African Journal of

Microbiology Research

Voluﬂlémber 37, 10 September, 2014
SN_1996:0808

-

. ’q ' l.
, - v:ﬁ*
. p & -

"




ABOUT AJMR

The African Journal of Microbiology Research (AJMR) (ISSN 1996-0808) is published Weekly (one volume per
year) by AcademicJournals.

African Journal of Microbiology Research (AJMR) provides rapid publication (weekly) of articles in all areas of
Microbiology such as: Environmental Microbiology, Clinical Microbiology, Immunology, Virology, Bacteriology,
Phycology, Mycology and Parasitology, Protozoology, Microbial Ecology, Probiotics and Prebiotics, Molecular
Microbiology, Biotechnology, Food Microbiology, Industrial Microbiology, Cell Physiology, Environmental
Biotechnology, Genetics, Enzymology, Molecular and Cellular Biology, Plant Pathology, Entomology, Biomedical
Sciences, Botany and Plant Sciences, Soil and Environmental Sciences, Zoology, Endocrinology, Toxicology. The
Journal welcomes the submission of manuscripts that meet the general criteria of significance and scientific
excellence. Papers will be published shortly after acceptance. All articles are peer-reviewed.

Submission of Manuscript

Please read the Instructions for Authors before submitting your manuscript. The manuscript files should be given
the last name of the first author

Click here to Submit manuscripts online

If you have any difficulty using the online submission system, kindly submit via this email
ajmr@academicjournals.org.

With questions or concerns, please contact the Editorial Office at ajmr@academicjournals.org.



http://ms.academicjournals.org/

Editors

Prof. Dr. Stefan Schmidt,

Applied and Environmental Microbiology

School of Biochemistry, Genetics and Microbiology
University of KwaZulu-Natal

Private Bag X01

Scottsville, Pietermaritzburg 3209

South Africa.

Prof. Fukai Bao

Department of Microbiology and Immunology
Kunming Medical University

Kunming 650031,

China

Dr. Jianfeng Wu

Dept. of Environmental Health Sciences,
School of Public Health,

University of Michigan

USA

Dr. Ahmet Yilmaz Coban

OMU Medical School,

Department of Medical Microbiology,
Samsun,

Turkey

Dr. Seyed Davar Siadat

Pasteur Institute of Iran,
Pasteur Square, Pasteur Avenue,
Tehran,

Iran.

Dr. J. Stefan Rokem

The Hebrew University of Jerusalem

Department of Microbiology and Molecular Genetics,
P.O.B. 12272, IL-91120 Jerusalem,

Israel

Prof. Long-Liu Lin
National Chiayi University
300 Syuefu Road,

Chiayi,

Taiwan

N. John Tonukari, Ph.D
Department of Biochemistry
Delta State University

PMB 1

Abraka, Nigeria

Dr. Thaddeus Ezeji

Assistant Professor

Fermentation and Biotechnology Unit
Department of Animal Sciences

The Ohio State University

1680 Madison Avenue

USA.

Associate Editors

Dr. Mamadou Gueye

MIRCEN/ Laboratoire commun de microbiologie
IRD-ISRA-UCAD, BP 1386,

DAKAR, Senegal.

Dr. Caroline Mary Knox

Department of Biochemistry, Microbiology and
Biotechnology

Rhodes University

Grahamstown 6140

South Affrica.

Dr. Hesham Elsayed Mostafa

Genetic Engineering and Biotechnology Research
Institute (GEBRI)

Mubarak City For Scientific Research,

Research Area, New Borg El-Arab City,

Post Code 21934, Alexandria, Egypt.

Dr. Wael Abbas EI-Naggar

Head of Microbiology Department,
Faculty of Pharmacy,

Mansoura University,

Mansoura 35516, Egypt.

Dr. Abdel Nasser A. EI-Moghazy

Microbiology, Molecular Biology, Genetics Engineering
and Biotechnology

Dept of Microbiology and Immunology

Faculty of Pharmacy

Al-Azhar University

Nasr city,

Cairo, Egypt




Dr. Barakat S.M. Mahmoud

Food Safety/Microbiology

Experimental Seafood Processing Laboratory
Costal Research and Extension Center
Mississippi State University

3411 Frederic Street

Pascagoula, MS 39567

USA

Prof. Mohamed Mahrous Amer

Poultry Disease (Viral Diseases of poultry)
Faculty of Veterinary Medicine,
Department of Poultry Diseases

Cairo university

Giza, Egypt

Dr. Xiaohui Zhou

Molecular Microbiology, Industrial Microbiology,
Environmental Microbiology, Pathogenesis, Antibiotic
resistance, Microbial Ecology

Washington State University

Bustad Hall 402 Department of Veterinary
Microbiology and Pathology, Pullman,

USA

Dr. R. Balaji Raja
Department of Biotechnology,
School of Bioengineering,
SRM University,

Chennai

India

Dr. Aly E Abo-Amer

Division of Microbiology, Botany Department, Faculty
of Science, Sohag University.

Egypt.

Editorial Board

Dr. Haoyu Mao

Department of Molecular Genetics and Microbiology
College of Medicine

University of Florida

Florida, Gainesville

USA.

Dr. Rachna Chandra

Environmental Impact Assessment Division
Environmental Sciences

Sadlim Ali Center for Ornithology and Natural History
(SACON),

Anaikatty (PO), Coimbatore-641108, India

Dr. Yongxu Sun

Department of Medicinal Chemistry and
Biomacromolecules

Qigihar Medical University, Qigihar 161006
Heilongjiang Province

P.R. China

Dr. Ramesh Chand Kasana

Institute of Himalayan Bioresource Technology
Palampur, Distt. Kangra (HP),

India

Dr. S. Meena Kumari
Department of Biosciences
Faculty of Science
University of Mauritius
Reduit

Dr. T. Ramesh

Assistant Professor

Marine Microbiology

CAS in Marine Biology
Faculty of Marine Sciences
Annamalai University
Parangipettai - 608 502
Cuddalore Dist. Tamilnadu,
India

Dr. Pagano Marcela Claudia

Post doctoral fellowship at Department of Biology,
Federal University of Ceard - UFC,

Brazil.




Dr. EL-Sayed E. Habib
Associate Professor,
Dept. of Microbiology,
Faculty of Pharmacy,
Mansoura University,
Egypt.

Dr. Pongsak Rattanachaikunsopon
Department of Biological Science,

Faculty of Science,

Ubon Ratchathani University,

Warin Chamrap, Ubon Ratchathani 34190,
Thailand

Dr. Gokul Shankar Sabesan
Microbiology Unit, Faculty of Medicine,
AIMST University

Jalan Bedong, Semeling 08100,

Kedah,

Malaysia

Dr. Kwang Young Song

Department of Biological Engineering,

School of Biological and Chemical Engineering,
Yanbian Universityof Science and Technology,
Yanji,

China.

Dr. Kamel Belhamel
Faculty of Technology,
University of Bejaia
Algeria

Dr. Sladjana Jevremovic
Institute for Biological Research
Sinisa Stankovic,

Belgrade,

Serbia

Dr. Tamer Edirne
Dept. of Family Medicine, Univ. of Pamukkale
Turkey

Dr. R. Balaji Raja M.Tech (Ph.D)
Assistant Professor,

Department of Biotechnology,
School of Bioengineering,

SRM University,

Chennai.

India

Dr. Minglei Wang
University of lllinois at Urbana-Champaign, USA

Dr. Mohd Fuat ABD Razak
Institute for Medical Research
Malaysia

Dr. Davide Pacifico
Istituto di Virologia Vegetale — CNR
Italy

Prof. Dr. Akrum Hamdy
Faculty of Agriculture, Minia University, Egypt

Egypt

Dr. Ntobeko A. B. Ntusi

Cardiac Clinic, Department of Medicine,
University of Cape Town and
Department of Cardiovascular Medicine,
University of Oxford

South Africa and

United Kingdom

Prof. N. S. Alzoreky

Food Science & Nutrition Department,
College of Agricultural Sciences & Food,
King Faisal University,

Saudi Arabia

Dr. Chen Ding

College of Material Science and Engineering,
Hunan University,

China

Dr Svetlana Nikoli¢

Faculty of Technology and Metallurgy,
University of Belgrade,

Serbia

Dr. Sivakumar Swaminathan
Department of Agronomy,

College of Agriculture and Life Sciences,
lowa State University,

Ames, lowa 50011

USA

Dr. Alfredo J. Anceno

School of Environment, Resources and Development

(SERD),
Asian Institute of Technology,
Thailand

Dr. Igbal Ahmad

Aligarh Muslim University,
Aligrah

India




Dr. Josephine Nketsia-Tabiri
Ghana Atomic Energy Commission
Ghana

Dr. Juliane Elisa Welke

UFRGS — Universidade Federal do Rio
Grande do Sul

Brazil

Dr. Mohammad Nazrul Islam
NIMR; IPH-Bangalore & NIUM
Bangladesh

Dr. Okonko, Iheanyi Omezuruike
Department of Virology,

Faculty of Basic Medical Sciences,
College of Medicine,

University of Ibadan,

University College Hospital,
Ibadan,

Nigeria

Dr. Giuliana Noratto
Texas A&M University
USA

Dr. Phanikanth Venkata Turlapati
Washington State University
USA

Dr. Khaleel I. Z. Jawasreh

National Centre for Agricultural Research and
Extension, NCARE

Jordan

Dr. Babak Mostafazadeh, MD
Shaheed Beheshty University of Medical Sciences
Iran

Dr. S. Meena Kumari
Department of Biosciences
Faculty of Science
University of Mauritius
Reduit

Mauritius

Dr. S. Anju

Department of Biotechnology,
SRM University, Chennai-603203
India

Dr. Mustafa Maroufpor
Iran

Prof. Dong Zhichun

Professor, Department of Animal Sciences and
Veterinary Medicine,

Yunnan Agriculture University,

China

Dr. Mehdi Azami

Parasitology & Mycology Dept,
Baghaeei Lab.,

Shams Abadi St.

Isfahan

Iran

Dr. Anderson de Souza Sant’Ana
University of SGo Paulo.
Brazil.

Dr. Juliane Elisa Welke
UFRGS — Universidade Federal do Rio Grande do Sul
Brazil

Dr. Paul Shapshak
USF Health,

Depts. Medicine (Div. Infect. Disease & Internat Med)
and Psychiatry & Beh Med.
USA

Dr. Jorge Reinheimer
Universidad Nacional del Litoral (Santa Fe)
Argentina

Dr. Qin Liu

East China University of Science
and Technology

China

Dr. Xiao-Qing Hu

State Key Lab of Food Science and Technology
Jiangnan University

P. R. China

Prof. Branislava Kocic

Specaialist of Microbiology and Parasitology
University of Nis, School of Medicine Institute

for Public Health Nis, Bul. Z. Djindjica 50, 18000 Nis
Serbia

Dr. Rafel Socias
CITA de Aragon,
Spain




Prof. Kamal I. Mohamed
State University of New York at Oswego
USA

Dr. Adriano Cruz

Faculty of Food Engineering-FEA
University of Campinas (UNICAMP)
Brazil

Dr. Mike Agenbag (Michael Hermanus Albertus)
Manager Municipal Health Services,

Joe Gqabi District Municipality

South Africa

Dr. D. V. L. Sarada

Department of Biotechnology,
SRM University, Chennai-603203
India.

Dr. Samuel K Ameyaw
Civista Medical Center

United States of America

Prof. Huaizhi Wang

Institute of Hepatopancreatobiliary
Surgery of PLA Southwest Hospital,
Third Military Medical University
Chongqing400038

P. R. China

Prof. Bakhiet AO

College of Veterinary Medicine, Sudan
University of Science and Technology
Sudan

Dr. Saba F. Hussain

Community, Orthodontics and Peadiatric Dentistry
Department

Faculty of Dentistry

Universiti Teknologi MARA

40450 Shah Alam, Selangor

Malaysia

Prof. Dr. Zohair I.F.Rahemo

State Key Lab of Food Science and Technology
Jiangnan University

P. R. China

Dr. Afework Kassu
University of Gondar
Ethiopia

Prof. Isidro A. T. Savillo
ISCOF
Philippines

Dr. How-Yee Lai
Taylor’s University College
Malaysia

Dr. Nidheesh Dadheech
MS. University of Baroda, Vadodara, Gujarat, India.
India

Dr. Omitoyin Siyanbola
Bowen University,

Iwo

Nigeria

Dr. Franco Mutinelli
Istituto Zooprofilattico Sperimentale delle Venezie
Italy

Dr. Chanpen Chanchao
Department of Biology,
Faculty of Science,
Chulalongkorn University
Thailand

Dr. Tsuyoshi Kasama
Division of Rheumatology,
Showa University

Japan

Dr. Kuender D. Yang, MD.
Chang Gung Memorial Hospital
Taiwan

Dr. Liane Raluca Stan

University Politehnica of Bucharest,

Department of Organic Chemistry “C.Nenitzescu”
Romania

Dr. Muhamed Osman

Senior Lecturer of Pathology & Consultant
Immunopathologist

Department of Pathology,

Faculty of Medicine,

Universiti Teknologi MARA,

40450 Shah Alam, Selangor

Malaysia

Dr. Mohammad Feizabadi
Tehran University of medical Sciences
Iran




Prof. Ahmed H Mitwalli

State Key Lab of Food Science and Technology
Jiangnan University

P. R. China

Dr. Mazyar Yazdani
Department of Biology,
University of Oslo,
Blindern,

Oslo,

Norway

Dr. Ms. Jemimah Gesare Onsare
Ministry of Higher, Education
Science and Technology

Kenya

Dr. Babak Khalili Hadad
Department of Biological Sciences,
Roudehen Branch,

Islamic Azad University,

Roudehen

Iran

Dr. Ehsan Sari

Department of Plan Pathology,

Iranian Research Institute of Plant Protection,
Tehran,

Iran.

Dr. Snjezana Zidovec Lepej

University Hospital for Infectious Diseases
Zagreb,

Croatia

Dr. Dilshad Ahmad
King Saud University
Saudi Arabia

Dr. Adriano Gomes da Cruz
University of Campinas (UNICAMP)
Brazil

Dr. Hsin-Mei Ku

Agronomy Dept. NCHU 250 Kuo
Kuang Rd, Taichung,

Taiwan

Dr. Fereshteh Naderi
Physical chemist,
Islamic Azad University,
Shahre Ghods Branch
Iran

Dr. Adibe Maxwell Ogochukwu

Department of Clinical Pharmacy and Pharmacy
Management,

University of Nigeria,

Nsukka.

Nigeria

Dr. William M. Shafer
Emory University School of Medicine
USA

Dr. Michelle Bull
CSIRO Food and Nutritional Sciences
Australia

Prof. Dr. Marcio Garcia Ribeiro (DVM, PhD)
School of Veterinary Medicine and Animal Science-
UNESP,

Dept. Veterinary Hygiene and Public Health,

State of Sao Paulo

Brazil

Prof. Dr. Sheila Nathan
National University of Malaysia (UKM)

Malaysia

Prof. Ebiamadon Andi Brisibe
University of Calabar,

Calabar,

Nigeria

Dr. Julie Wang
Burnet Institute
Australia

Dr. Jean-Marc Chobert
INRA- BIA, FIPL
France

Dr. Zhilong Yang, PhD

Laboratory of Viral Diseases

National Institute of Allergy and Infectious Diseases,
National Institutes of Health

Dr. Dele Raheem
University of Helsinki
Finland

Dr. Li Sun

PLA Centre for the treatment of infectious diseases,
Tangdu Hospital,

Fourth Military Medical University

China




Dr. Biljana Miljkovic-Selimovic

School of Medicine,

University in Nis,

Serbia; Referent laboratory for Campylobacter and
Helicobacter,

Center for Microbiology,

Institute for Public Health, Nis

Serbia

Dr. Xinan Jiao
Yangzhou University
China

Dr. Endang Sri Lestari, MD.

Department of Clinical Microbiology,

Medical Faculty,

Diponegoro University/Dr. Kariadi Teaching Hospital,
Semarang

Indonesia

Dr. Hojin Shin
Pusan National University Hospital
South Korea

Dr. Yi Wang

Center for Vector Biology, 180 Jones Avenue
Rutgers University, New Brunswick, NJ 08901-8536
USA

Dr. Heping Zhang

The Key Laboratory of Dairy Biotechnology and
Engineering,

Ministry of Education,

Inner Mongolia Agricultural University.

China

Prof. Natasha Potgieter
University of Venda
South Africa

Dr. Alemzadeh
Sharif University
Iran

Dr. Sonia Arriaga

Instituto Potosino de Investigacion Cientificay
Tecnoldgica/Division de Ciencias Ambientales
Mexico

Dr. Armando Gonzalez-Sanchez
Universidad Autonoma Metropolitana Cuajimalpa
Mexico

Dr. Pradeep Parihar
Lovely Professional University, Phagwara, Punjab.
India

Dr. William H Roldan

Department of Medical Microbiology,
Faculty of Medicine,

Peru

Dr. Kanzaki, L1 B
Laboratory of Bioprospection. University of Brasilia
Brazil

Prof. Philippe Dorchies
Laboratory of Bioprospection. University of Brasilia
Brazil

Dr. C. Ganesh Kumar

Indian Institute of Chemical Technology,
Hyderabad

India

Dr. Farid Che Ghazali
Universiti Sains Malaysia (USM)

Malaysia

Dr. Samira Bouhdid
Abdelmalek Essaadi University,
Tetouan,

Morocco

Dr. Zainab Z. Ismail

Department of Environmental Engineering, University

of Baghdad.
Iraq

Dr. Ary Fernandes Junior
Universidade Estadual Paulista (UNESP)
Brasil

Dr. Papaevangelou Vassiliki
Athens University Medical School
Greece

Dr. Fangyou Yu

The first Affiliated Hospital of Wenzhou Medical
College

China

Dr. Galba Maria de Campos Takaki
Catholic University of Pernambuco
Brazil




Dr. Kwabena Ofori-Kwakye

Department of Pharmaceutics,

Kwame Nkrumah University of Science & Technology,
KUMASI

Ghana

Prof. Dr. Liesel Brenda Gende

Arthropods Laboratory, School of Natural and Exact
Sciences, National University of Mar del Plata
Buenos Aires,

Argentina.

Dr. Adeshina Gbonjubola
Ahmadu Bello University,
Zaria.

Nigeria

Prof. Dr. Stylianos Chatzipanagiotou
University of Athens — Medical School
Greec

Dr. Dongqing BAI

Department of Fishery Science,
Tianjin Agricultural College,
Tianjin 300384

P. R. China

Dr. Dingqgiang Lu
Nanjing University of Technology
P.R. China

Dr. L. B. Sukla

Scientist -G & Head, Biominerals Department,
IMMT, Bhubaneswar

India

Dr. Hakan Parlakpinar

MD. Inonu University, Medical Faculty, Department
of Pharmacology, Malatya

Turkey

Dr Pak-Lam Yu
Massey University
New Zealand

Dr Percy Chimwamurombe
University of Namibia
Namibia

Dr. Euclésio Simionatto
State University of Mato Grosso do Sul-UEMS
Brazil

Dr. Hans-Jiirg Monstein

Clinical Microbiology, Molecular Biology Laboratory,
University Hospital, Faculty of Health Sciences, S-581
85 Linkdping

Sweden

Dr. Ajith, T. A

Associate Professor Biochemistry, Amala Institute of
Medical Sciences, Amala Nagar, Thrissur, Kerala-680
555

India

Dr. Feng-Chia Hsieh

Biopesticides Division, Taiwan Agricultural Chemicals
and Toxic Substances Research Institute, Council of
Agriculture

Taiwan

Prof. Dra. Suzan Pantaroto de Vasconcellos
Universidade Federal de SGo Paulo

Rua Prof. Artur Riedel, 275 Jd. Eldorado, Diadema, SP
CEP 09972-270

Brasil

Dr. Maria Leonor Ribeiro Casimiro Lopes Assad
Universidade Federal de Sdo Carlos - Centro de
Ciéncias Agrdrias - CCA/UFSCar

Departamento de Recursos Naturais e Protegdo
Ambiental

Rodovia Anhanguera, km 174 - SP-330

Araras - SGo Paulo

Brasil

Dr. Pierangeli G. Vital

Institute of Biology, College of Science, University of
the Philippines

Philippines

Prof. Roland Ndip
University of Fort Hare, Alice
South Africa

Dr. Shawn Carraher
University of Fort Hare, Alice
South Africa

Dr. José Eduardo Marques Pessanha
Observatario de Saude Urbana de Belo
Horizonte/Faculdade de Medicina da Universidade
Federal de Minas Gerais

Brasil




Dr. Yuanshu Qjan

Department of Pharmacology, Shantou University
Medical College

China

Dr. Helen Treichel
URI-Campus de Erechim
Brazil

Dr. Xiao-Qing Hu

State Key Lab of Food Science and Technology
Jiangnan University

P. R. China

Dr. Olli H. Tuovinen
Ohio State University, Columbus, Ohio
USA

Prof. Stoyan Groudev

University of Mining and Geology “Saint Ivan Rilski”

Sofia
Bulgaria

Dr. G. Thirumurugan

Research lab, GIET School of Pharmacy, NH-5,
Chaitanya nagar, Rajahmundry-533294.
India

Dr. Charu Gomber
Thapar University
India

Dr. Jan Kuever

Bremen Institute for Materials Testing,
Department of Microbiology,
Paul-Feller-Str. 1, 28199 Bremen
Germany

Dr. Nicola S. Flanagan
Universidad Javeriana, Cali
Colombia

Dr. André Luiz C. M. de A. Santiago
Universidade Federal Rural de Pernambuco
Brazil

Dr. Dhruva Kumar Jha
Microbial Ecology Laboratory,
Department of Botany,
Gauhati University,

Guwahati 781 014, Assam
India

Dr. N Saleem Basha
M. Pharm (Pharmaceutical Biotechnology)
Eritrea (North East Africa)

Prof. Dr. Jodo Lucio de Azevedo

Dept. Genetics-University of SGo Paulo-Faculty of
Agriculture- Piracicaba, 13400-970

Brasil

Dr. Julia Inés Farifia
PROIMI-CONICET
Argentina

Dr. Yutaka Ito
Kyoto University
Japan

Dr. Cheruiyot K. Ronald
Biomedical Laboratory Technologist
Kenya

Prof. Dr. Ata Akcil
S. D. University
Turkey

Dr. Adhar Manna
The University of South Dakota
USA

Dr. Cicero Flavio Soares Aragao
Federal University of Rio Grande do Norte
Brazil

Dr. Gunnar Dahlen

Institute of odontology, Sahlgrenska Academy at
University of Gothenburg

Sweden

Dr. Pankaj Kumar Mishra

Vivekananda Institute of Hill Agriculture, (I.C.A.R.),
ALMORA-263601, Uttarakhand

India

Dr. Benjamas W. Thanomsub
Srinakharinwirot University

Thailand

Dr. Maria José Borrego

National Institute of Health — Department of Infectious

Diseases
Portugal




Dr. Catherine Carrillo
Health Canada, Bureau of Microbial Hazards
Canada

Dr. Marcotty Tanguy
Institute of Tropical Medicine
Belgium

Dr. Han-Bo Zhang

Laboratory of Conservation and Utilization for Bio-
resources

Key Laboratory for Microbial Resources of the
Ministry of Education,

Yunnan University, Kunming 650091.

School of Life Science,

Yunnan University, Kunming,

Yunnan Province 650091.

China

Dr. Ali Mohammed Somily
King Saud University
Saudi Arabia

Dr. Nicole Wolter
National Institute for Communicable Diseases and
University of the Witwatersrand,

Johannesburg
South Africa

Dr. Marco Antonio Nogueira
Universidade Estadual de Londrina
CCB/Depto. De microbiologia
Laboratdrio de Microbiologia Ambiental
Caixa Postal 6001

86051-980 Londrina.

Brazil

Dr. Bruno Pavoni

Department of Environmental Sciences University of
Venice

Italy

Dr. Shih-Chieh Lee
Da-Yeh University
Taiwan

Dr. Satoru Shimizu

Horonobe Research Institute for the Subsurface
Environment,

Northern Advancement Center for Science &
Technology

Japan

Dr. Tang Ming

College of Forestry, Northwest A&F University,
Yangling

China

Dr. Olga Gortzi
Department of Food Technology, T.E.I. of Larissa
Greece

Dr. Mark Tarnopolsky
Mcmaster University
Canada

Dr. Sami A. Zabin
Al Baha University
Saudi Arabia

Dr. Julia W. Pridgeon
Aquatic Animal Health Research Unit, USDA, ARS
USA

Dr. Lim Yau Yan
Monash University Sunway Campus
Malaysia

Prof. Rosemeire C. L. R. Pietro

Faculdade de Ciéncias Farmacéuticas de Araraquara,
Univ Estadual Paulista, UNESP

Brazil

Dr. Nazime Mercan Dogan
PAU Faculty of Arts and Science, Denizli
Turkey

Dr lan Edwin Cock

Biomolecular and Physical Sciences
Griffith University

Australia

Prof. N K Dubey
Banaras Hindu University
India

Dr. S. Hemalatha

Department of Pharmaceutics, Institute of
Technology,

Banaras Hindu University, Varanasi. 221005
India

Dr. J. Santos Garcia A.
Universidad A. de Nuevo Leon
Mexico India




Dr. Somboon Tanasupawat

Department of Biochemistry and Microbiology,
Faculty of Pharmaceutical Sciences,
Chulalongkorn University,

Bangkok 10330

Thailand

Dr. Vivekananda Mandal

Post Graduate Department of Botany,
Darjeeling Government College,
Darjeeling — 734101.

India

Dr. Shihua Wang

College of Life Sciences,

Fujian Agriculture and Forestry University
China

Dr. Victor Manuel Fernandes Galhano
CITAB-Centre for Research and Technology of Agro-
Environment and Biological Sciences, Integrative
Biology and Quality Research Group,

University of Trds-os-Montes and Alto Douro,
Apartado 1013, 5001-801 Vila Real

Portugal

Dr. Maria Cristina Maldonado

Instituto de Biotecnologia. Universidad Nacional de
Tucuman

Argentina

Dr. Alex Soltermann

Institute for Surgical Pathology,
University Hospital Ziirich
Switzerland

Dr. Dagmara Sirova

Department of Ecosystem Biology, Faculty Of Science,
University of South Bohemia,

Branisovska 37, Ceske Budejovice, 37001

Czech Republic

Dr. E. O Ighinosa
Department of Microbiology,
Ambrose Alli University,
Ekpoma, Edo State,

Nigeria.

Dr. Hodaka Suzuki
National Institute of Health Sciences
Japan

Dr. Mick Bosilevac
US Meat Animal Research Center
USA

Dr. Nora Lia Padola
Imunoquimica y Biotecnologia- Fac Cs Vet-UNCPBA
Argentina

Dr. Maria Madalena Vieira-Pinto
Universidade de Trds-os-Montes e Alto Douro
Portugal

Dr. Stefano Morandi

CNR-Istituto di Scienze delle Produzioni Alimentari
(ISPA), Sez. Milano

Italy

Dr Line Thorsen
Copenhagen University, Faculty of Life Sciences
Denmark

Dr. Ana Lucia Falavigna-Guilherme
Universidade Estadual de Maringad
Brazil

Dr. Baoqiang Liao

Dept. of Chem. Eng., Lakehead University, 955 Oliver
Road, Thunder Bay, Ontario

Canada

Dr. Ouyang Jinping

Patho-Physiology department,

Faculty of Medicine of Wuhan University
China

Dr. John Sorensen
University of Manitoba
Canada

Dr. Andrew Williams
University of Oxford
United Kingdom

Dr. Chi-Chiang Yang
Chung Shan Medical University
Taiwan, R.O.C.

Dr. Quanming Zou
Department of Clinical Microbiology and Immunology,
College of Medical Laboratory,
Third Military Medical University
China




Prof. Ashok Kumar

School of Biotechnology,

Banaras Hindu University, Varanasi
India

Dr. Chung-Ming Chen

Department of Pediatrics, Taipei Medical University
Hospital, Taipei

Taiwan

Dr. Jennifer Furin
Harvard Medical School
USA

Dr. Julia W. Pridgeon
Aquatic Animal Health Research Unit, USDA, ARS
USA

Dr Alireza Seidavi
Islamic Azad University, Rasht Branch
Iran

Dr. Thore Rohwerder
Helmholtz Centre for Environmental Research UFZ
Germany

Dr. Daniela Billi
University of Rome Tor Vergat
Italy

Dr. Ivana Karabegovic
Faculty of Technology, Leskovac, University of Nis
Serbia

Dr. Flaviana Andrade Faria
IBILCE/UNESP
Brazil

Prof. Margareth Linde Athayde
Federal University of Santa Maria
Brazil

Dr. Guadalupe Virginia Nevarez Moorillon
Universidad Autonoma de Chihuahua
Mexico

Dr. Tatiana de Sousa Fiuza
Federal University of Goias
Brazil

Dr. Indrani B. Das Sarma
Jhulelal Institute of Technology, Nagpur
India

Dr. Guanghua Wang

Northeast Institute of Geography and Agroecology,
Chinese Academy of Sciences

China

Dr. Renata Vadkertiova
Institute of Chemistry, Slovak Academy of Science
Slovakia

Dr. Charles Hocart
The Australian National University

Australia

Dr. Guogiang Zhu

University of Yangzhou College of Veterinary Medicine

China

Dr. Guilherme Augusto Marietto Gongalves
Sdo Paulo State University
Brazil

Dr. Mohammad Ali Faramarzi
Tehran University of Medical Sciences
Iran

Dr. Suppasil Maneerat

Department of Industrial Biotechnology, Faculty of
Agro-Industry, Prince of Songkla University, Hat Yai
90112

Thailand

Dr. Francisco Javier Las heras Vazquez
Almeria University
Spain

Dr. Cheng-Hsun Chiu

Chang Gung memorial Hospital, Chang Gung
University

Taiwan

Dr. Ajay Singh
DDU Gorakhpur University, Gorakhpur-273009 (U.P.)
India

Dr. Karabo Shale
Central University of Technology, Free State
South Africa

Dr. Lourdes Zélia Zanoni

Department of Pediatrics, School of Medicine, Federal

University of Mato Grosso do Sul, Campo Grande,
Mato Grosso do Sul
Brazil




Dr. Tulin Askun
Balikesir University
Turkey

Dr. Marija Stankovic

Institute of Molecular Genetics and Genetic
Engineering

Republic of Serbia

Dr. Scott Weese

University of Guelph

Dept of Pathobiology, Ontario Veterinary College,
University of Guelph,

Guelph, Ontario, N1G2W1,

Canada

Dr. Sabiha Essack

School of Health Sciences

South African Committee of Health Sciences
University of KwaZulu-Natal

Private Bag X54001

Durban 4000

South Africa

Dr. Hare Krishna

Central Institute for Arid Horticulture,
Beechwal, Bikaner-334 006, Rajasthan,
India

Dr. Anna Mensuali
Dept. of Life Science,
Scuola Superiore
Sant’Anna

Dr. Ghada Sameh Hafez Hassan
Pharmaceutical Chemistry Department,
Faculty of Pharmacy, Mansoura University,

Egypt

Dr. Katia Flavia Fernandes
Biochemistry and Molecular Biology
Universidade Federal de Goids
Brasil

Dr. Abdel-Hady El-Gilany

Public Health & Community Medicine
Faculty of Medicine,

Mansoura University

Egypt

Dr. Hongxiong Guo

STD and HIV/AIDS Control and Prevention,
Jiangsu provincial CDC,

China

Dr. Konstantina Tsaousi

Life and Health Sciences,
School of Biomedical Sciences,
University of Ulster

Dr. Bhavnaben Gowan Gordhan

DST/NRF Centre of Excellence for Biomedical TB
Research

University of the Witwatersrand and National Health
Laboratory Service

P.0. Box 1038, Johannesburg 2000,

South Africa

Dr. Ernest Kuchar

Pediatric Infectious Diseases,
Wroclaw Medical University,
Wroclaw Teaching Hospital,
Poland

Dr. Hongxiong Guo

STD and HIV/AIDS Control and Prevention,
Jiangsu provincial CDC,

China

Dr. Mar Rodriguez Jovita

Food Hygiene and Safety, Faculty of Veterinary
Science.

University of Extremadura,

Spain

Dr. Jes Gitz Holler

Hospital Pharmacy,

Aalesund. Central Norway Pharmaceutical Trust
Professor Brochs gt. 6. 7030 Trondheim,
Norway

Prof. Chengxiang FANG
College of Life Sciences,
Wuhan University

Wuhan 430072, P.R.China

Dr. Anchalee Tungtrongchitr

Siriraj Dust Mite Center for Services and Research
Department of Parasitology,

Faculty of Medicine Siriraj Hospital,

Mahidol University

2 Prannok Road, Bangkok Noi,

Bangkok, 10700, Thailand




Instructions for Author

Electronic submission of manuscripts is strongly
encouraged, provided that the text, tables, and figures are
included in a single Microsoft Word file (preferably in Arial
font).

The cover letter should include the corresponding author's
full address and telephone/fax numbers and should be in
an e-mail message sent to the Editor, with the file, whose
name should begin with the first author's surname, as an
attachment.

Article Types
Three types of manuscripts may be submitted:

Regular articles: These should describe new and carefully
confirmed findings, and experimental procedures should
be given in sufficient detail for others to verify the work.
The length of a full paper should be the minimum required
to describe and interpret the work clearly.

Short Communications: A Short Communication is suitable
for recording the results of complete small investigations
or giving details of new models or hypotheses, innovative
methods, techniques or apparatus. The style of main
sections need not conform to that of full-length papers.
Short communications are 2 to 4 printed pages (about 6 to
12 manuscript pages) in length.

Reviews: Submissions of reviews and perspectives covering
topics of current interest are welcome and encouraged.
Reviews should be concise and no longer than 4-6 printed
pages (about 12 to 18 manuscript pages). Reviews are also
peer-reviewed.

Review Process

All manuscripts are reviewed by an editor and members of
the Editorial Board or qualified outside reviewers. Authors
cannot nominate reviewers. Only reviewers randomly
selected from our database with specialization in the
subject area will be contacted to evaluate the manuscripts.
The process will be blind review.

Decisions will be made as rapidly as possible, and the
Journal strives to return reviewers’ comments to authors as
fast as possible. The editorial board will re-review
manuscripts that are accepted pending revision. It is the
goal of the AJIMR to publish manuscripts within weeks
after submission.

Regular articles

All portions of the manuscript must be typed double-
spaced and all pages numbered starting from the title

page.

The Title should be a brief phrase describing the contents
of the paper. The Title Page should include the authors'
full names and affiliations, the name of the corresponding
author along with phone, fax and E-mail information.
Present addresses of authors should appear as a footnote.

The Abstract should be informative and completely self-
explanatory, briefly present the topic, state the scope of
the experiments, indicate significant data, and point out
major findings and conclusions. The Abstract should be
100 to 200 words in length.. Complete sentences, active
verbs, and the third person should be used, and the
abstract should be written in the past tense. Standard
nomenclature should be used and abbreviations should
be avoided. No literature should be cited.

Following the abstract, about 3 to 10 key words that will
provide indexing references should be listed.

A list of non-standard Abbreviations should be added. In
general, non-standard abbreviations should be used only
when the full term is very long and used often. Each
abbreviation should be spelled out and introduced in
parentheses the first time it is used in the text. Only
recommended SI units should be used. Authors should
use the solidus presentation (mg/ml). Standard
abbreviations (such as ATP and DNA) need not be defined.

The Introduction should provide a clear statement of the
problem, the relevant literature on the subject, and the
proposed approach or solution. It should be
understandable to colleagues from a broad range of
scientific disciplines.

Materials and methods should be complete enough to
allow experiments to be reproduced. However, only truly
new procedures should be described in detail; previously
published procedures should be cited, and important
modifications of published procedures should be
mentioned briefly. Capitalize trade names and include the
manufacturer's name and address. Subheadings should be
used. Methods in general use need not be described in
detail.




Results should be presented with clarity and precision.
The results should be written in the past tense when
describing findings in the authors' experiments.
Previously published findings should be written in the
present tense. Results should be explained, but largely
without referring to the literature. Discussion,
speculation and detailed interpretation of data should
not be included in the Results but should be put into the
Discussion section.

The Discussion should interpret the findings in view of
the results obtained in this and in past studies on this
topic. State the conclusions in a few sentences at the end
of the paper. The Results and Discussion sections can
include subheadings, and when appropriate, both
sections can be combined.

The Acknowledgments of people, grants, funds, etc
should be brief.

Tables should be kept to a minimum and be designed to
be as simple as possible. Tables are to be typed double-
spaced throughout, including headings and footnotes.
Each table should be on a separate page, numbered
consecutively in Arabic numerals and supplied with a
heading and a legend. Tables should be self-explanatory
without reference to the text. The details of the methods
used in the experiments should preferably be described
in the legend instead of in the text. The same data should
not be presented in both table and graph form or
repeated in the text.

Figure legends should be typed in numerical order on a
separate sheet. Graphics should be prepared using
applications capable of generating high resolution GIF,
TIFF, JPEG or Powerpoint before pasting in the Microsoft
Word manuscript file. Tables should be prepared in
Microsoft Word. Use Arabic numerals to designate
figures and upper case letters for their parts (Figure 1).
Begin each legend with a title and include sufficient
description so that the figure is understandable without
reading the text of the manuscript. Information given in
legends should not be repeated in the text.

References: In the text, a reference identified by means
of an author’s name should be followed by the date of
the reference in parentheses. When there are more than
two authors, only the first author’s name should be
mentioned, followed by ‘et al’. In the event that an
author cited has had two or more works published during
the same year, the reference, both in the text and in the
reference list, should be identified by a lower case letter
like ‘a“ and 'b” after the date to distinguish the works.

Examples:

Abayomi (2000), Agindotan et al. (2003), (Kelebeni,
1983), (Usman and Smith, 1992), (Chege, 1998;

1987a,b; Tijani, 1993,1995), (Kumasi et al., 2001)

References should be listed at the end of the paper in
alphabetical order. Articles in preparation or articles
submitted for publication, unpublished observations,
personal communications, etc. should not be included
in the reference list but should only be mentioned in
the article text (e.g., A. Kingori, University of Nairobi,
Kenya, personal communication). Journal names are
abbreviated according to Chemical Abstracts. Authors
are fully responsible for the accuracy of the references.

Examples:

Chikere CB, Omoni VT and Chikere BO (2008).
Distribution of potential nosocomial pathogens in a
hospital environment. Afr. J. Biotechnol. 7: 3535-3539.

Moran GJ, Amii RN, Abrahamian FM, Talan DA (2005).
Methicillinresistant Staphylococcus aureus in
community-acquired skin infections. Emerg. Infect. Dis.
11:928-930.

Pitout JDD, Church DL, Gregson DB, Chow BL,
McCracken M, Mulvey M, Laupland KB (2007).
Molecular epidemiology of CTXM-producing
Escherichia coli in the Calgary Health Region:
emergence  of CTX-M-15-producing  isolates.
Antimicrob. Agents Chemother. 51: 1281-1286.

Pelczar JR, Harley JP, Klein DA (1993). Microbiology:
Concepts and Applications. McGraw-Hill Inc., New York,
pp. 591-603.

Short Communications

Short Communications are limited to a maximum of
two figures and one table. They should present a
complete study that is more limited in scope than is
found in full-length papers. The items of manuscript
preparation listed above apply to  Short
Communications with the following differences: (1)
Abstracts are limited to 100 words; (2) instead of a
separate Materials and Methods section, experimental
procedures may be incorporated into Figure Legends
and Table footnotes; (3) Results and Discussion should
be combined into a single section.

Proofs and Reprints: Electronic proofs will be sent (e-
mail attachment) to the corresponding author as a PDF
file. Page proofs are considered to be the final version
of the manuscript. With the exception of typographical
or minor clerical errors, no changes will be made in the
manuscript at the proof stage.




Fees and Charges: Authors are required to pay a $550 handling fee. Publication of an article in the African Journal of
Microbiology Research is not contingent upon the author's ability to pay the charges. Neither is acceptance to pay
the handling fee a guarantee that the paper will be accepted for publication. Authors may still request (in
advance) that the editorial office waive some of the handling fee under special circumstances

Copyright: © 2014, Academic Journals.

All rights Reserved. In accessing this journal, you agree that you will access the contents for your own personal use
but not for any commercial use. Any use and or copies of this Journal in whole or in part must include the customary
bibliographic citation, including author attribution, date and article title.

Submission of a manuscript implies: that the work described has not been published before (except in the form of an
abstract or as part of a published lecture, or thesis) that it is not under consideration for publication elsewhere; that if
and when the manuscript is accepted for publication, the authors agree to automatic transfer of the copyright to the
publisher.

Disclaimer of Warranties

In no event shall Academic Journals be liable for any special, incidental, indirect, or consequential damages of any
kind arising out of or in connection with the use of the articles or other material derived from the AJMR, whether
or not advised of the possibility of damage, and on any theory of liability.

This publication is provided "as is" without warranty of any kind, either expressed or implied, including, but not
limited to, the implied warranties of merchantability, fitness for a particular purpose, or non-infringement.
Descriptions of, or references to, products or publications does not imply endorsement of that product or publication.
While every effort is made by Academic Journals to see that no inaccurate or misleading data, opinion or statements
appear in this publication, they wish to make it clear that the data and opinions appearing in the articles and
advertisements herein are the responsibility of the contributor or advertiser concerned. Academic Journals makes no
warranty of any kind, either express or implied, regarding the quality, accuracy, availability, or validity of the data or
information in this publication or of any other publication to which it may be linked.




African Journal of Microbiology Research

Table of Content: Volume 8 Number 37, 10 September, 2014

ARTICLES

Methicillin-resistant and methicillin-susceptible staphylococcus aureus in allergic
Rhinitis patient and healthy individuals: Prevalence, antibiotic susceptibility and

Effect on disease severity

Hamed M. Alzoubi, Hani M. Al-Shagahin, Omar SM. Al-Rawashdeh, Mohammed S.

Alsbou, Baraah Y. Kasasbeh and Amin A. Agel

Antimicrobial and phytochemical screening of Olea europaea linn. extracts
against dental pathogens
Sanjay Kumar, Navneet, Murli Manohar Tiwari and Shiv Shanker Gautam

16s rDNA sequence characterization and homogeneity of halophilic Bacillus sp.
Isolated from athalosaline lake (Al Jouf, Saudi Arabia)
Maher M. Al-Enazi, A. Z. El-Bahrawy, Bilal Ahmad Tantry and Rahiman Shaik

Microbial and physico-chemical changes in tomato juice subjected to pulsed
Electric field treatment
V. Kayalvizhi and Usha Antony

Antimicrobial profile of multidrug-resistant Staphylococcus Spp. Isolated from
Bovine mastitis cases in the northwest region of Parana State, Brazil

Noemila Débora Kozerski, Jorge Luiz Pereira De Oliveira, Rodrigo Assungao Moura,
Danilo Ratti da Silva, Aliny Fernanda De Oliveira, Priscila Luiza Mello, Renata Olivotto
Agostinis, Daniela Dib Gongalves, Luciana Kazue Otutumi and Lisiane de

Almeida Martins

Diversity of yeasts in otche, a traditional starter used in fermentation of an
Opaque sorghum beer “chakpalo”

Yves Kadjogbé Djegui, Adéchola Pierre Polycarpe Kayodé, Raymond A. Atchadé,
Emma W. Gachomo, Simeon O. Kotchoni and Joseph Djidjoho Hounhouigan

Evaluation of plant extract in control of dry bubble disease of white button
Mushroom caused by Verticillium fungicola F.Sp. fungicola Preuss (Hassebr)
Narendra Kumar Jatav, R. S. Rana, Jeeva Ram Verma, Shri Kishan Bairwa and
G. C. Tiwari




African Journal of Microbiology Research

Table of Content: Volume 8 Number 37, 10 September, 2014

Comparative evaluation of antimicrobial properties and phytochemical
Composition of Artocarpus altilis leaves using ethanol, n-hexane and water
Mbaeyi-Nwaoha, I. E. and Onwuka, C. P.

Morphological, physiological and pathogenic variability of small-spore Alternaria
Sp. Causing leaf blight of Solanaceous plants In Algeria

BESSADAT Nabahat, SIMONEAU Philippe, BENICHOU Soumaya, SETTI Benali,

Kihal Mabrouk and HENNI Djamel Eddine




academic]Journals

Vol. 8(37), pp. 3368-3372, 10 September, 2014

DOI: 10.5897/AJMR2014.6950

Article Number: 3CD25CD47894 . . .

ISSN 1996-0808 African Journal of Microbiology Research
Copyright © 2014

Author(s) retain the copyright of this arficle

http://www.academicjournals.org/AJMR

Full Length Research Paper

Methicillin-resistant and methicillin-susceptible
Staphylococcus aureus in allergic rhinitis patient and
healthy individuals: Prevalence, antibiotic susceptibility
and effect on disease severity

Hamed M. Alzoubi'*, Hani M. Al-Shagahin?, Omar SM. Al-Rawashdeh®, Mohammed S. Alsbou®*,
Baraah Y. Kasasbeh® and Amin A. Agel*

'Microbiology and Immunology Department, Faculty of Medicine, Mu'tah University, Jordan.
’Department of Special Surgery (Ear, Nose, Throat unit), Faculty of Medicine, Mu’tah University, Jordan.
®*Department of Anatomy and Histology, Faculty of Medicine, Mu'tah University, Jordan.
*Department of Pharmacology, Faculty of Medicine, Mu'tah University, Jordan.
®Internship program, Alkarak Hospital, Alkarak, Jordan.

Received 7 June, 2014; Accepted 8 September, 2014

Allergic rhinitis is a common condition affecting populations globally. It has been recently suggested to
increase the risk of both methicillin resistant and susceptible Staphylococcus aureus (MRSA, MSSA)
nasal carriage. The aim of this study was to assess the prevalence and antibiogram to MSSA and MRSA
among allergic rhinitis patients and healthy individuals, and its effect on disease severity. Nasal swabs
were collected from 74 allergic rhinitis patients and 74 healthy individuals. MSSA and MRSA wereidentified
by culture and biochemical methods. Antibiogram was determined by the disc diffusion method. MRSA
prevalence was 15% in allergic rhinitis group and 4% among healthy individuals (P = 0.024), however
there was no significant difference between MSSA nasal carriage among allergic rhinitis (8.1%) and control
group (13.5%) (P = 0.28). The MRSA carriage was also significantly different between mild (0%) and
moderate/severe allergic rhinitis (20%) (P = 0.035). MSSA nasal carriage was not significantly different
between both groups (P = 0.65). Four multidrug-resistant MRSA isolates from allergic rhinitis patients
were detected compared to one isolate from healthy individuals. MRSA nasal carriage was higher among
allergic rhinitis compared to controls. It was also higher among moderate/severe cases compared to
mild cases. This suggests that allergic rhinitis increases the risk for MRSA nasal carriage. MRSA
carriage also increases the severity of the disease. Therefore, decolonization of MRSA might be useful
in managing severe cases.

Key words: Methicillin resistant Staphylococcus aureus, allergic rhinitis, antibiotic susceptibility.

INTRODUCTION

Methicillin resistant Staphylococcus aureus (MRSA) a nosocomial pathogen. Nevertheless, since 1990s, there
became an increasingly important pathogen since its isola- has been an increase in MRSA among population without
tion in 1960s (Jevons, 1961). It was initially recognized as exposure to health care environment which led to the



recognition of new MRSA strains often referred to as
community-associated MRSA (CA- MRSA) (Centers for
Disease Control and Prevention, 1999).

Isolates of MRSA are also resistant to penicillin and all
other beta lactam antibiotics due to possession of mecA
gene which codes for a penicillin binding protein (PBP2a)
with low affinity to beta-lactams (David and Daum, 2010;
Monecke et al., 2011; Pinho et al., 2001). Additionally, the
emergence of MRSA isolates with resistance to several
other antibiotics (multidrug resistance) represents another
major challenge that restricts the available options for the
treatment of MRSA infections (DeLeo et al., 2010).

Asymptomatic nasal colonization with MRSA was sug-
gested as a risk factor for the development of subsequent
infections such as skin infections and the more fatal
necrotizing pneumonia (DeLeo et al., 2010). Risk factors
such as children population, recent antibiotic usage and
working within healthcare facilities were suggested to
increase the risk of MRSA nasal carriage (Costelloe et
al., 2011; Kuehnert et al., 2006; Albrich and Harbarth,
2008). However, risk factors for CA-MRSA colonization
are not fully outlined and are still being studied (Chih-
Jung et al., 2011). In addition, CA-MRSA was shown to
infiltrate hospital settings (Otter and French, 2011).
Therefore, continuous surveillance is necessary to assess
the epidemiology, reservoirs and risk factors for MRSA
colonization in the community to efficiently apply infection
control and management policies in community and sub-
sequently, in hospitals. Allergic rhinitis was previously
reported toincrease the risk of S. aureus carriage (Shiomori
et al., 2000). However, few studies have recently docu-
mented increased risk of MRSA nasal carriage among
allergic rhinitis patients (Cevik et al., 2014). The scarcity
of studies that focused on detecting MRSA among
allergic rhinitis patients mandates further exploration of
this aspect.

The aim of this study was therefore, to assess the
nasal carriage and antibiogram of MRSA and MSSA
among allergic rhinitis and its effect on disease severity
among patients from Al-Karak province, Jordan. The
results of this study might help in guiding the infection
control and management plans of probable CA-MRSA
infections and its complications among allergic rhinitis
patients.

MATERIALS AND METHODS
Study design and data collection

This case - control study was carried out from March until April,
2014, at Al-Karak province in Jordan. The study was approved by
the scientific and the ethics committees at the faculty of medicine,
University of Mutah, Jordan, number 20147. All participants gave a
written informed consent after procedure being fully explained.

Alzoubi et al. 3369

Study population

A total of 115 samples were collected from allergic rhinitis patients.
Another 115 samples were also collected from non-allergic rhinitis
patients who served as a control. A questionnaire was filled in with
information on age, sex, education level, profession and the
severity score of allergic rhinitis (Bousquet et al.,, 2008). The
questionnaire had also information on illnesses, having a family
member who is a healthcare worker and antibiotic consumption
over the last 3 months which were considered as exclusion criteria
in this study. A total of 41 samples out of the 115 samples were
excluded based on those criteria. This brought the study samples to
74 samples from each study group.

Nasal swabs culture, bacterial identification and antimicrobial
susceptibility testing of the isolates

This was carried out as previously described elsewhere (Alzoubi et
al., 2013). Briefly, the anterior nares of each participant were
sampled by rotating a cotton swab three times in the vestibule of
both anterior nares. The nasal swabs were then inoculated directly
on Mannitol Salt Agar (MSA, BBL Microbiology System, Becton
Dickinson Company, MD, U.S.A) and incubated at 35 + 1°C and
examined for growth within 48 h. Each single distinctive
morphotype of a mannitol-positive colony was then selected from
the MSA plate, subcultured on nutrient agar (BBL Microbiology
Systems, Becton Dickinson, Company, MD, U.S.A.) and incubated
at 37°C in a humidified incubator overnight for 18 h. Colonies from
Nutrient agar were identified as S. aureus by Gram’s staining,
catalase and tube coagulase tests. Identification of the MRSA
isolates was performed using 30 pg/ml cefoxitin disc in Mueller-
Hinton agar supplemented with NaCl (4% w/v; 0.68 mol/L)
according to Clinical and Laboratory Standard Institute (CLSI)
guidelines (Clinical and Laboratory Standards Institute, 2012).
Antimicrobial susceptibility to fusidic acid, erythromycin, mupirocin,
gentamicin, linezolid, teicoplanin, ciprofloxacin, trimethoprim-
sulfamethoxazole, tetracyclin, rifampicin, and cefoxitin was
performed by disk diffusion that was performed according to the
European Committee on Antimicrobial Susceptibility Testing for
fusidic acid, and according to the Clinical Laboratory Standards
Institute (CLSI) guidelines for the remaining antibiotics (The
European Committee on Antimicrobial Susceptibility Testing, 2010;
Clinical and Laboratory Standards Institute, 2012). S. aureus ATCC
25923 was used as control strain. Discs were purchased from
Oxoid, Hampshire, England.

Statistical analysis

The statistical analysis was performed with STATA10 (Stata Corp.
2007. Stata Statistical Software: Release 10. College Station, TX:
StataCorp LP, USA) to evaluate the significance of results. A P
value of less than 0.05 was considered as significant using chi-
square test.

RESULTS

The prevalence of MRSA nasal carriage in allergic rhinitis
patients was about 15% (11/74) and in healthy individuals
was 4% (3/74). Table 1 shows the distribution of isolates
and statistical analysis. There was a significant difference
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Table 1. Numbers and percentages of MRSA and MSSA nasal carriage and P values among healthy individuals

(controls) and allergic rhinitis patients.

Allergic rhinitis

Allergic rhinitis (no.=74)

Population Controls (no.=74) (no.=74) Mild (no.=19) Moderate/Severe (no.=55)
No. MRSA +ve 3 (4%) 11(15%) 0 (0%) 11 (20%)

P value 0.024 0.024 0.035 0.035

No. MSSA +ve 10 (13.5%) 6 (8%) 2 (10.5%) 4 (7%)

P value 0.28 0.28 0.65 0.65

MRSA, Methicillin resistant staphylococcus aureus; MSSA, methicillin sensitive staphylococcus aureus, +ve, positive.

Significant P value < 0.05.

Table 2. Antibiotic resistance pattern of MRSA and MSSA isolates from allergic rhinitis patients (AR) and healthy individuals

(control group).

Antibiotic susceptibility (number, %)

Pathogen / number

Mup G LZD Teic Cip SXT Tet Rd F Cef
AR-MRSA/11 7637 (00  (327.3  (0)0 (0)0 (0)0 M9 (2182 (00 (5455 11100
AR-MSSA/B (3) 50 (0)0 (0)0 (0)0 (0)0 (0)0 ©0 (17 (00 (233 (00
Control-MRSA/3 (1333 (00 (0)0 (0)0 ©0  (1)333 (1333 (1333 (00 (2666 11100
Control-MSSA/10 (4) 40 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (000 (10100  (0)0

E, Erythromycin; Mup, Mupirocin; G, Gentamicin;

LZD, Linezolid; Teic, Teicoplanin ;

Cip, Ciprofloxacin; SXT, Trimethoprim-

sulfamethoxazole; Tet, Tetracycline; Rd, Rifampicin; F, Fusidic acid; Cef, Cefoxitin. MRSA, Methicillin resistant staphylococcus aureus;

MSSA, Methicillin sensitive staphylococcus aureus.

between nasal carriages of MRSA in both groups (p =
0.024). On the other hand, MSSA nasal carriage was about
80% in allergic rhinitis patients and was 13.5% in healthy
individuals (Table 1). There was no significant difference
between both groups (p = 0.28).

MRSA nasal carriage was significantly different between
Mild and moderate/severe allergic rhinitis cases (p = 0.035)
as can be seen in Table 1. MSSA nasal carriage was not
significantly different among both groups (p = 0.65)

Antibiotic susceptibility of MRSA and MSSA isolates
from allergic rhinitis and healthy individuals

The antibiogram of all isolates is shown in Table 2. The
highest level of resistance in the 11 MRSA isolates from
allergic rhinitis patients was found against erythromycin
(63.7%), fusidic acid (45.5%) gentamicin (27.3%) and tetra-
cycline (18.2%) followed by trimethoprim-sulfamethoxazole
(9%). MRSA isolates were susceptible to the remaining
antibiotic profile. Four MRSA isolates were multidrug resi-
stant. These isolates were resistant to three or more of
erythromycin, gentamicin, tetracycline and fusidic acid.

A total of 50, 17 and 33% of MSSA isolates were resi-
stant to erythromycin, tetracycline and fusidic acid respec-
tively. MSSA isolates were sensitive to all remaining
antibiotics used in this study.

Within the healthy individuals group, one third of MRSA

isolates were resistant to erythromycin, ciprofloxacin, trime-
thoprim-sulfamethoxazole and tetracycline, while two thirds
were resistant to fusidic acid. One MRSA isolate showed
multi-resistance pattern to cefoxitin and to four other anti-
biotics including erythromycin, ciprofloxacin, tetracycline
and fusidic acid. On the other hand, 40% of MSSA iso-
lates showed resistance to erythromycin but were sensi-
tive to the remaining antibiotic profile used in this study.

DISCUSSION

Colonization with MRSA is arisk for developing subsequent
infections (DeLeo et al., 2010). Risk factors for MRSA
nasal carriage in community are still not fully determined
and studies are continuing to define these factors (Chih-
Jung et al., 2011).

In the current study, higher MRSA nasal carriage rate
occurred in allergic rhinitis patients with about 15% carriage
rate compared to 4% in healthy individuals group. This is
similar to the finding of a recently published paper by Cevik
et al. (2014) in Turkey, which revealed higher MRSA car-
riage rate among allergic rhinitis patients (3.7%) com-
pared to controls (1.5%). The difference in MRSA preva-
lence among both studies might be explained by the fact
that Jordan was shown to have a high prevalence of
MRSA in general compared to other Mediterranean and
European countries, which was attributed to inefficient



infection prevention and control measures (Borg et al.,
2007). This caused increased rates of MRSA isolates in
hospitals which could subsequently be infiltrated into
community. This was also supported by other two studies
from Jordan that found a prevalence of 7.4 (Al-Bakri et
al., 2013) and 13.2% (Shehabi et al., 2013) of the com-
munity MRSA in Jordan. Other factors such as difference
in host factors and difference in the population of the two
studies might contribute to the difference in the MRSA
prevalence in the current study and that found by Cevik
et al. (2014).

The MSSA carriage was not significantly different
between both groups of the current study though it was
higher in controls (13.5%) compared to allergic rhinitis
patients (8.1%).

Among allergic rhinitis patients, 20% of moderate-
/severe cases carried MRSA compared to 0% in mild
cases. MSSA was found in 7.3% of moderate/severe cases
compared to 10.5% in mild cases but was not signi-
ficantly different. Therefore, MRSA but not MSSA nasal
carriage was found to be statistically higher among allergic
rhinitis patients than controls, and also higher among
moderate/severe allergic rhinitis than mild allergic rhinitis.
This finding support the assumption that allergic rhinitis
may be a risk factor for MRSA nasal colonization. Taking
into consideration how common is allergic rhinitis which
was estimated to affect 40-50% of people globally (Bousquet
etal., 2008), treatment options should be selected carefully.
The possibility of MRSA as the causative agent should be
raised when dealing with infections among this category
of patients such as sinusitis, otitis media and other body
infections. On the other hand, the current study findings
suggest that MRSA nasal carriage may be an important
factor in exacerbating the severity of symptoms and pro-
bably the persistence of chronic sinusitis as has been
previously suggested for S.aureus (Refaat et al., 2008).
Allergic rhinitis results from allergens re-exposure in the
nasal membranes such as dust, mite and pollens
(Bousquet et al., 2008). Similarly, the MRSA nasal car-
riage may act as an allergen probably by some of its
enterotoxins and this was previously suggested for S.
aureus (Tang et al., 2011; Rossi and Monasterolo, 2004).

In guinea pigs, it was suggested that persistent allergic
rhinitis is mediated by staphylococcus enterotoxin B via
stimulating the TH2 response which leads to increased
antigen specific IgE production (Tang et al., 2011).
Therefore, screening and decolonization of MRSA nasal
carriage in allergic rhinitis patient might not only decrease
the morbidity and mortality of MRSA associated infec-
tions, but it might be recommended as a part of the
treatment regime for moderate and severe cases of
persistent allergic rhinitis cases, this was also suggested
previously for S. aureus colonization in general (Refaat et
al., 2008). However, further studies might be needed to
assess the therapeutic role of MRSA decolonization among
moderate/severe allergic rhinitis patients.

The antibiotic sensitivity of MRSA among allergic rhinitis
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in this study revealed high resistance to erythromycin and
fusidic acid followed by gentamicin, tetracycline, and
trimethoprim-sulfamethoxazole. There was no resistance
for the remaining antibiotics that were used in this study,
importantly to teicoplanin and linezolid which is nearly
similar to what was found by some studies in Jordan (Al-
Bakri et al., 2013). Therefore, it is recommended to avoid
using the antibiotics for which MRSA was found to be
resistant in the current study for the empirical treatment
of MRSA infections such as pneumonia and bacteremia
among allergic rhinitis patients.

The current study shows that there was a significant
nasal carriage of MRSA among allergic rhinitis. The car-
riage was higher among moderate/severe cases com-
pared to mild cases. This suggests that allergic rhinitis is
a risk factor for MRSA nasal carriage. Additionally, MRSA
carriage was shown to be associated with increased
disease severity therefore, decolonization of MRSA might
therefore be useful in managing moderate/severe and
resistant cases of allergic rhinitis in line with other
management protocols.
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Dental caries is a common disease in human population which has a multifactorial etiology. The present
study aimed to investigate the antimicrobial efficacy of various extracts of Olea europaea against six
bacterial pathogens [Staphylococcus aureus, Streptococcus mutans, Staphylococcus sanguinis,
Staphylococcus sobrinus, Staphylococcus salivarius, Lactobacillus acidophilus and one fungi (Candida
albicans)]. Plant material was crushed and extracted in petroleum ether, acetone, methanol and
aqueous through successive method by using Soxhlet apparatus. The antimicrobial activity of extracts
was examined by agar well diffusion method at 200 mg/ml sample concentration and minimum
inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) by two fold serial
dilution method. Ofloxacin was used as positive control to determine the sensitivity of the strains. The
results show that methanol extract was more active than other extracts in its antimicrobial activity. The
zone of inhibition exhibited by methanol extract against tested microorganisms ranged between
13.6+0.28 to 20.6+0.28 mm, respectively. Phytoconstituents analysis of plant extract revealed the
presence of alkaloids, flavonoids, glycosides, steroids, tannins, terpenoids and saponins. The results
validate the traditional uses of O. europaea in treatment of dental diseases.

Key words: Antimicrobial activity, agar well diffusion method, dental pathogens, Olea europaea.

INTRODUCTION

Human mouth contains a variety of bacteria but few are
specifically involved in dental infections. Bacterial invasion
causes demineralization and destruction of hard tissues
of teeth. The acid production by bacteria causes accumu-
lation of tooth surface, finally producing dental caries.
Several bacteria are responsible for dental caries and
periodontal infections that is Streptococcus mutans, S.

sobrinus, Lactobacillus acidophilus, Actinomyces spp.,
Nocardia  spp., Campylobacter, Fusobacterium,
Haemophilus, Prevotella, Porphyromonas,
(Kononenetal.,1992,1994; Marsh, 1992; Schupbachetal.,
1995). Some of these organisms produce high level of lactic
acid causing fermentation of dietary sugars and are resis-
tant to the adverse effect of low pH (Hardie, 1982).
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According to World Health Organization (WHO) more than
80% of the world’s population relies on traditional medicine
for their primary healthcare need. Use of herbal medicines
in Asia represents a long history of human interactions with
the environment. Plants used for traditional medicine con-
tain a wide range of substances that can be used to treat
chronic as well as infectious diseases (Diallo et al., 1999).
Various plants possess broadest spectrum of synthetic
activity and have been the source of many useful com-
pounds (Sofowora, 1982).

Olea europaea (Oleaceae) is commonly known as olive
tree. It is a tree bearing silvery green leaves and small
white, feathery flowers. It is globally distributed especially
in the tropical region. O. europaea possess broad spectrum
of antimicrobial properties and extensively used to treat
various diseases. This herb is used orally for sore throat,
kidney problems and backache. Leaf infusions are used
else-where as a lotion to treat eye infections or a gargle
to relieve sore throat (Ross, 2005).

The objective of present study was to investigate the
antimicrobial properties of O. europaea to cure dental
diseases.

MATERIALS AND METHODS
Plant material

O. europaea was collected from G.B. Pant Herbal Nursery,
Herbertpur, Dehradun, Uttarakhand and authenticated at Botanical
Survey of India, Northern regional center, Deharadun. Stem and
bark are included in this study. The plant materials were shade dried
at room temperature and crushed to powder with a help of an elec-
tric grinder. The powder was sieved through a 1 mm mesh and was
stored in an air-tight container for future use.

Preparation of extract

Plant extracts were prepared by immersing separately 200 g of
dried powder in 600 ml of four different solvents that is petroleum
ether (PET), acetone (ACE), methanol (MeOH) and aqueous (H20)
by soxhlet assembly and extracted for 72 h through successive
methods (Ahmad et al., 1998). Plant extracts were filtered through
Whatman No.1 filter paper and crude extracts obtained by removing
solvent in vacuum evaporator at 30-60°C and stored in sterile
bottles at 4°C until further use. The yield of PET extract was 5.8 g,
ACE extract 6.9 g, MeOH extract 8.6 g and H,O extract 9.3 g
respectively. Extracts were dissolved in dimethyl sulfoxide (DMSO)
to a final concentration of 200 mg/ml for agar well diffusion method.

Test microorganisms

The microorganisms were selected for the study on the basis of
their clinical pharmaceutical importance as well as for their potential
to cause infection in dental region. S. aureus (MTCC 1144), S.
mutans (MTCC 890), S. sanguinis (ATCC 10556), S. sobrinus
(ATCC 33478), S. salivarius (MTCC 1938), L. acidophilus (MTCC
10307) and Candida albicans (MTCC 227) were purchased from
IMTECH, Chandigarh and National Chemical Lab (NCL), Pune. S.
aureus, S. mutans, S. sanguinis, S. sobrinus, S. salivarius and L.
acidophilus were isolated from patient's sample collected from

Aggarwal Dental Clinic, Haridwar. The isolated pathogens were
identified according to published guidelines (Burneti et al., 1994).

Preparation of inoculum

Stock cultures were maintained at 4°C on slopes of nutrient agar.
Slants for experiment were prepared by transferring a loopful
culture from stock cultures to test tubes of Mueller-Hinton broth
(MHB) for bacteria that were incubated without agitation for 24 h at
37°C.

Antimicrobial activity

The antimicrobial activity of different extracts was determined by
agar well diffusion method (Perez et al., 1990). In vitro antimicrobial
activity was screened by using Mueller Hinton Agar (MHA) medium
no. 173 (Hi media Pvt Ltd., Mumbai, India). 0.1 ml of 12-16 h
incubated cultures of pathogens were mixed in molten medium and
poured in pre-sterilized petri plates. Plates were allowed to solidify
for 5-10 min. A cork borer (6 mm diameter) was used to punch wells
in medium and filled with extracts of 45 pl of 200 mg/ml final
concentration of extracts. DMSO was used as negative control.
Efficacies of extracts against pathogens were compared with broad
spectrum antibiotic Ofloxacin (positive control). Ofloxacin was
dissolved into double distilled water. Plates were incubated at 37°C
for 24 h in BOD incubator. At the end of incubation, inhibition zones
formed around the well were measured with transparent ruler in
millimetre. Each sample was assayed in triplicate and mean values
were observed. The antimicrobial activity was interpreted from size
of diameter of zone of inhibition measured to the nearest millimeter
(mm) as observed from clear zones surrounding the wells.

Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)

Two-fold serial dilution method (Aboaba et al., 2006) was used to
determine the minimum inhibitory concentration (MIC). MeOH
extract was diluted double fold (2:2) with nutrient broth in a series of
six test tubes. Concentration of 50, 25, 12.5, 6.25, 3.12 and 1.56
mg/ml of crude MeOH extract were prepared separately and
dissolved in 1 ml of DMSO. An aliquot of 1 ml of microorganism
suspension (1.5x10°) was inoculated into each tube (Figure 1).
Control tubes were inoculated with same quantity of sterile distilled
water. All tubes were incubated at 37°C for 24 h. The lowest
concentration that did not permit any visible growth when compared
with control was considered as the minimum inhibitory concen-
tration. The minimum bacteriocidal concentration was considered
as the lowest concentration that could not produce a single
bacterial colony. The contents of all tubes that showed no visible
growth were cultured on MHA medium incubated at 37°C for 24 h.

Phytochemical screening

The phytochemical analysis of plant extracts were carried out by
standard qualitative methods (Trease and Evans, 1987; Scalbert,
1991).

Test for alkaloids

The test solution was acidified with acetic acid and a drop of
Mayer's reagent was added. A white precipitate indicated the
presence of alkaloid.
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Figure 1. Minimum inhibitory concentrations (MICs) of methanol extract of O.
europaea. The inhibition is noted at 3.12 mg/ml against S. aureus B) 6.12
mg/ml against S. sanguinis and S. sobrinus, C) 12.5 mg/ml against S. mutans
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and L. acidophilus and D) 25 mg/ml against C. albicans.

Test for flavonoids

On addition of conc. HCI in MeOH extract of the material, a red
colour appeared which indicated the presence of flavonoids.

Test for glycosides

The extract was filtered and sugar was removed by fermentation
with baker's yeast. The acid was removed by precipitation with
Ba(OH),. The remaining extract contained the glycosides. The
hydrolysis of the solution was done with conc. H,SO, and after the
hydrolysis the presence of sugar was determined with the help of
Fehling’s solution.

Test for steroids

The extract was mixed with 3 ml CHCI; and 2 ml conc. H,SO4 was
poured from the side of the test tube and the colour of the ring at
the junction of two layers was noted. A red colour showed the
presence of steroids.

Test for Tannin

Extract was added in 1% ferric chloride and the colour was
observed. Bluish black colour appeared which disappeared on
addition of dilute H,SO,; a yellow brown precipitate showed the
presence of tannins.

Test for saponins

Extracts were diluted with water to 20 ml and this was shaken in a

graduated cylinder for 15 min. Formation of 1 cm layer of foam
indicates the presence of saponins.

RESULTS

The present study shows that medicinal plants possess
antimicrobial properties that support their value in herbal
medicine for the treatment of dental ailments. The results
enumerate the effect of the different extracts of the plant
against the pathogens tested at a concentration of 200
mg/ml of plant extracts which shows significant anti-
microbial activity against all the pathogens (Table 1).
MeOH extract showed the maximum antimicrobial activity
against the S. sobrinus (20.6+0.28 mm) followed by L.
acidophilus (20.0£0.50 mm), S. aureus (19.0£0.50 mm),
S. sanguinis (18.3+0.28 mm), S. salivarius (17.6+0.57
mm), S. mutans (16.6£0.28 mm) and Candida albicans
(13.6+£0.28 mm). MeOH extract showed maximum activity
followed by PET, ACE and H,O extract. The results of
MICs and MBCs show that they ranged from 3.12 to 25
mg/ml (Figure 1). O. europaea presented similar MICs
against S. sanguinis and S. sobrinus (6.12 mg/ml) respec-
tively. Moreover, MeOH extract of this plant manifested a
better MIC against S. aureus (3.25 mg/ml) and least MIC
recorded against C. albicans (25 mg/ml). The phyto-
chemical analysis of plant extract disclosed the presence
of alkaloids, flavonoids, glycosides, steroids, tannins,
terpenoids and saponins which might be accountable for
its antimicrobial potential (Table 2).
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Table 1. The inhibition zone diameter of various extracts of Olea europaea against dental pathogens.

*Diameter of the inhibition zone (mm)

Positive Control

S/IN  Microorganisms

PET ACE MeOH H,O (Ofloxacin)
1 S. aureus 10.60.28 13.0+0.50 17.6+0.28 14.3+0.28 33.6+0.28
2 S. aureus MTCC 1144 11.6+0.28 11.60.28 19.0+0.50 14.0+0.50 34.0+0.50
3 S. mutans 10.3+0.28 14.3+0.28 16.3+0.76 17.6+0.28 31.6+0.28
4 S. mutans MTCC 890 12.0+0.50 14.60.28 16.60.28 18.6+0.28 32.6+0.57
5 S. salivarius 11.3+0.28 13.0+0.50 16.3+0.28 16.6+0.28 29.3+0.28
6 S.salivarius MTCC 1938 10.60.28 13.60.28 17.6+0.57 15.3+0.76 29.6+0.57
7 S. sanguinis 9.3+0.28 14.3+0.57 17.0+0.28 15.3+0.28 34.3+0.28
8 S. sanguinis ATCC 10556 8.6+0.28 16.0+0.50 18.3+0.28 16.6+0.28 35.6+0.28
9 S. sobrinus 11.0+0.50 15.3+0.28 20.0+0.50 18.3+0.57 27.3+0.57
10 S. sobrinus ATCC 33478 12.0£0.76 17.0+0.50 20.6+0.28 19.6+0.28 27.6+0.28
11 L. acidophilus 12.0+0.50 15.6+0.28 19.3+0.76 16.0+0.50 29.6+0.28
12 L. acidophilus MTCC 10307 11.3+0.28 15.3+0.28 20.0+0.50 17.3+0.28 30.0 +0.50
13 C. albicans MTCC 227 7.6+0.57 11.60.28 13.60.28 9.6+0.28 22.3+0.28

*Zone of inhibition in millimetre (mm) in triplicate expressed as means and standard error of means.

Table 2. The phytochemical screening of crude extracts of Olea europaea.

Solvents

Phytoconstituent
PET

ACE

MeOH H.O

Alkaloids -
Flavonoids -
Glycosides -
Steroids +
Saponins -
Tannins +

+
+

o+ o+ 4+
+ + +
+ o+ + + + o+

+ = Present, - = Absent.

DISCUSSION

Based on results, the antimicrobial potential of O. europaea
extracts showed broad spectrum activity against selected
pathogens. Ourresults are significantly correlated with other
workers regarding this plant. Literature survey showed that
major parts of O. europaea that is flowers, stems, leaves
and fruits had good antimicrobial activity. The fruit extract
of O. europaea exhibited antibacterial activity against S.
aureus (18 mm) at concentration 800 ug/ml (Gupta et al.,
2008). O. europaea aqueous extracts were screened for
their antimicrobial activity against six bacteria that is, B.
cereus, B. subtilis, S. aureus, E. coli, P. aeruginosa, K.
pneumoniae and two fungi that is, C. albicans and C.
neoformans (Pereira et al., 2007). According to Anesini
and Perez (1993), aqueous extract of dried fruit was
inactive against E. coli and S. aureus at a concentration
of 62.5 mg/ml. The isolated phenolic components of O.
europaea showed inhibitory effect against some foodborne
pathogens such as Campylobacter jejuni, Helicobacter

pylori and S. aureus (Ahmed et al., 2014). Ziad et al.
(2011) documented a MIC with ethyl acetate fraction of
O. europaea at 10 pg/pl for E. coli and at 5.5 pg/pl for K.
pneumoniae.

The phytochemical study showed that the presence of
glycosides, alkaloids, flavanoids and amino acids in
ethanolic, hydro-alcoholic and aqueous extract (Kaskoos,
2013). Khan et al. (2007) reported that phytoconstituents
of flowers of O. europaea had shown the presence of
flavonoids, steroids, glycoside, tannins and fatty acids. O.
europaea leave extract showed major antibacterial activity
due to the presence of phenolic compounds. The HPLC-
DAD analysis of O. europaea leaves showed the pre-
sence of seven phenolic compounds that is caffeic acid,
verbascoside, oleuropein, luteolin 7-O-glucoside, rutin,
apigenin  7-O-glucoside and luteolin 4’-O-glucoside
(Pereira et al., 2007).

Therefore, the activity observed for O. europaea provides
a rationale for its use in treatment of dental infection
diseases. The presence of phytomedicine in O. europaea



would be responsible for the demonstrated antimicrobial
activity of the extracts.

Conclusion

O. europaea stems extracts possess a broad spectrum of
activity against a panel of microorganisms responsible for
the most dental diseases. This study can boost a new
possibility for finding novel clinically effective antimicrobial
compounds.
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Moderate halophilic bacteria from Dowma al Jandal in extreme north Al Jouf were isolated using cultural-
dependent methods. Halophiles from hypersaline environments possess a biotechnological potential.
Polymerase chain reaction (PCR) amplification of the 16s rRNA gene and phylogentic analysis were
used to identify strains. Culturing was done aerobically in chemically defined media (CDM). Salt
concentration (15%) was used at pH 7.2. Universal bacterial primers were used to amplify 16SrDNA from
chromosomal DNA isolated from the four distinct colonies. Four moderate halophilic bacterial isolates
were analyzed and identified wih 16srDNA sequencing as Virgibacillus salarius, Bacillus subtilis,
Bacillus sp., and Virgibacillus marismortui. Comparison of the 16srDNA sequence alignment to reference
sequence data bases showed samples M1, M2, M3 and M4 have 95-99% homology. All of the four
isolates had at least 95% similarity to the published sequences implying that they could be species

within the described genera.

Key words: Moderate halophiles, hypersaline lake, Bacillus sp., 16srDNA sequencing.

INTRODUCTION

Halophiles employ different morphological, physiological,
and genetic mechanisms to withstand the environmental
conditions in which they live. In recent decades many
halophilic microorganisms have been isolated from many
athalosaline environments, such as the Dead lake (Arahal
et al., 1999), the Great Salt Lake (Waino et al., 2000), the

Solar Lake (Cytryn et al., 2000) and the Wadi lake (Weisser
and Truper, 1985). Earlier studies reported the significance
of halophilic microorganisms in the biogeochemistry of
carbon and phosphorus in saline environments (Sanchez-
Roman etal., 2007) and degradation of organic compounds
for potential use in bioremediation studies (Zhaoetal., 2009,
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Al-Mailem et al., 2010) and also used as biocontrol agents
against certain pathogenic fungi (Sadfi-Zouaouietal., 2008,
Chenetal., 2010). The diversity amongst halophiles among
the domains of bacteria, archaea, and eukarya depends
on the salinity, temperature, pH and redox conditions of
the environments that the organisms are adapted (Oren,
2008). Most of the halophilic and halotolerant micro-
organisms represent the domain bacteria that contain
moderate rather than extreme halophiles in its phylo-
genetic subgroups (Oren, 2002). Kushner (1978) defined
the moderate halophiles as organisms growing optimally
between 0.5 and 2.5 M salt. Recent studies showed that
an extensive research work has been done on isolation
and characterization of large number of moderately halo-
philic Gram-positive, endospore-forming aquatic isolates
in the genus. Bacillus have been reported but most of
that belongs to marine environments (Yoon et al, 2003;
Noguchi et al., 2004; Lee et al., 2006). However, limited
studies have been done regarding the microbial species
inhabiting athalosaline environments (Lim et al., 2006;
Souza et al., 2006). In this study, we characterized the
moderate microorganisms using 16S rDNA sequencing
technigues and compared the homogeneity with the
relevant microorganism by NCBI BLAST analysis.

MATERIALS AND METHODS
Sample collection

Four saline soil samples were collected from Dowma Al Jandal
athalosaline lake from random locations along the lake shore at
29°48'41.1" N, 39°52'5.9" E. Sample M1, M2 was obtained from
loose saline soil. The third and fourth (M3, M4 respectively) was
obtained from the lake sediment at 10 cm depth. Soil samples were
collected in sterile bags and appropriately labeled and dated. The
samples were transported in a cool box with ice packs and
transported to the laboratory and stored at 4°C in College of
Medicine Aljouf University. Samples were processed within 24 h of
collection. Salinity of the saline soil samples was measured using a
conductivity meter model KL-1385 (Kelilong Electron Co. Ltd,
China).

Sample culturing

Soil sample (5 g) was inoculated into 45 ml on chemically defined
medium (CDM). The contents of the CDM per liter were as follows:
NaCl (81.0 g), MgCl,6H,O (7.0 g), MgSO.,7H.O (9.6
g),CaCl,-2H,0 (0.36 g), KCI (2.0 g), NaHCO; (60.0 mg), NaBr
(26.0 mg), Ferric chloride (trace), Peptone (5.0 g), yeast extract
(10.0 g), glucose (1.0 g ), pH 7.2 £ 0.1 at 25°C (Kushner DJ, 1993).
All components were added to distilled water and volume was
brought up to 1.0 L. The medium was mixed thoroughly and gently
heated until dissolved and then autoclaved. After 5 days of
incubation, serial dilutions (10°, 107, 102, 107,10, 10° and 10°®) of
soil sample were made in sterile saline (0.85%). A 100 pL aliquot of
each diluted sample was spread on chemically defined medium
(CDM) agar (15-20% NaCl w/v) plates. Dilution of each soil sample
was analyzed in triplicate. The plates were inverted and incubated
for 3 to 7 days at 38°C. Results were recorded as colony forming
unit (CFU). Colonies growing on the plates were counted and the
density of microorganisms in the original sample was estimated by
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multiplying the colony count times the dilution.

Light microscopy

On day 7, selected isolated colony samples were characterized by
gram-stain and by observed cell morphology (shape, size and color)
using a light microscope (Leica DMD108 digital microscope).

Genomic DNA extraction

Genomic DNA was extracted from 5 ml late exponential Phase of
culture growth, using Invitrogen Kit (USA) as per manufacture
instructions.

PCR amplification and 16s ribosomal RNA sequencing

PCR amplification of the 16S rRNA gene from the purified genomic
DNAs, was performed using ABI 9700 thermocycler (Applied
Biosystems) wusing the primer sets, 16S forward primer
AGAGTTTGATCHYGGYTYAG and the 16S reverse primer
ACGGCTACCTTGTTACGACTT.

Purification of PCR products by gel elution protocol

The purification of the PCR products was done by using inhouse
Gel elution kit.

DNA sequencing and analysis

Sequencing was done by using ABI 3730XLS sequencer. The
unincorporated dye terminators were removed by using ABI Big dye
Terminator kit. The chromatograms were analyzed by Genetool
version 1.0. Assembly program is also carried out using the same
program. The assembled sequences were analyzed by NCBI
BLAST program (hhttp://ncbi.nlm.nih.gov/BLAST) to identify the
microorganisms and compared with the published sequences.

RESULTS AND DISCUSSION

The four distinct moderate halophilic bacteria obtained
from the saline soil of the Dowma al Jandal Lake design-
nated as M1, M2, M3 and M4 were analyzed. The iso-
lates were identified as Virgibacillus salarius, Bacillus
subtilis, Bacillus sp. and Virgibacillus marismortui. Men-
tioned isolates belong to the phylum of Firmicutes and
Bacillaceae family. The salinity of the Dowma al Jandal
athalosaline lake samples varied from a low of 1.3% to a
high of 21%. Significant growth was observed after 5-7
days of the incubation, and occurred at 3-15% (W/V),
NaCl (optimum 15%), pH 5-9 (optimum 7.2) and tempe-
rature 35-40°C (optimum 38°C). All the isolates were
Gram positive, strictly aerobic rods, occurring in pairs or
small chains, cells were motile, colonies were white to
pale yellow and mucoid. And were strongly catalase and
oxidase positive.

Alignment and sequencing comparison of samples M1
and M4 show high homology (95-98%) toVirgibacillus sp.
SK31 and V. marismortui TPA3-3 respectively, as shown
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Table 1. BLAST Similarity Search Results for M1: Similarity to Virgibacillus salarius strain SA-Vb1 by 16S ribosomal RNA gene partial

sequence.
Accession Description Max Total Max Identity
score score (%)
NR 041270.1 Virgibacillus salarius strain SA-Vbl 16S ribosomal RNA, complete 2372 2372 9%
- sequence
GU397387 1 Virgibacillus marismortui strain B33 16S ribosomal RNA gene, partial 2368 2368 96
sequence
JN998437.1 Virgibacillus sp. SK2 16S ribosomal RNA gene, partial sequence 2366 2366 96
GQ181204.1  Virgibacillus sp. Ez223 16S ribosomal RNA gene, partial sequence 2366 2366 96

Table 2. BLAST Similarity Search Results for M2 : Similarity to Bacillus subtilis strain H12 by 16S ribosomal RNA gene, partial sequence.

. o Max Total Max Identity
Accession Description
score score (%)

KC441785.1 Bacillus subtilis strain H12 16S ribosomal RNA gene, partial sequence 2590 2590 99
IN641292 1 Geqbacnllus stearothermophilus strain DDKRC4 16S ribosomal RNA gene, 2588 2588 99

partial sequence
JF411313.1 Bacillus tequilensis strain KM34 16S ribosomal RNA gene, partial 2588 2588 99

sequence
JF411297.1 Bacillus tequilensis strain M60 16S ribosomal RNA gene, partial sequence 2588 2588 99

Table 3. BLAST Similarity Search Results for M3: Similarity to Bacillus sp. 2BSG-10NA-12 gene by 16S ribosomal RNA gene, partial

sequence.
Accession Description Max Total Max Identity
score score (%)
AB533728.1 Bacillus sp. 2BSG-10NA-12 gene for 16S ribosomal RNA, partial 2440 2440 97
sequence
AB533758.1 Bacillus sp. 2BSG-PDA-4 gene for 16S ribosomal RNA, partial 2435 2435 97
sequence
AB533743.1 Bacillus sp. 2BSG-10TSA-3 gene for 16S ribosomal RNA, partial 2435 2435 97
sequence
GQ407241.1 Bacillus sp. DV2-37 16S ribosomal RNA gene, partial sequence 2435 2435 97
JF411333.1 Uncultured Bacillus sp. clone GT1-7 16S ribosomal RNA gene, partial 2431 2431 97

seqguence

in Tables 1 and 4. Samples M2 and M3 demonstrated
close relation (97-99%) to B. subtilis H12 and Bacillus sp.
2BSG-10NA, respectively (Tables 2 and 3). All the
isolates had at least 95% and up to 9% similarity to the
described sequences within the phylum of Firmicutes and
which in turn means that the isolates are closely related
to genus level and belong to different species. Phylogenetic
analysis gives an idea of relationship between the isolates
which was made on the basis of 16S rDNA data. Phylo-
gentic interferences made on the basis of 16S rDNA data
indicated that the four isolates may be previously undes-
cribed halophilic bacteria. It was the first molecular study
conducted by us on virgin athalosaline lake in Dowma al
Jandal. These four isolates may be previously undescribed

moderate halophilic bacteria which belong to domain
bacteria (Oren, 2002). The growth of halophiles mainly
depends upon the salt concentration and other factors,
like pH and media composition (Oren, 2002). Till date,
the MIDI Sherlock microbial identification system does
not contain the library for halophilic bacteria. The data
and isolates obtained by us can be used to develop the
database in MIDI system library for future identification of
moderate halophilic bacteria. Furthermore, library can be
constructed if the diversity of halophiles are extensively
studied throughout the world. Building up a library for
halophiles can assist the accurate identification of novel
moderate halophiles. Molecular method is the most
accurate way to identify the microorganisms than by the



Al-Enazi et al. 3381

Table 4. BLAST Similarity Search Results for M4: Similarity to Virgibacillus marismortui strain TPA3-3 by 16S ribosomal RNA gene, partial

sequence.
Accession Description Max Total Max Identity
score score (%)

GU172145.1  Virgibacillus marismortui strain TPA3-3 16S ribosomal RNA gene, partial 1877 2440 95
sequence

EU435360.1 Virgibacillus sp. B1-21 16S ribosomal RNA gene, partial sequence 1871 2435 95

AY505533.1 Virgibacillus marismortui strain GSP17 16S ribosomal RNA gene, partial 1871 2435 95
sequence

JN624920.1  Virgibacillus sp. NBSL35 16S ribosomal RNA gene, partial sequence 1869 2435 95

JF680941.1 Virgibacillus sp. IEGM 795 16S ribosomal RNA gene, partial sequence 1868 2431 95

identification of conventional methods, as a matter of fact
the later can lead to identification problems.

Conclusion

The extreme environment of the Dowma al Jandal Lake
still remains a virgin in exploring of halophiles. The results
of this study will be useful to produce novel enzymes that
will have potential biotechnological applications in biogeo-
chemistry, bioremediation and can be applied as biocontrol
agents. Such a unique environment in this lake provides
a scope for further study of prokaryotic diversity.
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The possibility of microbial reduction by external pulsed electric field (PEF) offers a new application for
pulsed power technology. Applying PEF technology to food pasteurization is a promising non-thermal
method. One of such application is prevention of microbial growth, an effect that is based on irrreversible
permiabilization of cell membranes. The objective of this study was to increase the shelf life of tomato
juice using PEF method. It is reported that the microbes present in tomato juice were inactivated by PEF
process using co-axial and co-field continuous treatment chambers. The samples were subjected to
different electric field intensities (30 and 50 kVem™) with the same flow rate (100 mL min™) and the same
pulse number (150 pulses). After treatment, in both co-axial and co-linear chambers, greater reduction in
microbial counts were seen at higher intensity of 50 kVecm™. The co-axial treatment chamber at 150
pulses was more effective than co-linear treatment chamber (1.16 and 0.77 log reduction).

Key words: Pulsed electric field, co-field continuous flow treatment chamber, co-axial continuous flow treatment

chamber, tomato juice, microbial growth reduction.

INTRODUCTION

Pulsed electric field (PEF) application is the basic principle
of operation in electroporation. Electroporation in cells is
the process of destroying the cell membranes through
application of high voltage short duration pulses across a
liquid (Kishore et al., 2007). Li et al. (2009) have stated
that the level of microbial inactivation by high pulsed
electric fields is a function of process parameters (electric
field strength and electrode-type, total treatment time and
temperature, pulse duration and waveform/shapes),
media factors (pH, antimicrobial and ionic compounds,
conductivity and ionic strength) and microbial entity

factors (strain-type and shape, concentration and growth
phase of microbes). Previous research has demonstrated
that the PEF microbial inactivation depends on two factors,
electric field intensity and pulse number. With higher
electric field intensity and more pulse number, a better
pasterization effect can be obtained (El-Hag et al., 2009).
This paper studies PEF microbial inactivation in tomato
juice by using co-field and co-axial continuous treat-ment
chambers to provide a technical basis for industrial
application (Qin et al., 1998).

The mechanisms of microbial inactivation in liquid
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Figure 1. Dielectric Breakdown of Cell Membrane (Zimmermann. 1986).

foods (Raso and Heinz, 2006; Huang and Wang, 2009;
U.S FDA,2009), and the various treatment chambers
available (Gaouda et al., 2010; Min et al., 2007) have been
discussed. In our earlier study, we reported reduction of
microbes in tomato juice using static and co-axial PEF
treatment at same intensities (Sathyanathan et al., 2012).
The present simulation study was carried out on samples
using two dfferent continuous treatment chamber (co-
axial and co-linear). Continuos treatment chambers have
the advantage oftreating larger volumes. Major components
in the prototype include a high voltage repetitive pulse
generator 220 V/100 kV with maximum stored energy of
490 J, charging capacitor of 50 nF and the wave forming
network that has resistance of 22 Q and tail forming
resistance of 1200 Q.

Microbial inactivation mechanisms

The two theories that explain the mechanism of
breakdown of cell membrane are Dielectric Rupture
Theory and Electroporation Theory.

Dielectric rupture theory

The cell membrane is considered as a capacitor filled
with dielectric material whose dielectric constant of the
order of two. Most foods have a dielectric constant in the
range of 60 to 80 (Raso and Heinz, 2006). As a result,
free charges accumulate at both membrane surfaces which
is shown in Figure 1 (Zimmermann, 1986). Exposure of
the cell membrane to an electric field leads to an increase
in transmembrane potential (TMP) (Huang and Wang,
2009). The increase in TMP leads to a reduction in the
membrane thickness. The TMP of the cell membrane is
given as:

U(t)=1.5rE cos® (1)

Where, U (t) Transmembrane potential (V); r Radius of

the cell (mm); E Applied electric field strength (Vmm™); 6
Angle between a given membrane site and the field
direction (degrees).

Electroporation theory

Electroporation occurs in a cell which when exposed to
the high-voltage electric fields temporarily destabilizes
the lipid bi-layer and proteins of the cell membrane. In a
cell membrane, protein channels, pores and pumps are
present. The opening and closing of many channels
constituted by proteins is dependent on TMP. When PEF
is applied, many voltage sensitive protein channels will
open. Protein channels, once open, will experience current
much larger than the current normally experienced by the
protein channels during metabolic activities. As a result,
protein channels are irreversibly denatured by joule heating.
Thus, electroporation in the cell membrane occurs both in
the protein channels and in the lipid bi-layer resulting in
the inactivation of the cell (Min et al., 2007).

During electroporation, lipid bi-layer suffers from any
one of the following possible fates on the membrane
namely (Figure 2):

1. A slight increase in membrane conductance.

2. Mechanical rupture of the cell wall or any structural
changes in the membrane.

3. Reversible electrical breakdown resulting in complete
discharge of the membrane.

4. Irreversible electrical breakdown when the intensity of
the electric field is raised (Sundarrajan et al., 2008).

PEF microbial inactivation system

The block diagram of PEF bacteria inactivation system is
shown in Figure 3. The continuous treatment chamber
adopts co-linear electrode and co-axial electrode respec-
tively and the sample is exposed to exponentially
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decaying electric field.

MATERIALS AND METHODS
Design of treatment chamber and its electric field analysis

In this study, co-axial treatment chamber and the co-linear
treatment chamber models were taken and simulation studies were
carried out. The treatment chamber was made with aluminum and
teflon as electrode material and insulation material. The relative
permittivity of aluminum is 1. The inner high voltage electrode has
the radius of 4 cm and the outer ground electrodes has the radius
of 4 cm; in between these electrodes, a gap of 2 cm is used as the
flow path of liquid food. This insulator gives the support to the
positioning of the electrodes and gives the smooth flow of the liquid
food inside the treatment chamber. The electrical current flows
perpendicular to food flow in co-axial treatment chamber and
parallel to food flow in co-linear chamber (Min et al., 2007). The
modified co-axial and co-linear treatment chambers widely used in
industrial applications is shown in Figure 4 (Sale and Hamilton,
1967).

Simulation of co-axial and co-linear treatment chamber

Here co-axial and co-linear continuous flow treatment chambers
have been modeled for simulation studies using a software

package Maxwell 2D simulator (ANSOFT). The ANSOFT model for
co-axial and co-linear treatment chamber is as shown in Figure 5.
The primary objective of the simulation is to ensure uniform field
distribution across the effective treatment region. Finite element
method analysis is used to measure field distribution inside the
treatment chamber’s effective treatment region. The problem defi-
nition of simulation studies on co-axial and co-linear treatment
chambers are given below.

Problem definition

Problem statement: Analysis of electrostatic field distribution in the
effective treatment region.

Domain: The field domain is enclosed in a boundary. All space
outside this boundary is excluded from field problem domain. This is
an interior problem.

Type of problem: Electrostatic problem as liquid foods are usually
negligibly magnetizable.

Governing equation: This electrostatic field simulator solves for
the electric potential ®, in the Laplace equation, V2D=0.

Plane: Axis symmetry (RZ Plane) has been used for this simulation.
Boundary condition: Balloon boundary condition has been used
for this simulation.

The following design aspects have been considered during the
design of PEF treatment chambers.
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Figure 4. Diagram of the co-axial treatment chamber (Min et al. 2007).

Figure 5. ANSOFT model for co-axial and co-
field treatment chambers.

Electrode material

During the PEF treatment, electrochemical reactions can occur and
they may result in partial electrolysis of the solution, corrosion of the
electrode and introduction of particles of the electrode material in
the liquid. These phenomena should be minimized because they
could provoke microbial inactivation and over estimate microbial
inactivation by PEF. The electrodes can be made up of stainless
steel and electro-chemically inert materials such as gold, platinum,
carbon and metal oxides.

Electric field strength

Dielectric breakdown of food occurs, when the strength of applied

electric fields exceeds the electric field strength of the food product
treated in the treatment chamber. This breakdown mechanism of
the food is generally characterized as causing damage on the elec-

trode surfaces in the form of pits, a result of arching and increased
pressure, leading to treatment chamber explosions and evolution of
gas bubbles.

Electrode gap

Electric field strength in a treatment zone of a PEF chamber is
inversely proportional to the cross sectional area of the fluid flow
and to the gap distance between the two electrodes. The electrode
gap is chosen such that the treatment area has uniform field to
ensure all fluids have undergone the field.

Insulator

In continuous PEF treatment system, insulators are used to ensure
the separation of electrodes and to provide the smooth flow of liquid
between the electrodes. Plexi glass is the most commonly used
insulator in the PEF treatment chamber system.

Uniform field distribution

Distribution of the field strength depends on the characteristics of
the treatment chamber, basically shape of electrodes, gap of the
chamber, gas impurities in electric materials. The treatment cham-
ber should be designed to provide uniform electric field strength,
such that the actual applied field strength does not exceed the
dielectric strength of the fluid foods under the treatment. The
probability of dielectric breakdown in foods can be reduced by the
use of a smooth electrode surface to minimize electron emission
and the use of round electrode edges to prevent electric field
enhancement near sharp edges.

PEF treatment

The Marx’s generator circuit and the complete experimental setup
for the continuous flow PEF treatment of tomato juice processing is
shown in Figures 8 and 9. The tomato juice was prepared fresh as
described in the earlier study (Sathyanathan et al., 2012). Marx’s
generator circuit was used to produce impulse voltages of 1.3/45 ps
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Table 1. Applied field and pulses for PEF treatment of tomato juice,

- Applied field Pulse Duration
Liquid food Type of treatment chamber (kV/cm) number (seconds)
Co-axial 30 150 110
Co-axial 50 150 240
Tomato juice Co-axial 50 300 240
Co-linear 30 150 110
Co-linear 50 150 240

as shown in the Figure 10. Tomato juice was treated with optimized
test voltages and pulse rate as shown in the Table 1. The control
and treated samples were stored in autoclaved, wide-mouthed,
screw-capped glass bottles 75% fill, at room temperature (25+3°C).
The experiment was repeated twice.

Analysis of shelf life

Chemical and microbial tests on control and treated samples were
carried outin the Food Safety Laboratory of National Agro Foundation,
Anna University Campus, Taramani to analyze shelf life of the tomato
juice. These tests were carried on the first day and seventh day of
PEF treatment. The PEF treatments were carried out on two separate
batches of tomato juice on two different days and all chemical,
nutritional and microbial analyses were done in duplicates. All
chemical and reagents used were of analytical grade.

Chemical and nutritional analysis

The chemical tests were done to analyze whether the treated food
had tolerable levels of chemical properties for human consumption
as given by U.S FDA (2009). pH, °Brix and acidity were tested. pH
value of tomato juice was measured by using AP-1plus pH meter
(Susima Technologies, Chennai) and the °Brix value of tomato juice
was measured by °Brix meter (Arico India hand refractrometer). pH
and acidity value of liquid food for human consumption should be
less than 5 and 0.4%, respectively. The titratable acidity was estima-
ted in tomato juice filtrate by titration with 0.1 N sodium hydroxide to
the end point with phenolphthalein indicator. Further, vitamin C
content of the juice was tested by the reduction of the blue dye 2, 6
dichlorophenolindophenol by ascorbic acid (AOAC, 2000).

Microbial analysis

Both control and treated samples were analyzed for microbes
present by suitable serial dilution and pour plate method using
standard plate count agar (Hi-Media Ltd, Mumbai). Plates were
incubated at 37°C for 48 h. The colony counts were carried out
using a digital colony counter (Lapiz colony counter). The total
bacterial counts were carried out on the same day and seventh day
(Harrigan and McCance, 1998).

RESULTS AND DISCUSSION
Simulation results

From the simulation study, it was clearly seen that there

were no flux lines inside the conductors (field inside the
conductor is always zero) and the electricfield lines start
from the electrode with positive charge and terminate at
the electrode with zero potential. The electric field is not
constant due to fringing effect and it gets equally distri-
buted in between the electrodes. Equal stress distribution
between the contacts is due to equal contact gap distance
between the electrodes in the effective treatment region
as shown in Figure 6. The intensity of the electric field is
maximum near the high voltage electrode and it decreases
when the distance increases as shown in Figure 7. The
uniform electric field distribution is achieved across the
effective treatment region of the chamber (Schroder et
al., 2009)

Chemical test results

There was no significant difference (p < 0.05) in the
chemical properties of tomato juice with respect to pH,
acidity, °Brix values in both control and treated samples
in co-axial and co-linear continuous treatment chambers
(Table 2). The PEF treatment and ionic strength are
responsible for electroporation and compression of the
cell membrane, where as pH of the medium affects the
cytoplasm when the electroporation is complete. U.S
FDA reported that, depending on the microorganism
presentin the liquid medium, acidic pH enhanced microbial
inactivation. No mention has been made on what
microorganisms were affected or what range of pH was
used (U.S FDA, 2009). Vitamin C content also did not
change significantly in all the treated samples. In both
treatment chambers, only 0.9 and 1.0% reduction of
vitamin C for the applied field of 30kvem™ and onI%/ 2.0
and 4.0% reduction for the applied field of 50 kvVcm™ was
observed, which is in accordance with the reports of
Zhang et al. (2003). Thus, the chemical properties and
vitamin C content did not vary much when fresh tomato
juice was subjected to PEF in both co-axial and co-linear
continuous treatment chambers.

Microbial test results

Both PEF treatments in co-axial and co-linear chambers
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caused significant reduction in microbial content (Table tively (Figure 11). Higher field strength of 50 kvem™, 150
3). While 30 kvem™, 150 pulses/110 s resulted in 0.82 pulses/110 s showed 1.09 and 0.66 log cfu mL™ microbial
and 0.35 log cfumL™ reduction of microbes for first day reduction for first day and 1.16 and 0.77 log cfu mL™
and there was 0.87 and 0.37 log cfumL™ reduction for reduction for seventh day in co-axial and co-linear
seventh day in co-axial and co-linear chamber, respec- chambers, respectively (Figure 12). It is thus clearly seen
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Table 2. Chemical changes in tomato juice after PEF treatment in co-axial and co-linear continuous chambers.
Treatment pH Acidity’ (%) °Brix Vitamin C*(%)
Sample st th st th st th st th
chamber 1% Day 7" Day 1% Day 7"Day 1% Day 7" Day 1°' Day 7" Day
Untreated Control 4.47+0.33 4.47+0.13 0.19+0.1. 0.16x0.4 6+0.13 6+0.16 15.22+0.71 14.56+0.04
co-axial 30kv, 150 Pulses 4.22+0.02 4.47+0.33 0.19+0.7 0.16+0.2 6+0.15 6+0.13 15.16+0.04 14.44+0.42
50kv, 150 Pulses 4.20+0.02 4.71+0.03 0.19+0.2 0.17+0.2 6+0.13 640.14 15.16+0.04 14.83+0.19
50kv, 300 Pulses 4.17+0.03 4.47+0.35 0.19+0.1 0.16+0.1 6+0.12 6+0.12 15.08+0.57 14.80+0.09
Co-linear 30kv, 150 Pulses 4.36+0.08 4.39+0.07 0.28+0.3 0.28+0.3 6+0.13 6+0.13 15.18+0.07 14.84+0.03
50kv, 150 Pulses  4.33+0.09 4.41+0.94 0.28+0.1 0.2840.2 6+0.12 6+0.11 15.18+0.01 14.56+0.01

Acidity - Equivalent to % citric acid; Vitamin Ct Equivalent to % ascorbic acid.

Table 3. Microbial counts on first day after PEF treatment in co-axial and co-linear continuous treatment chambers.

Type of treatment chamber Applied field Pulse Microbial coulnt Microbial count .
(kVicm) number Log cfu mL” reduction Log cfu mL”

Control Untreated Nil 4.09 0.00

Co-axial 30 150 3.27 0.82

Co-axial 50 150 3.00 1.09

Co-linear 30 150 3.74 0.35

Co-linear 50 150 3.43 0.66

that higher microbial reduction was achieved by using co-
axial treatment chamber at 50 kVcm™, 150 pulses.
Inhibition of microbial growth and better shelf life

extension can also be achieved at 50 kvcm™, 300 pulses
in co-axial treatment chamber without much affecting the
nutritional value of tomato juice (Table 4).
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Figure 11. Microbial reduction in tomato juice on first day PEF treatment.
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Figure 12. Microbial reduction in tomato juice on seventh day of PEF treatment.
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Table 4. Microbial reduction on the seventh day after PEF treatment in co-axial and co-linear continuous treatment
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chamber.
Tvoe of treatment chamber Applied field Pulse Microbial count Microbial count
yp (kV/icm) number Log cfumL™  reduction Log cfu mL™

Control Untreated Nil 4.26 0.00

Co-axial 30 150 3.39 0.87

Co-axial 50 150 3.10 1.16
Co-linear 30 150 3.89 0.37

Co-linear 50 150 3.49 0.77

Conclusion

PEF treatments of tomato juice samples in co-axial and
co-linear continuous treatment chambers at 30 kVcm’
1150 pulses and 50 kV/cm,150 pulses were performed.
Chemical properties- pH, acidity, °Brix value maintained
were almost the same in both co-axial and co-linear treat-
ment chambers and vitamin C showed little change for alll
treated samples. Our results indicate that shelf life exten-
sion of the tomato juice at room temperature (25+3°C) for
seven days is possible in both co-axial and co-linear
continuous treatment chamber. However, better shelf life
was achieved by higher electric field with higher number
of pulses (50 kV/cm, 150) in co-axial treatment chamber.
Further extension of shelf life will be possible by storage
under refrigirated conditions after PEF treatment.
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Bovine mastitis is the main cause of economic losses in dairy industry. The aim of this study was to
determine the prevalence and antibiotic-resistance profile of Staphylococcus aureus and coagulase-
negative Staphylococcus spp. isolated from bovine mastitis cases in the municipality of Altdnia,
northwest region of Parand State, Brazil. Two hundred and forty-eight dairy cows were examined for the
presence of mastitis. Milk samples from mastitis cases were collected and analyzed for the presence of
Staphylococcus spp. according to the National Mastitis Council (NMC). The antimicrobial susceptibility
of the isolates was also evaluated. The results suggest the presence of methicillin-resistant strains in
high frequency (20.40%). Hence, the determination of antimicrobial resistance profile is essential to
control mastitis in dairy cows. The use of antibiogram may also help to reduce the emergence of
multidrug-resistant strains, since the choice of antibiotics will not be based on empirical methodology.

Key words: Staphylococcus aureus, coagulase-negative staphylococci, multidrug resistance, methicillin-

resistance Staphylococcus aureus.

INTRODUCTION

Bovine mastitis is the main cause of economic losses in
dairy industry due to reduced milk yield and increased
expenditure on treatment of affected cows (Schroeder,
2012; Kateete et al., 2013). Among the bacterial species
capable of causing this disease, Staphylococcus aureus
and coagulase-negative Staphylococcus spp. (CoNS) are
the major etiological agents in many countries (Moon et
al., 2007; Santos et al., 2007; Sawant et al., 2009;

Taponen and Pyoralda, 2009; Guimardes et al., 2012;
Jamali et al., 2014; Supré et al., 2014). Despite imple-
menting control measures, it is difficult to eradicate mastitis
in dairy cows because many strains are resistant to the
antimicrobial drugs currently used (Guler et al., 2005;
Jamali et al., 2014).

The bovine mastitis may be treated with a variety of
antimicrobial classes, including penicillins, tetracyclines,
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lincosamides, macrolides and fluoroquinolones. However,
the practice of incorporating antibiotics into feeds to
prevent infectious diseases and the inadequate use of
antibiotics in therapy allowed the emergence of multi-
drug-resistant (MDR) strains (Jamali et al., 2014).

The isolation of MDR S. aureus and CoNS, including
methicillin-resistant isolates, from bovine mastitis cases
in Brazil and other countries has been reported with
relatively high frequency (Zanette et al., 2010; Ferreira et
al., 2007; Guimardes et al., 2012). Hence, the characteri-
zation of the antibiotic-resistance profile of these bacteria
is crucial for a correct antibiotic choice and an effective
mastitis treatment. The aim of this study was to deter-
mine the prevalence and antibiotic-resistance profile of S.
aureus and CoNS isolated from bovine mastitis cases in
the municipality of Altdnia, northwest region of Parana
State, Brazil.

MATERIALS AND METHODS
Sample collection

The survey was conducted with 248 dairy cows from Holsteins,
Jersey and Girolando breeds, belonging to 24 properties located in
the municipality of Altdnia, northwestern region of Parana state,
Brazil. The selection of a representative number of animals to study
was performed from a list of 82 properties, totaling of 840 animals,
using BioEstat program 5.0 (Ayres, 2007).

All the milk samples were collected from July 2009 to December
2010. The dairy cows were examined for the presence of mastitis
both clinically and by the use of screening test California Mastitis
Test (CMT). Milk samples were collected only from dairy cows with
positive CMT. Approximately 30 mL of milk were collected from
each mammary quarter in sterile flasks of 50 mL, according to the
National Mastitis Council (NMC, 2004). The samples were kept at
4.0°C until processing at the Laboratory of Veterinary Preventive
Medicine and Public Health at Paranaense University (UNIPAR).
The microbiological analysis was performed using milk pools from
the four mammary quarter samples of the same animal.

Bacterial isolation and identification

The milk samples were plated on blood agar and incubated at 37°C
for 24 h for colony isolation. After this period, the isolates were
identified according to the National Mastitis Council (NMC, 2004).

Antimicrobial susceptibility

The antimicrobial susceptibility tests were performed according to
CLSI (2013). The disc diffusion method was performed using the
following antibiotics: gentamicin (10 pg); ampicillin (10 pg), oxacilin
(1 ug), penicillin (10 Ul); cephalothin (30 pg), ceftiofur (30 pg);
enrofloxacin (5 ug); trimethoprim-sulfamethoxazole (25 ug),
clindamycin (2 ug), erythromycin (15 pg) and tetracycline (30 ug).
The antibiotics were selected according to the classes available for
mastitis treatment in Brazil.

RESULTS

Among the 248 animals studied, 82 (33.0%) were positive
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for mastitis on CMT. Of these, 54/82 (65.00%) animals
confirmed the presence of mastitis on the microbiological
analysis of milk samples. The overall prevalence of mastitis
among all the animals studied was 21.80% (54/248
animals). The microbiological tests identified 59 different
isolates among 54 milk samples. In three samples, it was
possible to identify two or more isolates from different
bacterial species. The presence of a yeast isolate was
found in one milk sample.

The most prevalent bacteria was Staphylococcus aureus,
representing 29 out of 59 (49.10%) isolates, followed by
CoNS with 14 (23.70%) isolates; Streptococcus
dysgalactiae 3 (5.10%); coagulase-positive/VP-negative
Staphylococcus spp. 3 (5.10%); Corynebacterium sp. 3
(5.10%); Enterococcus faecalis 2 (3.40%); and
Trueperella pyogenes, Enterococcus sp., Streptococcus
sp., Streptococcus acidomihimus and yeasts with one
(1.70%) isolate each.

The antimicrobial susceptibility tests were performed
only with the most common isolates of S. aureus, CoNS,
S. dysgalactiae and coagulase-positive/VP-negative
Staphylococcus spp. because of its importance in the
mastitis epidemiology in Brazil. The most effective anti-
biotics were enrofloxacin with 93.85% of sensitivity, followed
by streptomycin with 91.85% and gentamicin with 87.75%.
The less effective antibiotics were penicillin with 67.35%
of resistance, followed by ampicillin and tetracycline with
63.25and 51.05%, respectively (Table 1). The antimicrobial
susceptibility among each pathogen isolated is listed in
Tables 2 and 3.

The analysis of oxacilin-resistance profile was 20.40%
(10/49 isolates). Among the CoNS isolates, 35.70% (5/14
isolates) were oxacillin-resistant while 17.25% (5/29 iso-
lates) of S. aureus isolates were-oxacillin-resistant. No
oxacilin-resistance was observed among S. dysgalactiae
and coagulase-positive/\VVP-negative Staphylococcus spp.
isolates analyzed. All the oxacilin resistant isolates showed
resistance to the other beta-lactams tested, including the
cephalosporins (Table 4).

This study identified 12 (24.50%) isolates with multi-
drug resistance profile. These strains were identified as
S. aureus (7 isolates) and CoNS (5 isolates). The most
effective antimicrobials against these bacteria were
streptomycin and enrofloxacin, as compared to other anti-
microbials tested (Table 4). Two MDR isolates showed
resistance to all antibiotics tested.

DISCUSSION

The study was carried out to determine the antimicrobial
resistance profile of S. aureus and CoNS strains isolated
from milk samples from cows with bovine mastitis in the
municipality of Alténia, northwest region of Parana state,
Brazil.

The prevalence of bovine mastitis was also assessed
and revealed that 21.80% animals examined had
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Table 1. Antimicrobial resistance profile of all isolates obtained from mastitis cases

studied.

Resistance profile

Antimicrobials Sensitive Intermediate Resistant
% n % n % n
Penicillin 32.65 16 0.00 0 67.35 33
Ampicillin 34.70 17 2.05 1 63.25 31
Oxacilin 75.50 37 2.05 1 2245 11
Streptomycin 91.85 45 0.00 0 8.15 4
Gentamicin 87.75 43 4.10 2 8.15 4
Cephalothin 79.60 39 0.00 0 20.40 10
Ceftiofur 77.55 38 0.00 0 2245 11
Tetracycline 40.80 20 8.15 4 51.05 25
Enrofloxacin 93.85 46 2.05 1 4.10 2
Erythromycin 73.45 36 14.30 7 12.25 6
Clindamycin 73.45 36 4.10 2 2245 11
Sulfa 65.30 32 6.10 3 28.60 14
Average 68.90% 3.55% 27.55%

Table 2. Antimicrobial resistance profile of CONS and coagulase-positive/VP-negative Staphylococcus spp. obtained from mastitis cases

studied.
Staphylococcus spp. negative coagulase Staphylococcus spp. PC/NVP

Antibiotic Sensitive Intermediate Resistant Sensitive Intermediate Resistant

% n % n % n % n % n % n
Penicillin 42.85 6 0.00 0 57.15 8 3350 1 0.00 0 66.50 2
Ampicillin 64.30 9 0.00 0 35.70 5 3350 1 0.00 0 66.50 2
Oxacilin 64.30 9 0.00 0 3570 5 100 3 0.00 0 000 O
Streptomycin  92.85 13 0.00 0 715 1 100 3 0.00 0 000 O
Gentamycin 78.55 11 7.15 1 1430 2 100 3 0.00 0 000 O
Cephalothin 78.55 11 14.30 2 715 1 100 3 0.00 0 000 O
Ceftiofur 85.70 12 7.15 1 715 1 100 3 0.00 0 000 O
Tetracycline  35.70 5 7.15 1 57.15 8 66.50 2 33.50 1 000 O
Enrofloxacin  85.70 12 7.15 1 715 1 100 3 0.00 0 0.00 O
Erythromycin  64.30 9 14.30 2 21.40 3 100 3 0.00 0 000 O
Clindamycin  64.30 9 0.00 0 35.70 5 100 3 0.00 0 000 O
Sulfa 57.15 8 7.15 1 35.70 5 66.50 2 33.50 1 000 O

infection in their udders. This finding closely agrees with
those found by other authors worldwide. (Salih et al.,
2011; Tolosa et al., 2009 Piepers et al., 2007; Mello et
al., 2012; Oliveira et al., 2009, 2011). Among the isolates
analyzed in this study, S. aureus, CoNS, S. dysgalactiae
and coagulase-positive/\VP-negative Staphylococcus spp.
were the most frequent, corroborating with the results
found in other studies (Zanette et al., 2010; Ferreira et
al., 2007 and Piepers et al., 2007; Silva et al., 2014).

The presence of mastitis in dairy cows requires the use
of antibiotics to treat the animals. However, the inappro-
priate use of these drugs over the years allowed the

emergence of multi-drug resistant bacteria (Silveira-Filho
et al., 2014; Gaze et al.,, 2008; Thomson et al., 2008;
Krause and Hendrick, 2011). This study showed that
27.55% of isolates were antibiotic-resistant among the S.
aureus, CoONS, S. dysgalactiae and coagulase-
positive/VP-negative Staphylococcus spp. isolated from
bovine mastitis. Similar results were also found in
different regions of the world (Szweda et al., 2014; Giller
et al., 2005, Sawant et al., 2009).

The highest resistance rates were detected for the B-
lactam antibiotics penicillin (67.35%) and ampicillin
(63.25%). These results were expected because these
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Table 3. Antimicrobial resistance profile of Staphylococcus aureus and Streptococcus dysgalactiae obtained from mastitis cases

studied.
Staphylococcus. aureus Streptococcus dysgalactiae
Antibiotic Sensitive Intermediate Resistant Sensitive Intermediate Resistant
% n % n % n % n % n % n
Penicillin 2410 7 0.00 0 75.90 22 0.00 O 66.50 2 3350 1
Ampicillin 38.00 11 0.00 0 62.00 18 3350 1 66.50 2 000 O
Oxacilin 79.30 23 3.45 1 1725 5 000 O 100 3 0.00 O
Streptomycin  89.65 26 0.00 0 1035 3 000 O 100 3 000 O
Gentamycin 89.65 26 3.45 1 6.90 2 000 O 100 3 000 O
Cephalothin 89.65 26 3.45 1 6.90 2 000 O 100 3 0.00 O
Ceftiofur 96.55 28 0.00 0 3.45 1 000 O 66.50 2 3350 1
Tetracycline  41.35 12 3.45 1 55.20 16 3333 1 33.33 1 3333 1
Enrofloxacin  96.55 28 0.00 0 3.45 1 000 O 100 3 000 O
Erythromycin  72.40 21 17.25 5 1035 3 000 O 100 3 000 O
Clindamycin ~ 79.30 23 3.45 1 1725 5 3333 1 33.33 1 3333 1
Sulfa 7240 21 3.45 1 2415 7 33.33 1 33.33 1 3333 1
Table 4. Antimicrobial resistance profile of MDR S. aureus and CoNS isolated in this study.
Strain Type PEN AMP OXA SXT GEN CEFA CTF TET ENO ERI CLI SUT
1 CoNS R R R S I R R R | R R R
6 CoNS R R R S S R R R S | R R
40 CoNS R R R R R R R R R R R R
48 CoNS R R R S S S S R S | R |
78B CoNS R R R S R R R R S R R R
4 S. aureus R R R R S R R R S | R R
7 S. aureus R R R R S R R R S S S S
9B S. aureus R R | S S S S R S S R R
19 S. aureus R R R S | R R R S S S S
24 S. aureus R R S S S S S R S R S R
44 S. aureus R R R S R R R R S R R R
63 S. aureus R R R R R R R R R R R R
Resistance (%) 100 100 83.30 33.30 33.30 75.00 75.00 100 16.65 50.00 75.00 75.00

PEN - Penicillin; AMP - Ampicillin; OXA - oxacilin; SXT - streptomycin; GEN - gentamicin; CEFA - cephalothin; CTF -ceftiofur; TET -
tetracycline; ENO - enrofloxacin; ERI - erythromycin; CLI - clindamycin; SUT - trimethoprim-sulfamethoxazole

two antibiotics are widely used in mastitis treatment
(McDougall et al., 2008; Guimaraes et al., 2012; Gliller et
al., 2005). According to Vintov et al. (2003), the resistance
to penicillin and other beta-lactams in bovines may vary
from 10 to 70% depending on the region studied. Another
antibiotic with high resistance rate was tetracycline with
55.05%. Similar results were found in Brazil, Guimaraes
et al. (2012) showed a resistance rate of 33.3% among
Gram-positive strains isolated from bovines.

The most effective antibiotics were enrofloxacin,
streptomycin and gentamicin. This high sensitivity was
also demonstrated in other studies (Kaszanyitzky et al.,
2004; Byarugaba, 2004). Despite these data, Freitas et
al. (2005) reported high resistance level to gentamicin in

CoNS isolated in regions where this antibiotic was used.
These diverging results may occur due to farming
conditions, handling and drug therapy programs to which
animals are subjected.

According to Magiorakos et al. (2012), bacteria that
exhibit resistance to three or more classes of antibiotics
can be classified as multidrug-resistant (MDR) strains. In
this study, it was possible to detect S. aureus (7 isolates)
and CoNS (5 isolates) with these characteristics. Among
these, 10 isolates showed resistance to oxacilin. It is
important to emphasize that all oxacilin-resistant isolates
were also resistant to other beta-lactams tested. According
to Livermore et al. (2001), this resistance profile indicates
the presence of methicillin-resistant S. aureus (MRSA) and
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methicillin-resistant
(MRCOoNS).

The prevalence of MRSA and MRCoONS (20.40%) in
this study was higher than those found in other studies.
Vanderhaeghen et al. (2010) detected methicillin-resistant
staphylococci (MRS) in 9.3% of clinical and subclinical
mastitis cases in Belgian cows. Variations in findings may
be attributable to different sample sizes and study
locations.

The presence of MRSA and MRCoNS can complicate
mastitis treatment because the resistance mechanism of
these bacteria confers resistance to almost all types of 8-
lactam antibiotics available (Sawant et al., 2009). In addi-
tion to this, infections by MRS require rapid and accurate
diagnosis for elimination at an early stage, because these
strains can cause severe damage to infected sites and
may be widespread in the environment (Lee et al., 2001,
2004). In most routine microbiological settings, the detec-
tion of methicillin resistance among staphylococcal isolates
is based on phenotypic assays such as the disk diffusion
test and MIC determination (Moon et al., 2007). Despite
these data, the presence of MRS strains in this study
need to be considered with caution, as molecular tests for
mecA gene was not performed.

In addition to these data, presence of MRS strains
among dairy cattle may represent a risk to human health
due to risk of consuming contaminated food, mainly raw
milk (Lee, 2003; Olivier et al., 2009).

coagulase-negative  staphylococci

Conclusion

The prevalence of MDR isolates causing mastitis was of
concern. Hence, the determination of antimicrobial resis-
tance profile is essential to control mastitis in dairy cows.
The use of antibiogram may help to reduce the disse-
mination of MDR strains, since the choice of antibiotics
will not be based on empirical therapy. More epide-
miological and molecular studies are necessary to deter-
mine the current role of MDR strains in mastitis. These
studies may help in the development of control programs
to prevent the spread of these microorganisms in the
environment.
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Sorghum beer is a significant diet component of millions of poor rural communities in sub-Saharan
Africa. In this study, we identified and biochemically characterized yeast strains isolated from otche, a
traditional starter used in fermentation of chakpalo, an opaque sorghum beer in Benin. 12 samples of
otché were collected from 12 different commercial processing sites. The mean values of pH, titratable
acidity, dry matter content and refractive index of the starters analyzed were 3.37, 0.17 (% as lactic acid),
7.15 and 7.0%, respectively. The mean yeast count per sample was 8.72 log cfu/ml. Based on phenotypical
and biochemical characterization (carbon and nitrogen assimilation) profile, 50 yeast strains were
identified and found to belong to five genera and ten species. Saccharomyces cerevisiae was found to
be the most predominant yeasts species of otche.

Key words: Sorghum, beer, chakpalo, otche, yeast, Saccharomyces cerevisiae.

INTRODUCTION

Opaque beers are mostly prepared from Guinea corn beverage plays a significant role in the diet of millions of
(Sorghum bicolor) and sometimes from other cereals the consumers (Kuhle et al., 2001; Jespersen, 2003). The
such as millet and maize (generally used as adjunct or nutritional attributes of several commercial sorghum beers
substitutes) (Kayode et al., 2005). Opaque beers are have been reported to contain significant amount of protein,
popular alcoholic beverage in the northern Guinea ash, carbohydrate, iron (Fe) and zinc (Zn) (Novellie and De
Savannah region of West Africa. They are known as Schaepdrijver, 1986). This justifies a renewed interest for
tchoukoutou and chakpalo in Benin, dolo in Burkina- the beverage by the community. It is generally viewed as
Faso, pito in Ghana and burukutu or otika in Nigeria a significant source of dietary nutrients, considering the
(Kayodé et al., 2005; Odunfa, 1985). Largely consumed large quantity of daily consumption by the people (Briggs
by the poorest rural community in these regions, the et al., 2004).
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Figure 1. Frequency distribution of yeast species involved in otché.

In Benin, the beverage is produced by women through
a three-phases based process: malting, mashing and fer-
mentation (Pattison et al., 1998; Kayode et al., 2012). The
fermentation step is the most important step of the process.
The fermentation aspect of the process has several bene-
ficial effects, which include reduced loss of raw materials,
improvement of protein quality and carbohydrate digesti-
bility, improved bioavailability of micronutrients and elimi-
nation of toxic and anti-nutritional factors such as cyano-
genic glycosides (Sanni and Lonner, 1993; Iwuoha and
Eke, 1996; Padmaja, 1995; Sindhu and Khetarpaul, 2001).
The success of the fermentation depends, among other
factors, on the quality of the fermentation starter. Tradi-
tional starters of African opaque beers have been reported
to contain mainly yeasts and lactic acid bacteria (Van der
Aa Kihle et al., 2001; Demuyakor and Ohta, 1991; Sefa-
Deheh et al., 1999; Sanni and Lénner, 1993). In addition,
the yeast strains have been reported to be involved in
several different types of beverage processes (Zulu et al.,
1997; Torner et al., 1992; Gadaga et al., 1999). To date,
no study on “otché&”, the traditional starter of chakpalo,
has been carried out. Therefore, it is necessary to assess
physicochemical, biochemical and microbial characteristics
of this traditional starter.

In order to establish the microbial diversity population
of otche, we carried out in this study a detail microbial
screening of different geographically collected otché from
Benin and further determined their physicochemical pro-
perties, fermentation ability and carbon assimilation
sources.

MATERIALS AND METHODS
Sample collection

Twelve samples of otche were collected from twelve commercial
processing sites in the center regions of Benin (Figure 1). The
processors (beverage processing personnel; one per site) were
selected based on their well-established brewing traditional skills.

The samples were collected and kept in sterile screw-capped bottles,
packed in insulated iceboxes, transported to the laboratory and
immediately screened for microbial diversity population (Hounhouigan
etal., 1993).

Physicochemical property analysis of oché

In order to characterize the physicochemical properties of the
starter, we first determined the dried matter of the samples using
the AACC method (AACC, 1984). The pH was determined using a
digital pH meter (HI 8418; Hannainstruments, Limena, Italy) calibrated
with buffers at pH 4.0 and 7.0 (WTW, Weilheim, Germany). The
acidity titration, expressed as lactic acid, was carried out using the
method described by Nout et al. (1989). The refractive index was
measured using a refractometer (Sopelem 9596, France).

Determination of yeast population density

To quantitatively determine the microbial community, duplicate
samples of “otché” (10 ml) were diluted in 90 ml sterile peptone
physiological saline solution (5 g peptone, 8.5 g NaCl and 1000 ml
distilled water, pH = 7.0) and homogenized with a Stomacher lab-
blender (type 400, London, UK). Decimal dilutions were plated as
described previously (Hounhouigan et al., 1993). Total counts of
yeast population were determined as described previously
(Hounhouigan et al., 1993).

Identification of yeast strains

The identification of microbial (yeast) strains was performed
according to the current guidelines (Yarrow, 1998; Kurtzman et al.,
2011). The isolates from twelve representative collection sites were
purified using successive sub-culturing method on oxytetracycline
glucose yeast agar (OGYA, CMO0545, Basingstoke Hampshire,
England), where oxytetracycline was used as selection marker.
Additionally, microscopic observation was carried out to ascertain
the identification of microbial strains. The isolates were then tested
for fermentation ability on sucrose, lactose, glucose and raffinose.
They were also tested for nitrogen assimilation properties on
selected nitrogen sources such as nitrate, ethylamine, L-lysine,
cadaverine and creatine. The assimilation of carbon sources was
performed using API 20 C AUX strips (BioMérieux, Lyon, France)
according to the manufacturer’s instructions. The Diazonium Blue B
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Table 1. Physico-chemical characteristics and yeasts content of the starter of chakpalo.

Samples origin pH Titratable acidity (% lact. acid) Dry matter (%) Refractive index Yeasts (log cfu/g)
Banté (n=3) 3.58+ 0.08b° 0.07 £ 0.02a 9.68 £ 0.76b 11+1b 8.76 £ 1.1a
Dassa (n=3) 3.32x0.14a 0.12 £0.02a 5.34 £ 0.99a 5+ 0a 9.41 £0.48a
Glazoué (n=3) 3.34+0.18a 0.09 £0.03a 9.48 £ 1.77b 5+1a 9.21 £0.07a
Save (n = 3) 3.24£0.15a 0.41 £0.35b 4.08 + 0.68a 5+0a 7.51 £0.06b
Mean 3.37+0.18 0,17 £ 0,22 7.15+2.74 73 8.72+ 0.92
ACV (%) 4.4 92.6 40.0 46.2 9.8

dCoefficient of variation.*Values with the same letter in the same column are not significantly different ( P < 0.05).

(DBB) reaction, a test to differentiate between ascomycetous and
basidiomycetous yeasts, was performed as described by Kurtzman
et al. (2011).

Statistical data analysis

For statistical data analysis, mean values and standard deviation
are reported. The data were analyzed using the SPSS 11.0
statistical program. The on-line available software
(http:www.cbs.knaw.nl) of Central bureau voor Schimmelcutures,
Utrecht, the Netherlands was used for identification of yeasts.

RESULTS
Properties of otché and number of yeast

Table 1 shows physico-chemical characteristics of a num-
ber of yeasts found in otché collected from different sam-
pling sites. The mean pH value of the samples analyzed
was 3.37 + 0.18. Data analysis showed that there is no
significant difference between samples from Dassa,
Glazoué and Save. Samples collected from Banté had
the highest (p<0.05) pH value. The average titratable
acidity value of otche was 0.17 (% as lactic acid). The
acidity of otché collected from Save was significantly
(p<0.05) higher than those of the samples collected from
the other sites. The average dry matter of the traditional
starter used for the fermentation of chakpalo was 7.15%.
The average refractive index was 7.0 (Table 1). The lowest
values of the refractive index were obtained from
samples collected from Dassa, Glazoué and Save, while
the highest was from samples collected from Bante.

The mean yeast count per traditional starter was 8.72
logse cfu/ml. There was no significant (p>0.05) difference
between the yeast content of otché from Dassa, Bante
and Glazoué (Table 1). But the yeast content of otche
from Saveé is significantly (p<0.05) lower than those from
other sites.

Phenotypic characteristics of yeast isolates

All the 50 yeast strains were subjected to microscopic
observation to further confirm the microbial identity before
carrying out the fermentation and assimilation tests.

According to Table 2, only a few isolates could ferment
lactose (4%) and raffinose (28%) whereas the majority of
the strains fermented glucose (98%) and sucrose (88%).
Most of the isolates assimilated ethylamine (82%), nitrate
(80%), creatine (80%), L-Lysine (76%), cadaverine
(66%). The Diazonium Blue B test revealed that 10% of
the isolates were basidiomycetous, whereas 90% were
ascomycetous (Table 2). On the basis of their
fermentation profile and their nitrogen assimilation
pattern, the yeast strains were grouped into 25 distinct
clusters based on their biochemical characteristics. 32%
of the yeast strains were in the first cluster, 6% were in
the second cluster, while the remaining strains were
diversely grouped into the 23 other clusters as shown in
Table 2.

Assimilation of carbon compounds by the yeast
isolates

Based on the carbon utilization, thirty three assimilation
profiles were distinguished. All yeasts assimilated
glucose (100%), the majority of strains assimilated
galactose (94%), saccharose (90%) and maltose (88%).
A relative majority of the strains assimilated D-raffinose
(68%) and palatinose (54%). Fourty eight percent
assimilated D-trehalose and N-aceltyl-glucopyranoside,
44% assimilated L-arabinose and potassium 2-
cétogluconate, 40% assimilated Cycloheximide
(Actidione), Lactic Acid and D-mannitol; 38% assimilated
Methyl-aD-glucopyranoside D-Xylose and D-ribose; 36%
assimilated D-Melesitose; 34% assimilated Glycerol, 32%
assimilated D-cellobiose and 28% assimilated D-sorbose.
A relatively small number of yeasts assimilated L-sorbose
(18%), Glucosamine (18%), D-Melibiose (12%) and
Rhamnose (12%). None of the yeasts tested assimilated
levulinic acid, potassium gluconate, sodium glucuronate,
erythriotol, inositol and D-lactose (Table 3).

Identification of yeasts isolates
The yeast strains identified were found to belong to five

genera and ten species of yeasts (Figure 1). These were:
Saccharomyces cerevisiae (54%), Candida pseudorhagii
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Assimilation of nitrogen

Cluster Microbial isolates number Felrmentanon ability source ?55?
Glu~ Lac Suc Raf Nit Eth Lys Cad Citr

| 2,4,6,8, 11, 14,315?,3?,4%9, 30, 32, 33, 34, i . i . . . . . B
Il 41, 44, 47 + - + + + + + + + _
1] 9, 37 + - + - - - - - + ;
v 10, 31 + o+ -+ + + + ]
\ 13,39 + - + + + + + + + +
\4 15, 17 + - + + + + + - + .
Vi 16, 21 + - - - + + + + + -
Vil 18, 20 + - + -+ 4 ; ] ] ]
IX 22,27 + ; + S+ 4 + ) + .
X 38, 40 + - + - + + - - + -
Xl 1 + - - - + + + - + -
Il 3 + - + - ; - . + + ]
X 5 + - + - - - - - - -
XV 7 + - + - - - + + + -
XV 12 + - - + + + + + + +
XVI 23 + - + + + - + + - -
XVII 25 + - + + - + + - + -
XVII 26 - - + + - + + + - -
XIX 28 + - + - - + . . + .
XX 42 + - + + + + - + - +
XXI 43 + - + + - - - - - +
XXl 45 + - - - + + + + + -
XX 46 + - + + + + - - -

XXIV 49 + - + - + - - + - -
XXV 50 + - - - - - - - - -
(F(;Oe)q”ency 98 4 8 28 8 8 76 66 8 10

'Glu = glucose, Lac = lactose, Suc = Sucrose, Raf = rafinose, Nit = nitrate, Eth = ethylamine, Lys = L-lysine, Cad = cadaverine, Crt = creatine DBB =
diazonium Blue B. (+) Fermented or assimilated; (-) did not ferment or did not assimilate. Frequency (%): represents the ratio of isolates that were able
to ferment each sugar or to assimilate nitrogen source or DBB. How it is calculated: for each sugar or nitrogen source or DBB, the number of + was

divided by the total number of isolates (50).

(18%), Candida ubatubensis (6%), Candida bentonensis
(4%), Saccharomyces bayanus (4 %), Pseudohydnum
gelatinosum (4%), Sporobolomyces odoratus (4%),
Candida heliconiae (2%), Candida bombi (2%) and
Zygosacharomyces rouxii (2%). Saccharomyces cerevisiae
was found to be the dominant yeast species in the
traditional starter otche.

DISCUSSION

The highest mean values of pH and refractive index were
noticed in samples collected from Banté. In the same
way, the titratable acidity of otche collected from Save
was significantly (p<0.05) higher than that of the samples
collected from the other sites. Also, dry matter value

varies from a site to another one. As observed in other
studies (Demuyakor and Ohta, 1991; Owuama, 1999),
traditional starters can easily be distinguished by their
specific physicochemical such as pH, dry matter,
titratable acidity and refractive index.

The yeast concentration of otché was relatively lower
than that reported in tchoukoutou, an opaque sorghum
beer of Benin (Kayodé et al., 2011). Distribution frequen-
cies of microbial species vary according to the localities
and ingredients used for the production of African beers
(Faparusi et al., 1973; Nout, 1980; Odunfa, 1985;
Demuyakor and Ohta, 1991; Sanni and Loénner, 1993;
Sefa-Dedeh et al., 1999).

Fermentation and assimilation tests showed that the
majority of yeasts assimilated glucose and sucrose
whereas only a few strains could ferment lactose and
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Table 3. Assimilation profiles of yeasts isolated from Chakpalo.
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a* b c¢c d e f g h | | k | mn o p q S t u W X y z za zb zc zd ze zf zg Total (%)

*GAL + + + + + 4+ o+ o+ o+ - - + + + - + + + + + + + + + + + + 94
ACT + - -+ - - - - - - - - - - - - - - - - - - - + + - + - - + + - 40
SAC + + + + - -+ + o+ 4+ o+ + 4+ + - + + - + - + + + + + + + + + + + + + 90
NAG + - -+ - - - - + + o+ - - - - + + - - - - - + + - - - - - - - + + 48
LAT + - - - - - - - + + o+ - - - - + - - - - + - + + + - + + + - - - + 40
ARA + - -+ - - - - + + o+ - - - - - + - - - - + + + - - - - + + - + 44
CEL + - -+ - - - - + - - - - - - - - - - - - - + + - - - - - - - - + 32
RAF + - + + - - 4+ - + + + - 4+ - - + - - + - + + + + + + + + + + + + + 68
MAL + + + + + + + - + 4+ - -+ o+ 4 + - - + - + + + + + + + + + + + + + 88
TRE + - -+ - -+ - + + o+ - - - - - - - - - + + + + + - - - - + - + + 48
2KG + - + - - - - + 4+ + - - - + - - - - - - + + + + - + + 44
MDG + - N L - + 4+ - - - - - - - - - - - + + - - + - - + - - + 38
MAN + - -+ - - - - + - - - - - - - - + - - - - + + + - - - - + - + + 40
LAC - - - - = - - - - - - - - - - - - - - - - - - - - - - - - - - - 0
INO - - - - = - - - - - - - - - - - - - - - - - - - - - - - - - - - 0
SOR + - -+ - - - - - - - - - - - - - - - - - - + - - - - + - - - - - 28
XYL + - -+ -+ - - + - - - - - - - - - - - - - + + + - - - - - + - + 38
RIB + - -+ -+ - - + - - - - - - - - - - - - + + + + - - - - - - - + 38
GLY + - -+ - - - - + - - - - - - - - - - - - - + + + - - - - - - - + 34
RHA - - - - - - - + - - - - - - - - - - - - - + + + - + - - - - - + 12
PLE + - + + - - -+ - 4+ o+ - -+ 4 - - - - - + - + + + + + - - + - - + 54
ERY - - S - - - - - - - - - - - - - - - - - - - - - - - - - 0
MEL - - - - - - - - - - - - - - - + - + - - - - + + - - + - - - + 12
GRT - - S - - - - - - - - - - - - - - - - - - - - - - - - - - 0
MLZ + - - - - - - - + + + + - - - - - - - - - - + + + - + - - + - - + 36
GNT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0
LVT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0
GLU + + + + + + + + + 4+ o+ + + + o+ + + + + + + + + + + + + + + + + + + 100
SBE + - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - 18
GLN + - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - 18
ESC + e - e oo e - - - - - - - -+ - - - - -+ - - + 24
Nbofisolates 16 14 4 8 2 2 2 2 2 2 2222 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

()

a*=2,6,11, 14, 29, 18, 20, 30; b = 32,34,35, 36, 31, 43, 42; c = 38,

ammonium.

40;d =16,21,15,17; e

3, f=33;9=49;h=12;i=37;j=10;k=5; 1=41,m=47,n=48,0=46;p=44;9=1,r=45;s=50;t =
22;u=24;,v=13;,w=25;x=27;y=4;2=9; za=23;zb = 39; zc = 7; zd = 8; ze = 28; zf = 26; zg = 19; GAL = D- Galactose, ACT = Cycloheximide (Actidione), SAC = D- Saccharose, NAG = N- Acety-
Glocusamine, LAT = Lactic Acid, ARA = L-arabinose, CEL = D-cellobiose, RAF = D-raffinose, MAL = D-maltose, TRE = D-trehalose, 2KG = Potassium 2-cétogluconate, MDG = Methyl-aD-
glucopyranoside, MAN = D-mannitol, LAC = D-lactose, INO = Inositol, SOR = D-sorbose, XYL= D-Xylose, RIB = D-ribose, GLY= Glycerol, RHA = Rhamnose, PLE = Palatinose, ERY = Erythritol, MEL =
D-Melibiose, GRT = Sodium glucuronate, MLZ = D-Melesitose, GNT = Potassium Gluconate, LVT = Acide levuliniqgue, GLU = D-Glucose, SBE = L-sorbose, GLN= Glucosamine, ESC = Sulfate of



raffinose. These results were quite different from previous
data by Sanni and Loénner (1993) on 49 yeasts isolates
from Nigerian traditional beers known as burukutu, pito,
sekete, agadagidi and palm win. The authors reported
that yeasts isolated from these beers fermented glucose
(77.55%), galactose (46.94%), maltose (40.82%), sucrose
(44.89%) and melibiose (4.08%), but none of them
fermented lactose. In this study, S. cerevisiae appeared
to be the most predominant microbial strain in otché, the
starter used for the fermentation of Chakpalo, the Benin-
opaque sorghum beer. This microbial identification data
is in agreement with our previously reported findings of
the prevalence of S. cerevisiae in tchoukoutou, another
sorghum beer from Benin (Kayode et al., 2011, Greppi et
al., 2013). Similarly, Konlani et al. (1996) reported a pre-
valence of 55-90% of S. cerevisiae in opaque sorghum
beer from Togo and Burkina-Faso. Glover et al. (2005)
also identified 72% of 247 isolates as S. cerevisiae based
on their assimilation profiles. This comparative data indi-
cates that the prevalence of S. cerevisiae in the starter is
lower than in the beer itself. According to Vaughan-Martini
and Martini (1998), an isolate is characterized as S.
cerevisiae if such microbial strain could assimilate glucose,
sucrose, maltose, trehalose, raffinose and ethanol. In our
study, it has been noticed that many isolates could not
assimilate all these sugars. However, we were able to
characterize our isolated strains as S. cereviciae strains
on the basis of additional biochemical characterization.
Van der Aa Kihle et al. (2001) and Demuyakor and Ohta
(1991) also identified many isolates from Ghanaian and
Burkina-Faso sorghum beers as S. cerevisiae, even
though these microorganisms had a very different carbon
assimilation profile from the taxonomical key proposed by
Vaughan-Martini and Martini (1998). Our results are in
agreement with these findings.

Conclusion

This study suggests that S. cerevisiae is the predominant
microbial species in the traditional starter used for the
fermentation of chakpalo. Moreover, we suggest a more
robust microbial identification approach based on genome
fingerprinting techniques for the characterization of tradi-
tional starters used in the fermentation of opaque sorghum
beers in Africa. The current study highlights the acidity
profile, dry matter of otché, a traditional starter for the
fermentation of Chakpalo, the Benin-opaque sorghum beer.
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Dry bubble disease induced by Verticillium fungicola has been observed as an important disease of white
button mushroom (Agaricus bisporus) in India. The symptoms produced on differentiated fruit body are
localized light brown depressed spots. The adjacent spots coalesce together and form irregular
blotches. If the pathogen infection is established before differentiation, sclerodermoid fruiting bodies
appear on casing surface. Five plant extracts tested by poisoned food technique inhibited the growth of
both host and pathogen. But their cumulative effect was found to improve the mushroom yield.
Azadirachta indica (Neem) effectively controlled the pathogen and increased the yield of white button
mushroom by 16.52% compared to control.

Key words: Agaricus bisporus, Verticillium fungicola, dry bubble, wheat straw compost, compost, long method
of composting, short method of composting, Azadirachta indica, Parthenium parthefolium.

INTRODUCTION

Agaricus bisporus (white button mushroom) is the most world production of mushroom (Flegg, 1992). In India,
widely accepted food among the consumers. It is culti- white button mushroom is being cultivated in majority of
vated all around the world contributing nearly 40% of total the states under both seasonal and controlled conditions.
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Its annual production capacity is approximately 42,500 tons
(Dandge, 2012). Haryana has become one of the leading
states in white button mushroom production with 5312
tons/annum (Tiwari, 2004). Mushroom production is adver-
sely affected by many biotic and abiotic factors. Among the
several biotic factors associated with yield reduc-tion, fungal
diseases significantly affect the mush-room production.

The most common fungal diseases of white button
mushroom are cobweb, dry/wet bubble, false truffle and
green mould (Sharma, 1995). Out of these diseases, dry
bubble caused by Verticillium fungicola is prevalent in all
mushroom growing areas and has 25-50% incidence
(Sharma, 1995). Dry bubble disease of white button mush-
room causing brown spots was reported for the first time
by Malthouse (1901). He found a species of Verticillium
associated with the disease. Two types of symptoms
were observed. Initially fungal growth appeared on the
casing soil which later spread and turned grayish yellow.
After that light brown superficial spots appeared on the
caps which finally coalesced to become large brown
blotches. This disease is transmitted by contaminated
casing soil (Kumar et al. 2014), growers and splash of
water (Fekete, 1967; Cross and Jacobs, 1969). Mushrooms
infected by V. fungicola shows typical thickening of stem,
resulting in onion shaped fruiting bodies. However, the
symptoms vary for the stage of development at which the
infection takes place. When mushrooms are infected at
an early stage, symptoms appear as small undifferen-
tiated masses of tissue up to 2 cm diameter. Fruiting
bodies are not properly formed and caps are partially
differentiated. When infected at a later stage, the stipes
are distorted and have tilted caps. Infected mushroom
show the presence of grey white mycelial growth and
become discoloured and dry but do not rot. They show
small pimple like outgrowth or brown grey spots (1-2 cm
diameter) on the surface. Such spots often have a yellow
or bluish grey halo around them.

In Haryana, the white button mushroom is being culti-
vated on compost prepared by long method in low cost
mushroom houses under seasonal conditions. These
factors coupled with poor sanitation and persis-tence of
V. fungicola in soil set a serious threat to the future of
mushroom cultivation in Haryana.

MATERIALS AND METHODS

Effect of different plant extracts against V. fungicola and
Agaricus bisporus in vitro

Fresh 100 g of neem (Azadirachta indica), congress grass
(Parthenium parthenifolium), water hycinth (Eichchornia crassipes),
patak rai (Clerodendron enerni), and amerbel (Cuscuta cernua),
were homogenized in an electric blender with 100 ml of distilled
sterilized water. The homogenate after passing through double
layer of muslin cloth was centrifuged at 1000 rpm for 10 min at
room temperature. The supernatant was sterilized by mili- pore
membrane filter (0.22 ym), and it was considered as 100% aqueous
extract of the botanical origin. Further, it was diluted to 50% with
distilled sterilized water. Two mililiters of each concentration of each
plant extracts were added to 20 ml of sterilized potato dextrose

agar medium in Petri-plate. Mycelial agar disc of 5 mm diameter V.
fungicola were placed in each Petri-plate and incubated at 20+1°C
for 14 days. The medium without any plant extract served as
control.

Observation

Observations were recorded for radial growth of pathogen.

Percent Inhibition = X 100

C = Diameter of colony in the control; T=Diameter of the colony in
the treatment.

Effect of different plants on the development of dry bubble
disease in vivo

Dried leaves of six plants viz., leaves of neem (Azadirachta indica),
congress grass (Parthenium parthenifolium), water hycinth
(Eichchornia crassipes), patak rai (Clerodendron enerni), and
amerbel (Cuscuta cernua) (Table 1) were mixed individually with
compost material on 16" day of composting. Later on, at the end of
composting, it was artificially inoculated with V. fungicola and
spawned with (M-140) white button mushroom and the yield was
compared with the control (inoculated with pathogen without
botanicals). The four replications of each treatment were kept. Ratio
was 0.1% of plant material used to compost substrate.

RESULTS AND DISCUSSION

Effect of different plant extracts on V. fungicola

Many scientists have advocated the use of ecofriendly
biopesticides for management of various plant patho-
gens. The use of plant extracts against mushroom patho-
gens have not been exploited much. Control of
pathogens provided by chemicals is the most effective
(Jatav et al. 2014), but residual toxicity in mushroom and
fungicidal resistance are of great concern. In the present
study (Table 2), five plants extracts used inhibited the
growth of V. fungicola from 0-19.40% at tested concen-
tration. At 50% concentration neem leaf extracts exhi-
bited maximum inhibition (19.40%) and Clerodendron
enermi (Patak rai) did not show inhibition at all. Antifungal
properties of Neem against moulds of mushroom have
been reported by Grewal and Grewal (1988). Sharma
and Jandaik (1994) also observed that Azadirachta
indica, Eucalyptus, Tegetus erectus and garlic extract
inhibited the growth of various weed fungi of A. bisporus.
Bhalla (1998), Gea et al. (2011) and Szumigaj et al.
(2012) tried neem, onion, garlic and eucalyptus extracts
at 25, 50 and 100% concentration against V. fungicola
and found neem giving 28.0% inhibition followed by
onion, garlic and eucalyptus, respectively.

Effect of different plant extracts on Agaricus bisporus
in vitro

All the five plant extracts tried in vitro against V. fungicola
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Table 1. Botanicals used test their efficacy against V. fungicola.

Name of the plant

Botanical name

Plant part used

Neem Azadirachta indica Leaves
Congress grass Parthenium parthenifolium Leaves
Water hyacinth Eichchornia crassipes Leaves
Patak rai Clerodendron ener Leaves
Amar bel Cuscuta cernua No Leaves

Table 2. Effect of different plant extracts on mycelial growth of Verticillium fungicola in vitro.

Concentration (%)

Plant extract

Colony diameter (mm)

Per cent growth inhibition

25 50 25 50
Azadirachta indica 80.91 72.54 10.10 19.40
Parthenium parthenifolium 85.41 80.66 5.10 10.34
Cuscuta cernua 87.84 85.41 2.40 511
Eichchornia crassipes 89.10 88.20 1.00 2.00
Clerodendron enermi 90.00 90.00 0.00 0.00
Control 90.00 90.00 0.00 0.00
CD at 5% 0.45 1.65 1.13 2.64

Table 3. Effect of different plant extracts on mycelial growth of Agaricus bisporus in vitro.

Concentration (%)

Plant extract

Colony diameter (mm)

Per cent growth inhibition

25
Azadirachta indica 83.61
Parthenium parthenifolium 87.14
Cuscuta cernua 89.00
Eichchornia crassipes 90.00
Clerodendron enermi 90.00
Control 90.00
CD at 5% 1.83

50 25 50
76.14 7.10 15.40
84.24 3.17 6.40
88.74 111 1.40
90.00 0.00 0.00
90.00 0.00 0.00
90.00 0.00 0.00
1.26 1.88 2.25

were also screened against A. bisporus. All these had
toxic effect on A. bisporus corresponding to the V.
fungicola. Neem (Table 3) inhibited the growth of host
fungus by 15.40% followed by Parthenium parthenifolium
(6.40%), Cucuta spp (1.40%) and Clerodendron sp.(0.00
%) at 50% concentration. These results are in agreement
with those of Bhalla (1998) and Szumigaj et al. (2012)
who observed that the maximum inhibition was recorded
by Onion (31.2%) followed by neem (28.0 % ), garlic
(23.2%) and Eucalyptus (12.0 %) respectively at 100%
concentration.

Effect of different plants on yield of white button
mushroom in vivo

Five botanicals tried in vitro were also tested in in vivo

condition for the management of dry bubble disease of A.
bisporus. Plant extracts which were inhibitory to V.
fungicola and A. bisporus behave differently in in vivo
condition (Table 4) . All the plants improved the yield
significantly.Cuscuta spp., Eichchornia and Clerodendron
increased yield insignificantly. This indicated that plants
have no toxic effects on mushroom mycelia in compost in
field conditions that is perhaps because of selectivity of
compost. The present studies indicate that plant material
in general controlled the mushroom pathogen and can be
integrated with chemicals to achieve the best results.
Bhalla (1998) recorded similar results while investigating
management of dry bubble disease of A. bisporus. Singh
and Singh (2005), Gea et al. (2011) and Szumigaj et al.
(2012) also advocated the integrated use of chemicals
and botanicals.
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Table 4. Effect of different plant material on dry bubble disease of Agaricus bisporus in vivo.

Spawn run (days)

Pin head initiation/first

Yield (kg/100 kg compost)

Per cent increase in yield over

Plant material picking (days) control

9 2004-2005 2004-2005 2004-2005 2004-2005 -
(0.5%) 2005-2006 2005-2006 2005-2006 22%(())56
Azadirachta indica 14 13 21/26 20/24 5.99 5.40 16.52 14.81
Parthenium parthenifolium 16 15 24/28 22/26 5.44 5.00 10.00 8.00
Cuscuta cernua 18 17 26/30 23/27 5.12 4.70 2.34 2.12
Eichchornia crassipes 20 19 27/31 25/29 5.10 4.68 1.96 1.70
Clerodendron enermi 21 20 29/33 27131 5.02 4.61 0.39 0.21
Control 23 22 30/35 29/33 5.00 4.60
CD at 5% 0.27 0.23
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This study was undertaken to describe the comparative evaluation of phytochemical constituents and
antimicrobial activity of Artocarpus altilis leaves in three different solvents (ethanol, n-hexane and
water). Qualitative and quantitative phytochemical analysis carried out confirmed the presence of
alkaloids, tannins, flavonoids, steroids, reducing sugar, saponins, soluble carbohydrate, hydrogen
cyanide and glycoside in all the extracts. The antimicrobial activity was tested using two different
methods: Agar well diffusion method and agar dilution method against seven bacterial and three fungal
strains. The results showed that antibacterial and antifungal activities were more effective using the
agar dilution method with the ethanol extract having the highest inhibitory activity against the
microorganisms as compared to the other solvents used (n-hexane and water). At concentrations of 10,
9, 8, 7 and 6 mg/ml, ethanol extract showed total inhibitory activity against all the test microorganisms
used. N-hexane extract showed inhibitory activity against all the microorganisms up to a concentration
of 8 mg/ml, while the aqueous extract had no activity against the microorganisms at all the
concentrations tested (10 to 1 mg/ml). Under the agar diffusion method, the microorganisms were
tested at concentrations of 100, 50, 25, 12.5 and 6.25 mg/ml and the method showed very minimal
inhibition against all the microorganisms tested with only the ethanol extract showing a little degree of
inhibition with an MIC of 3.98 mg/ml against B. subtilis. The other solvents (n-hexane and water)
showed no activity against the test microorganisms at all the concentrations tested. Anti-nutrient
analysis revealed the presence of phytate, oxalate, tannin and cyanide in all the extracts.

Key words: Agar diffusion method, anti-nutrient, Artocarpus altilis leaves, phytochemical constituents.

INTRODUCTION

Over the years, emerging and re-emerging infections and microbials over time has been a major therapeutic problem
spread of deadly, drug-resistant strains of organisms andthe rate atwhich new antibiotics are now being produced
pose a challenge on the global public health for their is reducing (Russell, 2002). There is a continuous and
treatment. Bacterial resistance to antibiotics and anti- urgent need to discover new antimicrobial compounds
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with diverse chemical structure and novel mechanism of
activities for new and re-emerging infectious disease.
Therefore, researchers are increasingly looking for new
leads to develop better drug against microbial infections.
In recent years, secondary plant metabolites (phyto-
chemicals), previously with unknown pharmacological
activities, have been extensively investigated as a source
of medical agents (Krishnaraju et al., 2005). These natural
products can provide unique elements of molecular diver-
sity and biological functionality, which is indispensable for
novel drug discovery (Nisbet and Moore, 1997). Thus, it
is anticipated that phytochemicals with adequate anti-
bacterial efficacy can be used for the treatment of
bacterial infections and illness ranging from sore eyes to
sciatica. These plants have the capacity to produce a
large number of organic chemicals so called secondary
metabolites; which are divided into different categories
based on their mechanism of function like chemo-
therapeutic, bacteriostatic, bactericidal and antimicrobial
agent. The World Health Organization also has recog-
nized the importance of traditional medicine and has
been active in creating strategies, guidelines and stan-
dards for botanical medicines in the search for novel
antimicrobial agents in ensuring the safety of man and
also reducing losses of food products to microbial
spoilage. The widespread use of this plant species in
medicine and more recent empirical evidence suggest
validity in its value in traditional medicine and potential for
modern drug discovery (Mclintoch and Manchew, 1993).
Recent research in Indonesia has reported the patenting
of phytochemicals isolated from leaf tissue of breadfruit
trees for the prevention of stroke and cardiovascular
diseases (Sagita, 2009).

Breadfruit (Artocarpus altilis), is a large, round, starchy
fruit produced by a tree. It is a species of flowering tree in
the Mulberry family of about 50 general and over 1000
species and was introduced into Venezuela in 1789 as a
food for the slaves (Rincon, 2004). A. altilis is a long-
lived, tropical, evergreen tree and has been cultivated in
the Pacific Island for nearly three millennia. The
breadfruit is principally grown as a source of carbo-
hydrates and is an important component of agro-forestry
systems. Unlike herbaceous starch crops harvested for
their vegetative storage tissues, breadfruit is a tree grown
for its fruit. In addition to producing abundant, nutritious,
tasty fruits, this multipurpose tree provides medicine,
construction materials, insect repellent and animal feed
(Ragone, 2006). Over thousands of years of cultivation,
humans have selected hundreds of cultivars, many of
which are seedless and are vegetatively propagated.
Seedless cultivars have no seeds but rather contain tiny
aborted ovules (Deivanaz and Subhash, 2010). The loss
of fertility in breadfruit is due to triploidy (2n=3x=84)
(Ragone, 2001). The term ‘breadfruit’ is derived from the
Greek words artos (bread) and karpos (fruit). The fruit
when cooked or baked effuses a fragrance that is
reminiscent of fresh baked bread hence the name (Natural

Standard, 2013). It is a common plant in and around
town occasionally planted as an ornamental plant in parks
and gardens.

Breadfruit has long been a traditional starch crop
through Oceania (Melanesia, Micronesia and Polynesia).
The prominence of seedless cultivars increases as one
travels from New Guinea eastward through Melanesia
(where seeded cultivars are common) into Western Poly-
nesia (where few seeded and seedless cultivars are
prevalent) and into Eastern Polynesia (where virtually all
cultivars are seedless triploids with identical zymotypes).
The greatest diversity of seedless cultivars occurs in the
eastern Polynesian islands (Society Islands and
Marquesas) and Pohnpei and Chuuk in Micronesia
(Ragone, 1991). Breadfruit trees grow to a height of
about 85 ft (26 m) and bears fruits at seven years and
continues to produce for 30 to 40 years, it grows best
where annual rainfall is between 1,500 and 3,000 mm
(McCoy, 2010). The leaves are thick, large alternate,
coriaceous, ovate to oblong, up to 50 cm long, wide and
acuminate and are deeply cut into pinnate lobes. All parts
of the tree are rich in milky, gummy latex. The fruit is
seedless with the surface marked with polygonal faces
(Stuartxchange, 2012). The fruits are usually variable in
shape, size and surface texture. They are round, oval or
oblong ranging from 9 to 20 cm (3.6 — 8 in) wide and
more than 30 cm (12 in). The tough skin is composed of
five to seven-sided disks. The skin texture varies from
smoothly to slightly bumpy or spiny. The colour is light
green, yellowish-green or yellow when mature, although
one unusual variety has pinkish or orange-brown skin.
Research has shown that breadfruit (A. altilis) possess
antibacterial, anti-inflammatory, antidiabetic, antioxidant,
and immunomodulatory properties (Kumbhani, 2010).
The crop is considered a carbohydrate food source. It is
high in starch, and also in fair amounts of vitamin B and
C. Studies has also shown presence of anti-nutritional
factors such as oxalates, phytic acid, tannin, trypsin
indicator and haemagglutin (Oladunjoye et al., 2010).

Therefore, this research work is aimed at evaluating the
effects of the phytochemical and antimicrobial compo-
nents of the seedless breadfruit (A. altilis) leaf extracts on
some selected microorganisms. The specific objectives of
this study include: to produce extracts from the seedless
breadfruit leaf using three different extracts (ethanol,
hexane and water); to determine the proximate composi-
tion and phytochemicals of seedless breadfruit leaf as
well as the extracts, and; to evaluate the antimicrobial
properties of these leaf extracts on the selected test
organisms.

MATERIALS AND METHODS
Plant material
Fresh seedless breadfruit leaves were obtained from a compound

in Ihe-akpu Awka village in Nsukka, Enugu state, Nigeria. The plant
was identified by the botanist in Herbarium section, Department of
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Figure 1. Flowchart for sample preparation.

Plant Science and Biotechnology, University of Nigeria, Nsukka,
Enugu State.

Test organisms for antimicrobial activities/reagents

Test organisms used for the evaluation of the antimicrobial
microbial potency of the leaves were obtained from Pharmaceutical
Microbiology Laboratory of the Department of Pharmacy, University
of Nigeria, Nsukka. All reagents used were all of analytical quality.

Sample preparation

The fresh seedless breadfruit leaves were sorted, destalked and
washed thoroughly in water several times until they become clean
and free from debris. The leaves were then drained, spread on
trays and oven-dried till the weight became constant. After drying,
the dried leaves were milled and then finally stored in an air tight
container ready to use (Figure 1).

Extraction of antimicrobial compounds in seedless breadfruit
leaves powder

The extraction was carried out using three solvents namely; water
(used as control), hexane and ethanol. Cold maceration extraction
as described by Anowi et al. (2012) was carried out. One (1) kg of
the dried leaf powder was soaked in 2000 ml of analytical ethanol
and was allowed to stand for 48 h with intermittent shaking. The
suspension was filtered with filter paper and the filtrate (extract) was
exposed for evaporation. After complete evaporation of the solvent,
the crude ethanolic extract of the plant was recovered and stored at
4°C until used.

Fractionation of the crude extract

Fractionation of the crude extract was carried out adopting the
method described by Shahia et al. (2001). Then, 200 g of ethanol
crude extract was mixed with 400 g of silica gel until the extract was
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no longer sticky. The mixture was transferred into a 300 ml quick fit
round bottom flask. 1000 ml of n-hexane was added into the bottle
and shaken for about 10 min. The fraction was filtered and the
mixture was further rinsed three times with 200 ml of the solvent (n-
hexane) after which the filtrate became colorless. The filtrate was
then oven dried at 40°C.

The supernatant rotavapour was used for 10 min at 40°C. After
drying, the supernatant was transferred into the 300 ml round
bottom flask and treated (fractionated) with 1000 ml of absolute
ethanol and also shaken for about 10 min after which it was filtered
and the mixture further treated three times with 200 ml of the
absolute ethanol. The filtrate was collected and also oven-dried at
40°C. The supernatant was collected and oven-dried at 40°C for
about 10 min after which it was transferred into the round bottom
flask and then treated with 1000 ml of aqueous solution for about
10 min amidst shaking at intervals. The mixture was filtered and the
mixture was further treated three times with 200 ml of aqueous
solution. The filtrate was then collected and oven-dried at 40°C.
The three different fractions (ethanol, n-hexane, and aqueous
fraction) were obtained for evaluation of the antimicrobial activity.

Determination of phytochemicals in seedless breadfruit leaves
powder and extracts

Qualitative phytochemical screening of seedless breadfruit leaves
powder and its hexane, ethanol, and water soluble extracts was
done. Phytochemical screening procedures to be used were
adopted from Oloyed (2005). This analysis determined the
biologically active compounds that contribute to the flavor, colour
and other characteristics of seedless breadfruit leaves.

Test for alkaloids

About 0.2 g of each of the samples was boiled with 5 ml of 2%
hydrochloric acid on a steam bath for 5 min. The mixtures were
allowed to cool and filtered and the filtrates were shared in equal
proportions into 3 test tubes and labeled A, B, C. One (1) ml portion
of the filtrate was treated with 2 drops of the following reagents,
respectively. With Dragendroff's reagent, a red precipitate was
shown. With Meyer’'s reagent, a creamy white colored precipitate
indicated the presence of alkaloid (Oloyed, 2005).

Test for flavonoids

About 0.5 g of each of the samples were introduced into 10 ml of
ethyl acetate and heated in boiling water for 1 min. The mixtures
were then filtered. Four (4) ml of the filtrates was shaken with 1 ml
dilute ammonia solution and kept. Formulation of a yellow color in
the presence of dilute ammonia solution indicated the presence of
flavonoids (Oloyed, 2005).

Test for steroids

Approximately 9 ml of ethanol was added into the sample and
refluxed for few minutes and then filtered. The filtrate was
concentrated to 2.5 ml in a boiling bath, allowed to stand for 1 h and
the waxy matter was filtered off. One (1) ml of concentrated
sulphuric acid was carefully added to 0.5 ml of the chloroform
extracted in a test tube to form a lower layer. A reddish brown
interface showed the presence of steroids (Oloyed, 2005).

Test for saponins

About 0.1 g of each of the samples was boiled with 5 ml of distilled
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water for 5 min, the obtained mixtures were filtered while still hot
and the filtrates were then used for the following tests. To 1 ml of
the filtrates, 2 drops of olive oil was added, the mixtures were
shaken and observed for the formation of emulsion. Then, 1 ml of
each filtrate was diluted with 4 ml of distilled water. The mixture was
vigorously shaken and then observed on a stand for stable froth
(Oloyed, 2005).

Test for tannins

Into 2 g of each of the samples was added 5 ml of 45% ethanol and
boiled for 5 min. The mixtures were cooled and filtered. Then, 3
drops of lead subacetate was added into 1 ml of each filtrate. A
gelatinous precipitate was observed indicating the presence of
tannins. 0.5 ml of bromine water was added into another 1 ml each
of the filtrates. A pale brown precipitate was observed indicating the
presence of tannins (Oloyed, 2005).

Test for glycosides

Two grams (2 g) of each of the samples was mixed with 30 ml of
distilled water and they were heated for 5 min on a water bath,
filtered and used as follows: into 5 ml of the filtrates was added 0.2
ml of Fehling solution A and Fehling solution B until they turn
alkaline and heated in a water bath for 2 min. A light blue coloration
was observed (instead of brick red precipitate) which indicates the
presence of glycosides (Oloyed, 2005).

Test for carbohydrates (Molisch test)

About 0.1 g of each of the sample was boiled with 2 ml of distilled
water and filtered. To the filtrates, few drops of naphthol solution in
ethanol (Molisch’s reagent) were added. Concentrated sulphuric
acid in a Pasteur pipette was then gently poured down the side of
each of the test tubes to form a lower layer. A purple interfacial ring
indicated the presence of carbohydrates (Oloyed, 2005).

Test for reducing sugar

About 0.5 g each portion was dissolved in distilled water and
filtered. The filtrate was heated with 5 ml of equal volume of
Fehling’s solution A and B. Formation of a red precipitate of
cuprous oxide was an indication of reducing sugar (Oloyed, 2005).

Quantitative phytochemical analysis of seedless breadfruit
leaves powder and its extracts

The quantitative phytochemical analysis was carried out according
to the method of Harborne (1973).

Determination of steroids

One gram (1 g) of each of the samples was weighed out and
macerated with 20 ml of ethanol. The mixtures were filtered and 2
ml each of the filtrates were pipetted into test tubes. Then, 2 ml of
colored reagent was then added into the test tubes and they were
then allowed to stand for 30 min and the absorbance was
measured at 550 nm.

Determination of flavonoids

One gram (1 g) of each of the sample was measured out and

macerated with 20 ml of ethyl. The mixture was filtered and then 5
ml of the filtrate was measured into test tubes. To each test tube
containing the filtrate, 5 ml of dilute ammonia was added and the
mixture was shaken. The upper layers were collected and
absorbance was measured at 490 nm.

Determination of saponin

One gram (1 g) each of the samples was weighed out and
macerated with 10 ml of petroleum ether. The suspension was
decanted into a beaker and another 10 ml of petroleum ether was
added. The supernatant was decanted and mixed with the first. The
mixture was evaporated to dryness and 6 ml of ethanol was added.
Approximately 2 ml of the mixture was pipetted into a test tube and
the mixture was allowed to stand for 30 min, then the absorbance
was read at 550 nm.

Determination of alkaloid

About 1 g of the samples were weighed out and macerated with 20
ml of 20% H,SO, in ethanol (1:1). The mixture was filtered and 1 ml
of the filtrate was pipetted into test tubes. Five (5) ml of 40% H,SO,
and the content of the test tube were mixed properly. The mixture
was allowed to stand for 3 h and the absorbance measured at 568
nm.

Determination of soluble carbohydrate

Approximately 1 g each of the samples were weighed out and
macerated with 50 ml of distilled water. The mixture was filtered and
1 ml of the filtrate was pipetted into test tubes and 2 ml of saturated
picric acid was added. The absorbance was then measured at 530
nm.

Determination of glycosides

About 1 g of the sample was weighed out and 2.5 ml of 15% lead
acetate was added and the mixture was filtered. Two (2) ml of
chloroform was added to the filtrate and the mixture was shaken
vigorously. The lower layer was collected and evaporated to
dryness. 3 ml of glacial acetic acid was added and the 0.1 ml of 5%
ferric chloride and 0.25 ml concentrated H,SO, were added and the
mixture was shaken. The mixture was then left to stand in the dark
for 2 h and absorbance was measured at 530 nm.

Determination of reducing sugar

0.5 g of the sample was treated with 10.0 ml of 80% ethyl alcohol.
In 3.0 ml of the alcoholic extract, 3.0 ml of 3,5-dinitro-salicyclic acid
(DNSA) reagent was added. The mixture was heated for five (5)
minutes in a boiling water bath. After the colour had developed, 1.0
ml of 40% Rochelle salt was added when the content of tube was
still warm. The tubes were then cooled by spraying with cold water.
Absorbance was read and recorded at 515 nm.

Determination of anti-nutrients in seedless breadfruit leaves
powder and crude extracts
Determination of tannin

The tannin content of the seedless breadfruit leaves powder and its
extracts were determined by the method of Pearson (1976). One



gram of the test sample was weighed out into a conical flask and 10
ml of water was added. The mixture was shaken at 5 min interval
for 30 min and filtered to get the extract. About 2.5 ml of the
supernatant was transferred into a 50 ml flask. 1 ml of Follin-Denis
reagent was then added in to the flask followed by 2.5 ml of
saturated Na,COj; solution. The absorbance was read at 720 nm
spectrophotometrically after 90 min and incubated at room
temperature.

An x C x 100 x Vf

As 1 Va

Tannin (%) =

Where, Aa = absorbance of test sample; As = absorbance of
standard solution; C = Concentration of standard solution; W =
Weight of sample used; Vf = Total volume of extract; Va = Volume
of extract analyzed.

Determination of phytate

Phytate content was determined according to the method of
Pearson (1976). Approximately 0.5 g of sample was weighed out
into a 500 ml flat bottom flask, placed in a shaker and extracted
with 100 ml of 2.4% hydrochloric acid for one hour at 25°C. After
this, the mixture was decanted and filtered. 5 ml of the filtrate was
diluted to 25 ml with distilled water and 10 ml of it was collected into
a flask and 15 ml of 0.1 M sodium chloride was added to it. The
mixture was passed through No.1 Whatman filter paper to elute
inorganic phosphorus and 15 ml of 0.7 M sodium chloride was to
elute phytate. The absorbance was read at 520 nm.

Determination of oxalate

The determination of oxalates was carried out by the titration
method of AOAC (2010). Two grams (2 g) of sample was
suspended in a mixture of 190 ml of distilled water and 10 ml of HCI
in a 250 ml volumetric flask and digested for one hour at 100°C,
cooled and made up to 100 ml with distilled water. The digest was
then filtered through Whatman No. 1 Filter paper using a suction
pump. A duplicate proportion of 125 ml of the filtrate was measured
into 250 ml beaker and four (4) drops of methyl red indicator added
into each beaker. Concentrated NH,OH or NHs; solution was added
drop wise until the test solution changed from its salmon pink color
to a faint yellow colour (pH 4 - 4.5). Each portion was heated up to
90°C and 10 ml of 5% CaCl; was added while being stirred
constantly. After heating, it was cooled and left over night at 5°C.
The supernatant was decanted and the precipitate completely
distilled in 10 ml of 20% (v/v) H.SO, solution. At this point, the
filtrate resulting from digestion of 2 g of the sample was combined
and made up to 300 ml. Aliquots (125 ml) of the filtrate was heated
until near boiling and then titrated against 0.05 M standard KMnO,
solution to a faint pink color. Oxalic acid content was calculated
using the formula:

T x (Vme) (Df) x 10°
Oxalate (mg/100 g) =—————
ME x Mf

Where; T= Volume of KMnO,; Vme = Volume — mass equivalent (1
ml of 0.05 M KMnO, solution is equivalent to 0.00225 g anhydrous
oxalic acid); Df = The dilution factor; ME = molar equivalent of
KMnO; in oxalic acid (KMnO4 redox reaction is 5); Mf = mass of
sample used.

Determination of cyanide

Cyanide content was determined according to the method of AOAC
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(2010). Five grams of the sample was weighed into a conical flask
and 50 ml of distilled water was added to it and the solution was
allowed to stand overnight and then filtered. 1 ml of the sample
filtrate was measured into a test tube and 4 ml of alkaline picrate
was added and it was allowed to stand for 5 min. The absorbance
was read at 490 nm. The reading was taken with the reagent blank
at zero.

Determination of antimicrobial seedless

breadfruit leaves powder

properties of

The antimicrobial properties of the seedless breadfruit leaves
powder were determined using two different methods: Agar Well
Diffusion technique described by Wan et al. (1998) and Agar
Dilution technique as described by Wiegand et al. (2008).

Test microorganisms used

The test microorganisms used for the evaluation of the antimicrobial
potency of the leaf extracts were clinical isolates of Bacillus subtilis,
Klebsiella pneumonia, Shigella dysenteriae, Proteous mirabellis,
Staphyloccocus aureus, Echerichia coli, Salmonella typhi,
Pseudomonas aeruginosa, Candida albicans and Aspergillus niger

Standardization of the test organisms

The test microorganisms used were standardized using 0.5%
MacFaland Turbid Equivalent. A 1% v/v solution of sulphuric acid
was prepared by adding 1 ml of concentrated sulphuric acid to 99
ml of water and 1% wi/v solution of barium chloride was prepared by
dissolving 0.5 MacFarland equivalent standard prepared by adding
0.6 ml of barium chloride solution to 99.4 ml of sulphuric acid
solution.

Preparation of nutrient agar

The media was prepared following the manufacturer’'s instruction
(Oxoid, 1982). 28 g of dehydrated nutrient agar powder was
suspended in 1000 ml of distilled water and was allowed to soak.
The suspension was then dissolved by heating in a water bath at
100°C. Then, 20 ml volume each of the molten agar was dispensed
into bijou bottles and autoclaved at 121°C for 15 min. The sterile
molten nutrient agar was allowed to cool to 40°C.

Preparation of sabouraud dextrose agar (SDA)

The media were prepared according to the manufacturer’s
instructions. SDA powder (63 g) was suspended in 1000 ml of
distilled and allowed to soak. The suspension was boiled to melt at
100°C in a water bath. The molten agar was sterilized in an
autoclave at 121°C for 15 min. It was then allowed to cool to 40°C
according to Oxoid (1982).

Preparation of agar slants

A 2.8 g quantity of nutrient agar and 3.8 g of Mueller Hinton agar
was each dissolved in 100 ml of distilled water by heating over
flame. 5 ml volume each of the molten agar was then dispensed
into macAnthony bottles and sterilized at 121°C for 15 min. The
sterile molten agar was kept in a slanting position to gel.

Preparation of culture

A 3 ml volume of sterile nutrient broth was prepared and the test
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Table 1. Qualitative phytochemical composition of seedless breadfruit leaves using ethanol, n-hexane

and water extracts.

Phytochemicals Red sug Sap Alk Sol CHO Steroid HCN Gly Flav
Water extract + ++ ++ ++ ++ + ++ +++
Ethanol ++ ++ ++ ++ + + ++ ++
n-hexane ++ ++ ++ + + + ++ ++
SBLP ++ ++ ++ ++ ++ + ++ +++

Key; + = present in low concentration; ++ = present in moderate concentration; +++ = present in high
concentration; Red sug = Reducing sugar; Sap = Saponin; Alk = Alkaloid; Sol CHO = Soluble carbohydrate;
HCN = Hydrogen cyanide; Gly = Glycoside; Flav = Flavonoid; SBLP = Seedless breadfruit leaves powder.

organism was inoculated into the nutrient broth aseptically under
flame at 37°C for 24 h.

Agar well diffusion technique

The molten agar on cooling to about 40-47°C after sterilization was
aseptically poured into sterile plates. Then, 0.1 ml of sterile water
and 0.1 ml of the diluents was transferred into the center of a sterile
Petri-dish. Also, 20 ml of the sterile molten agar was then added
and the dish was swirled to mix its content. The plates were allowed
to stand for 30 min so that solidification can take place. Six holes
were then bored on each plate using a 6 mm diameter cork borer.
Each hole was for a concentration of the breadfruit leave extract.
The holes were labeled 1 to 6 to representing 100, 50, 25, 12, 6.25
and 3.125 mg/ml concentration of the three breadfruit leave
extracts, respectively. Four drops of each concentration was
dropped in corresponding holes and the plates were then kept
undisturbed for 15 min so as to allow the extracts to diffuse properly
and dry to a considerable level before incubation. The
measurements (in millilitres) of the zone of inhibitions of the extracts
against the test organisms were taken and recorded.

Determination of minimal inhibitory concentration (MIC) using
agar dilution technique

The MIC of the extracts of the extracts was determined using agar
dilution technique. A 50 g of the extract was dissolved in 10 ml of
sterile water, thus obtaining 50 mg/ml stock solution, using the
arithmetic method of dilution:

C1V1 =CaVy,

Where; C;= initial concentration; C,= final concentration; V;= initial
volume; V,= final volume.

Concentrations (10, 9, 8, 7, 6, 5, 4, 3, 2 and 1 mg/ml) were obtained
from the stock by seeding (4.0, 3.6, 3.2, 2.8, 2.4, 2.0, 1.6, 1.2, 0.8
and 0.4 ml) aliquots of the stock in their corresponding volumes (16,
16.4, 16.8, 17.2, 17.6, 18.0, 18.4, 18.8, 19.2 and 19.6 ml) of pre-
sterilized Mueller Hinton agar at a temperature of 40°C. The media
were then poured into sterile Petri dishes and allowed to solidify.
The surfaces of the media were allowed to dry and streaked with 24
h old cultures of the test microorganisms. The plates were later
incubated in an incubator at 37°C for 24 h, observations were made
and it was further incubated for another 24 h, after which they were
examined for the presence or absence of growth. The MIC was
taken as the lowest concentration that prevented microbial growth.

Data analysis and experimental design

The proximate and anti-nutrient composition was analyzed using
one-way analysis of variance (ANOVA) based on completely
randomized design; mean separation will by Duncan’s New Multiple
Range Test. The antimicrobial testing was statistically analyzed
using a 3-factorial or split plot in completely randomized design
(CRD).

RESULTS

Phytochemical composition of seedless breadfruit
leaves powder (SBLP) using ethanol, n-hexane and
water extracts

Qualitative and quantitative phytochemical composition of
seedless breadfruit leaves powder and ethanol, n-hexane
and water extracts are shown in Tables 1 and 2. The
result confirmed the presence of reducing sugar, saponins,
alkaloids, soluble carbohydrate, steroid, hydrogen cyanide,
glycosides, flavonoids and tannins (Tables 1 and 2,
respectively).

The seedless breadfruit leaves had the highest amount
of reducing sugar (2.15+0.005 mg/100g) while the n-
hexane extract contained the highest amount of reducing
sugaroutofthethree extracts. Ethanol extractwas observed
to contain 1.77 £ 0.00 mg/100g of reducing and finally the
water extract had the least reducing sugar value of 1.45 +
0.00 mg/100g.

The amount of saponin was observed to be the highest
in the seedless breadfruit leaves with a value of 2.37 *
0.01 mg/100g. Water extract had the least amount of
saponin among all the extracts with a value of 2.20+0.005
mg/100g. The ethanol extract had a value of 2.21+0.00
mg/100g of saponin while the n-hexane extract had a
value of 2.22+0.00 mg/100g.

Seedless breadfruit leaves had the highest amount of
alkaloid with a value of 3.35+0.02 mg/100g. The ethanol
extract had the highest alkaloid content (2.99+0.05
mg/100 g) out of the three extracts used. n-hexane extract
contained 2.52+0.00 mg/100g while the water extract
contained 2.12+0.00 mg/100 mg.

The steroid content of the seedless breadfruit leaves
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Table 2. Quantitative phytochemical composition of seedless breadfruit leaves (SBLP) using water, n-hexane and ethanol extracts.
Phyt (mg/100 g) RS Sap Alk Sol CH Ster HCN Gly Flav
Water 1.459+0.00 2.20°+0.01 2.129+0.00 0.79°+0.01 1.92°+0.00 0.05°+0.01 2.37°+0.00 3.11%+0.01
Eth 1.77°40.00 2.21°+0.00 2.99°+0.00 0.69%+0.01 1.72%+0.00 0.04°+0.01 2.32°:0.01 3.79°+0.01
n-H 1.98°+0.00 2.22°+0.00 2.52°+0.00 0.71°+0.00 1.89°+0.01 0.04*°+0.00 2.25°+0.01 3.31°+0.00
SBLP 2.15%+0.01 2.37°#0.01 3.35%+0.02 0.867+0.00 1.94°+0.01 0.05°+0.01 2.83%+0.01 3.94*+0.01

Values are mean + standard deviation of triplicate readings. Values having the same superscript within the column are not significantly different
(p < 0.05). Key: RS = Reducing sugar; Sap = Saponin; Alk = Alkaloid; Sol CH = Soluble carbohydrate; HCN = Hydrogen cyanide; Gly = Glycoside;
Flav = Flavonoid; SBLP = Seedless breadfruit leaves powder; Phyt = Phytochemicals; Eth = Ethanol; n-H= n-hexane.

was 1.94+0.005 mg/100 g and this value was higher than
the values recorded in the other samples. Water extract
had the highest steroid content with a value of 1.92+0.00
mg/100 g of all the extracts. Ethanol extract had a steroid
value of 1.72+0.00 mg/100 g while n-hexane had a value
of 1.89+0.01 mg/100 g.

The seedless breadfruit leaves had the highest glycol-
side content (2.83+0.005 mg/100 g). The water extract
had a glycoside content of 2.37+0.002 mg/100 g, hence
contained the highest amount of glycosides as compared
to the other extracts. This was followed by ethanol extract
which had a value of 2.32+0.01 mg/100 g and the n-
hexane extract which had a glycoside content value of
2.25+0.01 mg/100 g.

The seedless breadfruit leaves had the highest amount
of soluble carbohydrate with a value of 0.86+0.02 mg/100
g while the water extract had the highest amount of
soluble carbohydrate out of the extracts with a value of
0.79+0.005 mg/100 g. This was followed by the n-hexane
extract which had a value of 0.71+0.002 mg/100 g and
the ethanol extract whose value was 0.69+0.05 mg/100 g.

The seedless breadfruit leaves had the highest content
of flavonoids (3.94+0.01 mg/100 g) among all the sam-
ples. This was followed by the value of 3.79+0.01
mg/100g recorded for ethanol extract. The n-hexane
extract had a value of 3.31+0.00 mg/100g and the water
extract had the least value of 3.11+0.01 mg/100 g.

Antimicrobial activity of seedless breadfruit

Antimicrobial activity of seedless breadfruit leaves
extracts using the agar diffusion technique

Table 3 shows the antimicrobial activity of seedless
breadfruit of A. altilis leaves extracts (ethanol, n-hexane,
and water). From Table 3, it was observed that the
ethanol extract was able to inhibit the growth of B. subtilis
at concentrations of 100, 50, 25 and 12.5 mg/ml. How-
ever, the organism showed resistance at concentration
levels of 6.25 mg/ml and at all the concentration levels
used in n-hexane and water extracts. The other test
microorganisms used for the antimicrobial testing showed
resistance at the various concentrations and in all the

extracts used for the analysis. The minimum inhibition
concentration of the ethanol extract against B. subitilis is
shown in Table 4 and it was deduced to be 3.98 mg/mi
(Figure 2).

Antimicrobial activity of seedless breadfruit leaves
extracts using the agar dilution technique (ADT)

From the Tables 5 - 7, it is observed that the ethanol
extract has the highest inhibitory activity against the
microorganisms as compared to the other solvents used
(n-hexane and water). At concentrations of 10, 9, 8, 7
and 6 (mg/ml), it showed total inhibitory activity against all
the test microorganisms used. However, the minimal
inhibitory  concentration (MIC) for Pseudomonas
auroginosa was observed at 6 mg/ml, followed by Candia
albicans Aspergillus niger, Salmonella typhi, Shigella
dysentariae and Klebsiella pneumonia at concentration of
5 mg/ml and then B. subtilis, P. mirabellis, and E. coli at
concentration level of 3 mg/ml. Finally, all the test
organisms showed activity at the concentration level of 1
mg/ml. The n-hexane fraction had a minimal inhibitory
concentration of 8 mg/ml for P. aeruginosa and A. niger.
At the concentration level of 3 mg/ml, it was observed
that all the test organisms became resistant. The
aqueous fraction had no inhibitory activity against all the
test organisms at all the concentration levels.

Anti-nutrient content of seedless breadfruit leaves
(SBLP) powder and its extracts

Test for anti-nutrient was carried out on the seedless
breadfruit leaves and the extracts in order to determine
the anti-nutrient present and also to quantify the level at
which they are present. The analysis confirmed the pre-
sence of phytate, oxalate, cyanide and tannin. Table 8
shows the anti-nutrient content of the seedless breadfruit
leaves powder and the water, n-hexane and ethanol
extracts.

The phytate content of the seedless breadfruit leaves
was the highest (1.55+0.00 mg/100 g). The water extract
had the highest level of phytate out of all the extracts with



3416 Afr. J. Microbiol. Res.

Table 3. Antimicrobial activity of seedless breadfruit leaf extracts (ethanol, n-hexane and water extracts) using the agar well diffusion
technique

Extract conc. B. sub Shig Kleb. P_. S. E._ Sal C. A Ps.
(mg/ml) mir aureus coli alb. niger

100 16.90°+0.14 NI NI NI NI NI NI NI NI

50 14.15°+0.21 NI NI NI NI NI NI NI NI

Ethanol 25 11.20°+0.28 NI NI NI NI NI NI NI NI

12.5 9.00% 0.00 NI NI NI NI NI NI NI NI

6.25 NI NI NI NI NI NI NI NI NI

100 NI NI NI NI NI NI NI NI NI

50 NI NI NI NI NI NI NI NI NI

n-hexane 25 NI NI NI NI NI NI NI NI NI

12,5 NI NI NI NI NI NI NI NI NI

6.25 NI NI NI NI NI NI NI NI NI

100 NI NI NI NI NI NI NI NI NI

50 NI NI NI NI NI NI NI NI NI

Aqueous 25 NI NI NI NI NI NI NI NI NI

12.5 NI NI NI NI NI NI NI NI NI

6.25 NI NI NI NI NI NI NI NI NI

Values are means + standard deviation of duplicate readings. Samples having the same superscript within the column are not significantly
different (p<0.05). B. sub= Bacillus subtilis; Kleb= Klebsiella pneumonia; Shig = Shigella dysenteriae; P. mir = Proteous mirabillis; S. aureus =
Staphylococcus aureus; E. coli= Echerichia coli; Sal = Salmonella typhi; C.alb. = Candida albicans; A. niger = Aspergillus niger; Ps =
Pseudomonas aeruginosa; NI = No Inhibition; Conc =Concentration.

Table 4. Determination of the minimum inhibition concentration
(MIC) of the ethanol extract against Bacillus subtilis.

Concentrations (mg/ml) 1ZD (mm) Log of Conc (mg/ml)

100 17 2.0
50 14 1.7
25 11 1.4
12.5 9 11
6.25 - 0.8

Key: IZD = Inhibition zone diameter; Conc = Concentration.

45
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40

35

30
25
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Figure 2. The minimum inhibition concentration of the ethanol
extract against B. subtilis. Taking the antilog of 0.6; Antilog of 0.6 =
3.98. Therefore the minimum inhibition concentration of the
ethanol extract against B. subtilis is 3.98 mg/ml.



Mbaeyi-Nwaoha and Onwuka 3417

Table 5. Antimicrobial activity of ethanol extract from seedless breadfruit leaves using agar dilution technique.

Microorganism

Conc (mg/ml)

B. sub Sal Shig Kleb  P.mir S.aureus E.coli C.alb A. niger Ps
10 - - - - - - - - -
9 - - - - - - - - -
8 - - - - - - - - -
7 - - - - - - - - -
6 - - - - - - - - -
5 - - - - - - - - +
4 - + + - - - + + +
3 - + + - - - + + +
2 + + + + + + + + +
1 + + + + + + + + +

Key; + = Growth; - = No growth B. sub = Bacillus subtilis; Kleb = Klebsiella pneumonia; Shig = Shigella dysenteriae; P. mir = Proteous
mirabillis; S. aureus = Staphylococcus aureus; E. coli = Echerichia coli; Sal = Salmonella typhi; C. alb = Candida albicans; A. niger =
Aspergillus niger; Ps = Pseudomonas aeruginosa; Conc = Concentration

Table 6. Antimicrobial activity of n-hexane extract of seedless breadfruit leaves using agar dilution technique.

Microorganism

Conc (mg/ml)

B. sub Shig Kleb P. mir S. aureus E. coli Sal C.alb A. niger Ps
10 - - - - - - - - - -
9 - - - - - - - - - -
8 - - - - - - - - - -
7 - - - - - - - - + +
6 - - + - - - - + +
5 - + + + - - + + + +
4 + + + + - - + + + +
3 + + + + + + + + + +
2 + + + + + + + + + +
1 + + + + + + + + + +

Keys; + = Growth; - = No growth

B. sub = Bacillus subtilis; Kleb = Klebsiella pneumonia; Shig = Shigella dysenteriae; P. mir = Proteous mirabellis; S. aureus = Staphylococcus aureus;
E. coli = Echerichia coli; Sal = Salmonella typhi; C. alb = Candida albicans; A. niger = Aspergillus niger; Ps = Pseudomonas aeruginosa; Conc =
concentration.

Table 7. Antimicrobial activity of agueous (water) extract of seedless breadfruit leaves using agar dilution technique.

Microorganism
B. sub Shig Kleb P.mir S.aureus E.coli Sal C.alb A.niger Ps
+ +

Conc (mg/ml)

[y
o

+ + + + + +

P NWA OO N ®©
+ 4+ + + + + + + +
+ 4+ + + + + + + o+
+ 4+ + + 4+ + o+ o+
+ 4+ + + 4+ + o+ o+
+ + + + + + o+ o+
+ + + + + + + o+
+ + + + + + + 4+
+ + + + + + o+ o+
+ + + + + + o+ o+
+ o+ + o+ + o+ + 4+

+
+
+
+
+
+
+

Key; + = Growth; - = No growth B. sub = Bacillus subtilis; Shig = Shigella; Kleb = Klebsella pneumonia; P. mir = Proteus mirabillis;
S. aureus = Staphylococcus aureus; E. coli = Escherichia coli; Sal = Salmonella typhi; C. alb= Candida albicans; A. niger =
Aspergillus niger; Ps = Pseudomonas aeroginosa; Conc = concentration.
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Table 8. Anti-nutrient content of seedless breadfruit leaves powder (SBLP) and its extracts.

Anti-nutrients Phytate (mg/100 g)

Oxalate (mg/100 g)

Tannin (mg/100 g) Cyanide (mg/100 g)

Water extract 1.46° + 0.00 2.12"+0.00
n-hexane 0.72°+ 0.00 0.59°+ 0.00
Ethanol 0.69°+ 0.00 0.57°+0.00
SPLB 1.55% + 0.00 2.20%+0.01

4.95° +0.00 0.05%° + 0.00
4.22%+0.00 0.04°+0.01
4.63°+0.00 0.04" +0.01
5.75% + 0.00 0.06% + 0.00

Values are mean * standard mean deviation of triplicate readings. Values having the same superscript on the same

column are not significantly different (p<0.05)
SBLP = Seedless breadfruit leaves powder

a value of 1.46+0.00 mg/100 g. This was followed by the
n-hexane extract with a value of 0.72+0.00 mg/100 g and
finally the ethanol having a value of 0.69+0.00 mg/100 g.

The oxalate content of the seedless breadfruit leaves was
highest with a value of 2.20+£0.01 mg/100 g. Water extract
was observed to have the highest level of oxalate with a
value of 2.12+0.00 mg/100 g out of all the extracts. This
was followed by the n-hexane extract having a value of
0.69+0.00 mg/100 g and the ethanol extract having the
least oxalate content value of 0.57+0.00 mg/100 g.

The level of tannin observed in the seedless breadfruit
leaves was highest with a value of 5.75+0.00 mg/100 g.
The n-hexane had the least concentration value of
4.22+0.00 mg/100 g. Ethanol extract had a value of
4.63£0.00 mg/100 g while water extract had a tannin
content value of 4.22+0.00 mg/100 g.

The cyanide content of the seedless breadfruit leaves
and its extracts were observed to be low. The cyanide
content of the seedless breadfruit leaves was observed to
be 0.06+0.00 mg/100 g. This was higher than the values
observed for all the extracts. The water extract had the
highest cyanide content out of all the extracts with a
value of 0.05+0.00 mg/100 g. The ethanol and n-hexane
extract both had a cyanide content value of 0.04+0.01
mg/100 g.

DISCUSSION

Phytochemical composition of seedless breadfruit
leaves powder (SBLP) using ethanol, n-hexane and
water extracts

Earlier reports showed the presence of these bioactive
components in the Moraceae family (Usman et al., 2000).
Qualitative analysis indicated the presence of the phytoche-
micals and the level at which they are present in the various
samples while quantitative analysis quantified the phyto-
chemicals already identified in the qualitative analysis.
The amount of reducing sugar found in seedless bread-
fruit leaves powder is lower than the values reported by
Salam et al. (2011) for some leafy plants such as
Chenopodium album and Stellaria media (8.15 mg/100 g
and 22.65 mg/100 g). It is also lower than the range of
values obtained for reducing sugar (5.90+0.92 mg/100 g,

4.94+0.73 mg/100 g, 8.11+1.10 mg/100 g, 6.62+0.97
mg/100 g) reported by Mohammed et al. (2010)

for Morus alba, Morus nigrus, Morus laevigata (white) and
Morus laevigata (black), respectively.

The saponin content obtained in seedless breadfruit
leaves agreed with the saponin value of 2.2+0.00 mg/100 g
of Vernonia amygdalina (bitter leaf) reported by
Nwaoguikpe (2010). The results obtained however con-
trasted with the values reported for various leafy vege-
tables consumed in Nigeria namely V. amygdalina
(bitterleaf) (0.12+ 0.02mg/100 g), Corchorous olitorius
(ewedu) (0.13+0.01 mg/100 g), Talirium triangulare (water
leaf) (0.12+0.01 mg/100 g), Solanum monocarrnum
(garden egg) (0.28+0.01 mg/100 g), Telfaririn occidentalis
(pumpkin leaf) (0.14+0.02 mg/100 g), Abeimorchus
esculentus (okro) (0.24+0.13 mg/100 g), Manihot esculenta
(cassava leaves) (0.25+£0.11 mg/100 g) and Amaranthus
hybridus (green leaves) (0.20+0.01 mg/100 g as reported
by Agbaire (2012).

The alkaloid values observed in all the samples were
higher than the range of values of 0.82+0.46 mg/100 g,
0.88+0.46 mg/100 g, 0.99+0.55 mg/100 g, 0.81+0.47
mg/100 g, 1.81+0.34 mg/100 g, 1.19+0.89 mg/100 g,
1.68+1.28 mg/100 g and 1.28+0.84 mg/100 g for “Utazi”,
“Nturukpa”, “Nchanwu”, “Ugu”, “Onogbo”, “Oha”, “Ahihara”
and “Okazi”, respectively reported by Onyeka and
Nwambekwe (2007).

The steroid content obtained for all the extracts were
higher than the range of values (0.07£0.01 mg/100 g to
0.27£0.01 mg/100 g) for common leafy vegetables
consumed in the Eastern part of Nigeria as reported by
Onyeka and Nwambekwe (2007).

The flavonoid values obtained for all the samples was
higher than the range of values (0.03+0.01 mg/100 g to
0.22+0.06 mg/100 g) reported by Onyeka and Nwamkewe
(2007) for common leaves such as “utazi”, nturukpa”,
“nchanwu”, “ugu”, “onugbu”, “oha”, “ahihara” and “okazi”
consumed in the Eastern part of Nigeria.

The exhibited antimicrobial properties of the A. altilis
could be attributed to the presence of bioactive components
such as saponins, steroids, alkaloids, tannins and
flavonoids in the plant. Tomas-Barberan et al. (1990)
reported that the presence of these compounds might
have potentiated or complimented the saponins in the



antimicrobial activities in the plant where both alkaloids
and alkaloids were present. These bioactive components
have also been reported to have antimicrobial and
medicinal effect medicinal effect (Iniaghe et al., 2009).

Antimicrobial activity of seedless breadfruit

The antimicrobial activity of seedless breadfruit using
agar diffusion technique corresponds with the zone of
inhibition range of 16.5 to 9 mm reported by Fakruddin et
al. (2012) against Gram positive B. subtilis using the
same solvent (ethanol). Antimicrobial activity of seedless
breadfruit leaves extracts using agar dilution technique
showed that the ethanol extract had a higher inhibitory
activity against the test organisms used for the analysis
than the n-hexane and water extracts as compared to the
two methods used for the antimicrobial analysis, agar
dilution technique proved to be a better method as
compared to the agar diffusion technique in the present
study. It was observed to produce inhibitory activity
against all the test organisms used at concentration
levels as low as 6 and 8 mg/ml for the ethanol and n-
hexane fractions respectively. Whereas in the agar
diffusion technique, inhibitory activity was very low with
only the ethanol extract showing a degree of inhibition
against B. subtilis at concentration level of 100, 50, 25
and 12.5 mg/ml. The low inhibitory activity of the extracts
used in the agar diffusion technique could probably be as
a result of the very low and diffusibility of the bioactive
components present in the leaf.

Also, it could be observed that the ethanol extract had
a higher inhibitory activity against the test organisms
used for the analysis than the n-hexane and water
extracts and this was in agreement with the report by
Dash et al. (2011) that ethanol extracts of Centella
asiatica had higher antimicrobial activities than n-hexane
and water extracts. The results obtained also agrees with
that of Vasugi et al. (2012) who reported that methanol
and ethanol extracts of Artocarpus altilis showed high
significant antibacterial and antifungal activities than
agueous extract. In the present study, with reference to
the agar dilution technique, the ethanol and n-hexane
extracts of the A. altilis leaves exhibited high inhibitory
effect on all the test microorganisms used in the study
and thus justifies the reports of its use by local com-
munities for managing microbial infections in wounds,
tooth ache and skin infections, ear infections and some
intestinal infections (Ragone, 1997).

The antimicrobial study showed that the bacterial
strains tested were more susceptible to the ethanol and
n-hexane extract than the fungal strains. P. aeruginosa
and A. niger which are both moulds were the first micro-
organisms to shows signs of resistance in the ethanol and
n-hexane extract. The result was in agreement with the
report of Lopolito et al. (2007) that moulds are more
resistant than yeast and considerably more resistant than
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vegetative bacteria. It was also observed that the Gram-
positive bacteria (B. subtilis and S. aureus) were the most
inhibited of the test microorganisms in the ethanol and n-
hexane extract. This result agreed with the report of
Staden and Rube (1997) that Gram-positive bacteria are
better inhibited than Gram-positive bacteria. The anti-
microbial activities of the A. altilis could be attributed to
the presence of bioactive compounds.

Anti-nutrient content of seedless breadfruit leaves
(SBLP) powder and its extracts

The phytate content of all the samples were observed to

be lower than those reported for some leafy edible
vegetables of Southern Nigeria. The values include
13.00+£0.40 mg/100 g, 6.11+0.22 mg/100 g, 5.39+0.22
mg/100 g, 4.12+0.45 mg/100 g for scent leaf, lemon grass,
cassava leaf and green leaf, respectively (Agbaire, 2012).

In contrast to the test raw material, the oxalate range of
values (0.09+£0.01 mg/100 g to 1.00+£0.22 mg/100 g) was
reported by Agbaire (2012) for common leafy vegetables
consumed in Southern Nigeria and observed to be lower
than the value obtained for the seedless breadfruit leaves.

The tannin content obtained for all the samples were
observed to be higher than those reported by Agbaire
(2012) for some selected leafy vegetable. These include
0.26+£0.03 mg/100 g (scent leaf), 0.12+0.02 mg/100 ¢
(lemon grass), 0.20+0.01 mg/100 g (cassava leaf), and
0.19+0.01 mg/100 g (green leaf). Also, the values were
found to contrast with the values reported by Onyeka and
Nwambekwe (2007) as they are also found to be higher
than the range of values (0.08+0.05 mg/100g to
1.68+1.28 mg/100 g) for some commonly consumed leafy
vegetables in the Eastern part of Nigeria.

In contrast to the obtained cyanide content, Okoli et al.
(2003) reported that the amount of hydrogen cyanide
found in bitter leaf was 6.40 mg/100 g and this is higher
than the values reported for both the seedless breadfruit
powder and its extracts. The values were however in line
with the values reported by Agbaire (2012) for selected
leaves in Southern Nigeria, these include 0.13+0.03
mg/100 g (scent leaf), 0.23+0.01 mg/100 g (cassava
leaf), 0.10+0.01 mg/100 g (green leaf) but was found to
be lower than the 6.09+0.01 mg/100 g value reported for
lemon grass.

From the results obtained on anti-nutrient composition,
it is observed that the seedless breadfruit leaves
contained the highest amount of anti-nutrients identified
in the samples, while the ethanol extract contained the
least anti-nutrients of all the samples. This could probably
be due to the fact that the identified anti-nutrients in the
leaves had the least solubility in ethanol leading to a
lower yield as compared to the seedless breadfruit leaves
in its intact state.

Earlier reports indicated that tannins act on the mem-
brane of the microorganisms and shows the antibacterial
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activity by precipitating the microbial protein (Rajesh et
al., 2010; Qudsia et al. 2009; Hisonari et al., 2001) and
flavonoids exhibit antibacterial activity by inhibition of the
nucleic acid synthesis and cytoplasmic membrane func-
tion of the pathogen. Saponins also show antifungal,
antibacterial and antiprotozoan effects (Morisaki et al.,
1995). Studies have also shown that phytochemicals are
present in all plant parts and that those present differ
according to the type of extracting solvent used (Tijjani et
al., 2009) hence this account for the differences observed
in the content of content of phytochemicals in the ethanol,
n-hexane and water extracts. The results from Table 8
confirmed the presence of anti-nutrients such as tannins,
phytate, cyanide and oxalate. Phytates and oxalates are
reported to bind to minerals such as calcium, mag-
nesium, copper, iron and zinc hence making these minerals
unavailable for absorption in the intestine. Tannins
chelate metals such as iron and zinc and reduce the
absorption of these nutrients. They also inhibit digestive
enzymes and precipitate proteins (Bruno, 2010). However,
processing such as cooking can destroy or reduce the
effects of these anti-nutrients permitting the body to
absorb the nutrient from them (Decker, 2011).

Conclusion

This research confirmed that the seedless breadfruit
leaves extracts possess antimicrobial activity. The
antimicrobial property of the seedless breadfruit leaves
extracts can be attributed to the phytochemicals identified
in the samples and the levels at which they were found to
occur. Out of the two methods of antimicrobial analyses
used (agar diffusion technique and agar dilution tech-
nigue) which were compared in order to test for the anti-
microbial properties of the samples, it was observed that
the agar dilution technique produced a more effective
antimicrobial activity as compared to the agar diffusion
method. For the two methods compared, the ethanol extract
was observed to have the highest inhibition against the
microorganisms tested. This was followed by the n-
hexane extract and finally the water extract had the least
inhibition against the test organisms. With the low cost of
the plant and its abundance especially in the rural parts,
the leaves can be readily exploited for its potential in the
production of medicinal herbs and food preservatives
especially for the poor people in the rural areas where
modern facilities are not readily available.

With the continuous development of resistant micro-
organisms to already developed antibiotics overtime, it is
recommended that the use of natural extracts of the
seedless breadfruit should be highly advocated since
they contain chemicals which are similar to anti-bacterial
agent and are also considered safer than the use of
synthetic antibiotic drugs which sometimes may lead to
one or more complications in the body.

It is also recommended that since the ethanol extract
had the highest inhibition against the test organisms used,

research should be carried out using other solvents in the
same family with ethanol such as methanol, pro-panol,
butanol and acetone in order to ascertain the level of their
potency against pathogenic and spoilage organisms.
Finally, it is recommended that more research work should
be carried out on the seedless breadfruit leaves extracts
as the inert potentials of the plant are not exhaustive in
this research.
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Due to premature defoliation, early blight epidemics can cause major yield losses. Large-spore
Alternaria species such as A. solani and A. tomatophila have long been recognized as important
pathogens responsible for such blight disease in the family Solanaceae and thus represent a serious
risk for crop production. Small-spore Alternaria species have also been frequently isolated from plant
samples with typical blight symptoms but their incidence as primary pathogens is often controversial.
In order to study the diversity of small-spore Alternaria species, 32 isolates were selected from a larger
collection of 130 isolates from infected leaves, fruits and stems of tomato from various growing regions
of North-West Algeria. Morphological characterization under standard conditions and polymerase chain
reaction (PCR) analyses using specific primers to amplify a part of the ITS regions and the 5.8S gene
were conducted to confirm their identification as members of the alternata section. They were then
examined according to morphological characteristics of conidia and sporulation patterns on potato
carrot agar (PCA) and were segregated into three morphological species: A. alternata, A. tenuissima
and A. arborescens. Colony type, substrate colour, margin, zonation, pigmentation, colony diameter
and conidia production were studied on potato sucrose agar (PSA). Physiological parameters and
nutritional requirements of the isolates were also assessed and a data matrix based on cluster analysis
and Euclidean distance was constructed. Results of pathogenicity test on tomato showed obvious
diversity among the isolates and they could be separated into two groups based on their virulence. The
dendrogram based on the influence of cultural, nutritional and physiological characters suggests
moderate heterogeneity within the populations of A. alternata and A. tenuissima. The small-spore
species formed five clusters that fundamentally paralleled the morphological groupings. However, the
results provided no evidence for geographical and pathogenicity clustering of isolates.

Key words: Epidemiology, Solanaceae, small-spore Alternaria species, pathogenic variability, cultural
characters, physiological diversity.
INTRODUCTION

Tomato (Lycopersicon esculentum L) often called as important vegetable crops grown in the world. It is
“‘queen of kitchen” is one of the oldest known and commonly used for culinary purposes and consumed in



diverse ways, including raw, as an ingredient in many
dishes, sauces, salads, and drinks. In Algeria, it repre-
sents a surface of 12173 Ha which covers 57.36% of the
global cultivated area. Its production is ca 10 MQx of
which 3.8 MQx is for industrial use (that is equivalent to
95% of the total industrial culture production) (Snoussi,
2009). Due to its high adaptability, early blight has the
potential to become a serious threat for tomato crops in
northwestern Algeria, because of the favorable environ-
ment; it affects foliage as well as tomato fruit reducing
yield both qualitatively and quantitatively. Epidemics
occur when the weather is warm and dry with short
periods of high moisture and moderate temperatures (18
to 30°C). The fungal pathogens responsible for the
disease belong to the genus Alternaria and infect the
plant through conidia which are either wind-blown or
splashed onto plant surfaces (Andersen and Frisvad,
2004; Leiminger et al., 2010). Both large-spore forming
species (A. solani and A. tomatophila) and small-spore
Alternaria spp. have been isolated from diseased tomato
(Simmons, 2000).

The Alternaria genus includes nearly 275 species
(Simmons, 2007) with saprophytic and plant-pathogenic
lifestyles that may affect crops in the field or cause har-
vest and post-harvest decay of plant products (Logrieco
et al., 2009). Alternaria taxonomy has long been mainly
based on conidia morphology and sporulation pattern.
Nishimura and Kohmoto (1983), using a statistical ana-
lysis of the size of conidia concluded that Alternaria iso-
lates producing small spores belong to what they called a
"collective species" alternata. From then, several authors
(Kusaba and Tsuge, 1995; Johnson et al., 2000; Tsuge,
2003) have accepted these findings. To facilitate segre-
gation and identification, Simmons and Roberts (1993)
introduced the 3-dimensional sporulation pattern as a
means of scoring small-spore isolates from Asian pears
into groups. They described six major groups with cha-
racteristic sporulation patterns of which three will be
treated in this paper. More recently based on phylogene-
tic studies, the Alternaria genus was separated into 24
sections and small-spore forming Alternaria were
grouped into the alternata section that comprises almost
60 Alternaria species (Woudenberg et al., 2013;
Lawrence et al., 2013). The molecular variation within the
alternata section is low and these species were thus
mainly differentiated based on phenotypic variation.

Phenotypic variations within fungal populations can
generally be detected using morphological, cultural and
pathogenic criteria. Understanding pathogen population
structure and mechanisms by which such variations arise
within a population is of paramount importance for devi-
sing a successful disease management strategy.

Most important environmental factors controlling the
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growth and sporulation of fungi are temperature, hydro-
genion concentration and both carbon and nitrogen
sources. A small variation in these factors may induce
clear differences in their morphological characters,
growth and sporulation (Bilgrami and Verma, 1978). Con-
cerning pathogenic variability, it has been well establish-
hed that A. solani and A. tomatophila could be con-
sidered as primary pathogens responsible for early blight
of tomato (Simmons, 2000; Lourenco et al., 2009), while
tomato isolates belonging to the alternata section have
often been considered as successful invaders of pre-
formed necrotic lesions with poor capability to infect
green foliage in the field (Spits et al., 2005). Despite this,
it is also well recognized that pathogenic populations
(pathotypes) with narrow host range exist within the
alternata section. A. arborescens responsible for the to-
mato stem canker constitutes a typical example (Grogan
et al., 1975, Mesbah et al., 2000).

The objective of this study was to evaluate the impor-
tance of small-spore Alternaria species and to analyze
the phenotypic variability within these populations iso-
lated from tomato with early blight symptoms. We have
therefore collected several isolates from diseased tomato
in Algeria, analyzed their morphological characteristics
based on growth and sporulation patterns and cultural
behaviour on different media. We have also studied their
virulence on tomato and showed that they can be divided
into two groups based on their relative aggressiveness.

To the best of our knowledge, this constitutes the first
report of leaf blight in solanaceous crops caused by
small-spore Alternaria that is belonging to the alternata
section, in the northwestern Algeria.

MATERIALS AND METHODS

Isolation

Samples of fresh infected leaf, stem and fruit of tomato were collec-
ted from 65 fields of commercial farmers located in the main vege-
table producing cities in northwestern of Algeria including: Oran,
Mascara, Mostaganem, Ain témouchent Relizane, Tlemecen and
Sidi Bel-Abbes.

Identification of isolates

Isolation of Alternaria strains was done from small pieces of in-
fected tissues after surface disinfection using 3% sodium hypo-
chlorite (NaOCI) for 5 min. Tissue samples were then rinsed with
sterile water and placed onto potato sucrose agar (PSA) medium
and incubated at 25°C for 7 days. Cultures that were contaminated
with bacteria were transferred on PSA amended with streptomycin
(50 pg mi™). Pure cultures were obtained for each of the isolates
using the single spore technique according to Hansen (1926).
Single spore colony was transferred to the same PSA medium. The
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Table 1. Scale for evaluation of the mean mycelia growth and conidial production of Alternaria

isolates.

Mean mycelial growth (mm/day) Conidial production (><1O5 spores.mm‘z) Rating
0to 3.0 Oto 10 0
3.1t0 6.0 10.1to 20.0 1
6.1to< 201tos< 2

130 pure isolates were stored at 4°C on PSA slants for further
study. Identification of small spore Alternaria was performed accor-
ding to a previously established protocol (Simmons, 2007).

DNA isolation and molecular characterization

DNA isolation from the studied Alternaria isolates was carried out
according to the microwave miniprep procedure described by
Goodwin and Lee (1993). The PCR amplification was carried out in
a Biorad thermocycler using the following scheme: initial dena-
turation at 95°C for 3 min, then 30 cycles consisting of 95°C for 30
s, 55°C for 50 sand 72°C for 1 min, and a final elongation at 72°C
for 10 min. Amplifications were carried out using primers AAF2 (5'-
TGCAATCAGCGTCAGTAACAAAT-3’) and AAR3 (5-
ATGGATGCTAGACCTTTGCTGAT-3’) able to amplify a part of the
ITS regions and the 5.8S gene specific to A. alternata-related
species (Konstantinova et al., 2002). Amplification products were
resolved on 1.2% agarose gels in 0.5xTAE buffer (20 mMTris-
acetate pH 8, 0.5 mM EDTA) followed by ethidium bromide staining.

Cultural, nutritional and physiological characters of fungal
strains

Thirty-two isolates were studied for their cultural and morphological
variations on six culture media, potato carrot agar (PCA) (Simmons,
2007), malt extract agar (Messiaen et al., 1991), potato sucrose
agar (PSA) (Samson et al., 2002), Czapek dox agar (Salam et al.,
2006), Mathur (Mathur et al.,, 1950) and Sabouraud (Dongyou,
2010) selected for their ability to support A. alternata growth. Each
figure was inoculated by transferring 5-mm mycelia disc from seven
days old culture of each isolate and was incubated at 25+1°C for
growth.The different colony characters like pigmentation, sporula-
tion, and zonation were recorded in PSA medium by visual obser-
vation after 7 days. For morphological conidia chain examinations,
the unsealed inoculated PCA figures were incubated under a daily
natural light/dark cycle and maintained at a moderate temperature
(22°C); cultures were observed after 5 days at 50x magnification
with a stereomicroscope. Further examination was done at x400
magnification using a compound microscope. Each spore suspen-
sion was mounted in lactophenol on a microscope slide and
measured using a micrometer (septation and size). Thirty records
per isolate were made for the purpose.

Effect of carbon and nitrogen sources

Czapekdox was used as a basal medium to study the effect of
nutrients such as carbon and nitrogen compounds. Ten carbon
sources were tested at 3% (v/v): sucrose, glucose, fructose, lac-
tose, maltose, starch, cellulose, glycerol, mannitol and citric acid.
Eight nitrogen sources were also tested at 0.2% (v/v): potassium
nitrate, sodium nitrate, ammonium sulfate, asparagine, valine, leu-
cine, arginine and peptone as described by Attrassi et al. (2007).

Effect of pH

To test the influence of pH on fungal growth, isolates were cultured
in PSA initially adjusted to different pH ranging from 4.0 to 10.0
using dilute acid or alkali (Vijayalakshmi et al., 2012).

Effect of temperature

Petri dishes containing PSA medium were inoculated with 5-mm
mycelial discs from ten-day-old culture of different isolates. The
inoculated figures were incubated at different temperature: 5, 10,
15, 20, 25, 30 and 35°C (Hubballi et al., 2010).

Fungal growth and sporulation

Measurements on radial colony diameter were recorded 2", 4™, 6"",
8", 10" and 12" day after inoculation. Growth rate per day was
calculated by the formula (Sofi et al., 2012):

X = Growth at day N (mm) - Growth at day N-2 (mm)/2

Sporulation was determined by harvesting the conidia from the
surface of ten-day-old colonies by flooding each figure with 10 ml of
sterilized distilled water and scratching the agar surface with the
help of rubber spatula. The resulting suspension was filtered
through muslin cloth and concentration of the spores was measured
with the help of haemacytometer. Total number of spores on the
colony and number of spores per unit area were calculated. In this
study, all assays were replicated three times.

All the 32 isolates were categorized into groups depending on
rates attributed on the mean mycelia growth and conidial production
using the scale described by Attrassi et al. (2007) and modified as
follow in Table 1.

Bioassays for pathogenicity of fungal isolates

In order to confirm the identification of the disease and its causal
agent, the pathogenicity test was performed using a detached leaf
technique as described by Reni et al. (2007). Detached healthy
leaflets of tomato cultivar Saint Pierre from leaf N° 5 were cleaned
with sterile distilled water, dried and transferred to Petri dishes with
moisten filter papers. Leaflets were inoculated by two different
methods. For the first method, conidial suspensions of 7 days old
culture grown on PSA medium were prepared as previously
described. Spore density was adjusted using a heamacytometer
technique to 10° cfu/ml (Brame and Flood, 1983). A 20ul drop of the
suspension was then applied to the surface of the leaf. A control
experiment was carried out simultaneously using sterile distilled
water. For the second method, leaflets were inoculated with 5-mm
plugs of 7-day-old cultures of the isolate. The inoculum was placed
in the middle of each leaf. Leaves for control were mock inoculated
with a plug of sterile PDA (Loladze et al., 2005; Park et al., 2008).
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Figure 1. A) Leaves of tomato plants showing typical symptoms of early blight
disease. B) Light micrographs of conidia of strains isolated from diseased tomato

organs. Bars= 15 ym.

Table 2.Collected samples from northwestern Algeria regions from different fields of tomato production.

Zone Season Isolate Sample
Oran Spring and Summer  A26, A21 48
Mascara Spring and Summer  Al13, A15, A17, A18, A19, A20, A24 11
Mostaganem Spring and Summer A4, A6, A7, A8, A9, A10, Al1, Al16, A22, A23, A25, A27, A30 31
Ain témouchent Summer Al, A3, A12, Al4, A28 10
Relizane Summer A31, A32 3
Telemcen Summer A2 11
SidiBel-Abbes Summer A5, A29 16

(20-23°C). All isolates were evaluated and each assay was
replicated three times.

Disease assessment

The impact of the pathogens was determined by visual rating of
disease symptoms 1 week after inoculation; the assessment was
carried out by measuring the diseased area of the leaflets and
compared to the control using a scale as follows: 0 = no symptoms,
1 =0 to 30% of leaf area necrotic and chlorotic, 2 = 31 to 60% of
leaf area necrotic and chlorotic, and 3 = 61 to 100% of leaf area
necrotic and chlorotic (Van der Waals et al., 2004; Kheder et al.,
2012).

Statistical analysis

Averages of colony diameter and number of conidia/ml for each
treatment combination were evaluated for subsequent data ana-
lysis. Analysis of variance and separation of means to determine
differences in growth rates and sporulation under different growth
conditions was carried out. The data were statistically analyzed and
the treatment means were compared. Agglomerative hierarchical
clustering (Ward, 1963) of cultural, nutritional and physiological
parameters were combined to construct a dendrogram using the
STATISTICA 5.0 software. Euclidean distances were transformed
according to the formula: 100 x distance between two points / maxi-
mal distance. This enabled the interpretation of results as 0-250%.
On the other hand, the analysis of the results from the virulence
assays was performed on the basis of the means and standard

deviation using nonhierarchical classification (Digby and Kempton,
1987). It is often found that nonhierarchical methods provide a more
acceptable classification into fewer major groups. The groupings
obtained are also more robust to any aberrant similarities between
individual pairs of units (Digby and Kempton, 1987).

RESULTS AND DISCUSSION
Isolation of Alternaria

All isolates were collected from plants displaying similar
symptoms characteristic of the early blight disease. They
affected leaves, stems and fruits (Figure 1A).

Mycological analysis indicated that tomatoes in the
seven main producer cities of vegetables in northwestern
of Algeria were strongly invaded by small-spore Alternaria
spp (section alternata). The cultural and morphological
characters of 130 isolates were closely similar to those
described by Simmons (2007) (Table 2). Conidiophores
arising singly or in small groups produced spores in
chains and conidiospores were large with longitudinal
and transverse septa and a short beak typical for A.
alternata and related species (Figure 1B). Their identifica-
tion was further confirmed by molecular analysis using
specific primers. As shown in Figure 2, the amplification
of DNA from these small-spores isolates using the AAF2
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M3 2 3

Figure 2. Sample gel showing amplification products
from Alternaria genomic DNA using the AAR2/AAF3
primer pair. Template DNA was isolated from: A.
alternata (lane 1), A. solani (lane 3), A. tomatophila
(lane 5), Alternaria isolates from diseased tomato
(lanes 2,4, and 6). Lane M, 100 bp molecular weight
marker.

/AAR3 primer pair resulted in a specific 341-bp PCR
product. At the same time, no amplification product was
observed using the same primer pair and DNA from A.
tomatophila and A. solani, two species often isolated from
symptomatic tomato leaves, confirming the identity of the
chosen isolates as members of the alternata section.

Cultural characteristics of the isolates on PSA
medium

Thirty-two fungal isolates were randomly selected for
further characterization of their colony morphology on
potato sucrose agar (PSA). The results revealed a con-
siderable variation in macroscopic characters of these
isolates collected from different locations this morpholo-
gical species were. Colony color varied from light to dark
olivaceous with greenish or brownish tinge. Mostly, the
colonies had velvety or cottony mycelia growth with slight
variations and regular to irregular margin and without
concentric zonation. All the isolates impregnated the
media with a color mostly grey to brown with some varia-
tions that were clearly visible from the underside of
figures. These observations are in agreement with Pusz
(2009) who reported that the colonies of A. alternata
isolated from Amaranthus retroflexus varied from light
grey to dark grey. Similarly, Rai and Kumari (2009)
observed loose, cottony, compact and dense colonies
with light to dark black color for A. alternata infecting
Periwinkle. The findings of Hubballi et al. (2010) showed
variation in the pigmentation of 15 A. alternata isolates

producing black, brownish black, greenish black, brown
and yellow pigmentation.

Variation with respect to topography of the colony type
was also observed. Two isolates (A21 and A26) had
cottony sub-aerial mycelia growth while, 13 isolates (A4,
A6, A7, A8, A9, A10, Al1, Al16, A22, A23, A25, A27 and
A30) had medium cottony growth. Five isolates (Al, A3,
Al12, Al4 and A28) had cottony central growth. Seven
isolates (A13, Al15, Al17, A18, A19, A20 and A24) pro-
duced velvety, oppressed mycelium whereas, two iso-
lates (A5 and A29) grown with velvety mycelium and
furrowed margin. One isolate (A2) had velvety mycelium
with oppressed margin.

All the isolates produced spores on PSA (Figure 5B).
High sporulation was observed for one isolate (Al12),
while for most of the isolates moderate sporulation was
recorded. Poor sporulation was observed only for one
isolate (A7). Variation in growth rates on PSA was also
observed (Figure 3). The fastest mean growth rate was
obtained for isolate A31 (mean 14.90 + 0.614 mm/day)
and the slowest in the (A2) isolate (mean 8 + 0.487
mm/day). Isolates in the present study depicted periodic
changes in their growth rates. Four isolates grew very
fast in the initial 2—4 days of observation (A12, A13, A16
and Al7) but decreased afterwards while most of the
isolates had the highest growth rate at 6 days and one
isolate (A10) grew faster at the end of the experiment.
Almost similar observations were performed by Pusz
(2009) and Hubballi et al. (2010) when measuring growth
rates of A. alternata and A. mali isolates, respectively.

Sporulation patterns of the isolates on PCA medium

All the 130 Alternaria isolates collected from plants in the
family Solanaceae in northwestern Algeria were charac-
terized for their sporulation patterns and conidial charac-
teristics on potato carrot agar (PCA) at 7 days. All isolates
could be grouped into three types that corresponded to
type 3, 4 and 5 sporulation patterns as defined by
Simmons and Roberts (1993). Figure 4 shows the mor-
phological characteristics of conidia and sporulation pat-
terns of representative isolates of each group. Type 4
sporulation pattern (Figure 4A) appeared as low bushy
clumps of well-branched chains. Conidia varied from
obpyriform to ovate to obclavate, yellowish-brown to
brown, with 1-8 transverse and 0-3 longitudinal or oblique
septa. Spore body size was 6.5-59.8 x 4.2-16.5um. This
typical A. alternata accounted for 33. 85% and the selec-
ted isolates from this morphological species were Al, A2,
Al10, Al1, A12, A13, A15, A16, A19, A21, A24, A26, A28,
A30 and A32. Type 5 sporulation pattern (Figure 4B) cor-
responded to moderately long to long chains of more
than 9 conidia, branching of chains usually was minor (1
to 2 conidia) or lacking. Conidia produced were obclavate
or ellipsoidal, brown to golden brown, some conidia with
minutely verrucose walls. Mature conidia with 4-9 trans-
verse septa and 0-4 longitudinal or oblique septa were
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Figure 3. Variability in the growth rates of Alternaria isolates on PSA medium.

Figure 4. (A) Alternaria alternata conidia and
sporulation pattern (PCA 7d) from isolate A15. (B)
Alternaria tenuissima conidia and sporulation pattern
(PCA 7d) from isolate A8. (C) Alternaria
arborescens conidia and sporulation pattern (PCA
7d) from isolate A23. Bars=50 pm.

observed. Conidium body size was 9.8-60.20 x 8.6-15.5 Al4, A17, A18, A20, A22, A25, A27, A29 and A31. Type
pm. This typical A. tenuissima accounted for 64.61% and 3 sporulation pattern (Figure 4C) appeared as conidial
the chosen isolates were A3, A4, A5, A6, A7, A8, A9, chains of 2-6 units long and typically produce branches
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Figure 5. Variability in the growth (A) and sporulation (B) rates of small- spore Alternaria isolates on different medium.

(1 to 5 conidia) having a long defined primary conidio-
phore with few terminal and sub terminal branches. Coni-
dia were ovate, obpyriform to ellipsoidal, mature conidia
had 1-6 transverse septa and 0-3 longitudinal or oblique
septa; spore body measured 9.6-38.4 x 3.2-12.8 pm.
This group accounted for only 1.53% of the isolates and
A23 was chosen for further studies. To compare, Xia and
Tian-Yu (2008) reported that the conidia of 27 A.
alternata isolates varied from 16.5-56.5 x 6.5-14.5 ym
and conidia size variability among 53 isolates of A.
tenuissima was 22.5-42 x 8.5-12.5 ym. Although morpho-
logical characteristics of conidia and conidiophores have
often provided the major taxonomic criteria for delimita-
tion of fungal species, these characters may be strongly
affected by environmental factors. Thus in quantifying
size dimensions, number of transverse or longitudinal
septa, isolates often fit a number of different species and
accurate assignment of small-spore Alternaria to one of
the described species is often difficult based on this sole
criteria. By contrast, 3D-sporulation patterns provide a
much robust morphological criteria for the delineation of
Alternaria species within the alternata section.

Response of the isolates to different culture

conditions
Base medium

Growth and sporulation of the 32 selected isolates was
first tested on different culture media. Significant vegeta-
tive growth was observed on all tested media (Figure 5).
The relatively high growth rates recorded irrespective of
the medium indicate that small-spore Alternaria isolates
have the ability to utilize a wide range of carbon sources
and other nutrients. For all the 32 isolates, Czapek Dox
agar supported the maximum growth (mean: 7.667+0.591
mm/day) but poor sporulation (2.166+0.98210° spores
/mm?®) maybe due to the presence of chloride ion. Growth
rates on PCA medium were almost similar (mean:
7.763£0.425 mm/day) with the minimum fungal sporu-
lation (mean: 0.450+ 0.207 10° spores/mmz). This me-
dium, which is rich in nutrients, may probably favor myce-
lia growth with ultimate loss of sporulation (Nasraoui,
2006). By contrast, the slower mycelia growth rate was
measured on malt extract agar (mean: 3.902+1.141
mm/day) which supported the maximum sporulation
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Figure 6. Variability in the
sources.

growth (A) and sporulation (B) rates

(mean: 16.721+6.915 10> spores/mm?), albeit with large
variation between isolates. Poor sporulation (mean: 1.334
+0.581 10° spores/mmz) and moderate mycelia growth
(mean: 6.212+1.072 mm/day) was observed on Mathur
medium. Sabouraud medium and PSA both supported
moderate mycelia growth (mean: 5.501+1.072 mm/day
and 5.639+0.766 mm/day, respectively) and sporulation
(6.365+3.618 10° spores/mm2 and 4.348 + 3.06410°
spores/mm?, respectively), and were the preferred media
for culturing small-spore Alternaria. The influence of
media base revealed a negative correlation between
growth and sporulation of the isolates. The composition
of the culture media thus constitutes an important physio-
logical parameter that significantly affects the mycelia
growth rate and conidial production of the isolates.

Carbon and nitrogen sources

Effects of ten carbon sources and eight nitrogen sources

of small —spore Alternaria isolates on different carbon and nitrogen

(Figure 6) were then tested using Czapek dox as basal
medium. All the ten carbon sources were found suitable
to sustain mycelia growth. Although the type of carbon
source had low effect on the recorded growth rates,
sporulation was much more affected by this parameter
and varied from 0.431+0.215 10° spores/mm? on citric
acid to 2.89+2.6910° spores/mm? on lactose. Contrarily to
what was recorded for carbon sources, a stronger effect
of the nitrogen source on growth parameters was
observed. The mycelia growth of the isolates on different
nitrogen sources was found to be highest on two
inorganic nitrogen sources, sodium nitrate (7.977+0.584
mm/day) and potassium nitrate (7.827+0.503 mm/day)
with moderate (1.778+1.242 spores/mm2 and 2.297 *
1.462 10° spores/mmz, respectively) sporulation. The
lowest fugal growth was recorded on ammonium sulfate
containing medium (1.054+£0.386 mm/day) with no
sporulation. These observations are in agreement with
those of Attrassi et al. (2007) studying A. alternata
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Figure 7. Variability in the growth (A) and sporulation (B) rates of small-spore Alternaria isolates on different pH and temperatures.

isolated from pears and Snapbeans, respectively, while
Ramjegathesh and Ebenezar (2012) found that ammo-
nium sulfate was the optimum nitrogen source of A.
alternata isolated from leaf onion. While many fungi assi-
milate well the inorganic nitrogen sources like nitrates,
they can also use a wide range of amino-acids which
evoke different fungal responses and usually fungi grow
well on asparagine unlike on leucine which supports low
fungi growth (Nasraoui, 2006; Brzonkalik et al., 2011). In
line with this, our results show that growth and sporula-
tion were very poor on leucine and arginine as organic
nitrogen sources while valine and asparagine yielded
moderate growth (6.453+1.181 and 5.741+1.184 mm/day,
respectively) and sporulation (2.862+3.019 and 3.552 +
3.64810° spores/mmz, respectively).

pH and temperature

The impact of the medium pH on mycelial growth and
sporulation (Figure 7) of the 32 isolates was studied in
the range of pH 4 - 10. In accordance with previous ob-

servations showing that generally fungi grew best at
neutral or slightly acidic pH (Madan and Thind, 1998), the
optimum pH for growth of our isolates was between 6 and
8 (ca. 6.6 mm/day). The pH values below 6 and above 9
led to a decreased mycelia growth and minimum growth
rate was recorded at pH 10 (5.678+0.883 mm/day). Simi-
lar trend has already been reported by Ramjegathesh
and Ebenezar (2012) and alkaline media are generally
not recognized as favorable for fungal growth and
sporulation. By contrast, pH 4 allowed the maximum
mean of sporulation (4.058+3.309 10° spores/mm?) follo-
wed by pH 8 (3.918+3.190 10° spores/mm?). To com-
pare, optimal pH values for sporu-lation varying between
4.8 and 6.3 have been reported for different Alternaria
species (Mathur and Sarboy, 1977; Gemawat and
Ghosh, 1980). In the present study, a single peak was
recorded for optimum pH value for mycelia growth, which
agrees with the behavior of fungi studied by Mehrotra
(1964). However, two peaks were observed according to
the mean sporulation of the isolates as already reported
by Mathur et al. (1950) for C. lindemuthianum.
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Figure 8. Dendrogram presenting the cluster analysis of morphological, cultural and physiological characteristics of

32 small-sporedAlternaria isolates.

Temperature is often considered as the most important
physical environmental factor for regulating the growth
and reproduction of fungi. All the 32 isolates grew well at
a temperature of 30°C (7.434+0.612 mm/day) followed by
25°C (6.751+0.457 mm/day). The lowest growth was
observed at 35°C (1.108+0.678 mm/day). From this
study, it is clear that temperatures ranging from 25 - 30°C
are optimal for the growth of small-spore Alternaria.
These results are in agreement with those of Hubballi et
al. (2010), reporting that 27°C was the optimum tempera-
ture for the growth of A. alternata. The most suitable
temperature for sporulation was 20°C (7.648+6.358 10°
spores/mmz) followed by 30 and 25°C. Poor sporulation
was observed at 5°C (1.381+1.54610° spores/mmz).

Global analysis of the cultural variability of small-spore
Alternaria isolates from tomato

Combined results of growth rates at different temperatures,
colony morphology, and metabolite profiles were found to
be useful in characterization and differentiation of small-
spore Alternaria spp. when standardized conditions were
applied and representative isolates employed for com-
parison (Andersen et al., 2005). We therefore performed a
global analysis of the above-described phenotypical traits
from our selected isolates collection. The matrix shown

on Figure 8 consisted of 32 isolates and 65 characters.
All the isolates were categorized into two main clusters (I
and I1). Cluster | contained one isolate of A. arborescens
and 27 isolates of A. tenuissima and A. alternata species
group respectively, cluster Il accommo-dated only four
isolates of A. alternata group. Cluster | was further subdivi-
ded into two groups accommo-dating the A. arborescens
isolate A23 (la) and 16 A. tenuissima isolates as well as
11 isolates of A. alternata species (Ib), respectively. Simi-
larly, cluster Ib was further subdivided into two sub-
groups. The Ib-1 subgroup accommodated the 19 isola-
tes from our collection that had a typical A. tenuissima
sporulation pattern and three isolates thathad the typical
A. alternata sporulation pattern. The Ib-2 subgroup con-
sisted of eight isolates that had the typical A. alternata
sporulation pattern. Several workers have already repor-
ted cultural, morphological and pathogenic variability
among isolates of small spore Alternaria spp. (Slavov et
al., 2004; Tetarwal et al., 2008; Sofi et al.,2012) and Rotem
(1994) claimed that the variation on the cultural cha-
racteristics (color, growth, and sporulation) allowed to
identify almost as many races as the number of isolates
tested. The observed diversity for the phenotypic charac-
ters within the isolates from tomato and assigned to the
A. alternata and A. tenuissima morphological species
might reflect various environmental conditions in regions
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Figure 9. Tomato leaf blight disease development on detached leaves pathogenicity tests
on Lycopersicon esculentum L; leaf inoculated with sterile growth medium and sterile
distilled water (far left) remained free of symptoms 1 week after inoculation. Leaflets

inoculated with mycelia plug (A) leaflets inoculated with conidial suspension (B).

where these isolates have been collected. However, no
geographical clustering was obtained; all groups and sub
groups contained isolates from different districts having
almost similar agro-climatic conditions.

Pathogenicity  variability among small-spore
Alternaria isolates from tomato

In order to test whether the cultural characteristics of the
32 selected isolates could reflect differences in virulence,
pathogenicity tests were performed by inoculating
detached leaves either with conidial suspensions or with
mycelial plugs. Similar results were obtained for all
isolates with both methods. The small-spore Alternaria
isolates differed in their ability to produce lesions from the
point of inoculation on leaflets. Fifteen isolates were
weakly pathogenic comprising eight isolates of the A.
alternata species and seven for the A. tenuissima
species. For these isolates, we observed that spores
germinated profusely on the surface of tomato leaflets
inoculated with conidial suspensions, but failed to cause
disease. However, 17 of the isolates tested exhibited
relatively strong ability to produce infection on leaflets of
which seven were of the A. alternata species, nine from
the A. tenuissima species and the A. arborescens isolate
A23. Nonhierarchical grouping of results from virulence
assays on detached leaves showed that isolates could be
divided into two main groups (Table 3). Isolates in group
1 had average virulence ratings of either 0 or 1, while

those in group 2 had average ratings of either 2 or 3. The
highest incidence of disease on leaflets inoculated with
conidial suspensions was observed in A22 isolate
(86.51+5.60%) followed by A5 (76.90+3.94 %) while
isolate A23 recorded 56.73 +12.20%. The lowest disease
incidence was noted with the A16 isolate (11.81+3.86 %).
Disease incidence in leaflets inoculated with mycelia plug
shows almost same rates with high ability to produce
lesions for A22 (90.18+6.44 %), A5 (84.23+6.00 %) and
A23 isolate (75.59+15.67%) and the lowest incidence
(13.33+4.30%) for Al6 isolate as it is represented in
Figure 9.

The pathogenicity assays in this study showed a high
degree of variation in virulence of the different isolates.
Pathogen entry into the tissues may be an active process
but opportunistic infections may also occur as a result of
sunburns, or cracking of leaves by the wind. Given the
abundance of aerial spores, both active and opportunistic
infections could result in lesions being composed of
genetic mixtures. Two types of small-spore Alternaria
isolates have previously been isolated from diseased
tomato: the saprophytic form, for which all Lycopersicon
esculentum cultivars are resistant, but develops symp-
toms only on ripe tomato fruits (blackmold) (Cassol and
St. Clair, 1994) and the pathotype A. alternata f. sp.
lycopersici, also reported as A. arborescens (Simmons,
1999), which induces lethal dark brown cankers on
stems, leaf necrosis and wilting in susceptible tomato
cultivars by the action of its host-specific AAL-toxins
(Grogan et al.,, 1975; Mesbah et al., 2000). Several A.
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Table 3. Nonhierarchical grouping of Alternaria isolates from northwestern Algeria into two
groups based on virulence on detached leaves of tomato.
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Isolate

Zone

Group 1 Group 2
AinTemouchent Al, A12 A3, Al4, A28
Mascara Al13, Al7, A18, A19 A15, A20, A24
Mostaganem A4, A6, A8, A9, Al6, A30 A7, A10, Al11, A22, A23, A25, A27
Oran A26 A21
Relizane A3l A32
SidiBelabbes A29, A5
Tlemcen A2

Group 1 is least virulent (average ratings of either 0 or 1) and group 2 is most virulent (average

ratings of either 2 or 3).

alternata pathotypes are known as host specific-toxins
(HST) producers, which are essential virulence factors
and determine their host range (Kohmoto et al., 1995).
Although we have not investigated the production of HST
in this study, AAL-toxin might be synthesized by isolate
A23. However, further studies are needed to investigate
the other isolates from our collection of small spore
Alternaria based on their secondary metabolites patterns
to check whether they might also be considered as
potential HST-producers.

Conclusion

Small-spore Alternaria have consistently been isolated
from tomato organs showing symptoms of early blight in
the northwestern region of Algeria. Based on their spo-
rulation patterns, among the 32 studied isolates, only one
corresponded to the tomato pathogenic A. arborescens
species while all the other isolates were assigned to the
A. tenuissima and A. alternata species. Members of the
latter groups have often been considered as fungi with
saprophytic or opportunistic lifestyles. Despite this, patho-
genicity assays conducted on detached tomato leaves
showed that some of the studied isolates, either from the
A. tenuissima or the A. alternata species, were highly
virulent resulting in almost complete browning of inocu-
lated leaves in one week. Diversity within the A. alternata
species, and to a lesser extent within the A. tenuissima
species was also evidenced from their morphological
characteristics and cultural behavior. Agglomerative
hierarchical clustering of such parameters provided no
correlation with virulence nor with geographic origin of the
isolates, although the resulting dendrogram was coherent
with the species grouping and confirmed that the identi-
fied morphotypes corresponded to different species.
Besides isolates belonging to the alternata section,
Alternaria species belonging to the porri section (A. solani
and A. tomatophila) are often considered as major cause
for early blight on tomato. Future studies will therefore
investigate the occurrence of this Alternaria lineage in

northwestern Algeria and their possible interactions with
isolates of the alternata section.
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