Query 154 GG
sbjct 117

Query 274 AACTGAGACACGGTCCACACTCCCACGGGAGGCGCCACTGGGGAATATTGCACAATGTGC 333
LELECEERERERE et e teeieeinr bl LELEEEEL el Il
Sbjct 237 AACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGGGGGGAATATTGCACAATGGGC 296

GCAAGCCCGATGCACCCCTGCCGCGTGTGTGAAGAAAGCCTTCTGGTTGTAAAGCACTTT 393

LILILLL ||¥|1|y| IIHII“H Igll 11 LI IAI!IHI!I |11
Sbjct 297 GCAAGCCTGATGCACCCATGCCGCGTGTATGAAAAAGGCCTTCGGGTTGTAAAGTACTTT 356

Query 334

Query 394 CTCCGGGGAGGGAGGCGATAAGGTTAATATCCTTGTCGATTGTCGTTACCCGCACAAAAA 453
sbict 357 (AGLOGOCACAGGOATMGETTARTAALLHHETLEAHGALE TALLLGEAMMAA 416
Query 454 ACACCGGCTATATCTGTGCGACCACCCGCGGTAATACGGGGGGTGCGAGCGTGAATCTGA 513
sbct 417 AALAHHAACH B ALAGH LA AL ALl MG 76
Query 514 ATTACTGGGGCGTAAAACGCACACGGGCGGTCTGTGAAGACGGATGTGAAATCCCCCGGG 573
sjct 477 AHTALT-GObLOTAMGLOLALGLAGOLSETLTGTCAGTELAATEHEAMILLLE &6 534
Query 574 CTCTCCCCTGGGAACTCCGTTCTAAACTGGGGACGCTATAGTCTTTTAGA AAT 633
sict 35 Cran-LHUGCAALTGlAHHGAMETSde At TATAGHEHeHASAbddbrho 5o
Query 634 AATTCC 639

Hll‘u
Sbjct 593 AATTCC 598

Klebsiella pneumoniae strain EMB.W.B.ES1.C3 16S ribosomal RNA gene, partial sequence
B SequenceID:MK719814.1 Length: 811 Number of Matches: 1

Range 1: 137 to 367 GenBank Graphics
Score Expect Identities Gaps Strand
183 bits(95) 6e-50 189/231(82%) 2/231(0%) Plus/Plus

e T T T e T T M T 222
| | | | |
Sbjct 137 TCGAATGTGCCCCGATGGAATTAGTTAGTGAGTGGGGTAATCGCTCACCTAAGCAACCAT 196

Query 233 CCCTGGCTGGTCTGAGAGAACAACCACCCTCACTCTGACTGACACACGGTCCTCATTCCT 292
LILLLLLLELEEELL L LLEL] IHIIIHIIII!IHIH |

Sbjct 197 ccc% Ttl: TcTéAMGAATGA 4 EHGACTGTM&GA ACACGGTCCTCAC & 256

Query 293 ACGGGAGGCGTGGGTGAGGTATATTGCTCAATGGGCGCCTGATCCATGCATGCC-GCCGC 351

RN A S S AR RNy ILLLEELL 1t
Sbjct 257 ACGGGAGGCAGGAGTGGGAAAGATTGCTCAATGGGCGCCTGCCTGATGCATGCATGCCGC 316

Query 352 GTGTGTAAAGACTGCCTTCTGTTTGTCACTTT-TTTCGGCGGGGAGGAAGG 401
I%I][IIIIII LECLLRLREneer b il L iy Ll

Sbjct 317 GTGTAAAGAATGCCTTCTGTTTGTAAATTACTTTCGGCGGGAAGGAAGG 367

Figure 2: The BLAST results of 16S bacterial sequences
obtained in the current study.

The antibacterial activity of both V amygdalina (bitter
leaf) and Ocimum gratissimum  (scent leaf) were found to
be dosage and extraction solvent dependent. Methanolic
extract of both plants at their highest tested doses possessed
more antibacterial activities compared to the other extracts
from different solvents when tested against the bacteria
strain of Klebsiella pneumoniae and E. bugandensis
(AdM2). This might attributed to the fact that methanol
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extracted more of the bioactive constituents of the plant
compared to other solvents. The methanolic extract of V
amygdalina appeared more effective in the concentrations of
6g/ml when tested on K. pneumonia and showed moderate
zone of inhibition on Enterobacter bugandensis compared
to the other tested doses, though the trend revealed dose
dependent activity, i.e the higher the concentration the
higher the effectiveness of the plant extract. The aqueous
extract showed little to no inhibitory activity on the tested
organisms while ciprofloxacin used as control inhibited the
growth than the extracts (Table 1). Zones of inhibition

produced by methanolic extract of Ocimum gratissimum
ranged from 7. 00 £+ 0.00 at 2g/ml to 14.75+0.05 at 6g/ml
against on K. pneumonia, followed by n-hexane extract
ranged from 4.30+0.15 at 2g/ml to the highest dose of 6g/ml
with value of 5.75+0.20, methanol + aqueous extract also
showed moderate inhibitory activity while aqueous extract
was found not to inhibit the growth of the test organisms at
lower concentrations. However, at higher concentration,
zones of inhibition were observed for the Enterobacter
bugandensis ranges from 1.30+0.02 at 4g/ml and 2.85+0.03
at 6g/ml (Table 2).

Table 1: Antibacterial activities of bitter leaf extract on K. pneumonia and E. bugandensis (AdM2).

Leaf extract E;c/)rr:](i;mtration Mean diameter of zone of inhibition of bacteria in mm (£SEM)
Methanol Methanol + Aqueous  n- Hexane ,(’;\r:qlt;eous g:(i);:cr)(;lloxacin)

2.0g/mi 9.75+£0.03  4.75+0.02 3.30+0.15 1.00£0.00 22.00+ 0.00

K. pneumonia 4.0g/ml 11.35£0.02  5.00+0.00 3.10£0.22 1.40+0.08 24.00+1.00
6.0g/ml 16.75+£0.05  5.25+0.02 3.750.03 1.50+0.05 27.30+1.00
2.0mg/ml 4.50+0.05 2.50+0.08 2.00+0.00  0.00+0.00 10.00+0.00

E. bugandensis | 4.0g/ml 5.00+0.00 3.60+1.06 2.90£0.14  1.00£0.00 11.00+0.00
6.0g/ml 6.30+0.10 4.30+0.14 3.30£0.00  1.00+0.02 15.00+1.00

Table 2: Antibacterial activities of scent leaf extract on K. pneumonia and E. bugandensis (AdM?2).

Leaf extract Eg:](/)r?](i‘o)antration Mean diameter of zone of inhibition of bacteria in mm (xSEM)
Methanol X;&Ziﬁgl * n- Hexane Agueous only E:C?S:(r)::oxacin)
2.0g/mi 9.75+£0.03  4.75+0.02 3.30+0.15 1.00+0.00 22.00+ 0.00
K. pneumonia 4.0g/ml 11.35+0.02  5.00+0.00 3.10+0.22 1.40+0.08 24.00+1.00
6.0g/ml 16.75+£0.05  5.25+0.02 3.750.03 1.50+0.05 27.30+1.00
2.0mg/ml 4.50+0.05 2.50+0.08 2.00+0.00 0.00+0.00 10.00+0.00
E. bugandensis | 4.0g/ml 5.00+0.00 3.60+1.06 2.90+0.14 1.00+0.00 11.00+0.00
6.0g/ml 6.30+0.10 4.3040.14 3.30+0.00 1.00+0.02 15.00+1.00

Veronia amygdalina produces a variety of flavonoids
and bitter lactones which contribute to the bioactivities of
this plant [15]. V. amygdalina serves well as a low cost are
readily available source of important nutrients to human
[16]. The result of the current study demonstrated that the
six out of eight normal flora from different sites isolated
from cattle were bacterial culture while others were positive
according to the standard bacteriological identification and
microscopic identification. The sensitivity tests show that
there is high resistance of test organism against antibacterial
activity of plant extracts. This means that scent leaf and
bitter leaf extracts are more effective as antibacterial agent

against test organism. Sequencing analysis was done to
subject a Deoxyribonucleic Acid, Polymerase Chain
Reaction to test organism so as to understand its features,
structure, function and evolution [17,18].Some of the
suspected antibiotic resistance genes and virulence genes
were (hylA, tetA, tetE and blaTEM) respectively with base
pairs of 1-1.5kb [19-21]. Phylogenetic analysis of retrieved
bacterial isolates indicates a high level of identification of
16S rRNA sequences for bacterial genus and species
(Figure 3). Such results could confirm the usefulness of
using such genomic regions in the identification and
characterization of bacterial isolates.
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Etorobacier begandonsn staun 220 cheomosome, coaplete ponoax:
Enterobacter bodwigs straim 7104 165 nibosomsal RNA gone, pustial soquonce
Enterobacier sp. 7103 165 mbosomal RNA pose, partal soquence
A ¢ Bacterium MN9 168 ribosomal RNA gone, partal soquonce
9 Enterobucicr bugandeasis strain XM29 165 ridbosomal RNA pene, purtial soqecace
¥ Enterobacter bugandensis strain XY7 165 nbosoeal RNA gene, partial soguence
? Enterobucier bugandensis strain CHS 165 rbososmal RNA peee, partal soquonce
9 ¥ Exserobacter bugandensis srain TJ6 16S ribosossal RNA gene, purtl soguonce
§ Enterobacter choacae stram (1O 4 14C 168 nboroeal RNA gene. partisl soquence
I Enterobucter choacae €eain (PO 4.12C 168 ribosomal RNA gene, pastal soquonce

v Enterobucset bormaecher gran Behbabun [1F 168 ribosormal RNA pene, partial soquence

3,\9&.']%“ | Kiehuiela pocemonae stratn EMBW B ES|.C 165 ribosonul RNA pone, partial sequence
Kicbsiclla pocemoniae tran EMBW_B.ES1.C3 168 ibowmal RNA pene, partial soquence

Enterobacier p, FSGRDY 168 rbosomal RNA pene, partial sequence

¥ Enerobacier . FSGRD3 §6S rbosomal RNA gene, pertial sequence
Y Bacterinem virain BSI224 165 ribosomsal RNA pose, partial sequonce

‘Nkm and crserobactena |9 kaves

Enterobacier sp. BA2012) 168 eibososul RNA pese, partial soquonce
Kichsiclla pocemonise tram BP2 165 nbososal RNA gene, partial soquence
9 Unculured hackenum clone CS2011 165 nbosomal RNA gone, partial sequence
¥ 7 Kichuicha sp. CF 1AL 168 ribosoral RNA eone, parsial soquence
Kicbuella pacusonsae €ram SBSEST 168 edonomal RNA pene, partial soquence
2 Klehsaella quaspacumoniae SNHT DNA, complele genome
3 4 Kichsiclla sp. wran K21 168 rbosomal RNA gone, partial soquence
Kichsicila pacemoniae Athras peae for 165 nbosoad RNA, pantial sequence
Kicbsacila sp. traen KL-1 168 ridnossal RNA peee, partial soquonce
Kichexedla pocumonne gram NCTC ST penome asembly, deomonne: |
3 Kichsalls pocumoni gram DISKIDI chrommone, compleie genome
? Klchuiclla acropenss san NCTC 10317 posome asembly, cheomosome: |
{ Kicsiclla pocemcaise rain OCUG 70747 chromosome
¥ Kicbiiclls pacusonsae €ram FI6KP084 ¢ hromosom. complete peavae
v Kichsaclla pocusona gram KP1692 cheomosome, comples gesome
Kichsicla pacemonia traen LHIC-A choomoome, compkte penome
» Qeniaodaciera | 2kenes
{ Kichiaclla pacursonue gram 1756, complete penoene
¥ Kicbsiclla pecumoniae dean F39-1 chromenonse, complete penome
? Kicbwiclla pecumoaiae tram FIOK OS2 chromosome, complele genome
Kichnicla pacemosne dran C16KPOFS chromoone, complae penome
& cterodacieria | I enves

Figure 3: Phylogenetic trees of Enterobacter bugandensis (A) and Klebsiella pneumoniae (B) isolates from normal cattle

flora compared to similar 16SrRNA gene sequences.

Conclusion
Most of the sensitive extracts were unable to inhibit the

growth of the organisms and are presumably drug-resistant.
Scent leaf and bitter leaf extract appeared more effective
than their previously reported actions. Notwithstanding, V.
amygdalina possesses various bioactivities with low or
absence of side effects having great health promoting
effects. It is however more advantageous to incorporate V.
amygdalina into health supplement for both human and
animal benefits.

Acknowledgement
The Authors wish to acknowledge the abattoirs

attendants for the supports during the course of this
research. Also, Fehintola Oluwaseun deserves to be
mentioned; for processing and retrieval of sequences from
NCBI database.

References

1. Jakovac H. COVID-19 and vitamin D-Is there a link and
an opportunity for intervention. American Journal of
Physiology-Endocrinology and Metabolism. 2020 May 1;
318(5):E589.

2.Nanasombat S, Lohasupthawee P. Antibacterial activity of
crude ethanolic extracts and essential oils of spices against
Salmonella and other Enterobacteriacea. Current Applied
Science and Technology. 2005; 5(3):527-38.

3.World Health Organization. Traditional medicine:
growing needs and potential. World Health Organization;
2002.

4.Effraim KD, Jacks TW, Sadipo OA. Histopathological
studies on the toxicity of Ocimum gratissimum leaves
extract on some organs of rabbit. African Journal of
Biomedical Research. 2003; 6(1).

5.Kirbag SE, Zengin F, Kursat M. Antimicrobial activities
of extracts of some plants. Pak. J. Bot. 2009; 41(4):2067-
70.

6.0moseyindemi BX. Plants as natural medicine. 167th
annual conference of Botanical Society of Nigeria
(BOSON). University of Lagos; March 16th, 2003.

7.0kigho R, Igwe D. Antimicrobial effects of Piper
guineense ‘Uziza’and Phyllantus amarus ‘Ebe-benizo’on
Candida albicans and Streptococcus faecalis. Acta
microbiologica et immunologica Hungarica. 2007 Dec 1,
54(4):353-66.

8.Mann A. Phytochemical constituents and antimicrobial
and grain protectant activities of clove basil (Ocimum
gratissimum L.) grown in Nigeria. International Journal
of plant research. 2012;2(1):51-8.

Highlights in BioScience
http://bioscience.highlightsin.org/

August 2020| Volume 3

Page 5 of 6



Micheal et al., 2020

Antibiotic Effects of leaf extracts of K. pneumoniae and E. bugandensis

9.Shih C. The gut flora. Journal of Lancaster General
Hospital 2013; 8(4):114-7.

10.

11.

12.

13.

14,

15.

16.

Owen JJ. Manual of Determinative Bacteriology.
Canadian Medical Association Journal. 1926 May;
16(5):620.

Lane DJ. 16S/23S rRNA sequencing. Nucleic acid
techniques in bacterial systematics. 1991:115-75.
Altschul SF, Madden TL, Schéffer AA, Zhang J, Zhang
Z, Miller W, Lipman DJ. Gapped BLAST and PSI-
BLAST: a new generation of protein database search
programs. Nucleic acids research. 1997 Sep 1,
25(17):3389-402.

Maglott D, Ostell J, Pruitt KD, Tatusova T. Entrez
Gene: gene-centered information at NCBI. Nucleic
acids research. 2010 Nov 27; 39(suppl_1):D52-7.
Kumar S, Stecher G, Li M, Knyaz C, Tamura K.
MEGA X: molecular evolutionary genetics analysis
across computing platforms. Molecular biology and
evolution. 2018 Jun 1; 35(6):1547-9.

Favi F, Cantrell CL, Mebrahtu T, Kraemer ME. Leaf
peltate glandular trichomes of Vernonia galamensis
spp. galamensis var. ethiopica Gilbert: development,
ultrastructure, and chemical composition. International
Journal of Plant Sciences. 2008 Jun; 169(5):605-14.
Ojiako OA, Nwanjo HU. Is Vernonia amygdalina
hepatotoxic or hepatoprotective? Response from

17.

18.

19.

20.

21.

biochemical and toxicity studies in rats. African Journal
of Biotechnology. 2006; 5(18).

Cheng F, Li Z, Lan S, Liu W, Li X, Zhou Z, Song Z,
Wu J, Zhang M, Shan W. Characterization of Klebsiella
pneumoniae associated with cattle infections in
southwest China using multi-locus sequence typing
(MLST), antibiotic resistance and virulence-associated
gene profile analysis. Brazilian Journal  of
Microbiology. 2018 Nov 1; 49:93-100.

Osman KM, Hassan HM, Orabi A, Adelhafez AS.
Phenotypic, antimicrobial susceptibility profile and
virulence factors of Klebsiella pneumoniae isolated
from buffalo and cow mastitic milk. Pathogens and
global health. 2014 Jun 1; 108(4):191-9.

Li GY, Li J, Xiao P, Guo YH, Mo ZL. Detection of
type 1l secretion gene as an indicator for pathogenic
Edwardsiella tarda. Letters in applied microbiology.
2011 Mar; 52(3):213-9.

Akinbowale OL, Peng H, Barton MD. Diversity of
tetracycline resistance genes in bacteria from
aquaculture sources in Australia. Journal of applied
microbiology. 2007 Nov; 103(5):2016-25.

Chung TH, Yi SW, Kim BS, Kim WI, Shin GW.
Identification and antibiotic resistance profiling of
bacterial isolates from septicemic soft-shelled turtles
(Pelodiscus sinensis). Veterinarni medicina. 2017 Mar
15; 62(3):169-77.

Highlights in BioScience
http://bioscience.highlightsin.org/

Page 6 of 6

August 2020| Volume 3



