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ABSTRACT 

 

A cross-sectional study was conducted in Bagamoyo District, Tanzania between 

October, 2013 and March, 2014 to assess the antibiotic residues in raw cows’ milk 

produced by small-scale dairy farms. One hundred and ten small-scale dairy farmers 

were interviewed at household level on the handling and use of veterinary drugs, 

access to and availability of veterinary services, livestock diseases frequency and 

means of treatment, most commonly used antibiotic, awareness of drug residues in 

raw milk and health risks associated with consumption of raw milk containing 

antibiotic residues. In addition 110raw milk samples were collected from three 

available milk collection centers for laboratory analysis of antibiotic residues. 

Laboratory assessment included, screening qualitative test using microbial inhibition 

test, followed by quantification of oxytetracycline (OTC) residues levels for positively 

detected samples by using HPLC Technique. Prevalence of OTC residues was 10% 

and all positive detected samples had OTC residues above MRL levels by 

FAO/WHO-CAC 2-2012. The mean value levelof OTC was766.3± μg/l. About 83.6% 

of respondents call livestock officers in the event of a sick cow and 56.4% of cases 

OTC were prescribed.On health risks associated with consumption of raw milk with 

antibiotics, 91.8% of respondents were aware. Screening for residues at the milk 

collection centers is recommended and further investigation of the milk production 

practices among small-scale dairy farmers is required. This will provide a basisfor 

designing appropriate and effective small scale milk production practices which will 

reduce milk contamination and help to protect the health of consumers in Tanzania. 
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CHAPTER ONE 

 

I.0 INTRODUCTION 

1.1 Background information 

Antibiotics are vital drugs considered as the ultimate strategy to treat animal 

infections. Theireffectiveness is however, threatened by extensive andinappropriate 

use of these, not only in cattle but also in human medicine. In veterinary practice, 

antibiotics areutilized at therapeutic levels primarily to treat diseasesand to prevent 

infections (Aning et al., 2007). They are also used at sub-therapeuticlevels to increase 

feed efficiency, promotegrowth and prevent diseases (Mosalagae et al., 2011).The 

frequent use of antibiotics may result in drugresidues that can be found at different 

concentrationlevels in products of animal origin, such as milk ormeat. Presence of 

drugs or antibiotics residues in foodabove the maximum level recognized world-wide 

byvarious public authorities is illegal (Aning et al., 2007). 

 

Milk production in Tanzania is carried out under two major production systems; 

namely the traditional and the commercial dairy production systems.Seventy percent 

of the milk produced in the country comes from the traditional sector (indigenous 

cattle) kept in rural areas, and the remaining come from improved cattle mainly kept 

by smallholder producers(Njombe et al., 2011). Smallholder dairy producers’ supply 

about 90% of the milk consumed in the Dar es Salaam city and remarkably74% of all 

milk is marketed raw through informal channels (Kivaria et al., 2006). However, both 

traditional and improved dairy systemsare constrained by diseases as a consequence to 

poor quality feeds, inadequate veterinary services and technical support services 
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(Shitandi, 2004; Kurwijila et al., 2006).Ensuring that consumers’ health is adequately 

protected from hazards associated with the use of food is one of the major challenges 

in developing countries including Tanzania (Kurwijila et al., 2006; Kurwijila et al., 

2009).  

 

To ensure food safety, control measures must be taken along the food value chain 

from primary production to the table (Kurwijila et al., 2009). Today, antimicrobial 

drugs are used to control, prevent, and treat infections and to enhance animal growth 

and feed efficiency (Mitchellet al., 1998). Currently, approximately80% of all food-

producing animals receive medication for part or most of their lives (Mitchellet al., 

1998). The most commonly used antimicrobials in food producing animals are the β-

lactams, tetracyclines, aminoglycosides, lincosamides, macrolides, pleuromutilins, 

and sulfonamides (Lee et al., 2000; Grane, 2000). 

 

High incidence of tropical tick borne diseases coupled with other infectious diseases 

conditions (Mosalagaeet al., 2011) necessitates use of antimicrobial agents in dairy 

cattle in Tanzania. In situation where proper withdrawal period is not observed or not 

precisely known by cattle keepers (Katakweba et al., 2012) drug residues in milk is  

likely to occur. Residues of drugs in milk and meat is a potential health risks because 

of failure to observe the mandatory withdrawal time/periods, illegal or extra-label use 

of veterinary drugs and incorrect dosage levels application (Kurwijila et al., 

2006).Effects of antibiotic residues include selection of antibiotic -resistant bacteria 

which could later be transferred from animals to humans, through contaminated milk 

products (Syit, 2011).  
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In addition to residual effect of drugs to human consumers, antibiotic residues in milk 

affect industrial processing of milk to other products. A fermentation step is 

frequently employed for the manufacture of food products, such as cheese and 

yoghurt, from milk. Milk contaminated with antibiotic residues, and subsequently 

employed in the manufacture of cheese or yoghurt, can result in the inhibition of 

culture development, due to elimination or reduction of the micro-organism necessary 

to allow fermentation (Shitandi and Sternesjo, 2004; Kurwijila et al., 

2006).Consequently as a result, milk and milk products contaminated with antibiotics 

beyond a recommended residue levels, are considered unfit for human consumption 

(WHO/FAO-CAC, 2012; Hillerton et al., 1999). 

 

Good quality milk has normal chemical composition, completely free from harmful 

bacteria and harmful toxic substances, free from sediments and extraneous substances, 

which have lower degree of titratable acidity, of good flavour, adequate in preserving 

quality, and low in bacterial counts (Hossain et al., 2011). High-quality milk apart 

from containing low bacterial count also contains a low number of somatic cells and is 

free of human pathogens and antibiotic residues (Oliver et al., 2009).Testing for 

microbiological quality, chemical and antibiotic residues are not practiced at small-

scale dairy or milk collection centers in Tanzaniaand the test done for raw milk 

wholesomeness at the collection centers is only lactometry test of specific gravity 

Msangi, (2006). To protect the public against possible health risks caused by drug 

residues hazards, regulations regarding veterinary use of drugs including withholding 

periods after antibiotics therapy and tolerance levels have been formulated 

(WHO/FAO-CAC, 2012) and are strictly adhered in developed countries (Lee et al., 
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2001; Donoghue, 2003). However, such regulations are not usually adhered to in 

countries where routine monitoring of veterinary drug residues in food is not done 

(Shitandi and Sternesjo, 2001).  

 

In Tanzania, about 80-90% of households in urban centres purchase raw milk from 

street vendors or via home delivery with little control of microbial and antibiotic 

residues contamination (Msangi, 2006; Kurwijila et al., 2009). Milk contamination 

can be reduced through effective good hygienic practices from farm level to the final 

consumer (WHO/FAO-CAC, 2004).Maximum Residue Limits (MRLs) are the levels 

of drug legally permitted and recognized as acceptable in a food, resulting from the 

correct use of a veterinary drug, which should occur in food. MRLs are based on the 

type and amount of residue considered to be without any toxicological hazard for 

human health as expressed by the acceptable daily intake and an additional safety 

factor. MRLs give an indication of food safety and provide trading 

standards(FAO/WHO-CAC, 2012). 

 

According to Msangi, (2006) raw milk quality and safety assessment is neither done 

after milk production at the households nor is it done before selling to 

consumers.Further studies by (Kurwijilaet al., 2006; Karimuribo et al., 2005) showed 

that antimicrobial residues levels such as oxytetracycline, sulphadimidine and 

penicillin in raw milk from the small-scale dairy farms sector are not well 

known.Nevertheless, limited studies (Swai and Schoonman, 2011; Kivaria et al., 

2006; andKurwijila et al., 2006) have been conducted on milk quality and safety in 

terms of levels of milk contamination, microbiological quality, antimicrobial residuals 
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and milk adulterations.However, all previous studies employed qualitative assays 

which indicate presence of antibiotics but could not establish whether the residue 

exceed the MRL. The present study was designed to assess theantibiotic residues in 

raw milk by providingquantitative information on residues of the most commonly 

used antibiotics and the factors that contribute to their occurrence in Bagamoyo 

District, Tanzania.  

 

1.2 Problem Statement and Study Justification 

Understanding of the quality and safety of milk sold to the market has ultimate 

benefits to the consumers of milk and other dairy products. In addition equal benefits 

are obtained by the producers of milk (farmers) and dairy industry are assuredof good 

milk that can be safely processed to other products. It was therefore envisaged that 

this study will add information to the chemical safety and quality of milk in Tanzania 

and provide baseline data for further investigation on milk safety. The obtained 

information would also assist milk producers, Regulatory Authorities and consumers 

to contribute to the formulation of control strategies on the use of antibiotics as 

veterinary drugs in treating and preventing various cattle diseases. 

 

1.3Research Objectives 

1.3.1 The Overall Objective 

To assess veterinary drugs usage anddetermineantibiotic residue levels in raw cows’ 

milk produced by small-scale dairy farmers in Bagamoyo District, Tanzania. 
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1.3.2 Specific Objectives 

i) To determine the most commonly used antibiotics to treat cattle diseases in the 

study area. 

ii) Qualitative screening of antibioticresidues in raw cows’ milk produced by 

small-scale dairy farmers in the study area. 

iii) Quantitative determination of antibiotic residue levels in raw milkfor the most 

commonly used antibioticsto treat diseases by small-scale dairy farmers in the 

study area 

iv) To assess knowledge, attitudes and practices of small-scale dairy farmers with 

respect to use and factors contributing to the presence of antibiotic residues in 

raw cows’ milk. 
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CHAPTER TWO 

 

2.0 LITERATURE REVIEW 

2.1 General Overview 

Livestock production in Tanzania largely depends on the traditional sector which is 

faced by several challenges such as poor animal genetic potential, poor management 

and diseases (Mellau et al., 2010). It was reported that, apart from the high prevalence 

of animal diseases, their control in livestock remains problematic because of 

inadequacy of veterinary services particularly in rural areas. The factor contributing to 

unreliable veterinary services delivery in rural areas of Tanzania includes shortage of 

veterinary staff, poor transport facilities, limited diagnostic facilities and drugs 

(Mellau et al., 2010; Komba et al., 2012).Sick dairy animals are often treated with 

antibiotics; failure to follow required withdrawal time/periods afterthese treatments is 

the most commonly cited reason fordrug residues in marketed milk (Zwald et al., 

2004).Dairy markets in most sub-Saharan African countriesare mostly supplied by 

small-scale farm enterprises (de Leeuw et al., 1999).Ensuring, that dairy products are 

free from veterinary chemical residuesis one of the challenges in developing countries 

(Kurwijila et al., 2006). 

 

While antibiotics are required to treat infections in individual animals, they are also 

used prophylactically to prevent the occurrence and spread of infections in intensive 

production systems such as cattle, pigs and poultry (Grane, 2000; Kurwijilaet al., 

2006). The presence of antibiotic residues in animal products such as milk, meat and 

eggs can present hazards for the public health, industry and environment (Kurwijila et 

al., 2006; Nonga et al., 2009; and Katakweba et al., 2012). The undesirable effects 
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can be classified as toxicological, selection of resistant strains of bacteria and allergic 

reactions. A major public health concern is the increasing occurrence of strainsof 

bacteria resistant to antibiotics (Kurwijila et al., 2006; Katakweba et al., 2012)which 

would mean antibiotics are losing their effectiveness to treat some common infections. 

This phenomenon has resulted in the removal or restriction on the use of certain 

antibiotics and prolongedexposure to antibiotics as a result of consuming residues 

contained food is contributing to antibiotics resistance(Shitandi, 2004; Nonga et al., 

2009; Katakweba et al., 2012). 

 

The presence of antibiotic residues in food is ofmajor industrial importance as 

fermentation step is frequently employed for the manufacture of food products such as 

cheese and yoghurt from milk. Inhibition of culture development can occur due to 

milk containing antibiotic residueswhich subsequently lead to elimination or reduction 

of the micro-organism necessary to allow fermentation (Shitandi and Sternesjo, 2004) 

 

2.2 Livestock and dairy production in Tanzania 

Tanzania’s livestock production is mainly smallholder based andthe country has the 

third largest livestock population in Africa after Sudan and Ethiopia (Njombe et al., 

2011).Out of the total 88.6 million hectares of land resource, 60 million hectares are 

rangelands suitable for livestock grazing, able to carry up to 20 million Livestock 

Units. However, due to tsetse infestation and other constraints, only 40% of the 

rangelands is utilised for grazing 18.5 million cattle; 13.1 million goats and 3.6 

million sheep (Njombe et al., 2011).  More than 90% of the livestock in the country 

are of indigenous types and are kept in the traditional sector, having acharacteristically 
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low productivity yet well adapted to the existing harsh environment including 

resistance to diseases (Njombe et al., 2009). 

 

 Smallholder dairy farming has a significant role in the alleviation of poverty and 

reduction of malnutrition in Tanzania. Dairy animals provide regular household 

income, employment and nutritious food. However, the dairy farming suffers from 

constraints that limit realization of this potential mainly due to the factors such as 

diseases, poor management practices and sub-optimal feeding regimes (Mdegela et 

al., 2009). 

 

In Tanzania milk production is mainly from cattle, of the 18.8 million cattle found in 

the country about 560,000 are dairy cattle which consist of Friesian, Jersey, Ayrshire 

breeds and their crosses to the East African Zebu (Njombe et al., 2011). The rest are 

indigenous cattle raised as dual purpose animals that are for milk and meat 

production. About 70% of the annually produced milk comes from traditional sector 

(indigenous cows), whereas the commercial sector (dairy cows) produce about 30%. 

Currently, only a small proportion (10%) of marketable surplus of milk produced 

annually is filtering into the urban markets and processing plants. Remoteness and 

poor infrastructure constitute the largest bottlenecks to collection and marketing of 

milk. Thus the milk produced is mostly consumed locally and quite often a significant 

amount is left for the calves. However, some producers who depend on milk for their 

cash income are willing to exploit the available opportunity in marketing their 

produce, for example, Maasai herders who transport milk by bicycles over long 

distances, for sale at collection centres located along the Dar es Salaam – Chalinze – 
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Segera and Dar es Salaam – Chalinze – Morogoro – Dodoma highways (Njombe at 

el., 2011). 

 

2.3 Uses of antibiotics in animals production 

In veterinary practice antibiotics are used largely for four purposes, for therapeutic 

useto control bacterial infection(treat sick animals), prophylactic use to prevent 

infection. The prophylaxis application of antibiotic can be to both individual animal 

and to groups of animals;the application of antibiotic to groups of animal at the time 

when only single animal of the group present symptoms of the disease, but it is 

expected that most of the group will become affected, is referred to as metaphylaxis 

with such treatment regimes, the antibiotics are commonly applied via feed or water; 

and also antibiotics are used in animals production as growth promoters to improve 

feed utilization and production(Katakweba et al., 2012; Kurwijila et al., 2006; Grane, 

2000).The frequent useof antibiotics may result in veterinary drugs residues in the 

products of animal origin such as milk or meat(Kurwijila et al., 2006; Mmbando, 

2004) 

 

2.4 Occurrence of antibiotics residues in animal products 

Antibiotics residues are remnants of antibiotics or their active metabolites that are 

present within tissues or products e.g. meat, milk and eggs from treated animals 

(WHO/FAO-CAC 2-2012). A number of factors may be responsible for persistence of 

drugs residues in food of animal origin. The main reason reported is failure to observe 

withdrawal times (Shitandi, 2004). Following antibiotic administration, withdrawal 

times are specified after which time the animal or animal products are fit for human 
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consumption (Katakweba et al., 2012; Kurwijila et al., 2006 and Shitandi et al., 

2004). Levels of the drug and their metabolites may persist at unacceptable levels and 

consumers can be exposed to them (WHO/FAO-CAC 2- 2012). The presence of 

residues may result from failure to observe the mandatory withdrawal periods, illegal 

or extra-label use of drugs and incorrect dosage, non-existence of restrictive 

legislation or their inadequate enforcement, poor records of treatment failures, lack of 

advice of withdrawal period especially in the developing countries (Ivona and Mate, 

2002).  

 

Residues of antibiotics in milk most often originate from poor livestock diseases 

management, poor milkhandling and unhygienic condition at farm-level, but do not 

rule out market-level practices which introduce antimicrobials to milk (Kurwijila et 

al., 2009; Shitandi, 2004). However, unconfirmed reports suggest that 

someunscrupulous milk market agents may add antibiotics, among other chemicals, to 

lengthen theshelf life of milk (Kurwijila et al., 2006).The presence of antibiotics drug 

residues in milk above allowable limits (Table 1) is a serious food safety risk because 

it may lead toconsumers allergies (Lee et al., 2000; Oslonet al., 1975cited by 

Kurwijila et al., 2006)or to selection of antibiotic resistant bacteria populations 

(Nijsten et al., 1996).Veterinarydrug residues also alter the processing qualities of raw 

milk by inhibiting starter cultures used in the preparation of cheese and other 

fermented dairy products (Katlaet al., 2001; Broome et al., 2002; Shitandi, 2004). 

 

The public health risk to antibiotics residues seems particularly high in developing 

countries, where there may be no local legislations regulating maximum tolerance 
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limits for marketed products and recommended withdrawal times are violated 

(Shitandi, 2004; Kurwijila et al., 2006). Furthermore there are no national 

programmes for routine monitoring of residues in food products despite large-scale 

use of various antibiotics (Grane, 2000; Shitandi, 2004). 

 

2.5 Commonly used antimicrobial agents in dairy Cattle 

Antimicrobial agents are found in different groups which are available for treatment 

of infected livestock. The most common groups includes tetracyclines, beta-lactams, 

sulphonamides, aminoglycosides, macrolides, and chloramphenicol (Omore et al., 

2002; Movassagh and Karami, 2010; Pecou and Diserens, 2011). These antibiotics 

may be used alone or at times in combination when treating dairy cattle.  Several 

studies have been done on commonly used antibiotics in livestock in different 

countries. In Tanzania studies conducted by (Kurwijilaet al.,(2006); Mmbando, 

(2004); Nonga et al., (2009); Midenge, (2011)) revealed that, tetracycline particularly 

oxytetracycline, β-Lactam (penicillin G and sulphonamide are commonly used 

antibiotic veterinary drugs. These studies also showed that there is rampant and 

indiscriminate use of antibiotics among the livestock keepers in Tanzania.  
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Table 1: Maximum Residues Limits for Antimicrobial Veterinary Drugs in Milk. 

 

Antimicrobials                          MRL (μg/l) 

Tetracycline                          100 

Chlortetracycline                 100 

Oxytetracycline                       100 

Doxycycline                              100 

Benzyl Penicillin /procaine   4 

Ampicillin                            4 

Amoxycillin                     4 

Cloxacillin                           30 

Dicloxacillin                        30 

Oxacillin                                30 

Streptomycin      200 

Erythromycin   4 

Gentamycin       200 

Tylosin       100 

Lincomycin       150 

Monensin       2 

Sarafloxacin       100 

Spectinomycin      200 

Sulfamethazine                     25 

Sulfadimethoxine               25 

Sulfamerazine                      25 

Sulfathiazole                         25 

Sulfamethoxazole                  100 

Sulfanilamide                       100 

Sulfadiazine                         100 

 

Source:FAO/WHO-Codex Alimentarius Commission: Maximum Residues Limits 

(MRL) for Veterinary    Drugs in Foods- CAC/MRL 2-2012 Standard.  

 

2.6Uses of antimicrobialdrugs in Tanzania 

In Tanzania, the use of supplementary feeding involving the use of feed additives, 

growth promoter in dairy animal is virtually non-existent (Mmbando, 2004). 

However, a lot of veterinary drugs such as OTC, penicillin and sulphadimidine are 
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used abusively to treat and protect cattle against various diseases (Katakweba et al., 

2012). From this perspective the most likely source of veterinary drug residues 

especially OTC will be from the treatment (therapeutic) and prophylaxis of diseases 

rather than from feed additives (Kurwijila et al., 2006). 

 

Oxytetracycline residues are likely to originate from the treatment of various diseases 

such as east coast fever (ECF), anaplasmosis, foot and mouth diseases (FMD), 

contagious bovine pleuro-pneumonia (CBPP) and heart water (Midenge, 2011). Much 

of the treatment is done by the livestock keeper themselves with questionable 

adherence to the right doses and even when the treatment done by the veterinary 

doctor or livestock officer, withdrawal period is rarely observed (Shitandi and 

Sternesjo,2001;Kurwijila et al.,2006). 

 

Several studies have been conducted in Tanzania to assess the extent of use and 

occurrence of veterinary drugs in food of animal origin(Mmbando, 2004;Kurwijila et 

al., 2006;  Nonga et al., 2009;  Katakweba et al.,2012) in the study that involved 

smallholder livestock keepers reported that, the most commonly used antibiotics were 

oxytetracycline, sulphadimidine, penicillin-streptomycin and gentamycin. 

Antimicrobial residues in milk in Tanzania were reported by (Karimuribo et al.,2005; 

Kurwijila et al., 2006 and in cattle meat (Mmbando, 2004). The study conducted in 

Morogoro Municipality reported high level of antimicrobial residues in eggs and 

chicken meat from commercially raised poultry by small scale farmer (Nonga et al., 

(2009a,b). The reason implicated to this high level occurrence of antimicrobial 

residues was the use of antimicrobial drugs as prophylaxis and treatment of common 
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chicken diseases accompanied with failure to observe withdrawal period. It was 

further reported that, although some farmers particularly in poultry keepers were 

aware of good agricultural practices such as implementation of withdrawal period, but 

they were more concerned on the income (money) than the health of the public 

(Nonga et al., 2009). All these studies revealed gross lack of awareness on health 

threats associated with antibiotics resistance among the farming community thus 

posing serious public health threats in Tanzania. 

 

2.7Potential health effects of antibiotic residues to human being 

The antibiotic residues when taken above the maximum residue limit (MRL) can 

result in potential health effects to the human being (Goffova et al., 2012). The 

effects include the occurrence of resistant strains of bacteria in humans, toxicity 

effects of the drug, allergic reactions (hypersensitivity reactions) in sensitized 

persons and inhibition of starter cultures in production of cultured milk products 

such as yogurt and also the manufacture of cheese (Movassagh and Karami, 2010; 

Kaya and Filazi, 2010).Other effects includes intestinal dysbiosis (Goffová et al., 

2012). Also some drugs or their metabolites possess carcinogenic potential e.g. 

meat preserved with sodium nitrate and contains sulphamethazine residues, may 

develop a triazine complex that has a considerable carcinogenic potential (Goffová 

et al., 2012). Prolonged ingestion of tetracycline in food has detrimental effects on 

teeth and bones in growing children. Some reports have also associated drug 

residues to destroy useful microflora of gastrointestinal tract, especially in children 

leading to enteritis problems (Goffová et al., 2012).  
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2.8Detection of antibiotic residues in raw cow milk 

There are several methods for analysis of antibiotics in various biological and 

pharmaceutical matrices and these consist of screening methods and 

chromatographic techniques for detection of qualitative and quantitative levels of 

antibiotic residues (Alkan, 2007). The screening is performed by microbiological, 

enzymatic and immunological methods and they are based on the susceptibility of 

bacteria to different antibiotics (Syit, 2011).  

 

There are also various chemical, microbiological and immunological assays used to 

detect antibiotic residues in milk. The chemical methods include High Performance 

Liquid Chromatography (HPLC), Gas-liquid chromatography, Radioimmunoassay, 

Thin-Layer Chromatography (TLC) and Electrophoresis (Ramirez et al., 2003).  

Microbiological assays for detection of antibiotic residues utilizes bacteria such as 

Bacillus stearothermophilus and Bacillus subtilis because of their high sensitivity 

to detect a wide range of antibiotics commonly used in animal disorders (Syit, 

2011). The microbiological assay is easy, fast, simple and cheapest method 

(Muriuki et al., 2001; Abbasi et al., 2011) however the method can detect only 

qualitative and/or semi-quantitative measurement of residues (Abbasi et al., 2011). 

The bioassay techniques are less specific and sometimes produce false positive 

results (Abbasi et al., 2011; Syit, 2011). 

 

2.8.1Screening method of antibiotic residues in raw milk 

Efficient control of residues requires good screening tests, which must be less 

expensive, less time consuming than the more specific quantitative or confirmatory 
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method, easy to perform, allow simultaneous analysis of large numbers of samples 

and give rapid results (Syit, 2011). They may detect the presence of an antibiotic 

residue or a class of antibiotics and usually allow high sample throughput (Alkan, 

2007; Syit, 2011). Screening methods have the capability for a high samples 

throughput and are used to sift large numbers of samples for suspect or potential 

non-compliant results. They are specifically designed to avoid false compliant 

results (Okerman et al., 2004), thus, the number of so-called false-negative results 

of a screening test should be as low as possible, while a few false-positive results 

can be accepted as long as all positive results of the screening test are confirmed 

with chromatographic method. 

 

2.8.2 Agar well diffusion microbial inhibition assay 

This test involves preparation of Muller Hinton Agar in sterile glass plates, 

thereafter uniform streaking of B. subtilis, followed by creating wells/holes on the 

media using sterile boring glass rods. Then 10μl of sample pipetted in the wells and 

the plates incubated at temperature of 37
0
C for 18-24hours. After incubation the 

cultures examined for bacteria growth inhibition zone in case of antibiotic positive 

results. The diameters of the inhibition zones measured with callipers.Screening of 

milk and other animal food samples for the presence of antibiotic residues is 

usually performed with the help of microbial inhibition assays. Their sensitivity to 

different drugs depends on the indicator microorganism used and the concept of the 

test. Microbiological assays for the detection of antibiotic residues utilize the genus 

Bacillus, because of its high sensitivity to the majority of antibiotics (Jevinova et 

al., 2003). 
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2.8.3 High performance liquid chromatography technique 

High performance liquid chromatography (HPLC) is a chromatographic technique 

used to quantify the levels of antibiotics residues in different biological, 

pharmaceutical and food matrices. It has got different detection modes  such as 

spectrometry, fluorescence, mass spectrometry, particle beam (PB), fast atom 

bombardment (FAB), atmospheric pressure chemical ionization (APCI) and 

Electrospray ionization (ESI) (Pena et al., 2007).  

 

Antibiotics residues such as penicillin G and  oxytetracycline can be successfully 

detected and quantified in various biological matrices using HPLC  in the reverse 

phase mode, with different detection modes, such as spectrometry, fluorescence 

and mass spectrometry (Muriuki et al., 2001; Abbasi et al., 2009; Olatoye and 

Ehinmowo, 2010; Bedadaet al., 2012).HPLC usage is increasingly being used in 

the field of residue analysis. The varietyof mobile phases, the extensive library of 

column packing and the variation in modesof operations are the reasons for this 

method to be in demand.  

 

In residue analysis of edible animal products, thesamples often have much higher 

concentrations of endogenous interfering components buta very low content of 

residues. It is necessary to assess variety of producers forisolations, derivatization 

and quantitation of the compound of interest since the natureand concentration of 

these components can vary widely (Nollet, 1992).Sample deproteinization is the 

first step in animal originated food residueanalysis. Mineral or organic acids like 

hydrochloric or trichloroacetic acid and/or watermiscibleorganic solvents such as 
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acetonitrile, acetone or methanol, which precipitate theproteins and allow their 

removal by centrifugation, are used frequently. Sampledeproteinization helps 

releasing protein-bound residues besides protecting the HPLCcolumn from 

irreversible contamination (Pena et al., 2007) 

 

In most conditions analyte extraction into asolvent is the second step where 

extraction efficiency is determined by the polarity ofthe extracting solvent, the pH 

of the sample/solvent system and the sample-to-solventvolume ratio. Extract clean-

up process is usually involved as the third step in samplepreparation. The easiest 

procedure is a simple liquid-liquid partitioning between twoimmiscible solvents, 

where the analyte is selectively partitioned in one of the twophases (Nollet, 1992). 

HPLC analysis of antimicrobial residues is mainly performed in either 

reversephasemode or in the ion exchange mode. The efficiencies in the ion 

exchange mode aredetermined to be lower than those obtained by normal-or-

reverse-phase HPLC. Usuallyexcessive tailing due to the in-homogeneity of the 

absorbent surface is obtained. Manyparameters can influence both the resolution of 

the compounds and column efficiency inreverse-phase HPLC. In order to obtain 

best results a combination of the appropriatestationary/mobile phase system and the 

mode of elution (isocratic or gradient) must bedetermined. Alkyl-bonded (C8, C18) 

stationary phases are used with mobile phases suchas methanol or acetonitrile. The 

content of the organic modifier in the mobile phase is afunction of both the polarity 

of the analyte and the type of column packing (Nollet, 1992). 

For residue analysis fluorescence detection has been proved to be valuable 

toolwhere interferences from food components must be reduced or eliminated. 
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Fluorescentderivatives of many non-fluorescing solutes emerging from the 

chromatographiccolumn can be prepared using specific fluorescence-labeling 

reactions. Comparingretention times is the key for identification of eluted 

compounds with referencecompounds processed in an identical manner. Sometimes 

retention times are not enoughby itself since a retention time can be observed for 

more than one compound or severalcomponents can be eluted at same retention 

time and chromatograph may show onlyone peak. Repeating the sample analysis on 

a different packing material can contributeto more satisfying results (Nollet, 1992). 
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CHAPTER THREE 

 

 

 

3.0MATERIALS AND METHODS 

3.1 Study area 

Bagamoyo district is locatedin Pwani Region,having an altitude with average 

elevation of 184 metres (604 fts)above the sea level, Longitude 38.5ºEast and Latitude 

6.3°South.Bagamoyo District is one of the six districts of the Pwani Region of 

Tanzania. It is bordered to the North by the Tanga Region, to the west by the 

Morogoro Region, to the East by the Indian Ocean and to the South by the Kibaha 

District,  it is estimated to have a population of 311,740 (Tanzania National Census, 

2012). Rainfall pattern is characterized by two rainfall seasons, typical for the tropics: 

a long rainy season (March to May) and a short rainy season (October to December). 

Average annual rainfall ranges from 800mm to 1000mm and the average temperature 

is 28ºC.Bagamoyo District was proposed as a study site, because it has accessible raw 

milk collection centers namely Msata, Chalinze and Lugoba (Figure 1). These 

collection centers are the filters through, whereby raw milk produced by small scale 

producers is supplied to Dar es salaam city. 
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Figure 1: A map of Bagamoyo District showing study wards and sample 

collection points. 

 

Bagamoyo District consists of 22wards, however Msata, Kiwangwa, Fukayosi, 

Lugoba, Msoga and Chalinze (Bwilingu and Pera) wards were purposively selected 

because of large number of small-scale dairy farmers and presence of established raw 

milk collection centres. According to wards’ Livestock Office records, Msata ward 

have44 small-scale dairy farmers with 257 dairy cattle, Lugoba ward has 20 small-

scale dairy farmers with 300 dairy cattle and Chalinze ward has 74 small-scale 

farmers with 566 dairy cattle. Each small-scale dairy farmer has cattle numbers 

ranging from one to five. The milk collected from those centres is supplied to different 

locations of Dar es Salaam city. 
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3.2 Study design 

A cross-sectional study design wasemployed which allowed samples to be collected 

from small-scale dairy farms with respect to available milk collection centres in 

Bagamoyo district, namely Msata, Lugoba and Chalinze. Msata collection centre 

involved dairy farmers from Msata, Kiwangwa and Fukayosi Wards, while Lugoba 

collection centre drew farmers from Lugoba and Msoga Wards and Chalinze 

collection centre were involved dairy farmers from Bwilingu and Pera wards. Semi-

structured questionnaire was also developed and used for data collection in the study 

area.In order to obtain the true representative samplesa survey was conducted to 

identify individual farms thatare producing and selling raw milk to the collection 

centres. 

 

3.3 Study population 

The population was considered to be heterogeneous with various gender and age 

groups. From the population, a representative randomly selected number of small-

scale dairy farmers in Msata, Lugoba and Chalinze were considered in the study. The 

inclusion criteria were; small-scale dairy farmers both women and men who keep 

from one to five dairy cattle, or willingness to participate in the study and able to give 

information and accessibility of the place during data collection. The exclusion 

criteria included; unwillingness to participate in the study, unable to give information 

asked and living in inaccessible areas. Also those who had no time for interview were 

excluded. 
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The collection centres formed a cluster of the farmers who sell raw milk to a particular 

centre. Small-scale dairy farmers were visited once and the semi-structured 

questionnaires were administered to randomly selected study participants from whom 

milk samples were collected for laboratory analysis. Farmers from which samples 

were drawn were identified by numbers 1 to 110 while the milk collection centres 

were identified by letters A, B and C representing Msata, Lugoba and Chalinze 

respectively.  

 

3.4 Sample size determination 

Sample size required for the study weredetermined according to Thrusfield (2005) at 

95% CI, 5% precision and with expected occurrence of antimicrobial residues 

prevalence of 7% in Dar Es Salaam Tanzania (Kivaria et al., 2006). The formula for 

unknown population was as follows;   

   
2

2

/2

d

pq z
  n    

Where n = Herd and estimated sample size 

  Z = t value for an expected confidence level (1.96) 

  p = Antimicrobial prevalence   of 7% 

  d = selected accepted error or precision (as 0.05)  

The chosen 110 small-scale farmers were 41 from Msata, 19 from Lugoba and 50 

from Chalinzewhom each provided raw milk samples from their cattle for analysis.  

 

3.5 Ethical consideration 

Research permit was provided by the Vice Chancellor Sokoine University of 

Agriculture and verbal consent was obtained from each of the head of household prior 

to commencement of interviews and sampling. Participation in the study was on 
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voluntary basis. All the information collected from the participants and the laboratory 

results obtained after raw milk samples analysis were kept under the custody of the 

researcher as confidential. 

 

3.6 Sample collection 

3.6.1 Sampling for small-scale dairy farmers 

Selection of small-scale dairy farmers depended on the concentration of farmers in a 

particular collection centre and based on the respondent’s willingness to participate in 

the study. Researcher visited small-scale dairy farmers, using good communication 

skills and assurance of confidentiality; 110 participants were immediately enrolled for 

questionnaire and sample collection.Simultaneously, 110 samples of raw milk were 

collected for laboratory analysis for qualitative and quantitative determination of 

antibiotic residues.  

 

3.6.2Pretesting of data collection tools 

Pretesting of questionnaires was done to test the clarity, sequence of questions and 

estimate the duration of each questionnaire. A total of five respondents were 

interviewed and findings were used to improve the questionnaires. The revised 

version of the questionnairewas thentranslated into ―Kiswahili‖, the national language 

understood by majority of Tanzanians. 

 

3.6.3Sociological data collection 

Sociological data were collected from respondents (small-scale dairy farmers) during 

household visits by interviews using semi-structured questionnaires with both closed 
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and open ended questions (Appendix 1), The information gathered included general 

health status of cattle, common diseases in the area, diseases management and control, 

mostly common used antibiotic to treat cattle diseases,  treatment practices in use of 

antibiotic drugs on their farms specifically; documentation of antibiotic 

administered/usage, how small-scale farms keep treatment protocols, compliance to 

withdrawal periods, illegal or extra-label use of veterinary drugs and incorrect dosage 

levels. Furthermore the questionnaires were used to assess producers awareness on the 

risk factors for antibiotic residues through; knowledge, attitudes and practices of dairy 

farmers on the use of antibiotics in cattle production. 

 

3.6.4 Raw milk sampling for laboratory analysis 

Raw milk sampling was done after questionnaire interviews was completed. Samples 

from each individual farm were collected directly from the milking containers using 

100ml clean sterile plastic sample bottles (figure 2). All collected samples were 

immediately cooled to 4°C in the cool box container with ice cubes and transported to 

the laboratory in the Department of Veterinary Medicine and Public Health, Faculty of 

Veterinary Medicine, Sokoine University of Agriculture (SUA)for qualitative analysis 

of antibiotic residues. The samples were stored in freezer at -20
0
Cbefore analysis. 
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Figure 2.Collected Raw Milk Samples 

 

3.7 Laboratory analysis of antibiotic residues 

3.7.1Microbiological inhibition screening test for drug residues 

For test and interpretation of the results this study followed the general guidelines of 

National Committee for Clinical Laboratory Standards (NCCLS, 2002). In 

microbiological inhibition test for drug residuesagar well diffusion method was 

employed as previously described by Association of Official Analytical Chemists 

(AOAC,2000) and (Syit, 2011).Briefly, Muller Hinton agar (MHA) (Laboratorios 

Conda S.A C/La Forja 9.28850 Torrejon de Ardoz, Madrid Spain) was prepared, 

autoclaved and then left to cool to 48
0
cbefore being poured in a sterile glass Plated for 

cooling and solidification, Subsequently 0.1 ml of already prepared B. subtilis(ATCC 

6633) bacterial suspension was added toeach plate. Then B. subtilis was uniformly 

streaked by using sterile cotton swabs, then four wells or holes with diameter of 

10mm were punched into the agar layer using sterile boring glass rod on each plate. 

The wells were at the distance of at least 30mm from each other. A 10μl of the test 

raw milk sample was pipetted in the holes/wells and after a pre-diffusion period of 

about 1 hour at room temperature, then plates were incubated at 37
0
C for 24 hours.  
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Thesetests were performed in duplicate and both positive and negative controls 

wells/holes were included in each plate. Positive control was 10μl of 5% 

oxytetracycline (Alfavet Animal Health care-UK) and Pen&strep (Norbrook 

Laboratories Ltd- UK) mixed with 1ml of drug residues free UHT milk (Brookside 

Dairy Limited - Kenya), while the negative control was 10μldrug residues free UHT 

milk (Brookside Dairy Limited - Kenya). After 24hours of incubation the cultures 

were examined for bacteria growth, the diameters of inhibition zones were measured 

with slipping callipers.  

 

The diameter of the zones of inhibition from the end of hole/well margin to beginning 

of bacterial growthwas measured using calliper and an inhibition zone of ≥2mm was 

considered as positive and diameter of inhibition zone measured less than 2mm was 

considered negative. These diameters were measured minus the diameter of the punch 

well which was 10mm (Omija et al., 1994; Ailal et al., 2009; Nonga et al., 2009). 

The results of present study revealed high susceptibility of B. subtilis for most 

antibiotics which frequently used in veterinary treatment, and this agreed with what 

mentioned by (Al-Mohana et al, 2010) who preferred using of B. subtilis because it is 

sensitive for most antibiotics as compared with other bacteria as well as this bacteria 

are non- pathogenic, grow rapidly, easy to preserve and cost effective. All these 

factors explain why present study selected these bacteria for detection of antibiotics 

residues in milk. These findings pointed to efficiency of these bacteria for detection of 

antibiotics residues in milk even under low concentration in the product. However, 

because antimicrobial inhibition assay using B. subtilis cannot give any information 

about the type of antibiotic and the amount that is found in the milk, hence it need to 
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be confirmed by another method usually High performance Liquid chromatography 

(HPLC) as per this current study. 

 

3.7.2 Quantification of oxytetracycline residues in milk by HPLC technique 

Thepositive detected milk samples were confirmed and quantified by using HPLC-

uvand the test was done according to(AOAC 995.04). Procedure methods and as 

described by (Ghinidi et al., 2003)with some modifications at the Tanzania Food and 

Drug Authority (TFDA) Laboratory Dar es salaam, Tanzania. 

 

i) Testing principle 

Partially thawed raw milk samples were extracted with Mcllvaine Buffer/EDTA 

solution. After centrifugation, the extracts containing the oxytetracyclines were 

cleaned-up by passing through C18 SPE Cartridges. Oxytetracyclines were eluted 

from the cartridge with methanolic oxalic acid, evaporated and reconstituted with 

aqueous methanol and analyzed by reverse phase High Performance Liquid 

Chromatography (HPLC-UV) 

 

ii) Equipment and Apparatus 

Analysis was carried out on a HPLC Model LC-20AT Prominence Liquid 

Chromatography series, serial No.C213346 015664, SHIMADZU Corporation, 

Japan.), equipped with constant flow pump, degasser (DGU 20A5 Serial L-20244 

07326), column oven (CTO-10A VP Serial C 210447 06967), auto sampler 

(OPTIMAS- Spark) and computer software. Separations were carried out by Zorbax 

Eclipse XDB-Analytical C18 (150x 4.6 mm, 5μm) Column Agilent Technologies- 
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USA and analyte were detected by PDA-Detectorwith variable wavelength UV 

detector (SPD-20A), CBM- 20A Prominence serial No L 202347 09807 SHIMADZU 

Corporation Japan.Other equipments used were; 

a) Centrifugation during sample preparation and extraction was performed with a 

ROTOFIX 32A ®(ZENTAFUGEN)-Centrifuge made from Germany.  

b) Sonicator &Degasser used to degas mobile phase- Branson ® 3210E-DTH,  

UK 

c) Nitrogen drier used to dry sample during extraction process-Thermo Scientific 

heating module ®No. 8824 

d) PH Meter measuring +- 0.05 unit,- JENWAY ® 3540 model-UK 

e) Analytical balance-Readability 0.0001g – OHAUS  ® corporation-USA 

f) Mechanical shaker/Vortex  mixer- SFI, Sturt Scientific-  UK 

g) Clean-up Solid phase extraction (SPE) Cartridges-VARIAN Bond Elut SAX 

made from USA 

h) Disposable syringe filters-(0.45μm)-lot no. SF2350812, XIVA-SICHEM 

BIOTECH- Delhi India 

i) Sterile membrane filter- 0.45μm pore size, Cat no. 7141114supplied from 

Japan 

 

iii) Chemicals and reagents 

a) Methanol-HPLC grade, acetonitrile- HPLC grade and Water- HPLC grade 

were supplied from Fishers Scientific Limited- UK. 
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b) Disodium hydrogen phosphate dihydrate, oxalic acid-dihydrate, citric acid-

monohydrate, Sodium phosphate-dibasic anhydrous, Ammonium 

hydroxidewere purchased from Fishers Scientific Limited, UK. 

c)  Ammonium acetate (Analytical grade) was supplied by Scharlau chemie S.A, 

d) EDTA, trifluoroacetic acid was purchased from Ps Park Scientific Limited-

UK.  

e) Distilled and deionized water was obtained from TFDA Laboratory and 

f)  Oxytetracycline CRS was supplied from council of Europe (batch/lot no 4 a) 

 

iv) Extraction solvents 

a) McIlvaine buffer(pH 4.0 ± 0.05)  

The amount of 21.0 g of citric acid was taken and dissolved in 1 liter distilled 

water in a volumetric flask. In another flask, 28.4 g of (Na2HPO4) anhydrous 

disodium hydrogen phosphate was dissolved in 1 liter distilled water. 

Mcllvaine buffer was then made by combining 1 liter citric acid and 625 ml of 

disodium hydrogen phosphate in a 2 liter volumetric flask. The pH was 

adjusted using 0.1M hydrochloric acid.  

 

b) McIlvaine buffer- EDTA solution (Mcllvaine Buffer/0.1M EDTA) 

On weekly basis Mcllvane buffer was prepared as described by Ghinidiet al., 

(2003).To 1.625 liter Mcllvaine buffer, 60.5 g of disodium ethylenediamine-

tetracetate (EDTA dehydrate) was added and mixed until dissolved 

completely. 
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v) Elution solvent 

Every day fresh methanolic oxalic acid solution was made by dissolving 1.26 g 

oxalic acid dihydrate in HPLC grade methanol in 1 litter volumetric flask and 

mixed until dissolved. 

 

vi) Liquid chromatography (LC) mobile phase 

Ammonium acetate- Acetonitrile- Solution in a ratio of 77:23 was used (Ghinidi et 

al., 2003 and USA: CLG-TET2.04, 2011). The 0.05M Ammonium acetate 

solution was prepared by weighing 3.85g of ammonium acetate and dissolved into 

a 1Litre distilled water and adjust PH of solution to 3.0±0.5 with trifluoroacetic 

acid. The solution was also filtered through 0.45μm pore size membrane filter and 

degassed in the ultrasonic/degasser. 

 

vii) Preparation of oxytetracycline standard 

a) Stock standard- ( 1000μg/ml) 

Stock standard was prepared by adding 108±0.1 mg of oxytetracycline 

reference standard to methanol in 100ml volumetric flask at room temperature. 

b) Working standard- (25μg/ml) 

Working standard was prepared by first, preparing100μg/ml and then pipetting 

2.5ml of the prepared solution into 10ml volumetric flask. Subsequently 

diluting with methanol to the volume and mixed thoroughly and stored in the 

refrigerator 
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c) Oxytetracycline chromatographic standard solutions 

The oxytetracycline chromatographic standard solutions- (12.5μg/l, 25μg/l, 

50μg/l, 100μg/l and 200μg/l were prepared from the oxytetracycline working 

standard (1000μg/l) which was diluted accordingly to make the desired 

concentration. 

 

3.7.2.1 Sample preparation and extraction 

i) Sample extraction  

Homogenised, previously frozen raw milk samples (5.0 ±0.1ml test milk), showing no 

signs of souring or curdling was pipetted into 50ml polypropylene centrifuge tube and 

centrifuged for 15minutes at 250rpm at approximately 10
0
Ctemperature  to separate 

cream.The contents were then   mixed with 20 ml Mcllvaine/EDTA solution and 

shaken for 10 minutes on flat bed shaker or vortex mixer at high speed. 

The content of the tubes were then centrifuged for 20 minutes at a speed of 4000 rpm 

at approximately 15
0
C. The supernatant was filtered through GF/B filter paper after 

moistening with Mcllvaine buffer-EDTA solution. 

 

ii) Sample clean up by solid phase extraction(SPE) 

Sold phase extraction (SPE) cartridges were attached to an SPE vacuum manifold 

connected to 75ml reservoir to each cartridge. The Bond Elut-SAX C18 cartridges 

were first conditioned with 20ml methanol followed by 20ml of HPLC- grade water, 

at approximately 1.5- 2.5ml/minute, vacuum was applied gently and eluate were 

discarded.The final extract supernatant of test solution was then applied into C18 

cartridge followed by drained cleaned and rinsed the cartridge with 20ml HPLC- 
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grade water and eluate were discarded. The cartridgeswere dried when water rinse was 

completed and continued to draw air through cartridge for approximately 2 minutes. 

 

iii) Elution step to remove residues from the cartridge 

Oxytetracycline residues test solution from the cartridges were eluted with 5.0ml 

methanolic oxalic acid and filtered through 0.45μm syringe filtration cartridges into 

LC autosampler vials and loaded into autosampler. Finally, 20μl of the solution was 

injected into the HPLC-UV system. Samples wereanalyzed at 365nm wave length. 

 

3.7.2.2 HPLC analysis for OTC  

Using 0.45μm pore size micro syringe filter the test solution and the standards were 

filtered into the LC auto sampler vials and loaded into auto sampler. The analysis and 

quantification of the OTC residues in the extract was done using a high-performance 

liquid chromatography (LC-20AT Model Shimadzu Prominence series -Japan) 

equipped with CBM-20A  auto injector with sample cooler  CTO-10AS VP and DGU-

20A5 on-line vacuum degassing solvent delivery unit, a constant flow pump and a 

variation wavelength UV detector set at 365 nm. The separation was done on Zorbax 

Eclipse XDB-Analytical C18 (150x 4.6 mm, 5μm) Column with Ammonium acetate-

Acetonitrile solution, (77:23) as the mobile phase by gradient mode, the mobile phase 

flow-rate of 1.2 ml/min at room temperature and the sensitivity range was 0.08 ppm. 

The HPLC analysis was performed for 5 minutes in each sample.  

 

To get the concentration of a given sample, reference standards of known 

concentrations were used to determine the concentration of the sample extract. For the 
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determination of oxytetracycline residues, the OTC standard solutions at different 

concentrations of 12.5, 25, 50, 100 and 200 μg/l was injected in ascending order (table 

2). The extract from each sample was injected in duplicate to obtain average peak 

height of positive samples. The samples were considered to be positive for 

tetracycline if their retention time and peak corresponded to that of the reference 

standard. The retention time of the standard was at 2.7 minutes (figure 3).  

 

i) Method development for HPLC analysis of raw milk samples  

Prior to extraction of OTC in an unknown raw milk samples, the method was 

developed under the laboratory conditions suitable for analysis using HPLC. The 

developed method was later on used to determine OTCresidues concentration of the 

raw milk sample in the present study.  

 

Table 2: OTC Standards calibration curve 

OTC Reference standards (ug/l) Area of the chromatography 

12.5 800.3 

25.692 1473.3 

47.465 2478 

93.009 4853 

198.561 10289 
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Figure 3: Calibration curve with five concentration points of OTC standards. 

 

ii) Preparation of OTC standard solutions 

One hundred and eight milligram of OTC standard solution was weighed and 

transferred into 100 ml amber volumetric flask, then was dissolved in methanol at 

room temperature. This OTC stock standard solution-1000μg/ml was protected from 

light by using amber volumetric flask and stored at -20
o
C for three months and it was 

used to prepare the working OTC standard by serial dilutions.  

 

The OTC intermediate stock solution-100μg/ml was then prepared by diluting 10 ml 

of stock standard solution in 100 ml volumetric flask with methanol at room 

temperature and stored in a -20
o
C. It was prepared on a weekly basis. The 

intermediate stock solution was further diluted to get the OTC working standard 

solution 25μg/ml  by taking 2.5 ml of OTC intermediate stock solution in 10 ml 

volumetric flask with methanol and mixed at room temperature. Working standard 

was used to prepare 1000μg/l,  Then five (5) oxytetracycline chromatographic 
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standard solutions at 12.5, 25, 50, 100 and 200 μg/l concentrations were prepared into 

separate 10 ml volumetric flasks containing 5 ml methanolic oxalic acid solution and 

mixed. Then distilled water was added to bring the flask to volume.  

 

Under gradient conditions, different standard concentrations of the OTC analytical 

standard solutions prepared were injected in ascending order and the results were 

plotted automatically on the integrator. The machine was set to run for 5 minutes and 

OTC was detected at 2.7 minutes as retention time with the peak height increasing 

with increase in concentrations. 

 

iii) The positive and negative control samples  

A known negative and positive samples were used as quality control. Negative 

controls were those known to be free from OTC contamination. Positive controls were 

those known to be free from OTC that have been fortified (spiked) with a known 

quantity of OTC (Table 3). In this study, Antibiotic free UHT milk (Brookside Dairy) 

was purchased from Dar es Salaam Shoprite super market. The negative control 

samples of duplicate UHT milk were treated the same way as the raw milk samples 

through undergone extraction, SPE clean-up and elution with methanolic oxalic acid. 

Duplicates UHT milk spiked with 1000μg/l of OTC standard solutions were used as 

the positive control samples.  

 

Two hundred microliter (200μl) of the working solution of OTC standard (25μg/ml) 

was pipetted into 5ml volumetric flask and antibiotic free UHT milk was added to the 

volume and mixed thoroughly by shaking for 10seconds and left for 30 minutes before 
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start extraction procedure with Mcllvaine buffer, solid phase extraction and elution 

from the cartridges. The control samples were run through the analytical column in a 

HPLC machine mobile phase conditioned with Ammonium acetate- Acetonitrile 

solution in a ratio of 77:23 respectively. The column temperature and flow rate were 

maintained as the case for the OTC analytical standard solutions. The retention time 

of the control samples was compared with those of the OTC analytical standard 

solution alone. During extraction blank sample eluted from SPE cartridge was 

included to check for the analytical column efficiency. 

 

iv) LOD and LOQ of an analytical system 

Limit of detection (LOD) and Limit of quantification (LOQ) depend on the noise and 

drift of the detection equipment. Absolute detector LOD can be determined by 

injecting a sample directly into detector. It is often expressed as minimum detectable 

level. However, the LOD depend on the oxygen content of the mobile phase, the 

injection system, peak broadening on the column and temperature differences among 

system component. Taking these factors into account, the LOD was defined as 3 times 

the noise level and LOQ was defined as 10 times the noise level and in this study, it 

was determined by the analysis of spiked free from antibiotic UHT milk (Brookside 

brand) sample with 10μg/l. The recoveries of the antibiotics were calculated at four 

different concentration levels of OTC Standards (50, 100, 500, 1000μg/l) and on 

average the recovery percentage was 83% (Table 3). 
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Table 3: Recovery and precision of OTC determined in spiked UHT milk sample 

(n=4). 

OTC Spiked 

level (μg/l) 

Determined 

Time 

Recovery level 

(μg/l). 

Mean recovery 

level (μg/l) 

% Recovery 

     

50 1 

2 

3 

28.269 

26.934 

 

26.934 

 

 

27.379 

 

 

54.8 

100 1 

2 

3 

66.024 

67.522 

 

72.918 

 

 

68.821 

 

 

68.8 

500 1 

2 

3 

532.166 

552.881 

 

589.700 

 

558.249 

 

111.6 

1000 1 

2 

3 

1007.021 

950.356 

 

- 

 

978.6885 

 

97.9 

     

Mean %Recovery = 83.3 and therefore extraction efficiency was 83.3% 

v) Calculations  

The HPLC machine data output measured and recorded the peak area for OTC 

standard solutions and the test solutions. Using data from the OTC standard solutions, 

the best fit line of data was determined using the linear regression equation as follows; 

y = mx +b whereby: y = Sample peak area; x = OTC concentration in μg/l; m = slope 

and b = intercept of y. Also the correlation coefficient (R2) was determined from this 

equation and was found to be 0.99636. The quantification of OTC residues of the 

sample analyte was determined by using the peak area of the analyte and values from 

the regression slope and intercept of the OTC standard solutions.Each oxytetracycline 

standard curve should be linear.Concentration of oxytetracycline residues in original 

raw milk was calculated directly since the dilution factor of injected test solution was 
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1 (eluted final volume in SPE cartridge). Care was taken with integration and 

therefore baselines were checked for each chromatogram determined by automated 

data systems. 

 

3.8 Knowledge, attitudes and handling practices in usageof veterinary drugs 

A simple random sampling technique was employed in which the small-scale dairy 

farmers willing to participate in the study were interviewed at the household level. 

Semi-structured questionnaire was prepared and designed to capture information on 

diseases status, mostly common antibiotics used, frequency of using veterinary drugs, 

common type of farming system practiced, awareness of withdrawal period/time, 

means of access veterinary drugs, the reasons for using antibiotics, awareness on the 

effects of antibiotic residues in human health, storage practices and condition for 

drugs, raw milk consumption pattern, and training in regard to antibiotics usage.  

 

3.9 Data analysis 

Raw data from survey and laboratory analysiswere entered and stored in MS-Excel 

spread sheet and analysed to describe samples with MRLs above the recommended 

values and therefore containing potentially harmful concentration of antibiotic 

residues.Proportions were computed using Epi- Info database (version 7 of 2012). Epi 

info database was also used to compute descriptive statistics for measure of central 

tendency and measure of variability. Continuous and proportions of categorical 

variables were computed and Chi-square used to compare for statistical significance at 

a critical probability of p < 0.05. 
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CHAPTER FOUR 

 

4.0 RESULTS 

4.1 Awareness of small-scale dairy farmers on veterinary drugs usage and factors 

leading to presence of antibiotic residues in raw milk in Bagamoyo District. 

4.1.1 Demographic characteristics of the study population. 

Results showed that there were more males than females whereby, males were 71.8% 

(95% CI= 62.4-80, n=79) and 28.2 % (95% CI = 20.0-37.6, n=31) were females. 

Respondents were of different age, ranged from youth 16.4% (15- 4 years), adult 

54.6% (36-55 years) and elder 29.1% (above 55 years). Their education level ranged 

from informal education to college education. The majority of the respondents had 

primary education (58.2%) followed by secondary education (27.3%), Informal 

education were (8.2%) and College education (6.4%). 

 

4.1.2 Distribution of the respondents in the study area 

A total of 110 small-scale dairy farmers were interviewed in the selected households 

from three (3) raw milk collection centres/wards in Bagamoyo district. The collection 

centres where the respondents were obtained include Msata, Lugoba and Chalinze. 

However, Msata collection centre involved respondents from Msata, Kiwangwa and 

Fukayosi wards, while Lugoba collection centre involved respondents from Lugoba 

and Msoga wards and Chalinze collection centre involved respondent from Bwilingu 

and Pera wards . Out of the 110 small-scale dairy farmers interviewed in the three 

collection centres of the Bagamoyo district, 45.5% (95% CI = 35.9-55.2, n=50) were 

from Chalinze, 17.3% (95% CI= 10.7- 25.7, n=19) were from Lugoba and 37.3% 

(95% CI= 28.3- 47.0, n= 41) were from Msata. 
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4.1.3Type of farming system and animal health management 

Most of the respondents practiced semi intensive grazing system which constituted 

59.1 % (95% CI = 49.3-68.4, n= 65), followed by zero grazing system with 21.8%, 

n=24, extensive grazing system 14.6%, n=16 and the last were communal grazing 

system with 4.6%, n=5. On the other hand results indicated that, veterinary drugs for 

treating dairy animals were obtained from different markets and these were the 

veterinary pharmacy (49.1%, n=54), the livestock field officers (48.2%, n=53) and 

cattle market (2.7%, n=3).  

 

4.1.4 Commonly reported animal diseases affecting dairy animal 

The most commonly mentioned diseased were East Coast Fever (ECF) 95%CI, 

(58.2%, N=64), followed by Anaplasmosis (15.5%, n=17), Trypanosomiasis (11.8%, 

n=13), Mastitis (6.4%, n=7), Foot and Mouth diseases (FMD) (2.7%, n=3).On the 

other hand respondents reported Lumpy skin disease, Contagious Bovine Pleuro-

pneumonia (CBPP) and worms with 1.8% each. 

 

4.1.5 Animal diseases, veterinary drugs and frequency of use 

The results showed that small-scale dairy farmers use OTC, pen &streptomycin, 

sulphonamides and gentamycin drugs to treat cattle diseases.  In comparison OTC was 

the most frequently mentioned veterinary drugused in the area (56.4%, n= 62), 

followed by pen & streptomycin (penicillin G, 29.1%, n=32), sulphonamides (11.8%, 

n=13) and gentamycin (2.7%, n= 3). On the other hand, most of respondents treat their 

animal by calling the Veterinary officer (83.6%) and only 16.4% reported to treat sick 

animal themselves. Also respondents mentioned period when normally their cattle 
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received treatment as (91.8%) when animals are sick, 0.9% continue even after 

recovery and 7.3% they treat the animal even if not sick as preventive measures. 

 

4.1.6 Problem associated with the use of veterinary drugs to dairy animal 

In response to a question on the availability and accessibility of livestock services on a 

timely basis, 80.9% (95% CI = 72.3-87.8, n=89) of respondents reported presence of 

these services. 66.4% (95% CI = 56.7-75.1, n=74) reported to have no training on 

handling veterinary drugs, administration of veterinary drugs and handling of sick 

animal apart from the instructions given by the seller of the drugs at the time of 

purchase.  Only 32.7% of respondents reported to receive the training on how to use 

veterinary drugs.  On other hand respondents reported to obtain veterinary drugs from 

pharmacy (49.1%), n=54; from the livestock officers (48.2%), n=53 and only 2.7% 

reported to obtain from the livestock market, n=3. Respondents were also asked 

whether they were  aware  of drugs withdrawal period, majority 96.4% were 

knowledgeable and 91.8% complied by not selling milk from treated  lactating cows. 

 

4.1.7 Awareness of the respondents on health risks associated with consumption 

of raw milk with antibiotic residues. 

On assessing the respondent awareness on the effects of consumption of raw milk 

contaminated with veterinary drugs residues, 91.8% of the respondents mentioned 

awareness of the effects of consumption raw milk contaminated with antibiotic 

residues while 2.7% of the respondents were not aware of danger and health effect of 

consuming raw milk contaminated with antibiotic residues. On the other hand 5.5% of 

the respondents said they did not know anything. 
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4.2Qualitative screening test for antibioticresidues 

The collected samples were 41 samples from Msata collection centre, 19 samples 

from Lugoba collection centre and 50 samples from Chalinze collection centre. The 

total of One hundred and ten (110) raw cows’ milk sampleswere screened for 

antibioticresidues bymicrobiological inhibition assayusing agar well diffusion method. 

The diameters of the zones of inhibition from the end of wells/holes margin to 

beginning of bacterial growth were measured and an inhibition zone of ≥2mm was 

considered as positive and diameter of zoneof inhibition measured less than 2mm 

were considered negative (Figure 9). Majority of collected raw milk samples from the 

small-scale dairy farmers, 99 samples (90.0%) were negatively detected for antibiotic 

residues i.e no visible transparent zone of inhibition around the wells in the nutrient 

(Muller Hinton) agar surface while 11 samples (10.0%) were positive detected for 

presence of antibiotic residues with mean zone of inhibition size 12.00 mm. 

 

Figure 4: Antibiotic Inhibition Test plate with zones of inhibition. 

 

4.3 Quantitative analysis of OTC in raw milk samples 

Antibiotic positive detected raw milk samples were confirmed for mostly common 

used veterinary drug in the study area(OTC)residue levels through high performance 
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liquid chromatography (HPLC method) and the results are shown in the Table 4. The 

result revealed that all (11+ve) screened samples analyzed out of 110 raw milk 

samples had detectable oxytetracycline residues from which all 10% had OTC 

residues at violative levels above the WHO/FAO-CAC maximum residue limits 

(MRLs). According to Codex Alimentarius Commission standards (CAC) the 

maximum residues limits (MRLs) for OTC residues in milk is 100μg/l. In this current 

study the level of OTC residues obtained on average were, 553.985μg/l in Msata 

collection centre and 978.571μg/l in Chalinze collection centre, However Lugoba 

collection centre had no detectable level of OTC residues (Table 5). Hence therefore 

on average, in this study Bagamoyo district had OTC residue of 766.278μg/l which is 

almost eight times the recommended codex MRLs for milk. 

 

Table 4: Determined OTC levels in raw milk samples in Bagamoyo District. 

 

Out of total 110 raw milk samples OTC tested, 10.0% (n=11) samples were found to 

be positive for antibiotic residue, whereas 90.0% (n=99) samples were found to be 

negative for OTC antibiotic residue (Table 5). Out of 11 positive samples, 

oxytetracycline residues detected and quantified above the maximum residual limit 

LOCATION SAMPLE CODE OTC RESIDUES  ( μg/l) 

      Chalinze C3 395.334 

Chalinze C5 2841.11 

Chalinze C7 678.618 

Chalinze C8 482.963 

Chalinze C9 548.026 

Chalinze C10 925.375 

Msata A4 553.693 

Msata A5 597.745 

Msata A11 526.132 

Msata A12 719.871 

Msata A13 372.484 
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(MRL) of Codex AlimentariusCommission standard, where by all 11positive detected 

samples had violative OTC residue levels (Table 4). 

 

Table 5: Residues and levels of oxytetracycline residue in raw cow’s milk 

Collection centre Number of sample 

 

Sample with 

detectable levels % 

Samples exceeding 

MRL % 

 

Chalinze 

Msata 

Lugoba 

 

Total 

 

50 

41 

19 

 

110 

 

12.0 

12.2 

0.0 

 

10.0 

 

12.0 

12.2 

0.0 

 

10.0 

    

 

The total positive samples showed a significance variation (P<0.05) in numbers of the 

positive samples for antibiotic residues in Chalinze collection centre as compared with 

other collection centres. On average Chalinze collection centre had 6 (12%)   positive 

samples out of 50 samples collected in the area while Msata collection centre had 5 

(12.2%) positive samples out of 41 samples collected in that area and Lugoba had no 

positive samples out of 19 collected samples. Furthermore on average, level of OTC 

residue in Chalinze was 978.571μg/l while Msata had 553.985μg/l and Lugoba had 

without contaminations. 
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CHAPTER FIVE 

5.0 DISCUSION 

The overall objective of this study was to assess veterinary drugs usage and determine 

antibiotic residues levels in raw cows’ milk produced by small-scale dairy farmers in 

Bagamoyo District, Tanzania. The results of the present study show that 

oxytetracycline is the most commonly used antibiotic in Bagamoyo District and 

detectable oxytetracycline residues  are above the WHO/FAO-CAC Standard on 

veterinary residues in food‖ maximum residues Limits (MRLs). According to 

WHO/FAO-CAC Standard CAC/MRL 2-2012‖ the maximum residues limits (MRLs) 

for OTC residue in milk is 100μg/l (WHO/FAO-CAC Standard, 2012). The levels of 

OTC residues obtained were much higher as compared to maximum residue limit 

(MRL) for oxytetracycline residues in milk and their ranges were 372.5μg/l to 

2841.1μg/l. 

 

This study produced results which upholds the findings of a previous works in this 

field. The results match those of   Olatoye and Ehnmowo, (2010) which indicated that 

oxytetracycline is one of the most commonly used antibiotics in livestock production. 

It is widely used in veterinary medicine mainly for the treatment of gastrointestinal, 

respiratory and skin bacterial infections, infectious diseases of locomotive organs and 

of genito-urinary tract as well as systemic infections and sepsis (Michalova et al., 

2004). Apart from being a broad spectrum antibiotic, it is also cheap (Olatoye and 

Basiru, 2013), readily available in veterinary shops and accessed easily by farmers 

without restrictions (Nonga et al., 2009). 
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The present results further emphasises that tetracyclines are the most predominantly 

prescribed antibiotics in Africa and in all antibiotic-associated residues they represent 

41% of cases, followed by β-lactams at 18% (Darwish et al., 2013). Indeed the current 

findings compare well with Darwish et al., 2013 who showed that 41% of OTC are 

prescribed and uses in bacterial infections diseases as well as non-bacterial pathogens 

of cattle. This could be due to it is known broad-spectrum characteristic with a 

bacteriostatic effect on the wide range of gram-negative and gram-positive bacteria 

(Jevinova et al., 2002).  

 

Consumption of milk contaminated with antibiotic residues pose serious health risk 

even if the milk will be heat treated before consumed. The findings by Navratilova et 

al. (2009) reported that, there is possibility of partial reduction of OTC residues but 

not total elimination following heat treatment of milk during milk processing. This 

means that even those majorities of the population in Bagamoyo District and 

elsewhere in Tanzania who are drinking boiled milk are at potential risk to OTC 

residues. 

 

5.1Farming system and related practices 

Cattle in the study area are kept either in traditional herds or at small-scale backyard 

dairy herd and most of the small-scale dairy farmers practice semi-intensive grazing 

system (59.1%). During grazing animals are sometimes crossing traditional cattle 

herds which are grazed communally in the same area and therefore can predispose 

dairy animal to contact diseases. Since there is frequent occurrence of diseases which 
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needs uses of drugs, consequently compliance to withdrawal period could lead to loses 

especially when the milk production per cattle is low. 

 

Milking at small-scale dairy farms is mostly done in a special crush and in some other 

cases in the cowshed often with concrete floor. Washing hands and cleaning the udder 

before milking is more common practice in small-scale dairy and normally this was 

done by using clean water. None of small-scale dairy farmers cooled milk on farms 

after milking at the house-hold level and therefore there was a possibility of adding 

antibiotic so as to lengthen shelf life of raw milk during transporting to the collection 

center (Kurwijila et al., 2006). All small-scale dairy farmers used plastic utensils for 

milking and transporting milk to the collection center for selling. This practice could 

be the source of milk contamination at the small-scale dairy farms who sell their milk 

more often to milk collection centers or sometimes to their neighbors. 

 

Quality check of the collected milk is mainly performed at the milk collection centers 

which are owned privately. The quality check consists of only physical verification 

and testing of specific gravity by using a lactometer and collection centers do not 

process but mainly cool bulk milk for delivery to the bigger processors in the area 

especially Tanga and Dar es salaam cities. The antibiotics screening testing would 

have been important for safety and quality of milk before going to the consumers or 

subsequently processing.  

 

5.2 Awareness of small-scale dairy farmers on antibiotic residues in raw milk 

The results of the current study showed that 91.8% of respondents’ small-scale dairy 

farmers were aware of the drug residues in milk and that 96.4% of the respondents 
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were aware of withdrawal periods. These findings are in line with other findings in 

Tanzania as have been reported by Katakweba et al. (2012) and Nonga et al. (2009), 

who both reported 90% awareness, but higher than that of Midenge, (2011) who found 

72.2% awareness on drug withdrawal period. Similarly, study conducted in neighbour 

country Kenya byOmbui, (1994) found that there was high awareness on withdrawal 

periods among farmers in Kiambu District. 

 

The withdrawal period is the most important parameter in the control of drug residues 

in animal food products intended for human consumption. Failure to observe OTC 

withdrawal period of 7 days for milk and 28 days for beef imply that consumers of 

milk and beef are left to consume OTC residues unknowingly (Omore et al., 2002; 

Movassagh and Karami, 2010; Pecou and Diserens, 2011). It has been reported that 

failure to observe withdrawal period has been the main source of drug residues in food 

of animal origin in many countries (Nisha, 2008 and Alla et al., 2011). Small-scale 

dairy farmers of Bagamoyo District showed higher level of awareness on withdrawal 

time and the effect of consuming raw milk containing antibiotic residues, however 

contrary to this situation the non-compliance to withdrawal period by small-scale 

dairy farmers in Bagamoyo district could be associated with many reasons including 

fear of economic losses due to the fact that there is no any scheme which compensate 

small-scale dairy farmers as incentive to comply with withdrawal time.  

 

Compliance to withdrawal period to antibiotic by small-scale dairy farmers in the 

study area was proved true by majority of the farmers admitting that they were told 

not to use milk or sell milk when the dairy lactating animals were under treatment and 
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after treatment.Awareness of drugs withdrawal period in this study agrees with 

findings of Syit, (2011) who reported 78.4% of respondents were aware of drugs 

residues in milk following treatment of sick dairy cattle. The presence of veterinary 

practitioner or livestock extension officer in each ward in the Bagamoyo District 

might be the reason for higher level of awareness to the small-scale dairy farmers in 

the respective area. This is further augmented by the higher use (83.6%) of veterinary 

officers to treat their animals which showed increasing trend compared to previous 

reportby Kurwijila et al., (2006).  

 

Another important finding was that, 91.8% of small-scale dairy farmers were aware 

on the health effects associated with consuming milk with antimicrobial residues. The 

findings concurs with other studies byMidenge, (2011) and Katakweba et al., (2012) 

in Tanzania, as well as  studies in Ethiopia by Syit, (2011) and Widayatiet al., (2012) 

in Indonesia. The findings do correlated (10% residues versus 91% awareness) 

implies that veterinary services should be continue to be used and all farmers should 

take the advice. However the present level of OTC residues in raw milk from small-

scale dairy farmers might be also due to farmers’ fear of economic losses and lack of 

incentive from the Government to compensate small-scale dairy farmers to overcome 

losses during treatment of animals. Also present antibiotic residues prevalence could 

be explained by attitude of non-voluntary compliance of small-scale dairy farmers to 

food safety regulations, since most of raw milk reaches consumers directly without 

quality and safety checks and in Bagamoyo and elsewhere in Tanzania there is no 

monitoring and surveillance program which enables raw milk from small scale dairy 

farmers to be tested for antibiotic residues before can be marketed. 
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5.3 Oxytetracycline residues in raw milk 

Based on high cost of analysis by using HPLC technique protocol to confirm 

antibiotic residues in milk and also consideration of the result of specific objective 

number one of this current study which indicated that, oxytetracycline is the mostly 

common veterinary drug used in the study area. Hence therefore quantification of 

antibiotic residue levels was confined only to OTC residues by HPLC technique 

andtwo different methods, antimicrobial inhibition test and High Performance Liquid 

Chromatography (HPLC) were used to determine antibiotic residues in raw milk. The 

study confirmed that antimicrobial inhibition   assay did not give any false results for 

determination of antibiotic residues. False-positive and false-negative samples were 

not found since all the positive detected samples were all confirmed positive by HPLC 

technique. The most important thing for screening test is that they cannot give false-

negative result, because the first step for confirmation of antibiotics usually consists of 

rapid test and only presumptive positive results are analyzed by HPLC (Alkan, 2007).  

According to the international standard for food safety elaborated by Codex 

Alimentarius Commission (FAO/WHO-CAC, 2012),the recommended MRL for 

oxytetracycline residue in milk is 100μg/l. As revealed by the current study 10% of 

the samples had detectable and violative levels of oxytetracycline residues with an 

average confirmatory residues level of 766.3 μg/l almost eight times the allowable 

maximum residue level for milk and therefore indicates alarming situation in food 

safety and public health concern (Lee et al., 2000 and Oslon et al., 1975). 

 

When administered in accordance with the approved labelling, the prevalence of 

violative drug residues in milk would be less than 1.0% (Sundlof, 1994). Residues 
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violation greater than 1.0% generally indicates that the antimicrobial has been used in 

a manner inconsistent with the labelling. The present findings are in line with the 

study conducted by Kivaria et al., (2006) who found 7.0% positive antimicrobial 

residues in marketed milk but considerably lower than the findings byKurwijila etal., 

(2006) and Jabbar et al., (2013); which showed 36% and 41.6% respectively. Higher 

positive antimicrobial residues in the previous study could be because that,  in the 

current study collected samples directly at the small-scale dairy farms while the 

previous studies collected at the milk collection centers or points and this could be the 

source of more contamination and possibly deliberate addition of antibiotics in the 

milk in order to lengthen shelf life before reaching the marketing area particularly for 

farmers living in rural areas with poor road infrastructure (Kurwijila et al., 2006).  

 

Furthermore, the findings from this study is considerably comparable to neighbouring 

country Kenya (9 to 16%) of antibiotic residues in marketed raw milk (Ombui, 1994; 

Shitandi et al., 2004 and Kang’ethe et al., 2005.In addition, the findings from this 

study in combination with the one done by Kivaria et al., (2006) and Kurwijilaet al. 

(2006) in the marketed milk along Pwani region and Dar es salaam city imply that 

community in that areas and other part of the country ingests small doses of 

antimicrobial from different foods of animal origin. This practice may to a greater 

extent contribute significantly to the development of microbial resistance. 

 

The degree of contamination of milk and dairy products with antibiotics residues 

differs, depending on the level of legislation and effectiveness of enforcement 

methods in different countries (Kaya and Filazi, 2010) therefore the health risk 
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associated with antibiotics residues in milk will continue to exist in Tanzania which 

calls for an effective monitoring and surveillance program that is legislated and 

implemented from the primary production to the consumers. 
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CHAPTER SIX 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

This study show relatively higher prevalence and level of oxytetracycline residues in 

raw milk of small-scale dairy farms in Bagamoyo District.Lack of proper 

management, non-compliance to drugs withdrawal period as the major contributing 

factors to the occurrence of antibiotic residues in milk. From the present findings it is 

concluded that; there is high level of awareness that consumption of raw milk 

contaminated with antibiotic residues can predispose the consumers to health hazards, 

although what was practiced along the milk value chain predisposed milk to 

contamination with antibiotic residues.Farming practices and attitudes could 

contribute to the observed level of antibiotic residues in Bagamoyo District.The 

finding of the abusive level of OTC residues in this study provides alarming situation 

on the use of not only OTC but also other veterinary drugs by most of small-scale 

dairy farmers in Bagamoyo District and Tanzania at large. 

 

Inadequate technical infrastructure - in terms of conformity assessment system i.e 

food laboratories, inspectorate and control authorities, human and financial resources, 

national legislative and regulatory frameworks, enforcement capacity, management 

and coordination weakens the ability to confront these challenges of monitoring and 

ensuring raw milk from not only small-scale dairy farmers but also milk from 

traditional farmers are safe and free from antibiotic residues. Such systemic 

weaknesses may not only threaten public health but may also result in compromising 

food safety and quality in Tanzania. 
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6.2 Recommendations 

To assure the quality and safety of raw milk along the milk value chain it 

isrecommended that; 

 The rapid antibiotic screening test i.e microbial susceptibility tests should be 

performed at the raw milk collection centres to ensure production of antibiotic 

residue-free milk as the initial step toward addressing the problem. 

 Special emphasis on farming practices and knowledge awareness on health 

risks associated with usage of antimicrobial drugs in general during treating 

sick animals should be increasinglyprovided amongst small-scale dairy 

farmers.  

 Also awareness creation on the risks of consumption of raw milk contaminated 

with antibiotic residues amongst small-scale dairy farmers, rural and urban 

consumers. Additionally, key players and stakeholders in the milk sectorlike 

Veterinary and extension sectors, Tanzania Food and Drugs Authority 

(TFDA), Tanzania Bureau of Standards (TBS),Tanzania Dairy Board (TDB), 

Tanzania Milk Processing Association (TAMPA), Tanzania Milk Producers 

Dairy Association (TAMPRODA) should come-up with harmonized program 

and strategy to address this challenge of public health. 

  Intervention at the farms level is especially important because most of raw 

milk reaches consumers directly without processing stage. 

 Socioeconomic intervention of noncompliance should be introduced such as 

incentives to promote behavioral changes among small-scale dairy farmers that 

will enhance voluntary compliance of drug withdrawal periods. 
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APPENDICES 

 

Appendix 1: Semi-Structured Questionnaire for Small-Scale Dairy Farmers: 

Assessment of availability of veterinary services, accessibility, handling practices 

and use of veterinary drugs in treatment of cattle diseases                                                                                                    

Section one: Location 

 

    Ward ……………………………………… 

 

  Date …………………………………… 

 

Section two: Respondent characteristics  

1. Respondent name (Option) 

………………………………………………………………. 

 

2. Sex of the respondents    

i)  Male                      (          )      ii) Female     (          ) 

 

3. What is your age? 

i) 15-35 years                           (        ) 

ii) 36- 55 years                           (       ) 

iii)  Above 55 years                     (        ) 

 

4. Marital status 

  i) Single   (          )                 

 ii) Married                    (          )  

    iii) Divorced, Separated, Widowed(       ) 

 

5. What is your education level? Tick only one 

i) Informal  education&Adult education   (          ) 

ii) Primary school education           (          )          

iii) Secondary school education   (          ) 

iv) College &University education       (        ) 

 

6. Rank the most important source of income for your household starting from 

number 1,2,3,4, and 5. Number 1 meaning the most source followed by other 

numbers. 

               i. Livestock keeping/Dairy farming           (          ) 

               ii. Crop farming                                       (          ) 

  iii. Farming and livestock keeping/Dairy farming         (          ) 

               iv. Business                                                 (          ) 

               v. Paid employment                                   (          ) 
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Section Three: General knowledge/information on access to veterinary services, 

handling/practices and use of veterinary drugs. 

 

1. What is the commonest type of production system practiced (Choose one). 

i) Communal grazing 

ii) Zero grazing/Intensive                        (         ) 

iii) Semi intensive grazing 

iv) Extensive grazing system 

 

2. How do you recognize sick animals? (clinical signs) 

i) ……………………………………….  

ii)  …………………………………………… 

iii) ……………………………………… 

iv) …………………………………………… 

v)  …………………………………………… 

 

3. What are the common diseases affecting cattle in this area?  

 

i) ECF 

ii)  Anaplasmosis 

iii) Trypanosomiasis 

iv) Mastitis 

v) FMD 

vi) Lumpy skin diseases 

vii) CBPP  

viii) Worms 

 

4. What type of antibiotics are given to your dairy animals?(The research may 

ask/request to see if there are any empty bottle/pack) 

i) Tetracyclines (CTC &OTC) 

ii)  Pen Streptomycin 

iii) Sulphonamide  

iv) Gentamycin 

v)  Others (specify) 

 

 

5. Where do you normally obtain drugs for treating animal? Choose only one 

i)  Pharmacy  

ii) Market e.g cattle market             (           ) 

iii) From livestock officer 

iv) Any other (State).…………………… 

 

 

 

6.  Who treat your animal when they get sick? 

a) Conduct own treatment                           (              ) 

b) Call livestock officer 
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c) Any other means (State). 

…………………………………………………………… 

 

 

7. If own treatment do you read instruction before administration? Put a tick (√) 

i) Yes   (    )           ii) No   (    ) 

 

8. If own treatment, how do you quantify the amount to administer? State in 

brief. 
              

…………………………………………………………………………………. 

              

………..………………………………………………………………………… 

              

………………………………………………………………………………….. 

9. If own treatment, how frequently do you use drugs per day? Choose only one 

answer 
a) Once per day      

b) Twice per day     

c) Three times per day                                   (        ) 

d) Four times per day        

e) More than four times per day       

 

10. If own treatment, what are the key issues/aspects that you consider before drug 

administration?  

i. Type of drugs to be administered 0) Yes 1) No  

ii. Proper dose for age and weight of animal 0) Yes 1) No  

iii. Expiry date of the drugs 0) Yes 1) No  

iv. Withdrawal period 0) Yes 1) No  

 

 

11. At what period /time do you treat your animal? Choose only one. 

i) When they are sick    

ii) Continue for some day after recovery          (          ) 

iii) At any time even if they are not sick 

 

12. Do you sell milk immediately after last dose of cattle treatment? 

 i) Yes....     ii) No..... 

13. If the answer in question 12 is NO, why not selling milk immediately after last 

dose of treatment? 

i) Observe veterinary withdrawal period/time 

ii) Milk contains veterinary drug residues 

iii) Others (specify) 

14. If the answer in question 12 is NO, how long do you start milking an animal 

that has been treated with antimicrobials? Choose only one and put a tick (√) 

a) Two days 

b) Four days 
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c) Five days                     (       ) 

d) After seven days 

e) Stop from milking as per drug manufacturer’s recommendations 

f) Other (specify) 

 

15. Do you know the drug withdrawal period? (The researcher should clarify the 

term) 

i) Yes.......    ii) No ........... 

 

16. If the answer is Yes in question 15, do you follow it?    i) Yes.... ii) No....... 

 

17. I s there any health effects if a person consume milk with antibiotic drug 

residues?  i)Yes.... ii) No...... iii) I don’t know 

 

18. If answered Yes in question 17, list down the health effects you know which 

may be caused by antibiotic drug residues in milk. 

i) Allergic reactions to some sensitive individual 

ii) Bacterial resistance to antibiotics 

iii) Direct toxic effects 

iv) Others (specify)......... 

 

19. Have you received any training on how to handle veterinary drugs, 

administration and handling sick animals? Put a tick (√)  

a) Yes      (         )                    b) No        (         ) 

 

20. Are the livestock services available at any time when needed? Put a tick (√) 

a) Yes    (         )         b) No      (          ) 

 

21. How do you store drugs used to treat your animals? 

i) ……………………………………………………………………… 

ii)  

……………………………………………………………………… 

iii) ……………………………………………………………………… 

22. Is there any other way in which drugs uses to treat animals are used? 

i) ……………………………………………………………………… 

ii) ……………………………………………………………………… 

iii) ……………………………………………………………………… 

iv) ……………………………………………………………………… 

v) ……………………………………………………………………… 
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23. Is there any problem associated with use of drugs to animals? State them 

i) ……………………………………………………………………… 

ii) ……………………………………………………………………… 

iii) ……………………………………………………………………… 

iv) ……………………………………………………………………… 

v) ……………………………………………………………………… 

 

24. How often do you drink milk in your family 

a) Every day 

b) Two times per week      (      ) 

c) Four times per week 

d) Any other (Please State) …………………………………………. 

 

25. What is the amount of milk drunk per meal per person (approximate average) 

Put a tick (√) 

a) About ¼ of a litre 

b) About ½ of a litre                   (     ) 

c) About 1/8 of a litre 

d) More than ½ a litre 

 

26. Who take large share of the milk in a family Choose only one and put a tick 

(√) 
a) Children                                  

b) Young women (15-25 years)   

c) Young men (15-25 years)        

d) Middle aged women (26-50 years) 

e) Middle aged men (26-50 years) 

f) Older women (above 50 years) 

g) Older men (above 50 years 

 

 

27. Do you have any comment/suggestion in regard to antimicrobial usage? State 

i) ……………………………………………………………………………… 

ii) ……………………………………………………………………………… 

 

 

 

Thank you very much for your Cooperation 
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Appendix 2: Chromatogram of OTC standard solution of Blank Spiked. 
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Appendix 3: Chromatogram of known control milk sample with OTC Residues 
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Appendix 4: Chromatogram of positive OTC Spiked at a concentration of 

1000μg/l 
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Appendix 5: Chromatogram of OTC Standard solution at a concentration of 

200μg/l 

 


