
         

7 July 2018
ISSN 1996-0808 
DOI: 10.5897/AJMR
www.academicjournals.org 
  

OPEN AC C ESS

African Journal of 

Microbiology Research



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ABOUT AJMR 
 
 

The African Journal of Microbiology Research (AJMR) is published weekly (one volume per 
year) by Academic Journals. 
 
 

The 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. 
 

 
Contact Us 

 

Editorial Office:                        ajmr@academicjournals.org  

Help Desk:                                helpdesk@academicjournals.org  

Website:                                   http://www.academicjournals.org/journal/AJMR 

Submit manuscript online     http://ms.academicjournals.me/ 

 

 

mailto:%20ajmr@academicjournals.org
mailto:helpdesk@academicjournals.org
http://www.academicjournals.org/journal/AJMR
http://ms.academicjournals.me/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Editors 
 

 
 

Prof. Adriano Gomes da Cruz 
University of Campinas (UNICAMP), 
Brazil. 
 
Prof. Ashok Kumar 
School of Biotechnology 
Banaras Hindu UniversityUttar Pradesh, 
India. 
 
Dr. Mohd Fuat Abd Razak 
Infectious Disease Research Centre, 
Institute for Medical Research, Jalan 
Pahang, Malaysia. 
 
Dr. Adibe Maxwell Ogochukwu 
Department of Clinical Pharmacy and 
Pharmacy Management, 
University of Nigeria 
Nsukka, Nigeria. 
 
Dr. Mehdi Azami 
Parasitology & Mycology Department 
Baghaeei Lab. 
Isfahan, Iran. 
 
Dr. Franco Mutinelli 
Istituto Zooprofilattico Sperimentale delle 
Venezie Italy. 
 
Prof. Ebiamadon Andi Brisibe 
University of Calabar, 
Calabar, 
Nigeria. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Prof. Nazime Mercan Dogan 
Department of Biology 
Faculty of Science and Arts 
University Denizli Turkey. 
 
Prof. Long-Liu Lin 
Department of Applied Chemistry 
National Chiayi University 
Chiayi County Taiwan. 
 
Prof. Natasha Potgieter 
University of Venda 
South Africa. 
 
Dr. Tamer Edirne 
Department of Family Medicine 
University of Pamukkale 
Turkey. 
 
Dr Kwabena Ofori-Kwakye 
Department of Pharmaceutics 
Kwame Nkrumah University of Science & 
Technology 
Kumasi, Ghana. 
 
Dr. Tülin Askun 
Department of Biology 
Faculty of Sciences & Arts 
Balikesir University Turkey. 
 
Dr. Mahmoud A. M. Mohammed 
Department of Food Hygiene and Control 
Faculty of Veterinary Medicine 
Mansoura University Egypt. 
  
  
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Editors 
 
 

Dr. James Stefan Rokem 
Department of Microbiology & Molecular 
Genetics 
Institute of Medical Research Israel – 
Canada 
The Hebrew University – Hadassah 
Medical School Jerusalem, Israel. 
 
Dr. Afework Kassu 
University of Gondar 
Ethiopia. 
 
Dr. Wael Elnaggar 
Faculty of Pharmacy 
Northern Border University 
Rafha Saudi Arabia. 
 
Dr. Maulin Shah     
Industrial Waste Water Research 
Laboratory 
Division of Applied & Environmental 
Microbiology, Enviro Technology Limited 
Gujarat, India. 
 
Dr. Ahmed Mohammed 
Pathological Analysis Department 
Thi-Qar University College of Science 
Iraq. 
 
Prof. Naziha  Hassanein 
Department of Microbiology 
Faculty of Science 
Ain Shams University 
Egypt. 
 
Dr. Shikha Thakur 
Department of Microbiology 
Sai Institute of Paramedical and Allied 
Sciences India. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Dr. Samuel K Ameyaw 
Civista Medical Center 
USA. 
 
Dr. Anubrata Ghosal 
Department of Biology 
MIT - Massachusetts Institute of Technology 
USA. 
 
Dr. Bellamkonda Ramesh     
Department of Food Technology 
Vikrama Simhapuri University 
India. 
 
Dr. Sabiha Yusuf Essack 
Department of Pharmaceutical Sciences 
University of KwaZulu-Natal 
South Africa. 
 
Dr. Navneet Rai     
Genome Center 
University of California Davis USA. 
 
Dr. Iheanyi Omezuruike Okonko 
Department of Virology 
Faculty of Basic Medical Sciences 
University of Ibadan 
Ibadan, Nigeria. 
 
Dr. Mike Agenbag 
Municipal Health Services, 
Joe Gqabi, 
South Africa. 
 
Dr. Abdel-Hady El-Gilany 
Department of Public Health & Community 
Medicine, Faculty of Medicine 
Mansoura University 
Egypt. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

African Journal of Microbiology Research 
 

 Table of Content:       Volume 12      Number 25     7 July, 2018 

 
ARTICLES 

 
 
Determination of aflatoxin M1 in bovine milk from the Alagoas/Brazil  
State dairy belt by high performance liquid chromatography (HPLC)                                 580                                                                                                                                                                                                                                                                                                                                       
Angela Matilde da Silva Alves, Pabllo Henrique de Souza Lima,  
Mario Alberto Santos da Costa, Cristian Bernardo da Silva,  
Jonas dos Santos Sousa, Danielle dos Santos Tavares Pereira,  
Phabyanno Rodrigues Lima and Johnnatan Duarte de Freitas 
 
Microbiological quality and safety of milk production  
and marketing in Hawassa district, Ethiopia                                                                             587                                                                                                                                                                                                                                                                                                                                                   
Habtamu Korma, Ajebu Nurfeta and Edessa Negera 
 
Differential niche occupation and the biotechnological  
potential of Methylobacterium species associated with sugarcane plants                        595                                                                                                                                                                                                                                        
Pedro Avelino Maia de Andrade, Armando Cavalcante Franco Dias,  
Simone Raposo Cotta, Diogo Paes da Costa, João Tiago Correia Oliveira,  
Lucianne Ferreira Paes de Oliveira, Fernando José Freire,  
Fernando Dini Andreote and Julia Kuklinsky-Sobral 
 



 

Vol. 12(25), pp. 580-586, 7 July, 2018 

DOI: 10.5897/AJMR2018.8848 

Article Number: 583386957824 

ISSN: 1996-0808  

Copyright ©2018 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJMR 

 

 
African Journal of Microbiology Research 

 
 
 
 
 
 
 

Full Length Research Paper 
 

Determination of aflatoxin M1 in bovine milk from the 
Alagoas/Brazil State dairy belt by high performance 

liquid chromatography (HPLC) 
 

Angela Matilde da Silva Alves*, Pabllo Henrique de Souza Lima, Mario Alberto Santos da 
Costa, Cristian Bernardo da Silva, Jonas dos Santos Sousa, Danielle dos Santos Tavares 

Pereira, Phabyanno Rodrigues Lima and Johnnatan Duarte de Freitas 
 

Instituto Federal de Educação, Ciência e Tecnologia de Alagoas/Brasil. 
 

Received 15 March, 2018; Accepted 28 June, 2018 
 

Milk is considered a nutritionally noble food and is therefore suitable for feeding children and adults. 
However, contamination of milk by mycotoxins may pose a health risk to the consumer. Aflatoxins, 
mycotoxins produced by fungi of the genus Aspergillus, can be found in several food products, 
including milk and its derivatives, which reinforces the importance of this type of study on the 
occurrence of the aflatoxin M1 (AFM1) in raw milk. We analyzed 45 samples of raw bovine milk from 
expansion tanks from 23 farms in different municipalities of the dairy belt of the state of Alagoas/Brazil. 
Samples were collected directly from the cooling tanks and transported under refrigeration for analysis. 
The method used for the extraction of AFM1 was that proposed by the Adolfo Lutz Institute. On the 
other hand, the detection of AFM1 occurred by high performance liquid chromatography (HPLC) by 
identifying retention times. The results of the analyses indicated that none of the collected samples 
presented contamination by aflatoxin M1, thus indicating that the milk commercialized in Alagoas 
shows a good quality against this toxic agent. 
 
Key words: Aflatoxin M1, bovine milk, Alagoas. 

 
 
INTRODUCTION 
 
Milk and its derivatives are important foods in the human 
diet since they are complete foods rich in calcium, protein 
and lipids, which serves as a basic nutrient for infant 
feeding (Castro et al., 2013). According to Vilela (2002), 
milk is one of the six most important products for 
Brazilian agriculture. Consequently, its  contamination  by 

mycotoxins poses a great risk to health in addition to 
causing significant economic losses mainly for the small 
producer.  

Mycotoxins are secondary metabolites produced by 
fungi when there are favorable conditions for their 
development,  such  as  moisture,   temperature,   oxygen
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presence, time for fungal growth, substrate constitution, 
genetic characteristics and competition among fungal 
lineages. More than 300 mycotoxins are known, and the 
human exposure to such substances result mainly from 
the consumption of food derived from plants 
contaminated by the ingestion of their metabolites 
present in products of animal origin, such as meat and 
eggs, or by exposure to air containing toxins (CAST, 
2003; Bennett and Klich, 2003; Zain, 2011; Oliveira et al., 
2014).  

The main mycotoxin-producing fungi belong to the 
genera Aspergillus, Penicillium and Fusarium (Ribeiro, 
2008; Queiroz et al., 2009; WHO, 2009; Codex 
Alimentarius, 2011). Among the main mycotoxins of 
interest in the food area are aflatoxins, patulin, 
ochratoxin, zearalenone, trichothecenes, fumonisins. 
Aflatoxins are the most important from a toxicological 
point of view (Jay, 2005; Codex Alimentarius, 2011). 
These substances are produced by three species of 
Aspergillus: Aspergillus flavus, Aspergillus parasiticus 
and, rarely, Aspergillus nomius, which contaminate plants 
and their products. A. flavus produces only the aflatoxin 
B, while the other two species produce aflatoxins B and 
G (Jay, 2005). 

The toxic effects caused by mycotoxins to the human 
body range from acute problems to chronic diseases 
(Wild and Gong, 2010). Aflatoxins are severely toxic, 
immunosuppressive, mutagenic, teratogenic and 
carcinogenic chemicals. The main organ affected by 
toxicity and carcinogenicity is the liver (Aycicek et al., 
2005). When addressing mycotoxins, there is an 
aggravation, since their removal from food is very difficult. 
The most effective way of prevention is to control the 
growth of fungi in food (Erkekoglu et al., 2008). 
Therefore, in the preparation of formulas for infants, a 
strict control is necessary using quality raw materials 
(Mahdavi et al., 2010). When we speak of milk and milk 
products aflatoxin M1 is the most significant, being a 
substance in the hydroxylated form of aflatoxin B1, 
present in milk when the animals were fed with feeds 
contaminated with aflatoxin B1  (Flor-Flores, Lizarraga, 
López de Cerain and González-Peñas, 2015). 

Aflatoxins B1, B2, G1 and G2 are named for 
fluorescence of blue (blue) and green (green) when 
exposed to ultraviolet light (Franco and Landgraf, 1996). 
These toxins are generally found together in many foods, 
cereals and rations - feed. various proportions (Galvano 
et al., 1996; Bakirci, 2001; Creppy, 2002). On the other 
hand, the aflatoxins M1 and M2 are hydroxylated 
metabolites of aflatoxins B1 and B2, respectively, 
produced by animals and generally excreted in the milk 
and urine of cattle and other mammalian species that 
consumed food or feed contaminated by these aflatoxins 
(Creppy, 2002). The designation "M" originates from "milk 
toxin" because it is a toxin excreted in milk. The aflatoxin 
M1 has a high genotoxic activity, although it has a lower 
carcinogenic   potential  compared   to   the   aflatoxin   B1  
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(Baggio, 2006). 

Several countries around the world have laws 
controlling aflatoxins in food, and most indicate the 
maximum levels allowed for specific products. The 
European Union determines limits of 2-12 μg kg

-1
 for the 

aflatoxin B1 and 4-15 μg kg
-1

 for total aflatoxins (B1, B2, 
G1 and G2) in nuts, dried fruits, cereals and spices. For 
milk and dairy products, the established limit is 50 μg kg

-1
 

of aflatoxin M1 (AFM1). However, in the case of baby 
foods, these limits should be 0.10 μg kg

-1
 for B1 and 25 

μg kg
-1

 for M1. The United States, in its food safety 
regulation, includes a total limit of 2×10

4
 μg kg

-1
 of 

aflatoxins (B1, B2, G1 and G2) in all feed except milk, 
which should be 5×10

-4
 μg kg

-1
 for aflatoxin M1 (FAO, 

2004). In Brazil, the Ministry of Health, in the resolution of 
the Collegiate Board of Directors (RDC-07), of February 
18, 2011, establishes the maximum limits of mycotoxins 
allowed for foods. In Brazil the limits for aflatoxin M1 are 
0.5, 5.0 and 2.5 μg kg

-1
, respectively for fluid milk, milk 

powder and cheeses (Brazil, 2011). For the determination 
of AFM1, a classical method is generally that of high 
performance liquid chromatography (HPLC), HPLC being 
considered the reference method for this analysis 
(Andrade et al., 2013). 

Brazil, in 2014, ranked fifth in the world ranking of milk 
production, behind the European Union, the United 
States, China and India (IBGE, 2014). The national milk 
production this year was 35.17 billion liters. The northeast 
region was responsible for the production of 3.88 billion 
liters, of which 305 million liters were produced in the 
state of Alagoas (EGL, 2016). The dairy belt of the state 
of Alagoas has approximately 3,000 producers, 
generating 25,000 direct jobs, which is relevant to the 
state economy (CPLA, 2016; EMBRAPA, 2016).  

AFM1 contamination of milk is a result of contaminated 
and metabolized animal feed in the liver of this (Andrade 
et al., 2013) by ingesting preformed toxins through diets 
and foods contaminated with fungi (The AFM1 
contamination of milk is the result of feed contaminated 
with fungi given to the animal, which is metabolized in in 
its liver (Andrade et al., 2013) by ingestion of preformed 
toxins). This contamination is mainly due to grains 
already contaminated by toxins or rations stored under 
inadequate conditions, as well as by ingestion of forage 
containing endophytic fungi (Zain, 2011). The rations in 
which the mycotoxin producing fungi are most prone their 
development are peanuts, maize and wheat, beans, rice, 
cocoa, barley, cottonseed, chestnut, wheat and others 
(Rosmaninho et al., 2006; Oliveira et al., 2014). 
Developed countries have already realized that reducing 
mycotoxin levels in food not only reduces the financial 
burden on public health care, but also brings advantages 
in international trade and can increase exports 
(Schwarzer, 2009). The European Union more strictly 
restricts the concentration of AFM1 in milk (0.05 ng/mL) 
(Commission Regulation, 2014). 

Due  to   the   great   importance   of   milk   for   human  
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consumption and the economy of a country, the objective 
of this work was to evaluate the presence of AFM1 in raw 
milk samples from 45 community expansion tanks, these 
tanks being represented by all producers in the region, 
collected from January to May 2013 in 23 municipalities 
in the state of Alagoas/Brazil. 
 
 
MATERIALS AND METHODS  
 
Sample collection 
 
 Samples of milk were collected in triplicate of 45 community 
expansion tanks from 23 municipalities in Alagoas, the tanks had 
an approximate capacity of 2000L and a cooling temperature of 
4°C, the municipalities and quantities of tanks collected were: 6 
tanks in the municipalities of Batalha and Igreja Nova, 4 tanks in the 
municipality of Penedo and 3 tanks in the municipality of Senador 
Rui Palmeira, 2 tanks in the municipalities of Belo Monte, 
Cacimbinhas, Craíbas, Porto Real do Colégio, Girau do Ponciano, 
Mar Vermelho and Traipú, and 1 tank in the municipalities of 
Ibateguara, Jacaré dos Homens, Jaramataia, Junqueiro, Teotônio 
Vilela, Viçosa, Tanque D'Arca, São Brás, São Sebastião, Paulo 
Jacinto, Piaçabuçu and Quebrangulo. The collections were carried 
out from January to May 2013. About 500 mL of milk were collected 
and stored in pre-sterilized glass containers. The transport was 
carried out using isothermal boxes containing recyclable ice for the 
Bioprocess Laboratory, belonging to the Coordination of Chemistry 
of the Federal Institute of Alagoas (IFAL), Maceió campus. The 
samples were kept at 4°C in a refrigerator for analysis within 24 
hours. The methodology used is described by the Adolfo Lutz 
Institute (2008). 
 
 
Sample preparation 
 
The extraction of AFM1 was performed according to methodology 
described by the Adolfo Lutz Institute (2008). For the extraction of 
AFM1 in  bovine milk, 37.5 mL of the sample plus 300 mL of 
methanol A.P. and 12.5 g of celite (SiO2) were used, kept under 
stirring for 30 min. Subsequently, the filtration of the sample was 
performed on qualitative filter paper, transferring to a settling funnel 
to collect the phases after separation. After separation of the 
phases, the methanolic phase was collected. To the methanolic 
phase 50 mL of hexane and 112.5 mL of 4% NaCl (sodium 
chloride) m/v solution were added while stirring for 3 min. At the end 
of the stirring, followed by separation of the phases, the methanolic 
phase was collected again, discarding the hexane phase. An 
additional 50 mL of hexane was added, and the methanolic phase 
was collected by discarding the hexane phase. In the methanolic 
phase, 50 mL of CHCl3 (chloroform) was added, maintaining it by 
shaking for 3 min. Subsequently, the chloroform phase was 
collected, and this procedure was repeated once again. After the 
chloroform phase was collected, it was transferred to a settling 
flask, and 150 mL of 4% m/w NaCl solution was added thereto, 
while stirring, then adding about 5 g Na2SO4 (anhydrous sodium 
sulfate) for water removal. The chloroform phase was filtered, 
collected and transferred to a volumetric flask for rotoevaporation. 
After evaporating and forming a viscous extract, the extract was re-
suspended in 2 mL of CHCl3 (chloroform), and transferred to an 
amber flask. Using nitrogen gas, the sample was evaporated. The 
resuspension of this dried extract was performed in 1mL of a 57% 
solution of deionized H2O, 17% acetonitrile and 26% methanol. 
After this step, the samples were homogenized by placing them on 
ultrasound equipmento for 15 minutes. Then, the filtration was 
performed on membranes of 0.45 μm Millex (Millipore, HV filter 
hydrophilic, MA, USA), and stored in amber bottles. 

 
 
 
 
Chromatographic conditions 
 
Previously, tests were performed on raw milk samples to optimize 
the separation and detection of aflatoxin M1 (AFM1) by High 
Performance Liquid Chromatography (HPLC) (Shimadzu®, Kyoto, 
Japan). They were used in a C18 reverse phase packed column 
(Shim-pack VP-ODS, 4.6 mm x 150 mm, 4.6 μm) mounted on an 
HPLC system coupled to an excitation fluorescence detector of 365 
nm and emission of 460 nm. The mobile phase was composed of 
55% deionized water acidified with 1% acetic acid, 35% methanol 
(Sigma-Aldrich) and 10% acetronitrile (Sigma-Aldrich) in isocratic 
mode with a flow of 0.8 mL min-1 and injection of 20 μL of material 
(analytical standard and sample) previously filtered with a 0.45 μm 
Millex membrane. Identification of the compound was made from 
the comparison of the retention time (RT) of the pure analytical 
standard (Sigma-Aldrich). For the construction of the AFM1 
analytical curve, concentrations of 0.3, 0.35, 0.4, 0.5, 0.6, 1.0 and 
5.0 μg L-1 were used, each point being the result of the average of 
three replicates. The quantification was performed with the 
interpolation of the areas of the chromatographic peaks of the 
samples through the linear function obtained from the linear 
regression of the calibration curve.  
 
 
Aflatoxin M1 recovery test 
 
For this test of recovery, the procedure of extraction of AFM1 was 
the same as applied to the samples. During preparation of the 
extraction of the milk for validation of the method, they were 
contaminated at three different levels, where to each three samples 
of milk containing 37.5 mL were added, respectively, 2.0, 4.0 and 
8.0 μL of the standard to perform the recovery test; in addition, the 
test was also performed with a sample without contamination. 

The performance of the analytical method by HPLC with 
reversed-phase C18 column was determined by the RF-20A diode 
array detector for the determination of the aflatoxin M1 by the 
recovery of these three levels of contamination with the respective 
concentrations: 0.0267, 0.0534 and 0.10680 μg/L and a sample 
without contamination. 
 
 
Determination of aflatoxin M1 in the sample extract  
 
20 μL aliquots of the purified sample extract were injected using the 
same chromatographic conditions as the preparation of the 
calibration curve. The aflatoxin M1 peak of the sample solution was 
identified by comparison with the retention time obtained by the 
injection of aflatoxin M1 standard solutions. The calculation of the 
mass of AFM1 was performed according to AOAC 17, adapted for 
use of area in place of sample peak, obtaining the concentration of 
AFM1 in μgL-1. 
 

 
 
where: A = peak area of the sample; A' = peak area of the standard; 
C' = standard concentration (μg/mL); VI' = injected volume of the 
standard; VI = injected volume of the sample; V = final sample 
volume (μL); VL = volume of milk represented at the end of the 
extract (mL). 
 
 
Statistical analysis 
 
Statistical analysis was performed using the SAS program 
(Statistical Analyzes System, 2003). 

 
 
                             A x C' x VI' x V 
AFM1 μgL-1of =     
                                A' x VI x VL 
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Figure 1. Chromatogram of the AFM1 analytical standard. 

 
 
 

 
 
Figure 2. Analytical curve of the AFM1 standard obtained by the 
High Performance Liquid Chromatography system. 

 

 
 

RESULTS AND DISCUSSION 
 
The chromatogram for the AFM1 analytical standard 
(Figure 1) shows that the retention time for this 
compound was 12.3 minutes. It presents an excellent 
chromatographic resolution with the chromatographic 
conditions applied. The linear regression from 0.3 to 5.0 
μg L

-1
 of the calibration curve generated a linear function f 

(x) = 0.000211607x + 0.0857576, with coefficient (r
2
) of 

0.9996 (Figure 2). The obtained R
2
 value for the AFM1 

curve demonstrates the linearity of the obtained curve. 

Thus, the working range of the method, which 
corresponds to the concentration range used in the 
composition of the calibration curve, was linear and can 
be used for quantification. The limit of detection (LD) was 
0.08 μg L

-1
, considering the minimum amount of AFM1 

generating a measurable signal relative to the 
background noise as a ratio of 3:1. The limit of 
quantification (LQ) was 0.026 μg L

-1
.  

For the recovery test, as mentioned in the 
methodology, 3 milk samples were contaminated at 
different levels of contamination, and one was absent 
from intentional contamination. For this test, the same 
extraction treatment was applied to the milk samples 
collected in the expansion tanks, as well as the same 
chromatographic conditions. The contamination during 
this extraction procedure was made in order to validate 
the method and to prove that the extraction of the AFM1 
is effective (Figure 3). The analysis of the chromatogram 
showed that AFM1 extraction method used is applicable 
and suitable for samples of raw bovine milk when 
contaminated with 8 μL of AFM1 at the concentration of 
0.10680 μgL

-1
.  

The results found in the evaluation of the 45 samples 
collected from the community expansion tanks were 
satisfactory, since none of them was within the limits of 
detection of the method used, contamination by AFM1, 
these results confirm research by other authors. Weigel 
(2007), for example, evaluated the condition of 128 
samples of UHT milk and milk in natura in which the 
presence of the toxin was not detected. As found by 
Santos et al. (2014), 82 samples of pasteurized milk from 
Paraná State also obtained positively satisfactory results 
for the absence of AFM1. Figure 4A shows the 
chromatogram of one of the crude bovine milk samples, 
and Figure 4B shows a comparison between the
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Figure 3. Chromatogram of the recovery test using bovine milk contaminated with 8 μl of 
AFM1at a concentration of 0.10680 μgL-1.  

 
 
 

 
 

Figure 4. (A) Chromatogram of a sample of raw and aflatoxin-free bovine milk; (B) Comparison between the 
chromatograms of a raw bovine milk sample and an AFM analytical standard1. 

 
 
 

chromatograms of a raw milk sample and an analytical 
standard of AFM1. In this comparison, clearly the AFM1 
shows different retention times than the majority 

compound present in the milk. It is possible for this 
method to be used without interference. 

Allcroft    and    Galvo,    quoted    by    Weigel    (2007),  
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hypothesize that the absence of contamination, as 
discovered by them, may have occurred due to a uniform 
distribution in milk, so that it may have been very easily 
mixed and diluted when incorporated into large quantities 
of milk, as in expansion tanks. This hypothesis can also 
be applied to this study, since the samples also come 
from expansion tanks of several producers in the region. 
Another hypothesis regarding the lack of contamination 
by the toxin in milk is related to the climatic conditions of 
the region on the date of collection, because the 
conditions of production and storage of the feed may not 
favor the production of mycotoxins. In addition, small 
producers of milk produce animal feed in their respective 
properties so that feed are produced in small quantities, 
preventing fungus proliferation in a timely manner, and 
thus avoiding the contamination of dairy cattle (Martins 
and Martins, 1986; Santos et al., 2014).  

Liu et al. (2016) observed in their analytical results that 
four of the 17 samples were contaminated with very low 
concentrations of AFM1 and that all concentrations of 
AFM1 were below the regulatory limits established by the 
FDA of Taiwan and the USA (0.5 ng / mL) and the level in 
a sample slightly exceeded the regulatory limit 
established in the European Union (0.05 ng / mL). This 
study was consistent with a study where pAb-based 
cdELISA was used to analyze milk (Wang et al., 2011). 
Chadseesuwan et al. (2016) also observed in their 
research for aflatoxin M1 in fortified raw milk that the 
samples were within the acceptable range of detection. 

Although the presence of aflatoxin M1 has not been 
verified in the samples collected in the dairy belt of the 
state of Alagoas/Brazil, control of animal feed is 
necessary to avoid possible human exposures to AFM1 
through the consumption of milk. Regarding the method 
used for the identification of AFM1 in bovine milk, it 
showed a good sensitivity and precision for the 
quantification of aflatoxin within the Brazilian parameters, 
although there are also very sensitive methods for 
detection of aflatoxin M1 (Vdovenko et al., 2014; 
Kanungo et al., 2011).  
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The microbiological quality and safety of milk samples from different sources in Hawassa distinct from 
southern nations, nationalities and people regional state was evaluated.  A total of 63 raw milk samples 
were obtained from three selected dairy farms, urban and rural households. Twenty-seven pasteurized 
milk samples were obtained from three retail brands from various supermarkets in Hawassa city. Each 
milk sample was collected in triplicate monthly over three months. Total bacterial count (TBC), coliform 
counts (CC), total staphylococci counts (TSC), yeast and mould counts (YMC) were isolated and 
identified by morphological and biochemical tests following the standard methods. Household milk 
samples had a higher TBC (7.32 log CFU/ml) than dairy farm milk samples (6.83 log CFU/ml) and 
pauperized milk samples (6.75 log CFU/ml). Similarly, household milk samples had significantly higher 
Coliform load compared to dairy farms and pasteurized milk samples. Total staphylococci counts (TSC) 
and YMC significantly vary between sources. Household milk samples had the highest TSC and YMC 
count while pasteurized milk samples had the least TSC and YMC count. Twelve bacterial genera were 
identified from each milk sample from all sources. However, the degree of occurrences of each genus 
varies between milk sources. While the isolation rate of Enterobacter, Escherchia, and Shigella species 
of raw milk samples from the households was significantly higher than in milk samples from dairy 
farms, the percentage of positive milk samples for Proteus species, coagulase negative 
Staphylococcus and coagulase postive Staphylococcus was higher in dairy farm milk samples than in 
milk sample from households. The present study has shown that the quality of milk produced in the 
area and the retail brands of pasteurized milk sold in various supermarkets in the area had poor 
microbiological quality and are unsafe for consumption. Hence, adequate sanitary measures should be 
taken at all stages from production to consumption to keep the safety of the consumers particularly 
children.  
 

Key words: Coliform count, dairy farms, milk, total bacteria count, total staphylococci count, yeast, mould 
count. 

 
 

INTRODUCTION  
 
Milk is a single most completed food produced naturally. 
It is a complex mixture of fat, protein, carbohydrates, 
minerals, vitamins, and other miscellaneous constituents 

dispersed in water, making it a complete diet (Haug et al., 
2007). The nature of milk and its chemical composition 
renders it  one  of  the  ideal  culture  media  for  microbial 
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growth and multiplication (Woldemariam and Asres, 
2017). The safety of dairy products with respect to food-
borne diseases is a great concern around the world. This 
is especially true in developing countries where 
production of milk and various dairy products take place 
under rather unsanitary conditions and poor production 
practices (Abebe et al., 2014). 

With more than 54 million heads, Ethiopia has the 
largest livestock population in Africa and holds great 
potential for dairy development (Leta and Mesele, 2014). 
On the other hand, the traditional milk production system, 
which is dominated by indigenous breeds of low genetic 
potential for milk production, accounts for about 98% of 
the country’s total annual milk production which concerns 
the microbiological quality and safety of the product 
(Hiwot et al., 2016).  

Due to the highly perishable nature of milk and 
mishandling, the amount produced is subjected to high 
post-harvest losses. Losses of up to 40% have been 
reported in Ethiopia for milk and dairy products from 
milking to consumption. Microbial spoilage is found to be 
one of the causes  that offer the losses (Felleke, 2003; 
Amentie et al., 2016). Such losses are mainly attributed 
to the employment of hygienic practices at the time of 
milking, long storage time at high ambient temperature, 
adulteration of milk, transportation equipment, and 
distribution systems, which lead to losses in spoilage due 
to bacterial contamination and due to its intrinsic factors 
(Felleke, 2003). 

The microbial load of milk is a significant factor in 
determining its quality and safety. It indicates the hygienic 
level exercised during milking including cleanliness of the 
milking utensils, storage condition, and transportation as 
well as the cleanliness of the udder of the individual 
animal (Yilma and Faye, 2006). Milk may contain few 
microorganisms when it leaves the udder but it may be 
contaminated at various stages from the cow, milker 
(manual as well as automated), extraneous contaminants 
or use of unclean water for cleaning the under as well as 
the milking equipment (Hayes et al., 2001). Milk produced 
under hygienic conditions from healthy animals should 
not contain more than  5 Log CFU/mL (Prejit et al., 2007).  

In Ethiopia, in most cases, milk is produced and 
marketed without quality control measures (Yilma and 
Faye, 2006). Information on the microbial and chemical 
properties of marketed raw and pasteurized milk is not 
available though it is essential to understand the overall 
quality of the products being marketed and consumed. 
Therefore, the objectives of this study were to assess the 
bacteriological quality and safety of milk from production 
to marketing in the study area.  
 
 
MATERIALS AND METHODS  
 
Study site and sample size  
 
The study was conducted in and around Hawassa, the capital city  
of the Southern Nations  Nationalities  and  Peoples Regional  State  

 
 
 
 
(SNNPRS) of Ethiopia. Three dairy farms were selected from 12 
dairy farms randomly as suggested by Ike (2002). For household 
milk sampling, milk producing households were selected from 4 
urban kebeles and from 2 surrounding rural kebeles.  Three 
different pasteurized milk brands commonly available in Hawassa 
city supermarkets and dairy shops were selected. Sample size of 
ninety was collected from all groups: 27 milk samples from dairy 
farms, 36 samples from households and 27 samples from retail 
brands. Each milk sample was collected in triplicates every month 
for a total of 3 months.  
 
 
Milk sample collection  
 
About 200 ml triplicate samples of raw whole morning milk were 
collected from each group every month for three months for 
microbiological quality analysis following the standard methods as 
described by Marth and Steele (2001). Whole milk was sampled 
within 1 h after milking from the farmer’s milking containers and the 
bulk milk of dairy farms at the farm gate. A total of 300 ml plastic 
packed samples of branded pasteurized milk samples were also 
purchased in triplicate from supermarkets and dairy shops. All 
samples were kept in an icebox and transported to Hawassa 
University, Dairy Science Laboratory.  
 
 
Microbial analysis method  
 
Microbial analyses were carried out to investigate the microbial 
quality and safety of milk samples from different sources in the 
study area using standard methods. Microbial enumeration, 
isolation, and identification were performed for total bacterial count 
(TBC), coliform count (CC), total staphylococci counts (TSC) and 
yeast and mold count (YMC). To determine TBC and CC, peptone 
water and total plate count agar (both from Oxoid) were sterilized by 
autoclaving at 121°C for 15 min. The violet red bile agar (VRBA: 
Oxoid) used for determination of CC was sterilized by boiling 
(Ruegg and Reinemann, 2002). 

 
 
Total bacterial count (TBC) 

 
One milliliter of milk from each sample was mixed with 9 mL of 
0.1% peptone water (a standard maximum recovery diluent, Oxoid) 
and homogenized by shaking. Then each sample was serially 
diluted up to 1:10-7

 

in duplicates. One milliliter of each duplicate was 
pour plated using 15 to 20 ml standard plate count agar (Oxoid, UK) 
and mixed thoroughly. The plated sample was allowed to solidify 
and then incubated at 30 ± 2°C for 48 h (Laird et al., 2004). 
Dilutions with the total number of colony count between 30 and 300 
per plate were selected and colonies were counted using digital 
colony counter (Marth and Steele, 2001). Then TBC was expressed 
as the number of the organism of colony forming units per ml 
(CFU/mL) of samples according to ISO (1999). 

 
 
CC and Escherichia coli identification 
 
One milliliter of milk from each sample was mixed with 9 mL of 
0.1% peptone water (a standard maximum recovery diluent, Oxoid) 
and homogenized by shaking. Each sample was serially diluted up 

to 1: 10
-5 

and duplicate samples (1 ml) were pour-plated using 15 to 
20 ml Violet Red Bile Agar (VRBA) at room temperature (Pharma, 
US). After thoroughly mixing, the plated sample was allowed to 
solidify and then incubated at 30°C for 24 to 48 h. Colonies were 
counted as previously described. Typical dark red colonies on 
uncrowned plates were  considered  as  coliform  colonies.  For  the  



 
 
 
 
confirmatory test, four to five typical colonies from each plate were 
transferred into tubes containing 2% Brilliant Green Lactose Bile 
Broth (BGLB; Oxoid, UK). Gas production within 48 h of incubation 
at 35°C was considered as sufficient evidence for the presence of 
coliforms (Marth and Steele, 2001). Samples which gave positive 
results for coliforms test, further identification was done using an 
Indole, Methyl red, Voges Proskauer, and Citrate (IMVIC; Oxoid, 
England). Catalase and sugar  tests as described for isolation and 
identification of E. coli (Salman and Hamad, 2011). 
 
 
Total staphylococci counts 

 
For direct plate count analysis of raw milk samples, 1 ml aliquots 
from each group was plated onto mannitol salt agar (MSA; Oxoid, 
UK) plates with appropriate dilutions. Each plate was spread by 
bent glass rod and incubated at 37°C for 24 ± 2 h. Following the 
incubation period, the positions of typical colonies were marked on 
the bottom of the plates. Plates were re-incubated for further 24 ± 2 
h at 37°C, new typical colonies and atypical colonies were marked. 
Plates containing a maximum of 300 colonies with 150 typical 
and/or atypical colonies at three successive dilutions were taken for 
enumeration. One of the plates should contain at least 15 typical 
colonies characterized by golden yellow, smooth, circular, convex, 
and moist to be considered as total staphylococci colonies. 
Colonies were counted as previously described. One to two typical 
and atypical suspect colonies were transferred from each MSA 
(Oxoid, England) plate into nutrient broth (NB; CDH, India) tubes 
and incubated at 35°C for 48 h for the isolation and identification of 
catalase positive and negative staphylococci. Following the 
incubation period, a loop full of NB were streaked on the nutrient 
agar (Oxoid, England) plates and incubated at 35°C for 48 h. The 
pure isolate colonies were subjected to Gram staining and catalase 
test for confirmation (Altuntas, 2015). Biochemical and sugar test 
was carried out following the standard of manufacturing 
instructions.  

 
 
Isolation and identification of Salmonella        
 
A portion of 1 ml of milk was pre-enriched in 9 ml of lactose broth at 
37°C for 24 h. Then, 1 ml of the pre-enrichment sample was 
inoculated into 10 ml cystine selenite broth (Oxoid, England) and 
incubated at 37°C for 24 h. A loop full of selective enrichments were 
streaked on Xylose-lysine decarboxylate (XLD; HiMedia, India) and 
Salmonella-Shigella agar (SSA; HiMedia, India) and incubated at 
37°C for 24 h. All suspected non-lactose fermenting Salmonella 
colonies were picked from all plate agars and streaked onto a 
nutrient agar plate and then incubated at 37°C for 24 h.  From each 
agar plate pure isolate single colonies were picked and inoculated 
into biochemical tubes for biochemical tests which include triple 
sugar iron (TSI) agar (Oxoid, England), ornithine decarboxylate 
broth (CDH, India), Simmon’s citrate agar (Oxoid, England), H2S, 
indole and motility (SIM test; CDH, India), and urea broth (Oxoid, 
England). Then the tubes were kept in an incubator for 24 or 48 h at 
37°C followed by identification of typical test for Salmonella as 
previously described  (Richter et al., 2000).  
 
 

Yeast and mould count (YMC) 

 
Milk samples were diluted following similar methods as for TBC but 
dilutions were spread plated on yeast and malt extract 
chloramphenicol agar which consists of 5 g yeast extract, 20 g 
glucose, 0.1 g chloramphenicol, 0.01 g bromophenol blue, and 15 g 
agar per liter of distilled water at a pH of 6.0 and potato dextrose 
agar (PDA). The dried plates were then incubated at 25°C for 3 to 5  
days. Colonies with a blue-green color were counted as yeasts  and 
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moulds (Lavoie et al., 2012). 
 
 
Statistical analysis  
 
The number of microorganisms (colony forming units) per ml of milk 
was calculated using the following formula  (International Dairy 
Federation, 1991).  
 

Count = S
k
/n

1 
+ 0.1n

2 
x d  1 

 
 
Where, S

k 
= sum of all colonies counted (between 30 and 300), n

1 
= 

number of the plate from the lowest dilution used for computing the 
count, n

2 
= number of plates in the next dilution factor used for 

computing the count, d = reciprocal of the dilution factor of the 
lowest dilution used for computing the A count corresponding to n

1. 

Recorded laboratory result and data were entered into Excel 
spreadsheet. TBC, CC, TSC and YMC were logarithmically 
transformed, and the results were analyzed using General Linear 
Model (GLM) procedure of SAS (2008) for least square means. 
Tukey's Studentized Range (HSD) tests method was used for test 
significant difference between sources of samples. For 
nonparametric data, the median was used for significance test. A 
statistical significance level of 0.05 was used to test the difference 
between groups.   
 
 
RESULTS  
 
Bacteriological quality of milk from dairy farms  
 
TBC was statistically significantly different between the 
dairy farms (p<0.05).  The mean TBC for SOS, Hawassa 
University and Beteseb dairy farms was 6.22 ± 0.16, 6.82 
± 0.16 and 7.46 ± 0.16 log CFU/mL, respectively (Table 
1). SOS dairy farm had the lowest coliform count (5.54 ± 
0.19 log CFU/mL) as compared to Hawassa University 
(7.10 ± 0.19 log CFU/mL) and Beteseb (7.23 ± 0.19 log 
CFU/mL) dairy farms (p<0.05).  On the other hand, SOS 
and Hawassa University dairy farms had similar mean 
TSC as well as YMC, while the TSC and YMC from 
Beteseb dairy farms where significantly higher (p<0.05) 
than SOS and Hawassa university dairy farms (Table 1). 
 
  
Milk samples from urban and rural households had 
similar bacteriological quality  
 
Although there are some variations within households, 
milk samples collected from urban and rural households 
had similar bacterial counts (Table 2). Milk samples from 
urban households had 7.11 ± 0.19, 7.07 ± 0.23, 7.51 ± 
0.14 and 7.01 ± 0. 21 log CFU/mL for TBC, CC, TSC and 
YMC respectively. Similarly, milk samples collected from 
rural households were found to contain 7.52 ± 0.19, 7.40 
± 0.23, 7.45 ± 0.14, 7.42 ± 0.21 Log CFU/mL for TBC, 
CC, TSC and YMC, respectively (Table 2). The overall 
mean of TBC, CC, TSC and YMC was 7.32 ± 0.19, 7.24 ± 
0.23, 7.48 ± 0.14 and 7.21 ± 0.21 Log CFU/mL, 
respectively for samples from both urban and rural 
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Table 1. Microbial count of dairy farms in the study area. 
  

Sample source  N 
Quality indicator parameter, Mean ± SE   (Log CFU/mL) 

TBC CC TSC YMC 

SOS dairy farm 9 6.22 ± 0.16
a
 5.54 ± 0.19

b
 6.76 ± 0.28

b
 6.64 ± 0.32

c
 

Hawassa University dairy farm  9 6.82 ± 0.16
b
 7.10 ± 0.19

a
 6.94 ± 0.28

b
 6.93 ± 0.32

c
 

Beteseb dairy farm  9 7.46 ± 0.16
c
 7.23 ± 0.19

a
 7.66 ± 0.28

a
 7.33 ± 0.32

b
 

Total 27 6.83 ± 0.16 6.63 ± 0.19 7.12 ± 0.28 6.96 ± 0.32 
 

Column mean value with different superscript letters for each milk quality parameters are significantly different (p<0.05). SE: Standard error of 
mean; N: number of observation; TBC: total bacteria count; CC: coliform count; TSC: ttal staphylococci count; YMC: yeast and mould count.  

 
 
 
Table 2. Microbial count of milk samples from urban and rural households in the study area. 
 

Household Milk sample Source Kebeles N 
Quality indicator parameter, Mean ± SE   (Log CFU/mL) 

TBC CC TSC YMC 

Urban 

Hyk Dar kebele 9 6.98 ± 0.19
a
 7.31 ± 0.23

a
 7.66 ± 0.14

b
 7.29 ± 0. 21

a
 

Daka kebele 9 7.24 ± 0.19
ab

 6.84 ± 0.23
b
 7.36 ± 0.14

b
 6.73 ± 0.21

b
 

Sub-total 18 7.11 ± 0.19* 7.07 ± 0.23* 7.51 ± 0.14* 7.01 ± 0. 21* 

       

Rural   

 Bushulo Kebele 9 7.54 ±0.19
a
 7.43 ± 0.23

a
 7.48 ± 0.14

a
 7.46 ± 0.21

a
 

 Odahe kebele  9 7.51 ± 0.19
a
 7.38 ± 0.23

a
 7.42 ± 0.14

a
 7.38 ± 0.21

b
 

Sub-total  18 7.52 ± 0.19* 7.40 ± 0.23* 7.45 ± 0.14* 7.42 ± 0.21* 

Total  36 7.32 ± 0.19 7.24 ± 0.23 7.48 ± 0.14 7.21 ± 0.21 
 

Column mean value with different superscript letters or symbols for each milk quality parameters are significantly different (p<0.05). SE: Standard 
error of mean; N: number of observation; TBC: total bacteria count; CC: coliform count; TSC: total staphylococci count, YMC: yeast and mould count. 

 
 
 

Table 3. Microbial count of retail Brands from the supermarkets in the study area. 
  

Source of pasteurized   milk  N 
Quality indicator parameter, Mean ± SE   (Log CFU/mL) 

TBC CC TSC YMC 

Almi 9 7.50 ± 0.23
a
 6.20 ± 0.19

b
 7.21 ± 0.27

a
 7.13 ± 0.24

a
 

Mama 9 7.24 ± 0.23
ab

 6.05 ± 0.19
ab

 7.15 ± 0.27
a
 6.81 ± 0.24

ab
 

Shola 9 6.53 ± 0.23
b
 5.38 ± 0.19

a
 6.31 ± 0.27

b
 6.10 ± 0.24

a
 

mean 27 6.75 ± 0.23 5.87 ± 0.19 6.89 ± 0.27 6.68 ± 0.24 
 

Column mean value with different superscript letters for each milk quality parameters are significantly different (p<0.05). SE: Standard error 
of mean; N: number of observation; TBC: total bacteria count; CC: coliform count; TSC: total staphylococci count, YMC: yeast and mould 
count. 

 
 
 
kebeles (households) of the study area (Table 2). 
 
 
Almi pasteurized milk had higher bacterial counts  
 
The bacteriological quality of three pasteurized milk retail 
brands (Almi, Shola, and Mama) was compared in the 
study area. Almi pasteurized milk had considerably 
higher TBC counts (7.50 ± 0.23 Log CFU/mL) as 
compared to milk samples from Mama (7.24 ± 0.23 log 
CFU/mL) and Shola (6.53 ± 0.23 log CFU/mL) and the 
difference was statistically significantly different (P < 

0.05). Almi pasteurized milk had higher CC count (6.20 ± 
0.19 log CFU/mL) than Mama (6.05 ± 0.19 log CFU/mL) 
and Shola (5.38 ± 0.19

 
log

 
CFU/mL) pasteurized milk 

samples (P < 0.05). similarly, Almi pasteurized milk 
samples had higher TSC and YMC counts as compared 
to pasteurized milk samples from Mama and Shola 
brands ( P < 0.05) (Table 3). 
 
 
Microbial load of milk samples from different sources  
 
The microbial load of milk samples obtained from 
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Table 4. Bacterial quality of milk samples from different sources. 
  

Source of milk  N 
Quality indicator parameter, Mean ± SE   (Log CFU/mL) 

TBC CC TSC YMC 

Retail brands  27 6.75 ± 0.23
a
 5.87 ± 0.19

 a
 6.89 ± 0.27

 a
 6.68 ± 0.24

 a
 

Dairy farms  27 6.83 ± 0.16
 a
 6.63 ± 0.19

 a
 7.12 ± 0.28

ab
 6.96 ± 0.32

ab
 

Households  36 7.32 ± 0.19
b
 7.24 ± 0.23

b
 7.48 ± 0.14

b
 7.21 ± 0.21

b
 

 

Column mean value with different superscript letters for each milk quality parameters are significantly different (p<0.05). SE: Standard 
error of mean; N: number of observation; TBC: total bacteria count; CC: coliform count; TSC: total staphylococci count, YMC: yeast and 
mould count. 

 
 
 

Table 5. Common bacterial isolates from different sources of milk samples in the study area. 
 

Isolated bacterial species 

Sources of samples 

Dairy farms Households Supermarket 

(N=27) (N=36) (N=27) 

n (%) n (%) n (%) 

Citrobacter genera 4 (14.8)
a
 5 (13.9)

a
 2 (7.4)

b
 

Enterobacter genera 6 (22.2)
a 

9 (25.0)
a
 10 (37.0)

b
 

Escherichia coli 6 (22.2)
a
 11 (30.6)

b
 5 (18.5)

a
 

 Klebsiella genera 5 (18.5)
a
 7 (19.4)

a
 4 (14.8)

a
 

Proteus genera 6 (22.2)
b
 4 (11.1)

a
 3 (8.3)

a
 

Pseudomonas aeroginosa 4 (14.8)
b
 3 (8.3)

a
 2 (7.4)

a
 

Salmonella genera 6 (22.2)
a
 7 (19.4)

a
 3 (8.3)

b
 

Shigella genera 6 (22.2)
a
 9 (25.0)

a
 9 (33.3)

b
 

Staphylococcus (cogulase (-)) 5 (18.5)
b
 4 (11.1)

a
 4 (14.8)

a
 

Staphylococcus (cogulase (+)) 6 (22.2)
a
 7 (19.4)

a
 6 (22.2)

a
 

Listeria monocytogens 2 (7.4)
a
 2 (5.6)

a
 1 (2.8)

b
 

Yersina enterocolitica 2 (7.4)
a
 4 (11.1)

b
 2 (7.4)

a
 

 

Raw percentage value with different superscript letters for each milk source is significantly different (p<0.05). Statistical test: 
nonparametric test.  

 
 
different sources (farms, households and retail brands) 
were compared. Milk samples from households had the 
highest TBC counts (7.32 ± 0.19 log CFU/mL) as 
compared to milk samples from dairy farms and retail 
brands. Similarly, household milk samples contained the 
highest CC and TSC counts as compared to milk 
samples from other sources.  Milk samples from retail 
brands and dairy farms had similar TBC, CC and TSC 
count.  On the other hand, the YMC was significantly 
different between all groups and the lowest count was 
obtained in milk samples from retail brands (Table 4).  
 
 
Total bacterial load of pasteurized milk on its shelf-
life 
 
The bacterial growth we investigated during the shelf-life 
of the milk which is supposed to be 21 days.  It was found 
that in all retail milk brands, total bacterial count 
significantly increased from day 7 to day 27 (Figure 1). 
The bacterial growth significantly increased from day 7 to 

day 21 in milk samples from Almi retail brand sd 
compared to the other two.  
 
 
Bacterial isolates from milk samples  
 
Twelve bacterial genera were identified from all milk 
sources by biochemical tests.  The percentage of positive 
samples for E. coli and Yersina enterocolitica test was 
higher in household milk samples than milk samples from 
dairy farms and retail brands. On the other hand, milk 
samples from dairy farms had a higher percentage of 
Proteus genera, Staphylococcus (coagulase negative) 
and Pseudomonas aeroginosa than milk samples from 
retail brands and households. Surprisingly, milk samples 
from retail brands had a significantly higher percentage of 
Shigella and Enterobacter genera than the other two milk 
sample sources. However, retail brand milk samples had 
a lower percentage of Salmonella and Listeria 
monocytogens as compared to the other two sources 
(Table 5). 
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Figure 1. Total bacterial load of pasteurized milk in day 7, 14 and 21.  

 
 
 
DISCUSSION 
 
In the present study, the overall mean value of total 
bacterial count was 6.83 log10 CFU/mL

 
milk samples. 

TBC count obtained in the present study in all sources 
are generally higher than the acceptable limit (5

 
log

 

CFU/mL)  (Revelli et al., 2004). However, the total 
bacterial count obtained in the present study is lower than 
previous reports of Tola et al. (2007) (7.6 log CFU/mL) in 
East Wollega, Ethiopia and  Yilma and Faye (2006) (8.38 
log CFU/mL) in central highlands of Ethiopia. On the 
other hand, the present TBC count is higher than the 
reports made ( Godefay and Molla, 2000; Mogessie and 
Fekadu, 1993). Mogessie and Fekadu (1993) reported 
5.5 Log CFU/mL of TBC in milk samples obtained from 
Awassa College of Agriculture dairy farm, while Godefay 
and Molla (2000) reported 6.0 Log CFU/mL TBC in milk 
samples collected from selected dairy farms in Addis 
Ababa.   

The mean coliform count in milk samples in this study 
was 6.63 Log CFU/mL which is higher than the previous 
report by Fekadu (1994) who reported a mean of 3.8 Log 
CFU/mL of CC in Southern Ethiopia. The higher coliform 
count observed in this study may be due to the initial 
contamination of the milk samples either from the cows, 
the milker, milk containers or the milking environment.  

None of the three retail brands met the minimum quality 
standard of coliform counts (<100 cells/ml pasteurized 
milk) which indicates that in all retail brands either 
pasteurization is inadequate or cross-contamination 
during and after pasteurization (de Oliveira et al., 2015). 
This finding highlights the need for strict quality control by 
regulatory bodies in such retail milk brand which could 
cause serious health problem particularly in children who 
frequently consume milk.     

Among the pasteurized milk samples, the highest mean  

TBC (7.50 log CFU/mL) was found in samples belonging 
to Almi brand and the lowest from Shola brand (6.53 log 
CFU/mL) (Table 3) which shows differences in hygienic 
practice within the processing plants. The overall mean 
TBC for the retail brands (6.75 log CFU/mL) was higher 
than the report of Nanu and Latha (2007) for packaged 
milk samples (4.76 log CFU/mL) and Mahari and Gashe 
(1990) for  pasteurized milk count 7 Log CFU/mL as it left 
the pasteurizing unit. However, the population increased 
2 to 4 fold as a result of subsequent contamination which 
may be attributed to post pasteurization contamination 
which includes: improperly cleaned pasteurizer 
equipment, storage tank, packaging units, package 
material and working personnel  

The high bacterial load could also be associated with 
the original heavy load of bacteria in raw milk before 
pasteurization. Raw milk ready for pasteurization must be 
within the count rate of 1 × 10

5
 to 3 × 10

5  
(Jayarao et al., 

2004).
  

Also, bacterial cells can recover after thermal 
injury under the favorable tropical temperatures that 
prevail during transportation or at retail outlets that do not 
have chilling facilities and electric power cuts (Omore et 
al., 2001).  

The total mean for TBC of the current study was 7.2, 
7.5 and 7.9 Log CFU/mL for days 7, 14 and 21, 
respectively. This shows the storage time increases the 
quality and safety of pasteurized milk decreases due to 
increased total bacterial load. Previous studies in 
different areas had reported similar findings (Angelidis et 
al., 2016).    

In this study, 12 bacterial genera were isolated from all 
milk samples. However, the degree of occurrences of 
each genus varies between milk sources. While the 
isolation rate of Enterobacter, Escherichia, and Shigella 
spp. of raw milk samples from the households was 
significantly higher than in milk samples from dairy farms,  



 
 
 
 
the reverse was true for Proteus spp., coagulase-
negative Staphylococcus and coagulase positive 
Staphylococcus. Enterobacter, Escherichia, and Shigella 
spp. are related to personal hygiene and the higher 
percentage of these genera in household milk samples 
could be associated with the poor personal hygiene of the 
households. The finding of a higher percentage of 
Proteus spp. in dairy farms may be associated with the 
milking environment hygiene as proteus bacilli are widely 
distributed as saprophytes being found in decomposing 
animal matter, manure, soil and mammalian intestine.   

Although E. coli, Klebsiella, Enterobacter, Citrobacter, 
Proteus, Pseudomonas, Salmonella, Shigella and 
Yersinia species were both fecal and nonfecal organisms 
isolated from all sample sources; the existence of fecal 
coliform bacteria may not necessarily indicate direct fecal 
contamination of milk but it is a precise indicator of poor 
sanitary practices during milking and further handling 
processes. The presence of E. coli implies a high 
concern for safety that other enteric pathogens may be 
present in the sample (Hayes et al., 2001). The incidence 
of fecal coliforms in raw milk has received considerable 
attention, partly due to their association with 
contamination of fecal origin and the consequent risk of 
more pathogenic fecal organisms being present, partly 
because of the spoilage that can result from their growth 
in milk at ambient temperatures. Sporadic high coliform 
counts may also be a consequence of unrecognized 
coliform mastitis, mostly caused by E. coli (Suojala et al., 
2013). 

During the present study, the hygienic condition of the 
environment where cows are kept and where milking 
takes place was assessed. It was found that animals are 
kept in open muddy barn, and regular hygienic conditions 
of the cows were poor. The provisions of adequate 
facilities for the cleaning, disinfection, and storage of 
utensils and milking equipment and the refrigeration of 
milk to a temperature of 3.3°C are essentials. The milking 
areas must be clean and should be free from harmful 
microorganisms (de Oliveira et al., 2015).  

Psychrotrophic bacteria are important, because 
although mostly not thermoduric, many of them produce 
extracellular thermostable proteolytic and lipolytic 
enzymes which can survive pasteurization and thus affect 
the shelf life and quality of the dairy product (de Oliveira 
et al., 2015). In this study, psychrotrophic bacterial 
isolates (Pseudomonas spp.) were isolated from milk 
samples from all sources including the pasteurized retail 
brands which call for attention to the way milk is 
produced in the country particularly in pasteurized retail 
milk brands as the society directly consumes these milk 
brands. Furthermore, the health status of each milking 
cow should not be ignored as it may contribute to the 
poor quality of milk.  

Lack of knowledge on clean milk production, use of 
contaminated milking equipment coupled with lack of 
potable    water    for    cleaning    purpose    might    have  
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contributed to the poor hygienic quality of milk. The use 
of insufficient and poor quality water for cleaning of milk 
handling equipment can result in milk residues on 
equipment surfaces that provide nutrients for the growth 
and multiplication of bacteria that can then contaminate 
the milk. Differences in microbial qualities of milk 
produced by the different dairy farms presumed to be the 
result of variations in production, processing and 
preservation practices followed at various stages. There 
is no as such a standard practice in the method of 
processing and handling of the dairy products in these 
farms. The existence of such variation suggests the need 
for intervention aimed at developing a standard code of 
practice for milk production and marketing system in the 
country in general and in the study area in particular.  
 
 
Conclusion  
 
The present study has shown that the quality of milk 
produced in the study area was poor and below the 
standard. This was evident from the high TBC, CC, YMC 
and TSC in the milk. Hence, adequate sanitary measures 
should be taken at all stages from production to 
consumption. These measures include proper handling of 
the cow, personal hygiene, use of hygienic milking and 
processing equipment and improving milk and milk 
handling environment. The poor bacteriological quality 
observed in the present study requires further 
investigation of the health status of the animals, and the 
significance of the effect of containers to ascertain their 
contribution on microbial quality. Provision of continuous 
training to all stakeholders who involved in milk 
production chain could be one of the key intervention 
areas to improve the quality and safety of the milk 
consumed in the area. At the same time, it was 
suggested that milk production and marketing regulatory 
mechanism should be in place to protect the public health 
and safety.  
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This work highlighted a putative link between the physiological activity and genetic diversity of 
Methylobacterium species and the association with sugarcane roots and rhizoplane. In total, 40 isolates 
previously described as pink-pigmented facultative methylotrophic bacteria (PPFMs), were evaluated for 
their ability to fix nitrogen and solubilize inorganic phosphate, amylase and pectinase activity. This in 
vitro potential was positively correlated with the community isolated from the root tissues than those 
from the rhizoplane. Regarding the genomic fingerprinting, the (BOX-PCR) approach revealed a low 
similarity among the isolates, occurring sole 7 haplotypes harboring more than 70% of similarity among 
band patterns. These results revealed that the genomic fingerprinting of the isolates recovery from 
roots is different from the rhizoplane. Besides that, these haplotypes occurred on both sugarcane 
varieties. Using a phylogenetic sequencing approach based on the 16S rRNA gene, we observed a high 
abundance of sequences similar to Methylobacterium radiotolerans colonizing both plant tissue and 
sugarcane varieties were observed. Hence, it was suggested that the plant should select those 
Methylobacterium spp. with a high biotechnological potential to promote plant growth. Therefore, the 
bioprospection of specific endophytic bacterial groups comprise an important source of 
biotechnological potential to improve sugarcane growth and production. 
 
Key words: Pink-pigmented facultative methylotrophic bacteria, plant growth promotion, BOX-PCR, 16S rDNA, 
Methylobacterium radiotolerans.  

 
 
INTRODUCTION  
 
Sugarcane is one of the main agricultural products in the 
Brazilian market, principally related  to  the  production  of 

sugar and ethanol
 
(Unica, 2017). The intense agricultural 

practices in soil planted with sugarcane have raised 
 

*Corresponding author. E-mail: pedro890@hotmail.com. Tel: (+55) 19 3417 2118. Fax: (+55) 87 3417 2116.   

  

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


596          Afr. J. Microbiol. Res. 
 
 
 
public concerns over the dynamic of chemical, physical 
and biological factors on soil and its consequent impacts 
in plant development and production

 
(Galdos et al., 2009; 

Stirling et al., 2016; Bordonal et al., 2018). In order to 
overcome this problem, some researchers have 
suggested the use of microorganisms associated with 
plant as a sustainable alternative that could reduce the 
environmental impact on the ecosystem caused by 
agrochemicals and then improve plant growth promotion

 

(Ambrosini et al., 2015; Majumder et al., 2016; Oliveira et 
al., 2017; Leite et al., 2018). 

The plants are colonized by a myriad diversity of 
microorganisms inhabiting the inner tissues of the plants 
and the plant surface such as rizoplane and phylloplane. 
They can be characterized as beneficial when these 
microbes harbor important functions related to plant 
growth and development. During the last decades, the 
evolution of the in vitro cultivation drove many authors to 
isolate a high diversity of beneficial microorganisms 
directly from the environment and associated to host

 

(Rodrigues et al., 2018; Batista et al., 2018). The 
necessity to understand the mechanisms involved in the 
interaction between plant and bacteria and the 
biotechnological potentials driving the sustainable crop 
cultivation, leads the bioprospection of specific microbial 
groups that develop a close interaction with the plant 
tissues

 
(Dourado et al., 2012; Batista et al., 2016). 

One of the most important microorganisms is the one 
that belongs to the genus Methylobacterium. These 
microbes are classified in the α-Proteobacteria sub-class, 
a group of bacteria known as pink-pigmented facultative 
methylotrophs (PPFMs), which can grow on single 
compounds such as formaldehyde, methylamine and 
methanol compounds.

 
Some authors have shown that 

this ability is an evolutionary advantage for survival of this 
genus, in order to avoid competition in the soil and rapidly 
colonize the plant

 
(Ardanov et al., 2015). The PPFMs 

were reported to distribute ubiquitously in association 
with many plant species either epiphytically or 
endophytically (Dourado et al., 2012). In addition, some 
authors demonstrated that members of this group harbor 
a strong symbiotic interaction with the plant, showing an 
ability to promote its growth

 
(Chistoserdova et al., 2003), 

by direct ways related to nutrient availability or 
phytohormones production or by indirect ways inducing 
systemic resistance to plants and controlling pathogens

 

(Dourado et al., 2015). For example, Methylobacterium 
nodulans (Sy et al., 2001; Jourand et al., 2005) and 
Methylobacterium sp. suggested as a new species (Raja 
et al., 2006) have been reported to have the ability to 
form nodules and fix atmospheric nitrogen. In addition, 
another species such as Methylobacterium radiotolerans 
(Madhaiyan et al., 2015) have been reported to have the 
ability to fix nitrogen when associated with plants. 
Ardanov et al.

 
(2012) demonstrated that when strains of 

Methylobacterium spp. were inoculated in potato plants at 
high density and then, they observed the biocontrol of the 

 

 
 
 
 
pathogen Pectobacterium atrosepticum. Madhaiyan et al.

 

(2005) described the ability of Methylobacterium 
extorquens strains to promote plant growth when 
associated with the leaves of Saccharum officinarum L, 
through atmospheric nitrogen fixation. Marx et al. (2012) 
depicted the complete genome of six strains of 
Methylobacterium spp. and showed that those strains 
harbor some key gene cluster related to atmospheric 
nitrogen fixation, plant nodulation, radio resistance, 
endophyte colonization, and chlorometane degradation. 

Besides all this knowledge regarding the association of 
this specific bacterial group and plants, Dourado et al. 
(2012) cited that there is a less diversity of the genus 
Methylobacterium associated with sugarcane when 
compared with five other plant host. In addition to this, 
these authors performed a crossed study of the 16S 
rRNA and mxaF genes and observed that all the strains 
associated with sugarcane were similar to uncultured 
methylotrophic bacterium or Methylobacterium spp. 
suggesting a possible outcome of the reduced number of 
microorganisms sequenced and deposited in the 
database such as GenBank. Hence, these results rose 
perspectives to bioprospecting Methylobacterium strains 
associated with sugarcane and its high biotechnological 
potential and ability to rapidly colonize the plant tissues

 

(Hardoim et al., 2008). 
Therefore, bioprospecting microorganisms belonging to 

the genus Methylobacterium associated with sugarcane, 
might be an important mechanism for plant growth 
promotion and might comprise an opportunity of 
sustainable agriculture decreasing the environment 
pollution, principally in Brazilian regions were the use of 
chemical fertilization become critical expensive.       

This lack of knowledge, leads the authors of this work, 
to isolate bacteria of the genus Methylobacterium from 
two different varieties and niche in plant. In addition, 
analyze its in vitro biotechnological potential and diversity 
within the genus when associated with the rhizoplane and 
roots of two sugarcane varieties. 

Then, it was hypothesized that the biotechnological 
potential characteristics of plant growth promotion, the 
genomic profile and the taxonomical properties, might be 
crucial clues to raise insights in the recruitment and 
association of sugarcane plants and bacteria within the 
genus Methylobacterium.  
 
 

MATERIALS AND METHODS 
 

Plant samples 
 

The sugarcane plants were obtained from the Sugarcane 
Experimental Station Carpina (EECAC) (latitude 7° 50‟ 51.87‟‟ S 
and longitude 35° 14‟ 19.17‟‟ W) at the Federal Rural University of 
Pernambuco (UFRPE), cultivated in a dystrocohesive Yellow 
Argisol, according to Santos et al. (2013), corresponding to Ultisol 
(Soil Survey Staff, 1998). The two sugarcane varieties RB 92579 
(medium maturation) and RB 867515 (late maturation), were 
cultivated in distinct plots however under the same soil type and 
climatic conditions. To avoid any bias of the  border  effect,  healthy  



 
 
 
 
plants were sampled at the middle of the plots. The distance 
between the three replicates was 5 m. Six plants (10 months of 
growth) were sampled and taken to the Laboratory of Genetics and 
Microbial Biotechnology (LGBM), Academic Unit of Garanhuns 
(UAG/UFRPE) to perform further analyses. In total, twelve samples 
comprising two distinct varieties, two niche in the plant (rhizoplane 
and root) and three plants per sample were obtained.  
 
 
Bacterial assessment and culturing conditions  
 
The roots of each plant were separated, washed and cut into small 
fragments of 1 cm, approximately. Thus, 3 g of these small roots 
fragments were mashed in 500 ml of phosphate buffered saline 
(PBS) solution. Then, 25 g of glass pearls (0.1 cm diameter) were 
added and the solutions maintained under agitation for 60 min 
(28°C). The solutions were inoculated following serial dilutions in 
MMS solid medium supplemented with Cercobyn 700 (50 gL-1). The 
methylotrophic bacteria communities were cultured, utilizing a 
specific medium (methanol and minerals salts, MMS) according to 
Jayashree et al. (2011).  

Endophytic methylotrophic bacteria was obtained using serially 
washing approach; 1 min  in 70% ethanol, 3 min in sodium 
hypochlorite solution (2% available Cl-), 30 s in 70% ethanol and 
two rinses in sterilized distilled water. The disinfection process was 
checked by plating aliquots of sterile water used in the final rinse, 
onto 10% trypticase soy agar (TSA) supplemented with Cercobyn 
700 (50 gL-1) and incubating the plates at 28°C for 2 to 15 days. 
Then, the tissues were cut aseptically into small fragments of about 
2 cm and macerated in 10 ml of PBS using crucibles and pestles. 
The material was transferred to 15 ml tubes and incubated under 
agitation (120 rpm) at 28°C for 1 h. Serial dilutions in PBS were 
inoculated on dish plates containing solid MMS medium 
supplemented with Cercobyn 700 (50 gL-1). The plates were 
incubated at 28°C and evaluated after 15 days. The PPFM bacteria 
population density was quantified by counting the pink colonies 
forming units per gram of fresh weight of each plant tissue (CFU.g-1 
fresh weight). In total, four plates (replicates) by each sample was 
used for statistical analyses (Azevedo et al., 2000).   

After incubation and colonies counting, 40 pink pigmented 
colonies were picked off the plates by random and inoculated on a 
new 10% TSA agar culture medium, incubated at 28°C for 2 days, 
and were stored at 4°C. In addition, these colonies were also 
cultivated on 10% TSA, incubated at 28°C for 18 h, suspended in 
20% glycerol solution and stored at -80°C. 
 
 
Screening for PPFM bacteria able to fix nitrogen in vitro 
 
The ability to in vitro fix nitrogen was tested where each strain was 
seeded in semi-solid medium (BNF) and incubated at 28°C for 10 
days. The experiments were performed independently and in 
triplicate. The positive results were characterized by the presence 
of pellicles within the culture medium. In addition, the strains were 
re-inoculated in the BNF medium to avoid any residual growth or 
false positives (data not shown). The test included a positive 
control, the bacterial strain EN303, and Pseudomonas 
oryzihabitans (Kuklinsky et al., 2004). This test is still a widely-used 
approach to perform bacteria screening for in vitro physiological 
potential, as assumed by many authors in recent  works  (Quecine 
et al., 2012; Oliveira et al., 2017; Batista et al., 2018; Leite et al., 
2018; Rodriguez et al., 2018). 
 
 
Screening for inorganic phosphate-solubilizing endophytic and 
epiphytic bacteria 
 
The assessment of the potential to  solubilize  inorganic  phosphate  
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by PPFM bacteria was carried out in solid medium supplemented 
with CaHPO4 (Verma et al., 2001). Further, the test included a 
positive control, the bacterial strain EN303, and P. oryzihabitans. 
Then, the plates were incubated at 28°C for 20 days and evaluated 
every two days. The experiment was conducted in three rounds. 
The potential to solubilize CaHPO4 in vitro was measured according 
to Berraquero et al. (1976). 
 
 
Screening the potential to produce extracellular enzymes in 
vitro 
 
The amylase activity was analyzed according to Stamford et al. 
(2001). Briefly, the strains were inoculated in a solid medium 
containing starch 1% (w/w), pH 7.3. The plates were incubated for 
72 h at 28°C. Then, the plates were flooded with an iodine solution 
(1%) for 10 min. The plate was washed with a saline solution to 
visualize the degradation of halo beyond the colonies. 

The pectinolytic activity was determined by inoculating isolated 
strains in a culture medium containing the following: (NH4)2SO4 (2.0 
g/L), K2HPO4 (4.0 g/L), Na2HPO4 (60 g/L), FeSO4.7H2O (0.2 g/L), 
CaCl2 (1.0 mg/L), H3BO3 (10 µg/L), yeast extract (1.0 g/L), citric 
pectin (5.0 g/L) and agar (15 g/L). This medium was adjusted to a 
specific pH condition (8.0) in order to observe the activity of pectin 
methylesterase. The dish plates were incubated for 72 h at 28°C. 
After the bacterial growth, the plates were flooded with a Lugol 
solution and maintained for 10 min to observe the halo around the 
colonies. The potential to produce extracellular enzymes in the solid 
medium was evaluated through an enzymatic index (Ceska et al., 
1971; Alves et al., 2002; Carrim et al., 2006). 
 
 
DNA isolation 
 
The bacterial strains were cultured from isolated colonies in 5 ml of 
the liquid medium TSA for 48 h under 120 rpm at 28°C. After the 
period of culture growth and the multiplication of PPMF bacteria, 4 
ml were centrifuged at 12,000 rpm for 5 min. The precipitate was re-
suspended in 500 µL of extraction buffer. Then, a commercial kit 
was used for the bacterial genomic DNA extraction (Genomic DNA 
Purification Kit, Fermentas) according to the manufacturer‟s 
instructions. 
 
 
Amplification with BOX-PCR primers and sequencing of the 
16S rRNA gene from PPFM strains 
 
The isolates were submitted to the genome profiling technique 
BOX-PCR (Rademaker and de Brujin, 1997). The BOX-PCR was 
performed using approximately 5 ng of genomic DNA from each 
isolate added to a PCR reaction containing the primer BOX-A1R 
(5‟-CTACGGCAAGGCGACGCTGACG-3‟). The resulting amplicons 
were separated on a 2% agarose gel. Afterwards, the gel was 
stained with ethidium bromide and observed under UV light. The 
clustering of isolates was performed based on the BOX-PCR 
band‟s profile matrix obtained using an ImageQuant TL 
Unidimensional software (Amersham Biosciences, UK, v2003). This 
matrix was used to compare and cluster the samples by 
unweighted pair group method using arithmetic averages (UPGMA) 
based on the “Jaccard” algorithm. 

A sub-sample of 15 strains was selected from the grouping 
patterns of the BOX-PCR cluster and submitted to a polymerase 
chain reaction (PCR). The reaction was performed in 25 µl final 
volume containing 1 µl (0.5 to 10.0 ng) of total DNA, 0.2 mM of 
P27F primer (5‟- GAGAGTTTGATCCTGGCTCAG-3‟), 0.2 mM of 
1492R primer (5‟-TACGGYTACCTTGTTACGACT -3‟) (Lane, 1991), 
0.2 mM of each dNTP, 0.02 mg.ml-1 BSA, 3.75 mM MgCl2 and 0.05 
U of Taq DNA polymerase (Fermentas). The reaction was 
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Figure 1. Abundance of facultative methylotrophic pink-pigmented bacteria over the 
experiments variables, such as cultivar (RB 86-7515 and RB 92-579). Light gray represent 
rhizoplane count of CFU fw plant tissues-1 and dark gray represent roots count of CFU fw plant 
tissues-1.  

 
 
 
subjected to a temperature-controlled thermal cycler performing an 
initial denaturation at 94°C for 4 min, 35 additional cycles of 
denaturation at 94°C for 30 s each, annealing at 63°C for 1 min and 
primer extension at 72°C for 1 min, followed by a final extension at 
72°C for 10 min. After amplification, the PCR products were 
visualized by agarose gel electrophoresis (1.5% w/v) in 1x TAE 
buffer (40 mM Tris-acetate, 1 mM EDTA). 

The PCR products were purified using a Super Charger Switch 
Kit and Sanger sequenced using the 1387R primer (Heuer et al., 
1997). Analyses of sequences were performed with the basic 
sequence alignment BLAST program, which was run against the 
database on the National Center for Biotechnology Information 
(NCBI) website (http://www.ncbi.nlm.nih.gov/BLAST). The reference 
sequences were aligned using MEGA 7 and based on UPGMA and 
neighbor-joining algorithm (Saitou and Nei, 1987), the results were 
plotted in a phylogenetic tree. The nucleotide sequences of each 
strain obtained in this study have been submitted to the GenBank 
and were assigned accession numbers as listed from KX830817 to 
KX830831. 
 
 
Statistical analyses 
 
The plating counting results were evaluated by an analysis of 
variance under a significance of 95%, followed by a Tukey test. A 
semi-quantitative analysis was performed to show the relative 
frequency of isolates able to fix atmospheric nitrogen, solubilize 
phosphate and produce extracellular activity in the culture medium. 
Afterward, through an exploratory approach, a principal component 
analyses biplot (PCAs) provided an overview of the correlation 
between the in vitro biotechnological potential of the isolates and 
the environmental variables of plant tissues (root or rhizoplane) and 
sugarcane varieties (RB-86 7515 or RB-92 579). The significance 
of these treatments (Niche and Varieties) on the distribution of the 
samples was tested using a PERMANOVA. These tests were 
performed using the software PAST (Hammer et al., 2001) under 
9999 permutations of a Monte Carlo test. Additionally, the 

quantitative index values from the biotechnological tests were 
submitted for an analysis of variances, followed by the Tukey test 
with a significance of 95%. Those tests were performed using the R 
Statistics Software Package (R team development). 

 
 
RESULTS AND DISCUSSION 
 
Endophytic and epiphytic PPFMs associated with 
sugarcane 
 
The methodology described allowed the isolation of 
PPMF bacteria endophytically and epiphytically associated 
with sugarcane. Colonies were morphologically 
differentiated with respect to the texture and morphology 
as well as the pink pigmentation and the ability to grow in 
MMS with methanol as the sole source of nutrients (data 
not shown). The population density of the PPFM bacteria 
ranged from 10

2
 to 10

5
 CFU/g (fresh weight) of plant 

tissues specifically, 10
1
 to 10

2
 CFU/g (fresh weight) 

isolated from roots and 10
4
 to 10

5
 CFU/g (fresh weight) 

isolated from rhizoplane (Figure 1). No significant 
difference was observed between the two varieties 
tested. This result showed a higher abundance of 
cultivable PPMFs strains colonizing the surface of the 
sugarcane‟s roots.  

Hardoim et al. (2008) described a pyramidal pathway of 
plant colonization, suggesting decreased microbial 
diversity throughout the plant tissues, depending on the 
specificity or level of the interaction (Toyama et al., 1998; 
Zhang et al., 2003; Dourado et al., 2012). Therefore, it its 
suggested that higher amount of methanol released  from  



 
 
 
 
the cell disruption from the plant surface such as roots or 
leaves might attract a higher abundance of PPMFs 
bacteria, then corroborating the results found in this study

 

(Ardanov et al., 2012). 
It has been assumed that the colonization of plant 

tissues might be a two-way path, where the plant needs 
to recruit “bacterial helpers” to improve its growth and, in 
return, the bacterial strains can obtain shelter while 
helping the plant to develop

 
(Ardanov et al., 2012). The 

association between plant and bacteria has a long 
evolutionary history and is mediated by many biotic 
factors such as plant physiological genetics and 
phenotypes characteristics such as plant species, 
tissues, physiological state and genetic factors. In 
addition some authors assume that this interaction 
depends also on the bacterial characteristics such as the 
genomic fingerprinting and its biotechnological potentials

 

(Kuklinsky et al., 2004; Costa et al., 2014). The 
congruence among those features may determine which 
specific groups of microorganisms inhabit the inner 
tissues of the plant

 
(Rosenblueth and Martines-Romero, 

2006;
 

Cerqueira et al., 2012). These assumptions 
corroborated the results obtained in this present study. 
First, a higher abundance in the number of PPMF strains 
colonizing the surface of the plants as compared to the 
abundance of strains that were able to colonize the inner 
tissues of the plant were observed, suggesting that even 
inside a specific bacterial group there is a high selective 
pressure of the plant selecting the microbial community 
colonizing the surface of the plant (Walitang et al., 2017).  

In addition, Dourado et al.
 

(2015) found that the 
community of Methylobacterium spp. that was associated 
endophytically to 6 plant hosts was able to fix 
atmospheric nitrogen, solubilize phosphate, produce 
phytohormones, extracellular enzymes and promote the 
biocontrol of pathogens and induce systemic resistance.  
 
 
Screening for the in vitro potential of PPFMs  
 
Kuklinsky et al. (2004) results also corroborate the results 
of the present study where they found a higher 
abundance of bacteria in the rhizoplane as compared to 
the inner tissues, describing that the rizoplane is 
characterized as an open-source of the higher amount of 
carbon compounds released by plants. On the other 
hand, they showed that when associated endophytically 
with plants, these microorganisms have a higher 
capability for biotechnological potentials or beneficial 
functions such as the solubilization of inorganic 
phosphate (BNF) and phytohormones production such as 
indol-acetic-acid (IAA)

 
(Assumpção et al., 2009).  

In the present study, the strains were first evaluated for 
their ability to fix nitrogen in a semi-solid medium (BNF). 
Overall, the results demonstrated that 83% of the strains 
were capable of fixing biological nitrogen, showing a 
horizontal halo within the semi-solid BNF culture  medium  
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(data not shown). It was also observed that 17 were 
isolated from roots and 16 from rhizoplane. All the strains 
isolated from roots variety RB 92-579 fix atmospheric 
nitrogen, while 9 were isolated from rhizoplane. 
Regarding the variety RB 86-7515, 7 isolates from roots 
were positive for BNF and all the strains from rhizoplane 
were positive.  

The same bacterial strains were evaluated for their 
ability to solubilize inorganic phosphate in vitro by forming 
a clear halo around the colony growth. It was observed 
that from 40 isolates, 33% were positive for phosphate 
solubilization. In this context the majority of the positive 
(10 strains), were isolated from inside the roots tissues, 
from both varieties. Further, a semi-quantitative analysis 
was performed over the index of solubilization. The 
solubilization indexes of inorganic CaHPO4 ranged from 
0.33 to 2.23. The statistically higher indexes were 
produced by the strains UAGM2 = 1.50, UAGM3 = 1.48, 
UAGM7 = 1.42, UAGM54 = 1.40, UAGM62 = 1.45, 
UAGM69 = 2.23, UAGM91 = 2.22 and UAGM92 = 1.50 
(Table 1). According to the mean comparison (Tukey test, 
p < 0.05). These strains solubilize as much phosphate (IS 
= 2.33) as the positive control EN 303 (P. oryzihabitans), 
which was included in the test (data not shown). 

The screening for the ability to produce extracellular 
enzymes such as amylase demonstrated that 5 strains 
were able to produce amylase, 3 of which were isolated 
from root tissues and 2 from rhizoplane. In addition, the 
enzymatic index of amylase production ranged from 1.43 
to 3.01. The strain UAGM 59 (endophytic isolate) was 
significantly more efficient (p < 0.05) than the others 
strains tested, producing an index of 3.01 (Table 1).  

In general, 70% of the strains were able to produce 
pectin methylesterase (pH 8.0) (Table 1). Interestingly, it 
was observed that all the strains isolated from the roots 
tissues were able to produce pectinase, in contrast to the 
6 strains from rhizoplane. The enzymatic index ranged 
from 2.81 to 16.73. The strain UAGM 2 (endophytic 
isolate) showed the highest enzymatic index (p < 0.05; 
Table 1). 

This feature has been described as a crucial 
mechanism driving the association of plants and 
microbes (Shameer and Prasad, 2018). Specifically, it 
can also be described as one advantageous mechanism 
for some methylotrophic strains. The main source of 
methanol in plants is the demethylation of the cell-wall 
pectin by pectin methylesterase (Trotsenko et al., 2001). 
Jourand et al. (2005) demonstrated that the use of 
methanol as a substrate for the microbial community 
might be the key to promote an association between 
plant and PPFM bacteria. In this context, Omer et al. 
(2004) showed that the group of strains similar with the 
genus Methylobacterium has an advantage with regard to 
the colonization of the plant‟s tissues. 

Recent studies have selected those microbes with high 
biotechnological potential (even greater than the control) 
and abilities to rapid colonize the plants  and  multiplicate,  
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Table 1. Description of the pink pigmented facultative methylotrophic bacterial source of isolation. Semi-quantitative and 
qualitative analyses of growth promotion potential of pink-pigmented facultative methylotrophic bacteria, over enzymatic 
production (Amylase-Amil; Pectinase in pH 8.0-Pec-pH 8; Biological Nitrogen Fixation-BNF. Solubilization of inorganic 
phosphate-Sol. CaHPO4. 
 

Strain 
Source of Isolation  Biotecnological potential 

Niche Cultivar  Amil Pec-pH 8 BNF Sol. CaPO4 

UAGM2 Root RB 86-7515  - 16.73
a
 + 1.50

a
 

UAGM3 Root RB 86-7515  - 3.20
jkl

 - 1.48
a
 

UAGM7 Root RB 86-7515  - 5.63
cdefgh

 - 1.42
a
 

UAGM8 Root RB 86-7515  2.03
b
 7.10

bc
 + - 

UAGM11 Root RB 86-7515  - 5.80
cdefg

 + 0.96
b
 

UAGM12 Root RB 86-7515  - 5.04
dfghi

 + - 

UAGM14 Root RB 86-7515  - 5.96
cdef

 - 1.12
b
 

UAGM15 Root RB 86-7515  - 4.32
fghijk

 + - 

UAGM16 Root RB 86-7515  - 5.13
defghi

 + - 

UAGM20 Root RB 86-7515  - 4.60
fghijk

 + - 

UAGM54 Root RB 92-579  - 6.37
cde

 + 1.40
a
 

UAGM56 Root RB 92-579  - 6.49
cd

 + 0.74
b
 

UAGM57 Root RB 92-579  - 5.89
cdefg

 + - 

UAGM59 Root RB 92-579  3.105
a
 4.19

ghijk
 + - 

UAGM62 Root RB 92-579  - 8.44
b
 + 1.45

a
 

UAGM64 Root RB 92-579  - 5.01
defghi

 + 0.88
b
 

UAGM65 Root RB 92-579  - 7.34
bc

 + - 

UAGM66 Root RB 92-579  1.431
b
 5.36

defgh
 + - 

UAGM68 Root RB 92-579  - 7.16
bc

 + 1.07
b
 

UAGM99 Root RB 92-579  - 4.76
efghij

 + - 

UAGM22 Rizoplane RB 92-579  - - + - 

UAGM23 Rizoplane RB 92-579  - - + - 

UAGM24 Rizoplane RB 92-579  - - + - 

UAGM25 Rizoplane RB 92-579  - - + - 

UAGM26 Rizoplane RB 92-579  - - + - 

UAGM27 Rizoplane RB 92-579  - - - 0.33
b
 

UAGM28 Rizoplane RB 92-579  - - + - 

UAGM33 Rizoplane RB 92-579  - 3.95
hijkl

 + - 

UAGM69 Rizoplane RB 92-579  -  - 2.23
a
 

UAGM71 Rizoplane RB 86-7515  - 4.60
fghijk

 + - 

UAGM73 Rizoplane RB 86-7515  1.82
b
 3.59

ijkl
 + 0.61

b
 

UAGM77 Rizoplane RB 86-7515  - - + 0.58
b
 

UAGM80 Rizoplane RB 92-579  - 3.97
hijkl

 + 0.79
b
 

UAGM82 Rizoplane RB 86-7515  - 2.86
kl
 + - 

UAGM83 Rizoplane RB 92-579  - 2.81
kl
 + - 

UAGM86 Rizoplane RB 92-579  - - + - 

UAGM87 Rizoplane RB 86-7515  - - + - 

UAGM91 Rizoplane RB 92-579  1.95
b
 - - 2.22

a
 

UAGM92 Rizoplane RB 92-579  - - - 1.50
a
 

UAGM98 Rizoplane RB 92-579  - - + 0.61
b
 

 

*To each physiological test a Tukey analysis was perfomed. The letters mean the significance of the statistical test.
 

 
 
 
to be applied as bioinoculantes in green house and filed 
conditions as plant growth promoters

 
(Ibort et al., 2018).     

The demand for chemical fertilization in agriculture has 
historically  increased  as  the  economy  and   population 

growth (Sruthilaxmi and Babu, 2017). At the same stand, 
the interest for sustainable source of nutrients and factors 
improving plant growth has increased.  

In this context,  the  bioprospection  of  microorganisms



de Andrade et al.          601 
 
 
 

 
 

Figure 2. Principal components analyses (PCA), biplot describing the PPMFs strains isolated from roots and 
rhizoplane of sugarcane plants correlated with the principal plant growth promotion in vitro potentials. Bl: The open 
circles represent the strains isolated form rhizoplane, variety RB 92579. Black circles represent the strains isolated 
from roots, variety RB 92579; the black triangles represent the strains isolated from the roots, variety RB 867515. 

 
 
 
associated with plant has been frequently cited. 
According to Bashan et al. (2014), a better bio-inoculant 
is characterized principally by the microbe that has some 
advantageous mechanisms to colonize the plant and 
harbor some plant growth promotion characteristics. In 
this context, it is suggested that the genus 
Methylobacterium associated endophytically to 
sugarcane might be an important group of 
microorganisms source for bio-inoculants processes 
(Senthilkumar and Krishnamoorthy, 2017).      

In this context, a principal component analysis (PCA) 
through an exploratory analysis of these biotechnological 
potentials was demonstrated and the abilities to promote 
plant growth (nitrogen fixation, phosphate solubilization 
and enzymatic production, amylase and pectin 
methylesterase) were observed to be more correlated 
with the endophytic strains (Figure 2). Corroborating 
these last results, the PERMANOVA showed a significant 
and higher influence on the treatments tested such as 
niche (Pseudo-F = 22.837; p-value = 0.0001) and 
varieties (Pseudo-F = 5.741; p-value = 0.0037). In 
addition, no significant interaction was observed between 
these factors. The first axis of the PCA explained 42.24% 
of the variation, indicating a distinction on the type of 
isolates that is able to fix nitrogen in vitro, solubilize 
phosphate and produce extracellular enzymes. The 
second axis explained 32.41% of the PCA variation. The 
biplot explained the distribution of the potential for plant 
growth promotion of the isolates according to its source 
of isolation (plant tissues and varieties). Therefore, these 
results corroborated the present suggestions mentioned.  

Genomic fingerprinting and phylogenetic analysis of 
the PPFM bacteria 
 
In order to get an overview of the genomic diversity 
among the isolates, the BOX-PCR band profiles 
demonstrated patterns of genomic fingerprinting among 
the strains. Firstly, a high genomic diversity was 
observed consequently at a low similarity (Figure 3). 
Fifteen (15) isolates were selected to represent the 30% 
clusters of the BOX-PCR (Figure 3). Those isolates were 
subjected to a 16S rRNA gene partial sequencing. The 
identification of the 15 isolates demonstrated that the 
PPFMs tested for their in vitro potential belong to the 
genus Methylobacterium (Figure 3). In addition, the 
BLAST alignment results showed a low diversity beyond 
the sugarcane tissues and surface. This last assumption 
comes from the results that indicated 10 isolates similar 
to M. radiotolerans, 2 isolates to Methylobacterium 
fujisawaense, 2 isolates to Methylobacterium indicum and 
1 isolate to Methylobacterium komagatae (Table 2); these 
results comprise the best hits in the NCBI database, with 
the highest similarity and coverage, then encompassing 
the lowest e-value, thus, those taxonomical identification 
came from type strains of already published works. In this 
context, the phylogenetic tree demonstrated the 
occurrence of a specific group comprising the strains 
similar to M. radiotolerans (Figure 4). 

Finally, clustering the results of BOX-PCR and the 
sequencing approach, it was observed that there is no 
genomic similarity among the strains colonizing the 
rhizoplane and those isolated from inside the roots 
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Figure 3. BOX-PCR technique describing the genomic profiling of the PPMFs isolates. The open triangle 
represents the strains isolated from Rhizoplane, variety RB 867515. The open circles represent the strains 
isolated form Rhizoplane, variety RB 92579. Black circles represent the strains isolated from Roots, variety RB 
92579; the black triangles represent the strains isolated from the Roots, variety RB 867515. Those strains bold 
marked were selected to a partial sequencing of the 16S rRNA gene. The strains identification comprises the best 
hit of BLAST against the NCBI database.  

 
 
 

Table 2. Genetic characteristics of the pink pigmented methylotrophics bacteria isolated from sugarcane and sequenced of the 16S 
rRNA genea.    
 

Strain 
16S rRNA gene 

e-value 
Accession N° Best Hit in NCBI % Similarity 

UAGM2 AB986547.1 Methylobacterium komatagae 99 5×10
-6

 

UAGM3 KT720195 Methylobacterium fujisawaense 100 9×10
-7

 

UAGM7 KX022837.1 Methylobacterium spp. 100 3.1×10
-7

 

UAGM14 KT336732 Methylobacterium radiotolerans 99 4.2×10
-8

 

UAGM15 KT336727 Methylobacterium radiotolerans 100 1×10
-6

 

UAGM22 KT720188 Methylobacterium fujisawaense 99 1.7×10
-7

 

UAGM24 KP272101 Methylobacterium indicum 100 3.1×10
-5

 

UAGM57 KT390763 Methylobacterium radiotolerans 99 2.5×10
-6

 

UAGM65 KT336727 Methylobacterium radiotolerans 99 9×10
-8

 

UAGM68 KX022837.1 Methylobacterium spp. 100 1×10
-7

 

UAGM69 KT336732 Methylobacterium radiotolerans 100 5.3×10
-8

 

UAGM73 KP272101 Methylobacterium indicum 100 4×10
-8

 

UAGM87 KT336732 Methylobacterium radiotolerans 99 5.2×10
-7

 

UAGM92 KT336727 Methylobacterium radiotolerans 100 1×10
-6

 

UAGM99 KT390763 Methylobacterium radiotolerans 99 4.2×10
-8

 

 
 
 
tissues. However, the phylogenetic analysis revealed that 
the strains similar to M. radiotolerans colonize both plant 
tissues (roots and rhizoplane) and varieties (RB 867515 
and RB 92579).    

Previously, Jourand et al. (2005) described a close 
relationship between strains of M. nodulans and 
Crotalaria podocarpa, suggesting that methylotrophic 
bacteria might have different levels of symbiosis. The
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Figure 4. Evolutionary relationships of taxa. The evolutionary history was inferred using the Neighbor-
Joining method. The percentage taxa clustered together in the bootstrap test (1000 replicates). The 
evolutionary distances were computed using the Kimura 2-parameter method and are in the units of the 
number of base substitutions per site. There were 720 positions in the final dataset. Evolutionary analyses 
were conducted in MEGA7.  

 
 
 

authors described that the association must be a very 
specific and strong plant microbe interaction, considering 
that the plant exudes specific toxic methylated 
compounds such as pyrrolizidine alkaloids

 
(Wink and 

Mohamed, 2003)
 
to select specific and high specialized 

microbes, in order to prompt the plant development 
(Sánchez-López et al., 2018). Therefore, the plant‟s 
selection of crucial symbiotic microorganisms is based on 
the methylotrophic abilities of the Methylobacterium spp., 
which might detoxify these compounds and use them as 
a source of nutrients

 
(Sy et al., 2001). This close 

relationship has been reported for Rhizobium strains that 
are resistant to mimosine on the rhizoplane of Leucaena 
leucocephala

 
(Soedarjo et al., 1994). This was also 

described for R. etli in maize
 
(Stamford et al., 2001). 

Then, relying on an agricultural plant such as sugarcane 
(Rosenblueth et al., 2004), it was suggested that plant 
might select a specific diversity of Methylobacterium spp. 
and those strain colonizing the plant tissues are 
determined by its functionality, particularly in relation to 
key in vitro biotechnological potentials. This provides 
insight into the mechanisms that might drive the 

bioprospecting process that leads to the promotion of 
plant growth. 
 
 
Conclusion 
 
The main goal of this study was to show that the 
association between sugarcane and Methylobacterium 
spp. are based on many specific traits; the in vitro 
potentials to promote plant development such as 
atmospheric nitrogen fixation, phosphate solubilization 
and extracellular enzyme activity, and specific genomic 
fingerprints, and not in relation to its taxonomical identity 
or phylogenetic distance. Hence, those are only some 
steps in the complete understanding of the interaction 
between Methylobacterium genus and sugarcane. The 
complete mechanisms that might determine this 
relationship are yet to be elucidated. For this reason, 
further genomic studies must be conducted in order to 
understand these interaction mechanisms between M. 
radiotolerans and sugarcane, and even more, their 
interaction under greenhouse conditions.  
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