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ABSTRACT

Tetracylines are among the most commonly available range of broad spectrum antibiotics that are abused and misused in livestock production. Although there are available records on veterinary drug residues; however because of the accessibility of oxytetracycline and tetracycline antibiotics and consequent abuses, there is need for further information on dietary exposure and assessment of risk inherent in ingestion of their residues in treated cattle. Therefore, the concentrations and probability of occurrence of tetracyclines residues in slaughtered cattle meat were assessed.

Four hundred and fifty (450) cattle tissues samples comprising of muscle (50), liver (50) and kidney (50) were randomly collected from three selected major abattoirs (>200 cattle slaughtered/day): Government Abattoir, Agege, Lagos (GAAL), Government  Motor-Park Abattoir, Enugu (GMAE) and Tudun-Wada Abattoir (TWAK), Kaduna. Concentrations of oxytetracycline and tetracycline (μg/kg) in the tissues were determined using Gas chromatography-Mass spectrophotometry. Dietary exposures (μg/kg-bw) to residues of oxytetracycline and tetracycline were assessed using standard deterministic method. The likelihood of exposure to oxytetracycline and tetracycline residues was simulated using Monte Carlo technique to quantitatively assess risk levels. Data were analyzed using descriptive statistics and multivariate analysis of variance using JMP (2010) software (p=0.05) and thereafter compared with Codex Maximum Residue Limits (MRL).
Tetracyclines residues were detected in 63.22% of tested samples. There was no significant difference in total residue concentration (μg/kg) of oxytetracycline between kidney (79.202) and liver (64.897) but there is a difference, when both are compared with muscle (30.033). Considering tetracycline there were no significant differences in all the three tissues: kidney (39.517), liver (17.024) and muscle (6.872). The oxytetracycline (μg/kg) concentration was significantly higher in GAAL (80.217) than TWAK (56.688) and GMAE (37.228). While contrary was the case in tetracycline concentration, where no significant differences were observed in GAAL (40.718) > TWAK (13.069) and GMAE (9.626). This indicates that both in tissues and from locations, residues of oxytetracyline are consistently higher than residues of tetracycline. Also, the oxytetracycline concentration (μg/kg) in cattle tissues was highest in liver (109.094) than in both kidney (91.594) and muscle (39.963) in GAAL. However, in TWAK and GMAE it was in the order of kidney (96.901) > liver (39.389) > muscle (33.774) and kidney (91.594) > liver (46.209) > muscle (16.364), respectively. While there were no significant differences between all locations’ kidney samples and muscle samples for oxytetracycline residues except for liver samples; it was converse for tetracycline concentrations (μg/kg) in cattle tissues from all the locations because there were no significant differences in the residues concentration for all the tissues. The observed residues for both oxytetracycline (59.72ug/kg) and tetracycline (28.23ug/kg) were below the Codex MRLs. Dietary exposures (μg/kg-bw) to oxytetracycline and tetracycline in slaughtered cattle were 0.0284ug/kg bw and 0.0134ug/kg bw respectively. The probability of 1 undetected tetracycline residue-containing beef is 0.0232 
Residue concentrations of oxytetracycline and tetracycline in slaughtered cattle from abattoirs in Nigeria were within acceptable safe limits and portend low exposure risk to public health
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CHAPTER ONE

1.0
INTRODUCTION

1.1
Introduction


The need for food control is informed by persistent human health problems caused by exposure to agents that enter the body through ingestion of food including beef. These agents could either be chemical or microbiological.  The chemical agents could be residues of pesticides and Veterinary drugs in food and feed additives. The quest for improved productivity and healthy herds of cattle makes application of veterinary drugs in food animal production inevitable. This invariably leads to occurrence of residues of the veterinary drug in the animal (Irving et al., 2003). A Veterinary drug residue is defined by Codex (2004) as the parent compounds and/or their metabolites in any edible portion of the animal product and includes residues of associated impurities of the Veterinary drug concerned.  The residues may consist of unchanged antibiotics or various breakdown products that may or may not retain antibiotic potency. Therefore according to FAO (2006), a residue may consist of an antibiotic active group of substances that may cause either toxic or microbiological effects.

In the microbiological hazard, the pathogenic agents commonly implicated in food-borne diseases include Salmonella spp, Campylobacter spp, Escherichia spp., Vibrio spp., Viruses and Protozoa (Newell et al., 2010). Antimicrobial agents are employed to control the occurrence of microbiological hazards in cattle; examples include oxytetracycline, streptomycin and tetracycline. However there are attendant problems associated with the use of antimicrobial agents in beef production. Problems associated with injudicious use of antimicrobials in food include occurrence of infections that would not have otherwise occurred, increased frequency of treatment failures and death in some cases, increased severity of infection coupled with strategic internal organs failure and food poisoning

These informed the need for regulatory controls on the use of antibiotics in agriculture. The responsibility of public assurance of food safety is that of government as an arbiter between producers and consumers. There are different strategies, structures and tools employed by government to carry out this responsibility; an example is the enactment of food laws. In order to ensure adequate level of protection for the consumers, Codex Alimentarius Commission (Codex), the World body on food safety standards and fair practices in international food trade, has recommended that all food laws must be based on scientific evidences as provided for in a conducted risk assessment study. The World Trade Organization (WTO), the global body on international and multilateral trade, equally demands risk assessment for every food law that is more stringent than international food standards. This is to prevent technical barriers and other unfair practices in food trade (Adegboye, 2003).

Common examples of residues of Veterinary drug in beef include oxytetracycline, streptomycin and tetracycline. An earlier study using microbiological assay, reported a 14.81% incidence rate of oxytetracycline residue level in beef in the South Western part of the country (Dipeolu and Alonge, 2001). Abah (2004) had shown a 26.67% incidence level and 75% incidence of a violative level of oxytetracycline residues in beef. Samples were collected from a central abattoir at a city in the South West part of Nigeria.

With these results and reported wide spread abuse and misuse of tetracycline by the cattle rearers and quacks, there is a reasonable concern on the concentration of tetracycline residues in the tissues of cattle offer for sale in Nigeria Market. Also there have been calls for a closer monitoring and more stringent regulatory measures to arrest   the unpleasant development. Amuda-Giwa (1998) recommended an integrated comprehensive control of domestic and international supplies of Veterinary drugs and their utilization. He affirmed that monitoring drug residue at registered abattoirs, plants and other like establishments would afford the citizenry wholesome nutrition and ameliorate ailments arising from residues.

1.2
Justification

Due to their accessibility and broad spectrum of activities, oxytetracycline and tetracycline are amongst the antibiotics that are commonly used in animal production in Nigeria. This study therefore examines both qualitatively and quantitatively, the risks of oxytetracycline and tetracycline residues to which consumers of beef could be exposed from the application of the antibiotics in the production of food producing cattle. It employs risk assessment as a food regulatory tool and extensively discusses its application in the wider context of risk analysis. It equally explores in details previous works on antibiotics and antimicrobial agents in food animal production, beef processing and meat consumption pattern. Also it presents a model for the farm to fork pathway for risk assessment of antibiotic residues in beef.

1.3
Statement of the Problem

In order to confirm the veracity of cited concerns, an exposure assessment of consumers to tetracycline residues in beef has to be carried out. This involves taking samples from three abattoirs in the country, and comparing the final result of the daily intake of tetracycline with the referenced ADI 0-3.0 μg/kg bw/ day alone or in combination or MRL of 200 μg/kg (IPCS, 1998). This would be in consonance with the requirement of the WTO’s Agreement on sanitary and Phytosanitary (SPS) measures demanding a scientific justification as the basis for any national law that is more stringent than the measure of relevant international body, which in this case is Codex.

1.4
Objectives of the Study

Therefore, the objectives of this study are as follows:

i. To determine and compare the level of oxytetracycline and tetracycline residues in beef from three abattoirs in Nigeria using a gas chromatography-mass spetrophotometry method.

ii. To estimate the average daily intake of the residues of oxytetracycline and tetracycline residues in beef by adults in Nigeria and per capita ingestion through beef.

iii. To determine the probable violative intake of tetracycline residues in excess of reference values through beef processing model pathway 

1.5
Test of the Hypotheses

1. 
Ho:
In the meat tissues, the residue level of oxytetracycline is not different 

from the residue level of  tetracycline 

2.
Ho:
The level of antibiotic residues in the liver, kidney and muscle tissues in each of 

the three abattoirs is the same

3.
Ho: 
The concentration of oxytetracycline and tetracycline in the liver, kidney 

and muscle tissues is not greater than the reference maximum residues level 

given by Codex.

4.
Ho:
The probability of occurrence of undetected violative levels of oxytetracycline 

and tetracycline is less than zero (0).


1.6
Limitation of the Study

1. Insufficient funds limit the spread and the sampling size of this study.

2.  Lack of central database for scientific studies in the country especially on food and agricultural products hinders the speed of the study.

3. Lack of reports on National Total Diet Studies (NTDS) makes resort to per capita data inevitable. The per capita data on cattle production and meat consumption are as given by FAO and WHO /GEMS Food Cluster from global perspective. The global data are presented without considerations for other uses or dietary habits. For example per capita consumption of beef does not take into consideration that infants do not eat beef. However, this distinction is considered by the national total diet studies.

CHAPTER TWO

2.0
LITERATURE REVIEW

2.1     RISK ASSESSMENT: A TOOL FOR SAFEGUARDING PUBLIC HEALTH

2.1.1 Definition of Risk Assessment

According to Byrd and Cothern (2000), risk assessment is the process of characterizing a risk, which involves estimating and specifying the conditions that accompany the outcome. Fite, et al. (2000) also defined risk assessment as a process of collecting, organizing and presenting evidences to the decision makers. He affirmed that scientific evidence is the backbone of risk assessment.  Risk assessment is the first component of risk analysis. The other components are risk management and risk communication.

WHO (1997) defined risk assessment as a science based process consisting of hazard identification, hazard characterization, exposure assessment and risk characterization. WTO broadening the scope of risk assessment defined it as:

- The evaluation of the likelihood of entry, establishment or spread of a pest 

or disease within the territory of an importing member according to the sanitary and phytosanitary measures which might be applied, and

- The evaluation of the associated potential biological and economic consequences, or 

· The evaluation of the potential for adverse effects on human or animal health arising from the presence of additives, contaminants, toxins or disease causing organisms in foods, beverages or feedstuffs.

Furthermore, Codex (1995) defined risk assessment as the estimation of the severity and likelihood of harm or damage resulting from exposure to hazardous agents or situations. However, in the most recent definition, Codex (2003) concurred with WHO (1997) definition above. Bedford (2001) affirmed that risk assessment is a scientific process, conducted by experts, which may begin with a statement of problem intended to define the reason that the assessment is required.

Considering the foregoing statement, Adegboye (2003) summarized risk assessment as the qualitative and quantitative estimation of all identified hazards associated with food and agricultural products, which are employed in decision making.

2.1.2
Global Concern on Food Safety

Risk Assessment is one of the food safety management systems; others include Good Hygienic Practices (GHP), Good Agricultural Practices (GAP), Good Practice in the use of Veterinary Drugs (GPVD), Good Manufacturing Practices (GMP) and Hazard Analysis and Critical Control Point (HACCP) system.

Risk Assessment was introduced in the decade of 1995 – 2005. The decade also witnessed a lot of re-evaluation and changes in the international food safety environment. The changes in food standard and rules are not limited to scientific issues alone, but include legal, political and economic demands. 

According to the WHO (2002a), records on food borne illnesses show there are 1.5 billion cases per year resulting in more than 3 million deaths, and this is still increasing. The 53rd Session of World Health Assembly (WHA) in response to this worrisome record took a fundamental position on food safety. The Assembly elevated food safety to the status of an essential public health function of WHO (2002b).

 The 53rd WHA (WHO, 2002b) recognized that preventive measures play more effective role against ill health and death arising from consuming unsafe food. It therefore adopted a resolution calling upon WHO and its member states to accord food safety, the status of an essential public health function.

2.1.3
WTO Agreement on SPS Measures

Sanitary and Phytosanitary (SPS) measures are measures which include all relevant laws, decrees, regulations, requirements and procedures including inter alia, end product criteria; processes and production methods; testing, inspection certification and approval procedures. They also include quarantine treatments necessary for survival during transport; provisions on relevant statistical methods, sampling procedures and methods of risk assessment; and packaging and labeling requirements directly related to food safety.

WTO, (1998) defined Sanitary and Phytosanitary measures as any measure applied:

(a) To protect animal or plant life within the territory of the member from risks arising from the entry, establishment or spread of pests, diseases, disease-carrying organisms or disease organisms.

(b) To protect human or animal life or health within the territory of the member from risks arising from additives contaminants, toxins or disease causing organisms in foods, beverages or feedstuffs.

(c) To protect human life or health within the territory of the member from risks arising from diseases carried by animals, plants or products thereof, or from the entry establishment or spread of pests.

(d) To prevent or limit other damage within the territory of the member from the entry, establishment or spread of pests.

In summary, all these point to the fact that WTO demands that all laws, regulations, standards, orders, instructions, directives, etc. on food safety, animal and plant health must be based on scientific justification derived from risk assessment and the sole aim is to facilitate trade in food and agricultural products and to prevent technical barrier to such trades.

2.1.4 Significance of WTO SPS Agreement

With the forgoing WTO SPS Agreement (WTO, 1998) has been brought to prominence and it significantly addresses the following protective measures such as:

i. Protection of human or animal life from risks emanating from food and feed additives, Veterinary drug and pesticides residues, contaminants, toxins or disease-causing organisms in their food, beverages, feedstuffs. Human life from plant or animal-carried diseases (zoonoses).

ii. Protection of animal or plant life from pest’s diseases or disease causing organisms and finally, 

iii. Protection of a country from damage caused by the entry establishment or spread of pests.

2.1.5. Risk Analysis. 

Codex (2003) defines risk analysis as a process consisting of three components risk assessment, risk management and risk communication. 

Risk analysis is employed to justify protective measures affecting trade, evaluate or challenge other countries’ measures, encourage technical dialogue and information sharing, prioritize risk, and finally to resolve disputes
Risk Analysis is a subject that cuts across many industries. Byrd and Cothern (2000) define risk as the probability of a future loss. This definition is considered to be sufficiently all encompassing. The definition depicts risk as a function of the probability of an adverse health effect and the severity of that effect, consequential to a hazard(s) in food. 

2.1.5.1
Risk Assessment as a Component of Risk Analysis.

The application of risk concept to hazards in food and agricultural product is a relatively new concept, which is called risk assessment. It is the latest addition to 

food safety management systems.

(a) Scope of Application

WTO Agreement on SPS measures stipulates that risk assessment is conducted on animal and animal products, plant and plants product. This suggests that live animals, processed animal products or their by-products or intermediate products like eggs including food products derived from them are involved. This is equally applicable to plant and plants products and the purpose of conducting risk assessment is generally to protect the health of animals, plants and human beings. This notwithstanding, risk assessment could as well be carried out for a particular hazard in food or it may cover a potential hazard in food. This will include food additives, microorganisms or mycotoxins or any other types of hazards. This study is aimed at protecting human health by assessing the risk of a potential hazard (tetracycline residues) in food (meat).


(b)
Types of Risk Assessment 


i. Animal Health Risk Assessment: This is primarily to protect animals from about forty (40) diseases that have been identified by OIE (2011).  These diseases have further been divided into two lists (A and B). List A consists of the diseases, which once it is introduced, it is difficult to stamp out. List A disease are Transmissible Diseases, which have the potential for very serious and rapid spread irrespective of national borders; having serious socio – economic or public health consequence and are of major importance in the international trade of animals and animals’ products. Thus risk assessment can be conducted to estimate `the probability of importing at least one animal infected with any of the forty diseases’ into a country.

ii.  Plant Protection Risk Assessment: Assessment of plant protection is concerned with pest and plants diseases and the risk associated with commodity trade. Thus there could be either pest risk assessment or commodity risk assessment.


iii.
Food Safety Risk Assessment: This is basically concerned with three types of hazard associated with food consumption. They are hazards arising from microbiological contaminations, from residues of pesticides and Veterinary drugs, hazards from natural toxin, hazard from chemical contamination, heavy metals and use of food additives. This risk assessment would involve hazard identification, hazard characterization, exposure assessment and risk characterization.

2.1.6. Risk Management

a. Definitions

Risk management is the process of deciding what to do about risk (North, 1995). 

 It builds on risk assessment by seeking answers to a set of three questions (Haimes, 1991), which are: 


(i).
What can be done and what options are available?

(ii) What are the trade-offs in terms of all cost benefits and risk?

(iii) What are the impacts of current management decision on future options?

Codex (2004) emphasising health protection and trade practices, defined risk management as the process, distinct from risk assessment, of weighing policy alternatives in consultation with all interested parties. It involves taking into consideration risk assessment and other factors relevant to the protection of consumers’ health and for the promotion of fair trade practices. Also it involves, if needed, selecting appropriate prevention and control options.  Byrd and Cothern, (2000) reported that some analysts have described risk management as science based decision-making under condition of uncertainty. 

b. Decision making models 

Models are representations of objects or processes. There are physical, graphical,

conceptual and biological models. Also, there are Mathematical models, which may overlap with statistical and simulation models.

A lot of conceptual modeling is employed in risk analysis. This is not surprising as risk analysis itself is a product of modeling, which consists of 3 components: risk assessment, risk communication and risk management. Each of the components especially risk assessment and risk management have models that are peculiar to them. In the case of the risk management model, there are underlying values, which are not explicitly stated but they greatly, influence regulatory decision processes. These are personal, community and government values and they are subjective values that cannot be easily quantified. They include freedom, equity, trust, quality of life, safety and stewardship (Rodricks, 2001)
Moreover these values come to play in risk management. This is because in risk management, decision makers and risk managers are confronted with decisions that are influenced by their personal ethical values, which are beyond risks. On the contrary risk assessment scientists are taught to values scientific truths, which are reproducible and unbiased. Examples of factors that influence risk managers include feasibility, internal organizational policies, statutory constraints, administrative barriers, cost, public perceptions, political sensitivities, self-compliance and sometimes-legal consideration (Byrd and Cothern, 2000)

c. Risk Management Process.

Risk Management process can be simplify into simple stages as followed:

i. Specifying the options 

ii. Evaluating the options

iii. Choosing the best option

iv. Managing the process of adopting the chosen option.

2.1.7.
Risk Communication

a.
Definition  

Risk Communication is the third component of the three elements that made up 

risk analysis. Hathaway (1997) defined risk communication as the interactive 

exchange of information and opinions concerning risk among risk assessors, risk 

managers and other interested parties.

This is the next logical stage after assessing a risk and deciding on how to manage it.  In executing the risk management task, other interest groups outside decision-makers, scientists and experts are involved. Adequate compliance (voluntary or otherwise) with the risk management decision can only be ensured if these other interest groups and consumers understand, appreciate and accept the decision.  The task of explaining a regulatory risk assessment to a diverse audience with different interest is risk communication. Byrd and Cothern (2000) define risk communication as a system involving a two-way exchange of information that meets the interests and needs of both senders and receivers. Codex (2004) defined risk communication as the interactive exchange of information and opinions throughout the risk analysis process concerning risks, risk-related factors and risk perceptions among risk assessors, risk managers, consumers, industry, the academic community and other interested parties, including the explanation of risk assessment findings and the basis of risk management decision.

b.    Risk Perception

Risk Perception by the different interest groups and factors influencing the perceptive must be well understood by the risk assessors to ensure effective risk communication. Therefore some foreknowledge of the audience background, preferred means of communication and cultural value will help (Cothern, 1996). Fischhoff et al. (1981) submitted that people’s perceptions of the magnitude of risk are influence by factors other than numerical data and such factors include: 

i. Origin of the risk (natural or man made): natural risks are more accepted than risks perceived to be man made. 

ii. Volition: Voluntary risks are perceived to be more accepted than imposed risk.

iii. Controllability: risks perceived to be under an individual’s control are more accepted than risks perceived to be controlled by others.

iv. Benefits: Risks perceived to have benefits that are clear and enriching are more accepted than risks perceived to be elusive and impoverishing.

v. Fair Distribution: Risks perceived to be fairly distributed are more accepted than risks perceived to be unfairly distributed.

vi. Severity: Risks perceived to be statistical are more accepted than risks perceived to be catastrophic.

vii. Trust: Risks perceived to be from a trusted source are more accepted than risk perceived to be generated from untrusted source.

viii. Familiarity: Risks perceived to be familiar are more accepted than risks perceived to be exotic.

ix. Affected Age Group: Risks perceived to affect adults are more accepted than risks perceived to affect children.

c.
Principles of Risk Communication 

Covello and Allen (1988) developed seven rules that govern the principles of risk communication. They are as follows:

i. Accept and involve the public as a partner

ii. Plan carefully and evaluate your efforts

iii. Listen to the public’s specific concerns

iv. Be honest, frank and open

v. Work with other credible sources

vi. Meet the needs   of the media

vii. Speak clearly and with compassion

Lundgren (1994) applied the “three-cs” principle to risk communication. They are:

(i) Care Communication: This operates when risk has been characterized and the risk and way to manage it has been accepted by the audience. Care communication is then to inform and advise the audience to empower them to choose among prescribed preventive and mitigative measures.

(ii) Crisis Communication: This applies in situations involving extreme or sudden dangers e.g. epidemics outbreak   or wide spread food poisoning or intoxication.

(iii) Consensus Communication:  This involves audience interaction to achieve 

conformity and not to persuade. It is like persuasive compliance. It involves informing and encouraging groups to work together to achieve a goal.

d.
Constraints to Risk Communication 

Constraints that can interfere with effective risk communication are broadly five and these include:

i. Organizational Constraints: these include scarce or inadequate resources such as funding, personnel; in such cases, risk communication is not of top priority.

ii. Inadequacies in scientific understanding, data, models and methods which often results in large uncertainties in risk estimates, which raises the suspicion of the audience. 

iii. Disagreements between scientists can interfere with delivery of the correct picture to the audience.

iv. Hostile audiences are important and common constraint. Some ground rules such as time limits for contributors must be firmly established to manage the situation.

e.
Communication Techniques

These can be broadly grouped into three namely: Direct Communication, Indirect Communication and Information Gathering.

Direct Communication Techniques include briefing, brochures, direct mailings, door-to-door visits; drop in centre, fact sheets, flyers, guest speaking, handbill, information fairs, information hotline, mobile office, newsletters, newspaper inserts, open houses, personalized letters, purchased advertising, slide shows, telephone, videos, volunteers.

Indirect Communication Techniques: This includes Feature stories, guest editorials, news releases, press conferences and interviews, press kits, public service announcements.

Information Gathering Techniques include Advisory group, brainstorming, information contact person, interviewing community leaders and key individual, mailed survey or questionnaires, focus groups, door-to-door survey, open forums, telephone surveys.

2.1.8 
International Standard Setting Organizations

There are three international standard setting organizations which are involved in risk assessment work and their standards are recognized by World Trade Organisation settling disputes arising from international trade in animal, food and agricultural commodities. They enjoyed this international status because their standards elaboration system is based on scientific justifications. They include World Animal Health Organisation, International Plant Protection Convention and Codex Alimentarius Commission.

2.1.8.1 
The Office International Des Epizooties (OIE) 

a.
Functions and Roles of OIE in Public Health. 

Office International des Epizooties (OIE) equally known as World Animal Health Organization is an international Veterinary organization having over 167 member countries. Its mission is to facilitate intergovernmental cooperation in preventing the spread of contagious disease in animals between countries. The OIE maintains a worldwide animal disease reporting system and recommends sanitary regulations, testing, quarantine and health certification procedures to encourage world trade while minimizing the risk of spreading livestock and poultry diseases. The OIE International Animal Health Code, which was adopted in 1968, remains the only internationally recommended standard in animal health. It contains guidelines for trade in animal and animal products (OIE, 2004)

b.
Animal Health Risk Assessment Factors

WTO in order to prevent unfounded animal diseases, as a form of protectionism, requires that countries should base sanitary and phytosanitary measures on scientific evidence and risk assessment. In line with this, eleven risk factors, which formed the basis for animal health risk assessment format, have been identified (Miller and Fite, 1999). The factors include Authority, organization and infrastructures of Veterinary services; Diseases surveillance; Diagnostic Laboratory capabilities; Disease outbreak history and disease prevalence; Active Diseases control programmes if any; Vaccination Status; Disease prevalence and outbreak history in adjacent regions; Separation from regions of higher risks through physical or other barriers; Control of movements of animals and animal products from region of higher risk; Livestock demographics and marketing practices and Animal health policies and infrastructures for animal disease control. 

2.1.8.2.     International Plant Protection Convention (IPPC)

a. Functions and Roles of IPPC in Public Health

The IPPC was adopted by the Food and Agriculture Organization and its

operations came to force in 1952. Its purpose is to secure common and effective action to prevent the spread and introduction of pests and diseases in plants and plant products and to promote measures for their control. In 1987, the IPPC was vested with the mandate to coordinate and improve guarantee at the global level. The IPPC secretariat serves as the central point of reference for the development and harmonization of national plant quarantine legislation and practices. 

Other functions of IPPC include: Developing international plant health standards. Promoting the harmonization of plant quarantine activities with emerging standards. Facilitating the dissemination of phytosanitary information and support plant health assistance to developing countries.

b. 
Key Factors in Pest Risk Assessment.

Pest Risk Assessment focuses on the possibility of an exotic weed, insect or pathogen being introduced to a country (or region) and causing damage to agriculture. Figure 2 represents the basic factors for the analysis of pest risk assessment.

c. Principles of Pest Risk Assessment

Gary et al. (1998) developed principles focused on making the process of pest risk assessment credible scientifically. The principles include analyzing the appropriate attributes the assessment is intended to address; the scope of the assessment should be relevant to the decision, which is to be taken; detail attention should be paid to the usefulness of the analysis and not just the result; consideration must be given to human factors; stimulating and reception of new information; work with the relevant scientists; carry out peer review; ensure complete and transparent documentation; make expert judgment explicit and make the Pest Risk Assessment process open

Exporting Country Factors 
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spanning carbons CI11-Cl12
between rings C and B, and a
tertiary hydroxyl group at
position 12a at the ring BA
juncture. The A ring oxygen
functional groups comprise a
unique molecular substructure as
a tri-keto-enol system, spread
across carbons C1-C3, where the
exocyclic carboxamide group
attached at position C2 is also
required for bioactivity. As a rule,
concerning structure-activity
relationships, most synthetic
modifications along the lower
peripheral region of tetracycline

Tetracycline Natural Products R R, R, R, R, greatly decrease biological
A Chlortetracveli activity, as both antibiotics and
- alortetracycine N(CH3), H CH, H Cl non-antibiotics.
B. Oxytetracycline N(CH>) OH CH; OH H :
; 32 CH Natural fermentation products
C. Tetracycline N(CHa) H 3 H H . e .
3 or synthetically modified deriva-
Tetracycline Semi-synthetic Compounds tives along the upper peripheral
region and on positions 7 through
D. Minocycline N(CHz), H H H N(CHs), 9 on the D ring of tetracycline can
E. Doxycycline N(CH3) OH 8%3 H H produce molecules of greater
F. Methacycline N(CHj3), OH = 2 - H

Fig. 1—Polyketide synthesis pathway, tetracycline natural products, and tetracycline
semi-synthetic compounds: (1) acetate subunits, (II) polyketide intermediates, and (I1I)

pretetramid.

regions, containing different chemical functional groups and
substituents.

Along the lower periphery, bioactive tetracyclines possess
a complex series of oxygen functional groups: a phenol group
on carbon C10 on the aromatic D ring, a diketo-enol system

Upper Peripheral Region

Front View

Lower Peripheral
Region

Bottom View

Fig. 2—Three-dimensional front and bottom views of 4-
dedimethyl tetracycline, structural locations, and designation
of the upper and lower peripheral regions. The numbers
designate the carbon numbering system of the naphthacene
ring. The dotted lines denote structural coordinates between
the front and bottom views.

activity against a wide array of
biological targets. All antibiotic
tetracyclines must possess a C4
dimethylamino group for bio-
activity. Synthetic modifications
within this region successfully
produced the clinically used antibiotics (Figs. 1D-1F) and
newer generations of antibacterial agents that act by
inhibiting protein synthesis at the level of the ribosome. Our
research, synthesizing tetracyclines modified along the upper
peripheral region, has yielded new tetracyclines that can
inhibit the growth of drug-resistant bacteria by blocking
bacterial resistance proteins acting as efflux “pumps” that
remove antibiotics from cells. We find that semi-synthetic
tetracyclines can slow the efflux process, allowing
therapeutically useful concentrations of drugs to build within
the cell, restoring activity to the antibiotic (Nelson er al.,
1993, 1994).

Other tetracyclines have been found to act by diverse
mechanisms as anticancer agents, anti-parasitic agents, and
antimalarial agents (White et al., 1987; Flanigan and Soave,
1991; Sezaki et al., 1992). Truly one of the most interesting
and novel uses of semisynthetic tetracyclines found recently
is as inhibitors of non-antibiotic targets such as mammalian
enzymes and metabolic processes. While these topics will be
covered in great detail in subsequent articles, this report will
focus on tetracycline molecular mechanisms common to
microbial and mammalian cellular targets.

Modification of the molecular functional groups and
substituents within the upper peripheral region may
drastically alter the bioactivity of a tetracycline, by changing
its basic physicochemical attributes such as molecular size
and shape, charge development, electron density, and
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· Quarantine or other restrictions 

· Inspection

· Pest – Transport treatment

· Climate

· Predators 

· Other ecological factors

Fig. 1: Basic Factors for the Analysis of Pest Risk Assessment

2.1.8.3
Codex Alimentarius Commission (CAC)


a.  Functions and Role of Codex in Public Health.

The Joint FAO/WHO Food Standards Programme (Codex Alimentarius Commission) was created in 1962 as the major international mechanism for encouraging fair practices in trade while promoting the health and economic interests of consumers, through the development of food standards, code of practice and other guidelines. Codex has 169 member countries and the commission holds one regular session each year. It operates the committee systems, which apart from the executive committee, can be broadly grouped into 3 types namely: 

i. General Subject Matter Committees also know as Horizontal committees, such 

as Food Hygiene, Food Labeling, Pesticide Residues, Methods of Analysis and Sampling, etc.   

ii. Commodity Committees such as Milk and Milk Products, Fats and Oils, Fruits 


and Vegetables, Cereals, Pulses and Legumes etc.

iii. Regional Coordinating Committees for areas such as Africa, Europe, Asia, 


North America and the South West Pacific, etc.  

b. Codex Working Principles for Risk Assessment


The working principles for the conduct of risk assessment by Codex (2004) are as


follows:

i. The scope and purpose of the particular risk assessment being carried out should be 


clearly stated.

ii. Expert responsible for risk assessment should be selected in a transparent manner.

iii. Risk assessment should be conducted in accordance with the statement of 

principle relating to the role of food safety Risk Assessment and should incorporate the four steps of the risk assessment i.e. hazard identification, hazard characterization, exposure assessment and risk characterization

iv. Risk Assessment should be based on all available scientific data.

v. Risk Assessment should take into account relevant production, storage and 


handling practices.

vi. Risk Assessment should seek and incorporate relevant data from different parts 


of the world.

vii. Constraints, uncertainties and assumptions having impact on each step in the 
risk assessment should be documented in a transparent manner.

viii. Risk Assessments should be based on realistic exposure scenarios.

ix. The report of the risk assessment should indicate constraints, uncertainty and


assumption, and their impact on the risk assessment.

x.
The conclusion of the risk assessment including a risk estimate should be presented in readily understandable and useful form to risk managers and other interested parties so that they can review the assessment

2.1.9. 


Factors Affecting Risk Assessment

2.1.9.1.
The Provision for Technical Assistance by WTO Agreement. 
Article 9 of the WTO Agreement on SPS stated, “Members agreed to facilitate the provisions of technical assistance to other members, especially developing country members, either bilaterally or through the appropriate international organization. Such assistance may be inter alia, in the areas of processing technologies, research and infrastructures including the establishment of national regulatory bodies and may take form of advice, credits, donations and grants, including for the purpose of selecting technical expertise, training and equipment to allow such countries to adjust to and comply with, sanitary or phytosanitary measures necessary to achieve the appropriate level of sanitary or phytosanitary protection in their export market”.

The WTO member countries in their wisdom recognized the inability of some of their members, especially the developing countries to comply with the provisions of the SPS Agreement. The developed country members therefore hold it as an obligation deriving from the SPS Agreement to facilitate assistance to the developing country members through various assistant windows.

2.1.9.2.     Tools for the Establishment of Risk Assessment System.

i.
Legislation

The Risk Assessment system itself derived from a global binding document, WTO Agreement on Sanitary and Phytosanitary, it therefore behooves a nation to either have a legislation or policy on risk assessment in order to institutionalize it. 

This is not far fetched since it is already obtainable in some countries for example in the US any rule emanating from US Department of Agriculture, which may have economic effect of 100 million US Dollars and above (i.e. of 1994 USD value) must compulsorily have risk assessment study conducted on the project. (USDA, 2011)

ii.
Statutory Institution.

Risk Assessment cuts across food safety, animal health and plant health protection and is dependent on availability of scientific data since risk assessment is science based. Therefore, there is the need for a national institution or a body that will ensure the development and updating of database made up of extensive data on food safety, animal and plant health protection, epidemiology, etc. In the United States, the central coordination of Risk Assessment project is handled by the Food Safety Risk Analysis Clearing House, University of Maryland, College Park. It is a joint effort of USFDA, USDA and the University of Maryland. In addition to this there are Risk Analysis Units in each of the US Federal bodies with mandates on SPS measures and this include FDA, USDA, etc. In Nigeria, such central body or institution is yet to emerge. What is obtainable are trained risk assessors which are, as listed by USAID/ATRIP (2003). Institutions having mandates on food safety, animal health and plant health protection in Nigeria include NAFDAC, SON, Federal Ministry of Health and Federal Ministry of Agriculture.

iii.
Export Trade Capacity

The nation is just building its external trade capacity through various reforms the government is carrying out. The expected boost in the external trade would inadvertently lead to request for risk assessment to back up trade enquiries in agricultural products.

iv.
Proactive Food Safety Law Making Process.

The need to set standards and regulation that will provide Appropriate Level of Protection (ALOP) to consumers can only come about with outcomes of risk assessment, which has incorporated the exposure assessment of the consumers. The regulatory decision from this will be regulations, which offer the optimum protection in risk management, having taken care of the interest of others.

Therefore, as the government regulatory bodies become more aware of scientifically justified regulations based on national situation and interest, so will there be demands for risk assessments. In view of common climatic conditions, sub regional risk assessment on food and agricultural products has been advocated for West African countries (Adegboye, 2004).

2.2.
SURVEY ON BEEF CONSUMPTION

2.2.1 Definitions of Beef and Meat

Beef is defined as meat from cattle (Bovine species) other than calves while meat is the tissue of the animal body that is used for food. According to FAO (2007), major sources of meat for humans are the domesticated animal species. These to a large extent include cattle, pigs and poultry and to a lesser extent buffaloes, sheeps, goats and other animal species. Meat from pigs is called pork and from sheep, mutton. Meat from cattle however ranked as the most commonly consumed meat globally after pork. Meat is a good source of protein (animal protein) and contains other nutrients such as vitamins and minerals.

2.2.1.1
Meat as Source of Protein
Meat proteins contain high amount of essential amino acids, about 40%. Out of twenty (20) food amino acids, about (eight) 8 amino acids are essential for adult, while (ten) 10 are essential for children. The meat protein which is in highly concentrated form is said to be nutritionally superior to plant protein (Hoffman and Michael, 2004). However Bender, (1992) asserted that this is only true to the extent that many animal sources have Net Protein Utilisation (NPU) of around 0.75 while that of many but not all plant food is between 0.5 to 0.6. He explained that after infancy, complementation, a dietary process affords utilisation of amino acid from other sources to compliments shortfalls from one source. Thereby a minimum protein quality of 0.7 is obtainable from plant sources in developing countries, which compares favourably with the 0.8 averages in industrialised countries. This concurs with the findings of Hoffman and Michael (2004) that vegetable proteins may provide similar benefits as protein from animal sources. Meat protein is highly digestible about 0.95 compared with 0.8 to 0.9 for many plant foods. It equally supplies a relative surplus of one essential amino acid, lysine that is relatively in short supply from most cereals.


2.2.1.2 Cattle as a Good Source of Meat


Cattle, which can graze forages in the open range and pasture lands, play a unique role in    provision of high quality meat protein for human consumption. This they do by utilizing by products and forage sources that human and non-ruminant animals do not consume. There are three basic species of cattle, these are: Bos taurus, the European or "taurine" cattle which also include similar types from Africa and Asia; Bos indicus, the zebu; and the extinct Bos primigenius, the aurochs. The aurochs is common ancestral to both zebu and taurine cattle. These three have been grouped as one specie, with Bos primigenius taurus, Bos primigenius indicus and Bos primigenius primigenius as the subspecies.
According to Bourn (1992), cattle are found throughout Nigeria, but they are most common in the northern two thirds of the country. Almost half the total cattle population is permanently resident within the sub-humid zone. Humped zebu cattle are by far the most common, but limited numbers of keteku, muturu and kuri cattle occur in southwestern, southern and north-eastern parts of the country, respectively. Cook (1989) reported a range of forty to sixty percent (40% to 60%) of the live weights to be meat; this suggests that only about half of the live weights of cattle are meat. Constraints encountered in cattle rearing in Nigeria include animal health care and disease control, the limited capacity of extension control, conflicts between pastoralists and arable farmers, thefts, which discourage investment and other bottlenecks in live husbandry. Udoh and Akinola (2003).
2.2.2
Beef Production

2.2.2.1 
Production 
The beef industry is adjudged to be a strong animal industry throughout the world, especially in the countries of Latin America such as, Argentina, and Uruguay; and other regions such as the United States, Australia and New Zealand that are reputed to be meat-producing areas (Morgan and Tallard, 2006).
In a predicted world meat production chart of developed and developing countries over a period of 60 years, FAO suggest that global meat production and consumption will rise from 233 million tonnes in 2006 to 300 million tonnes in 2020. The chart showed a projected massive increase in animal protein demand (Speedy, 2000)

However, Hernan et al., (2010) statistics on world production of bovine meat for the year 2008 recorded 62 MMT out of which America (12.23 MMT), Brazil (9.21 MMT), EU-27 (8.22 MMT), China (7.78 MMT), India (2.66 MMT), Argentina (2.97 MMT), Australia (2.1 MMT), Russia Federation (1.33 MMT), Canada (1.27 MMT) and New Zealand (0.61) ranked amongst the highest in the domestic supply of bovine meat (Table 2.1).

In Africa, the producers of bovine meat include South Africa, Egypt Sudan, Ethiopia, Kenya, Nigeria and Tanzania. However, with the exception of South Africa, the entire topmost domestic suppliers do not engage in export. Namibia with a supply of 61,000MT is the highest exporter of beef 26,000MT followed by Botswana 14,000MT (Table 2.2).

2.2.2.2.    Consumption

Meat consumption is determined by a lot of factors some of which are availability, price and tradition. The amount and the type of meat consumed by people vary with social, economic and political influences, religious beliefs and geographical differences.

The per capita supplies of beef in some countries are higher than some other countries: Argentina (170g/day), US (118g/day), Canada (87.6g/day), Brazil (100.2g/day), Nigeria (6.3g/day), Panama (37.8g/day), Uruguay (19.5g/day), India (6.8g/day), Indonesia (4.9g/day) and Malaysia (4.74g/day). The foregoing data suggests greater access to beef in the countries with higher per capita supply than others with less (FAO, 2002).

Table 2.1: World Production of Bovine Meat - Top Beef Cattle Producers
	Country
	Production (’MMT)

	US
	12.23

	Brazil
	9.21

	EU-27
	8.22

	China
	7.78

	Argentina
	2.97

	India
	2.66

	Mexico
	2.53

	Australia
	2.1

	Russian Federation
	1.33

	Canada
	1.27

	New Zealand
	0.61

	Sub total
	50.91

	Others
	11.09

	World Total
	62


Adapted from Hernan et al., (2010)

Table 2.2 Beef Production in Selected Africa Countries 2002 (000MT)

	Country

	Domestic Supply
	Domestic Utilisation
	Per Capita Supply

Kg/year

	
	Production
	Import
	As Food
	

	South Africa
	576
	5
	568
	12.7

	Egypt


	554
	135
	689
	9.8

	Sudan


	325
	0
	325
	9.9

	Ethiopia

	304
	0
	304
	4.4

	Kenya


	295
	0
	295
	9.4

	Nigeria


	280
	3
	282
	2.3

	Tanzania

	246
	0
	246
	6.8

	Morocco

	170
	1
	171
	5.7

	Madagascar

	147
	0
	147
	8.7

	Algeria


	116
	19
	135
	4.3

	Uganda

	106
	0
	106
	4.2

	Mali


	103
	0
	104
	8.2

	Zimbabwe

	102
	0
	97
	7.5

	Cameron

	95
	0
	95
	6..0

	Angola


	85
	21
	106
	8.1

	Chad

	76
	0
	76
	9.1

	Namibia
	61
	3
	38
	19.3

	Burkina Faso.
	60
	0
	61
	4.8

	C.A.R

	58
	0
	58
	15.3

	Tunisia

	55
	0
	55
	5.7

	Cote d’Ivore

	52
	4
	56
	3.4


Adapted from FAO Food Balance Sheet, (FAO, 2002).
Availability of meat in the developed countries is higher than in the developing countries. The developed countries have an average per capita consumption of 2.2kg/year when compared with the developing countries average of 6.3kg/ year. The countries of Africa South of Sahara are further less at an average of 4.6kg/year (FAO, 2002).


2.2.2.3
Changes in Consumption Patterns

Bender, (1992) reported steady fall in human energy expenditure and has been attributed to increasing mechanization and other economical factors, which has led to decrease in per capita food consumption. For instance reduction in available diet from 8MJ to an average intake of 6.5 to 7 MJ per day has been recorded. Thus there is the need for consumer to make informed choices to ensure adequate supply of nutrients from diet.

Also there have been reported cases of continuous change in consumption pattern of the different types of meat i.e. beef, park, lamb, poultry. This is dependent on price and influenced by fashion, advertising, and health consciousness.

 2.2.3
Role of Meat in the Diet

Notwithstanding the seemingly non-essential role of meat in the diet as reflected by large number of vegetarians who have nutritionally adequate diet, it is the addition of beef and others animal products in their meals that always assures a good diet. 

In the developing countries, meat compliments the staple food and provides a rich source of well-absorbed iron. It also causes the absorption of iron from other foods. Meat amino acid composition compliments that of many plant foods. It is also a concentrated source of B vitamins including B12, which is absent from plant foods.

Meat is a source of high quality protein.  The quality of a protein is a measure of its ability to satisfy human requirements for the amino acids. There are two groups of amino acids, which are essential amino acids and non-essential amino acids. The essential amino acids cannot be synthesized by the human body they can only be obtained from diet and therefore essential in the diet. These include lysine, isoleucine, phenyalalanine, valine, threonine, methionine, tryptohan, histidine and arginine.

Meat and meat products are good sources of all the B complex vitamins including thiamine, riboflavin, niacin, biotin, vitamins B6 and B12, pantothenic acid and folacin.  Pantothenic acid and folacin are abundant in liver, which is equally rich in vitamin A and supplies vitamins D, E & K (Alpers, et al., 2008). Meat is excellent source of some of the minerals such as iron, copper, zinc and manganese. It plays important role in the prevention of zinc deficiency particularly iron deficiency and in effect anaemia. (Black, 2003).
2.2.4.
Health Concerns on Beef Consumption.

i. Coronary Heart Disease (CHD): Dietary saturated fatty acid from meat fats has been implicated as an important dietary risk factor of coronary heart disease (CHD). As a result of this, consumption of meat is being reviewed in many parts of the industrialized countries that have adequate meat intake. Regulatory actions such are Dietary guidelines, which are intended among other objectives to reduce the intake of saturated fatty acids have been issued by national authorities (Reddy and Katan 2004). 

Apart from CHD, dietary saturated fats have been implicated in hypertension, stroke, diabetes and some certain forms of cancer. In view of the foregoing, it is recommended that total fat should be reduced to 20-30% of the total energy intake with not more than 10% from saturates, 10-15% from mono-unsaturated fatty acid and polyunsaturated fatty acid at 3% or more. Most authorities recommend a reduction in dietary cholesterol to around 300mg or less per day. 

ii. Carcinogen: The products of pyrolysis of organic material such as meat by overheating and charring, for example polycyclic hydrocarbons are believed to be carcinogenic. 3-4 – Benzo(a)pyrenene that is formed on the surface of barbecued, boiled and smoked meat products are the most thoroughly investigated. The source of the carcinogens is not meat but the flame especially from charcoal (Alonge, 1984). So indirect transfer heating can solve the problem

Also, claims by studies suggesting a link between the intake of animal protein and predisposition to cancer at sites such as pancreas, breast, colon, prostrate and endometruim were contradicted by other reports on controlled studies on colon cancer, stomach cancer and breast cancer.  They concluded that available data do not provide convincing evidence that removal of meat from the diet would substantially reduced the cancer risk especially breast cancer (Phillips et al., 1983, Kritchenvsky, 1990; Linos and Walter, 2009).

iii. Nitrosamines: These are compounds formed by the reaction of nitrites (used in curing salts) with amines commonly present in foods Nitrosamines have been shown to be carcinogenic in all species of animals. Reduction in the amount of nitrite used in the   curing mixture and addition of Vitamin C inhibits the formation of nitrosamines. Erythorbic acid and tocopherol are also effective. 

iv. Bovine Spongiform Encephalopathies (BSE). Spongiform Encephalophathies is a group of diseases called prion disease or transmissible dementias. It also includes some very rare human disease, scrapies in animals and BSE. They all have in common the presence of an aberrant form of a normal cell of protein called prion protein.  

The suspicion that outbreak of BSE in cattle might be transmitted to human beings through affected meat is being gradually manifested through the detection of a human variant called CKJD. This however has added to the suspicion about meat and could also be responsible for the reduction in beef consumption in some countries. 

v. Excessive amounts of Vitamin A in Liver. There are reports in the scientific literature of awful acute and chronic effects of excessive intakes of Vitamins A, mostly from pharmaceutical preparations. There have been recent concerns on unusually high levels of vitamin A found in some, few samples of animal liver, which if eaten during early stages of pregnancy might possibly affect the foetus.   

vi. Residues of Drugs, Pesticides, Hormones. Substances that are used to treat animals, preserve their health and improve production could pose problems when human beings consume residues of these drugs and their metabolites remaining in the tissues and this has been of great concern to the consumers.

These drugs include antimicrobial agents, beta-adrenoreceptor blocking agents, anti-helminthics, tranquillizers, anti-coccidial agents, vasodilators and anaesthetics .To protect consumers from these risks Codex issues Codes of Practices for control of the use of Veterinary drugs (FAO/WHO, 1993). These provide necessary guidelines for the prescription, application, distribution and control of drugs. 

2.2.5 
Control Measures in Addressing Health Concerns   Arising From Beef 

Consumption  

In order to protect consumers from possible health hazards from residues in beef, regulatory bodies issue Standards, Codes of Practice and Guidelines for the prescription, application, distribution and control of drugs used in food animal production. Also, there are provisions for recommended levels for food chemicals.  

2.2.5.1 Control Measures Applied by International Bodies

The approaches used by the Codex Alimentarius Commission in addressing chemical hazards in food include dietary exposure assessment and its basic elements include food consumption data and food chemical concentration (or residue) data.

i. Food Consumption data: It is defined as an estimate of per capita quantity of a food or group of foods eaten by a specified population over a definite period of time. It is sourced from Model Diets, Regional Diets based on National Food Balance Sheet and National Individual – Based Survey; and are purposely collected to describe pattern of food consumption in relation to nutrient intakes. Rees and Tenant, (1994) opined that the types of food chemical and purpose of study would dictate the most appropriate source of information.

The food consumption data most frequently used at the international level for chronic dietary exposure is the Model Diet approach. This is used in exposure assessment of Veterinary drugs. The model diet consists of meat, kidney, liver, fat, eggs and milk. 

WHO (2008b) Issued broad methods of assessing food consumption albeit at the national level. They include Population based methods, Household – based methods Individual based methods. The unit of Measurement is expressed in g of food/person/day.

ii. Food Chemical Concentration (or residues) data: This is the level of a chemical (or residues) be it food additive, residues of pesticide or Veterinary drugs or contaminants; in food. There are several ways to estimate the level of a chemical in food; some of the approaches is to use Maximum Residues Limits (MRLs) and Maximum Limits (MLs). Another approach is the direct measurement after use or treatment e.g. field trials or manufacturing data. However the most accurate though expensive method is the measurement of chemical levels in foods as consumed. Data from national monitoring and surveillance on the field could equally be used.

The Maximum Residues Limit (MRL) is the maximum permitted level of residue in a food commodity. Acceptable Daily Intake (ADI) plays a critical role in arriving at MRL of a residue in a food commodity. The ADI is an estimate of the amount of a chemical substance that may be ingested over a lifetime without appreciable risks to health. 

WHO (2008b) set up a joint FAO/WHO Consultation on Food Consumption and Exposure Assessment of Chemicals to address the issue of non-uniformity of its different committees in setting tolerance limits. Different Committees used different data in arriving at food Consumption and different terms for Food Chemical Concentration. The meeting therefore recommended adoption of the particular terms and definitions and it equally considered, defined and accepted limitations in their use for food consumption data. 

2.2.5.2 Control at National Level 

The inherent weakness and large uncertainties associated with the dietary assessment at the international level demanded that each country should conduct and establish database for food consumption and food chemical concentration.

However several factors influencing choice of priority work would not make food safety a burning issue in the developing countries. Other militating factors may include national economic, social and political interest, lack of national resources, lack of contribution by industry and consumer group, lack of national and regional expert groups, non-availability of data and poor level of available expertise (WHO, 1997). In view of this in most national foods laws or regulation of the developing countries provisions are made for presumptive standards.

A presumptive standard is one, which is assumed to be the standard in the absences of any others for examples some countries including Nigeria have held that a Codex MRL is the presumptive limit for a pesticide residue (Codex, 2003). Since these international MRL are always overestimations. Further national assessment is recommended by the Expert Consultation (FAO, 1997) to address national requirement to offer adequate protection from chemical risk.

2.2.5.3    Food Safety Management System 

While toxicological reference values such as MRL has been set by the international bodies, such values/ limit are not expected to be exceeded because they represent the maximum level of a potentially hazard substances that is allowed in foods (Le Blance et al., 2004). Producers and Manufacturers are however expected as a matter of ethical practice to keep the level of such substances as low as reasonably achievable (ALARA). This is ethical practice which when employed help to attain the level of lowest concentration of chemical or residues in foods (NFRD, 2005) These systems include Good Agricultural Practices (GAP), Good Practices in the Use of Veterinary Drug (GPVD), Good Hygienic Practices (GHP), Good Manufacturing Practices (GMP), Hazard Analysis and Critical Control Point (HACCP) system and Exposure Assessment (Codex, 2004). 

There have been individual research efforts on detection and quantification of food chemical concentration in Nigeria. These include studies on oxytetracycline residues in beef (Abah 2004), hydrogen cyanide in processed cassava (Adegboye et al. 2004), residues of lindane, endosulphan sulphate, hexachlor, cyclohexane (HCH), aldrin and endosulphan, ß – endosulphan and P.P – DDT in oranges, mangoes and pineapples (Adegboye, 2001). 

However there has not been any concerted effort at total diet studies (TDS), which would give consumption patterns of average adult. The TDS, when carried out would become a springboard for determining the variables such as in age: adult, young, infant; gender: male and female; Risk group: normal, vulnerable and most vulnerable classes, vegetarians. etc Countries that have carried out their National TDS include US, UK, Czech Republic, Spain, France, etc (Le Blance et al 2004). This study is another step forward on exposure assessment of Nigerian beef consumers to the residues of tetracycline, which has been identified by various scholars as the most frequently abused antibiotics (Abah, 2004; Manikandan et al., 2011)  

2.3
SURVEY OF ANTIBIOTICS USAGE IN MEAT PRODUCTION

2.3.1
Definition of Antibiotics

Antibiotics are chemical substances, produced by microorganisms, which have the capacity in dilute solutions to destroy or inhibit the growth of bacteria and other microorganisms (Parker, 1998). They are also defined as antimicrobial agents produced by microorganisms that kill or inhibit other microorganisms. Antibiotics are low molecular weight, non protein molecules produced as secondary metabolites mainly by microorganisms that live in the soil (Todar, 2011). Antibiotics are described as pharmaceutical drugs that are used to heal infections caused by bacteria and other microorganisms (Anon, 2011).  Hoffman et al. (2007) opined that due partly to the broad scope of the earliest definition of antibiotics by Wakesman (1975) that antibiotics are  chemical compounds of microbial origin that inhibit the growth or metabolism of other microbes; there has not yet been  a unifying description of the latter day discoveries of physiological function of antibiotics.

Proffering a regulatory definition of antibiotics, NRA (2000) defined antibiotics as a chemical agent that will selectively kill or inhibit the growth of susceptible microorganisms on direct application to living tissue or by oral or parenteral administration. This regulatory definition includes antibacterial agents (including ionophores/polyethers), antifungal agents, anti viral agents and anti-coccidials antibacterial activity. It however excludes disinfectants, antineoplastics, immunologicals, direct fed microbial and enzyme substances, which are live microorganisms, directly fed to the animal in place of using antibiotics (Kungs, 2006). The term antimicrobial is interchangeably used with antibiotics. Antimicrobial drugs can either antibacterial or antifungal. There are practically no therapeutically useful antibiacterial agent that is effective as both antibacterial and antifungal (Walsh, 2001).
Some examples of antibiotics include penicillin, which was the earliest discovered antibiotic. Alexandra Fleming discovered it but its full importance in nature was only recognized in early 1940s when Florey and Chain reexamined Penicillin (Todar, 2002). Other examples are tetracycline, Dnanomycin, Mitomycin, Neomycin, Tylosin, Chloramphenicol, Gentamicin, etc.
2.3.2 Classification of Antibiotics

Antibiotics can be broadly grouped into five classifications; these include classification according to source, mechanism of action, spectrum of activity, chemical structures and route of administration (Bayarski, 2009). Another special class is the critically important antimicrobials (FAO/WHO/OIE 2008). However the most useful classification is based on chemical structure.

2.3.2.1 Classification According to Source

Antibiotics can be obtained from natural, synthetic or semi – synthetic sources.

i. Natural: Moulds, bacteria including some endo-sporeforming species are majorly the natural source of antibiotics (Todar, 2002). Table 2.3 reflects some of the antibiotics derived from natural sources in the second column. From moulds, penicillum and cephalosporin are prominent examples. These two genera are the main sources of beta lactam antibiotics. On the other hand there are bacteria in the genera Actinomycetes, prominent amongst these are Streptomyces sp which produces different forms of antibiotics including aminoglycosides (streptomycin).

ii. Semi Synthetic Antibiotics: Semi synthetic antibiotics are derived originally from natural sources but are modified to enhance their antimicrobial propertied. These include Penicillins which are also natural sourced in form of Benyl Penicillin or Penicillin G. Examples of synthetic and biosynthetic Penicillin include methicillin, nafcillin, oxacillin and ampicillin. Cephalosporins are another group of semi synthetic antibiotics, they include cephaloxin, cefadroxil, cephradrine and cefaclor (Dipeolu 2001). The semisynthetic derivatives of lincomycin include clindamycin, hydrochloride hydrate, clindamycin palmitate and clindamycin phosphate (EMEA, 2009).  Tetracycline is equally a semi-synthetic antibiotic. 

iii. Synthetic antibiotics: They are developed by chemical synthesis and chloramphenicol is an example of synthetically produced antibiotics.

2.3.2.2
Classification According To Mode of Action

Studies have shown that antibiotics can basically be divided into four modes of actions, which include inhibitory action on synthesis of nucleic acid, direct action on cell wall, inhibitory action on synthesis of protein, and direct action on cell membrane.

(i) Nucleic acid inhibition: Some antibacterials affect the nuclei acid metabolism examples are sulphonamides and rifamycin. According to Aschenbrenner and Venable (2006), these agents act by preventing replication of the nucleic acids of the bacterial cell.

(ii) Direct action on cell wall: Penicillins and cephalosporins are examples of antibiotics that disrupt the synthesis of bacteria cell walls, causing loss of viability and at times cell lysis and ultimately, death of bacteria. This could also be by enzymes activated by the antibiotics (Todar, 2002)

(iii) Direct action on cell membrane. Peptides consisting of circular molecules act directly on the membrane of microorganism. They modify the ion influx (magnesium ion) thereby causing lysis of the cells. Examples of this peptide group include polymyxin and colistimethate

(iv) Protein Synthesis Inhibition: Antibiotics such as tetracycline, streptomycin macrolides, chloramphenicol and lincomycin disrupt the normal development of protein combination, thereby causing a irreversible inhibition of protein synthesis. The growth of such affected bacteria is thereby halted. 

2.3.2.3

Classification based on spectrum of activity

Antibiotics can be classified into the following groups:

i. Narrow spectrum antibiotics: These are antibiotics that are active against either gram-positive or gram-negative organisms only examples are Penicillin, which is active against gram-positive organism and polygram B which is active against gram-negative organisms only. 

ii. Broad-spectrum antibiotics: These are the antibiotics, which are active against both gram-positive and gram-negative organisms; these include chloramphenicol, chlortetracycline, hydrochloride, oxytetracycline and ampicilin.

iii. Bacteriostatic antibiotics: These are antibiotics that produce stasis of bacterial growth, which makes them susceptible to the host’s body defence mechanisms. Examples are tetracycline, chloramphenicol, erythromycin and novobiocin. 

iv. Bacteriocidal antibiotics. These antibiotics include penicillin, streptomycin, neomycin, framomycin, colistin, kanamycin, vancomycin, bacitracin and cephalosporins.

2.3.2.3

Classification based on spectrum of activity

Antibiotics can be classified into the following groups:

i. Narrow spectrum antibiotics: These are antibiotics that are active against either gram-positive or gram-negative organisms only examples are Penicillin, which is active against gram-positive organism and polygram B which is active against gram-negative organisms only. 

ii. Broad-spectrum antibiotics: These are the antibiotics, which are active against both gram-positive and gram-negative organisms; these include:
Table 2.3
 Classification of Antibiotics 

	
	Class (Chemical Structure)
	Source
	Types/Structure
	Examples
	Effectiveness
	Mode of Action

	1
	Penicillins
	P.notatum
	Natural Penicillins
	PenicillinG
	G+ve
	Bactericidal

	
	
	
	Penicillinase-resistant Penicillum
	Amoxicillin 

Flucloxacillin
	
	

	
	
	
	Extended spectrum penicillin 
	
	G+ve, G-ve
	

	
	
	
	Aminopenicillins
	Ampicillin

Amoxicillin
	
	

	2
	Cephalosporins
	Cephalosporium
	1st Generation
	Cephalotin

Cephapirin

Cephradine
	G+ve
	Bacteriocidal

	
	
	
	2nd Generation
	Cefachlor

Cefamandole

Cefaroxime
	G+ve

Extended G-ve spectrum
	Bacteriocidal

	
	
	
	3rd Generation
	Cefacapene

Cefodixime

Ceftriazone
	Decreased activity

G-ve
	

	
	
	
	4th Generation
	Cefeprine

Cefclidine

Cefluprenam
	Extended G+ve

β- lactamase
	

	3.
	Macrolides
	Streptomyces spp
	Basically possessing macrocyclic lactone structure
	Erythromycin

Clarithromycin

Azithromycin

Roxithromycin
	Extended G+ve

G-ve
	Bacteriostatic

	4.
	Tetracyclines
	Streptomyces spp
	 Natural made up of 3 rings


	Tetracycline
	
	Bacteriostatic

	
	
	
	Synthetic
	Chlortetracycline

Oxytetracycline

Monochcline

Lymecycline
	
	

	5.
	Sulphonamides
	
	
	Cotrimoxazole

Trimethoprin
	
	

	6.
	Aminoglycosides
	Streptomyces spp
	
	Gentamicin

Amilcacin
	
	

	7.


	Fluoroquinolines


	Synthetic


	Quinolines


	Ciprofloxacin

Levofloxan

Lomefloxacin

Norfloxacin
	Broad spectrum
	


 Adapted from Bayarski (2009), Ngan (2010) and Todar (2011) 

iii. chloramphenicol, chlortetracycline, hydrochloride, oxytetracycline and ampicilin.

iv. Bacteriostatic antibiotics: These are antibiotics that produce stasis of bacterial growth, which makes them susceptible to the host’s body defence mechanisms. Examples are tetracycline, chloramphenicol, erythromycin and novobiocin. 

v. Bacteriocidal antibiotics. These antibiotics include penicillin, streptomycin, neomycin, framomycin, colistin, kanamycin, vancomycin, bacitracin and cephalosporins.

2.3.2.3

Classification based on chemical structure.

 Todar (2002) and Bayarski (2009) have classified antibiotics according to their chemical structures. The chemical structural classes include: the amino glycosides, beta-lactam compounds, macrolides, peptides, tetracycline and antibiotics with miscellaneous structure.
2.3.2.4.
Critically important Antimicrobial Classes. 

There are cases of serious infections in human where there are only one or few antimicrobials that can be used if antibiotic resistance occurs. Such antibiotics can be classified under various names such as “critically important” “essential”, “reserve”, or “last resort”. According to FAO/WHO/OIE (2008), two conditions qualify an antibiotic to be so classified and this includes:

i. When the drug is in a class that is the only available therapy or one of a limited member of drugs available to treat serious human disease or enteric pathogenic that cause food borne disease. 

ii. When there is known linked resistance with others classes (i.e. co-selection).

Based on the above criteria, qualifying antimicrobials will include the fluoroquinolones, and third generation cephalosporins for salmonella spp and other Enterobacteriaceae; the fluoroquinolones and macrolide for Campylobacter spp; and glycopeptides, azolidinones and streptogramines for gram-positive bacteria such as Enterococcus spp. (Table 2.4)

	Table 2.4: WHO/FDA lists of antimicrobials used in human medicine and their status

	
	
	
	

	Antimicrobial Family
	WHO
	FDA
	Animal Health Use

	Aminoglycosides
	Critical
	High importance
	Yes

	Ansamycins (rifampin)
	Critical
	High importance
	No

	Carbapenems/penems (imipenem)
	Critical
	High importance
	No

	Cephalosporins 3 gen
	Critical
	Critical
	Yes

	Cephalosporins 4 gen
	Critical
	High importance
	Yes

	Lipopeptides (daptomycin)
	Critical
	-
	No

	Glycopeptides (vancomycin)
	Critical
	High importance
	No (avoparcin - not EU or US)

	Macrolides
	Critical
	Critical
	Yes

	Oxazolidones (linezolid)
	Critical
	High importance
	No

	Penicillins/aminopenicillins (amoxycillin)
	Critical
	High importance
	Yes

	Penicillins natural (pen V and G)
	Critical
	High importance
	Yes

	Quinolones
	Critical
	Important
	Yes

	Fluoroquinolones
	Critical
	Critical
	Yes

	Streptogramins (quinupristin/dalfopristin)
	Critical
	High importance
	Yes (virginiamycin - US)

	Tuberculosis drugs (isoniazid)
	Critical
	High importance
	No

	Cephalosporins 1 gen
	High importance
	Important
	Yes

	Cephalosporins 2 gen
	High importance
	Important
	Yes

	Cephamycins
	High importance
	Important
	No

	Clofazimine
	High importance
	-
	No

	Monobactams (aztreonam)
	High importance
	Important
	No

	Amidinopenicillins (mecillinam)
	High importance
	-
	No

	Penicillins antipseudomonal (ticarcillin)
	High importance
	High importance
	No

	Polymixins
	High importance
	High importance
	Yes (colistin)

	Spectinomycin
	High importance
	-
	Yes

	Sulfonamides/trimethoprims
	High importance
	Critical
	Yes

	Sulfones (dapsone)
	High importance
	-
	Yes

	Cont’d from pg 38

Tetracyclines
	High importance
	High importance
	Yes

	Amphenicols
	Important
	High importance
	Yes

	Cyclic polypeptides (bacitracin)
	Important
	-
	Yes (not EU)

	Fosfomycin
	Important
	-
	Yes

	Fusidic acid
	Important
	-
	Yes

	Lincosamides
	Important
	High importance
	Yes

	Mupirocin
	Important
	-
	No

	Nitrofurans
	Important
	-
	Yes (furazolidone - not EU or US)

	Nitroimidazoles
	Important
	High importance
	Yes (dimetridazole - not EU or US)

	Penicillins antistaphylococcal (cloxacillin)
	Important
	High importance
	Yes

	Pyrazinamide (TB drugs)
	Critical
	High importance
	No

	
	
	
	

	Not used in human medicine
	
	
	

	Ionophores (anticoccidials)
	-
	-
	Yes (monensin, salinomycin)

	Pleuromutilins
	-
	-
	Yes (tiamulin, valnemulin)


Adapted from Burch (2005)

2.3.3            Usage and Benefits of Antibiotics in Cattle.

2.3.3.1.
Use of Antibiotics in Food Animals Production.

According to a Joint FAO/OIE/WHO Expert Committee Workshop (FAO/WHO/OIE. 2008), the use of antibiotics in food animals can be divided into therapeutic, prophylactic, metaphylaxis and growth promoting use.

(i) Therapeutic: According to WHO, this is use of antimicrobial in the treatment of established infections.

(ii) Metaphylaxis: This is the term used for group medication procedures, aimed at treating sick animals while medicating others to prevent disease.

(iii) Prophylaxis: This is the preventative use of antimicrobials in either individuals or groups to avoid development of infections.

(iv) Growth Promotion Use: This is when an antimicrobial agent is used as feed supplement in food animals to promote growth and enhance feed efficiency. According to Butaye et al. (2003), there are not many data available on antibiotics used solely in animals and almost exclusively for growth promotion. This is because there have been a lot of concerns on the use of antibiotics as growth promoters. However, the available records show that growth promoters are usually administered in relatively low concentration, ranging from 2.5 to 125 mg/kg (ppm) (Table 2.5). EU is championing the cause of banning the use of Veterinary drugs solely for growth promotion in the food animal production. Since the commencement of this regulatory action, a lot of such drugs have been banned (Table 2.6)
Sub therapeutic: Low concentrations such as 2.5 to 125mg /kg (ppm) that are usually less than therapeutic doses are referred to as sub therapeutic doses. Survey had shown that in many countries the observed low levels are used for prophylaxis as well as for growth promotion. 

Table 2.5 
List of Some antibacterial growth promoters used in cattle

	Antibacterial
	Class
	Level

	Purpose

	Bacitracin
	Beef cattle
	35-70 mg/ head/day
	Growth promotion improved feed efficiency

	Chlortetracycline
	Calves

Beef cattle And non Lactating diary Cattle
	 25-70mg/head/ day

70mg/head/day
	Growth promotion improved    feed efficiency

 Growth promotion improved 

Feed efficiency

	Oxytetracycline
	 Calves

 Beef cattle
	25-75mg/head/day

 75mg/head/day 
	Increased rate of weight Gain, improved feed      efficiency     Increased rate of weight

Gain improved feed efficiency

	Monensin
	Beef cattle
	5-30 h/tonne of 

Complete feed


	 Improved feed

 efficiency


Source: Adapted from Dipeolu, (2001).
Table 2.6: Growth-promoting antibiotics allowed for use in the EC, both past and present

	Antibiotic
	Banned since:
	Antibiotic group
	Related therapeutics
	Mechanism of action

	Bambermycin
	
	Glycolipid
	
	Inhibition of cell wall synthesis

	Bacitracin
	1999
	Cyclic peptide
	Bacitracin
	Inhibition of cell wall synthesis

	Monensin
	
	Ionophore
	
	Disintegration of cell membrane

	Salinomycin
	
	Ionophore
	
	Disintegration of cell membrane

	Virginiamycin
	1999
	Streptogramin
	Quinupristin/dalfopristin
	Inhibition of protein synthesis

	Tylosin
	1999
	Macrolide
	Erythromycin and others
	Inhibition of protein synthesis

	Spiramycin
	1999
	Macrolide
	Erythromycin and others
	Inhibition of protein synthesis

	Avilamycin
	
	Orthosomycin
	Everninomycin
	Inhibition of protein synthesis

	Avoparcin
	1997
	Glycopeptide
	Vancomycin, teicoplanin
	Inhibition of cell wall synthesis

	Ardacin
	1997
	Glycopeptide
	Vancomycin, teicoplanin
	Inhibition of cell wall synthesis

	Efrotomycin
	
	Elfamycin
	
	Inhibition of protein synthesis

	Olaquindox
	1999
	Quinoxaline
	
	Inhibition of DNA synthesis

	Carbadox
	1999
	Quinoxaline
	 
	Inhibition of DNA synthesis


Sourced from: Butaye et al. (2003)

2.3.3.2.      Benefits of Antibiotics Usage

a. Benefits in Cattle Production

 Antibiotics have been applied in Veterinary practices and agriculture for over four decades with lot of benefits. There are three main beneficiaries: the producer, through production efficiencies; the consumers in a more affordable and high quality protein; and animals through improved health (Anon, 1997).

   
i. Benefits to Cattle
Antibiotics are employed to treat and prevent a number of diseases in cattle. These include respiratory disease, liver abscesses and many different metabolic disorders (Hitchcock 2002). For example, studies have shown reduction in incidences of liver abscesses from about 40% to 70% with the usage of antibiotics (Nagaraja and Lechtenberg, 2007). Moreover, report of surveys carried out by Sawant et al. (2005) suggests that antibiotics are used extensively on dairy herds for both therapeutic and prophylactic purposes. Beta-lactams and tetracyclines were the most widely used antibiotics.   .

Also, antibiotics used in cattle promote healthier growth. Studies had shown that antimicrobials are good growth promoters. For example, a study shows about 15-25% increased performance in the first week on grain diet (Hitchcock, 2002), In a comparison study carried out by Dipeolu et al. (2005), on performance of laying birds showed that birds fed with standard feeds containing antibiotics had better performance in terms of weight gain and feed conversion. Moreover, antibiotics, when used for health maintenance can reduce the amount of feed needed, increase the rate of weight gain and improve feeding efficiency. Also, antibiotics prevent diseases from the sick cattle to healthy one and reduce premature death rates. 

ii. Indirect Benefit to Human  

Antibiotic use in food producing animal has beneficial effect to human. Primarily it ensures continuous supply of safe food, by improving the health and safety of cattle and other food-producing animals. A healthy animal produces safe food products and conversely unhealthy animal produces unsafe food. Moreover antibiotics enable cattle to gain weight at a faster rate, which means high quality beef are available quickly. Use of antibiotics generally reduces the impact of raising cattle on the environment. This is because it leads to a reduction in the amount of manure that is produced since healthier animal produces less manure. Also, consequent upon improved feeding efficiency, less feed is required for the cattle thus reducing demand pressure on resources (Radunz, 2010). 

           b.
Usage in Human Health Care.

Antibiotics are used to treat urinary and respiratory gastro intestinal infections and food intoxications, acne, rosacea and other infection. A study carried out by Sivagnanam et al., (2004) revealed that the 3 most commonly prescribed antimicrobials in Southern part of India are amoxicillin, ciprofloxacin and cotrimoxazole.

In Nigeria, Okeke et al., (2000) reported tetracycline, ampicilin, chloramphenicol and streptomycin as some of the commonly prescribed antimicrobials. Also, Erah et al., (2003) equally reported a high percentage of encounters with antibiotics (55-75%) in drug prescription of health care facilities in Southern Nigeria.

2.3.4.            Challenges in the Usage of Antibiotics

Antibiotics have without doubt contributed to the improvements in the health of both human and animal population. It has also contributed immensely to the productivity of animal. However, some microorganisms have developed resistance to them due to excessive and uncontrolled use, including abuse of the current farming practice of feeding livestock low levels of antibiotics as growth promoters, and misuse of antibiotics to treat human disease (CDC, 1998). 

There are great concerns on the appropriate prescribing of antibiotics in human health care such as wrong drug, incorrect dose/duration and poor compliance. These acts inadvertently have also contributed to antimicrobial resistance among other problems. Moreover, factors such as purulent discharge, antibiotics-resistance concern, fever and patient satisfaction were recorded as strong influences to inappropriate prescribing or self-medicating antibiotics. (Sivagnanam et al., 2004)

This situation has given rise to some existing and emerging challenges both in agricultural and human health usage of antibiotics. However, scientist, regulatory officers and regulatory bodies have risen to the challenge of containing this development.  

Challenges of Antibiotics in Agricultural Usage

Irving et al., (2003) explained that due to the importance and benefits to health and well being of animals, antibiotics have become a regular feature in daily agricultural practices. This has led to a situation that animal caregivers neglected adequate care and attention to their uses, which has led to situations where antibiotics are misused. This misuse and abuse condition consequently results in the following situation:

i. Ineffectiveness: This results from wrong administration of antibiotics, wrong dosage and duration. The resultant effect is non-improvement in the health of animal, delay in making correct diagnosis of animal condition and wasted money and human labour.  O’Brien (1996) attributed the widespread use of antibiotics to the desire of farmers to maximize outputs. The author claimed that the use of antibiotic makes intensive farming practices feasible. Khachatourians (1988) posited that farmers with large operations were more likely than those with small farms to use antibiotics in feed, which implies greater likelihood towards misuse. A report by USDA, (1999) confirmed this postulation when it recorded that 42.1% of large farming operations that use antibiotic additives do so for a longer period of time in excess of 90 days stipulated as compared with 32.2% of small operations that do so.

ii. Residues in Food: Codex, (2004) classified residues of Veterinary drugs to include the parent compounds and/or their metabolites in any edible portion of the animal product and include residues of associated impurities of the Veterinary drug concerned. Irving et al., (2003) submitted that prudent use of antibiotics prevents residues of antibiotics in marketed livestock and animal products. However, failure to adhere strictly to the directives of a veterinarian or drug label may result in incidence of residues in livestock and animal products. Gracey et al., (1999) opined that antibiotics used therapeutically in animals do not present a hazard to the consumer, if they adhere correctly to the recommendations for their use, proper dose, the right route of administration, proper species of animal and adequate withdrawal period before slaughter. Collaborating with this view, a joint FAO/WHO/OIE expert workshop rated residues of antimicrobials in foods as representing significantly less important human health risk than the risk related to antimicrobial resistant bacteria in food (FAO/WHO/OIE. 2008)

Veterinary drug residues in meat and meat products, milk and milk products, eggs and egg products may occur from direct application or accidental exposure of animals or animal products to drugs (Biswas et al,. 2010). Direct application will include usages for the purpose of prevention and treatment of disease, promotion of growth and as feed additives. On the other hand accidental exposure occurs as a result of circumstances, not intended to protect the feed or food- producing animals against any form of infections or parasitic diseases (Gracey et al., 1999). It also includes incidence of contamination of food and water by industrial chemicals in addition to the foregoing occurrence. There could also be some natural exposure of antibiotic residues to the foods. (Ash et al., 2002)

Extra label use of drugs has been identified as the most common cause of drug residues in the tissue of food animals. It is defined as the administration of drug in a manner that is not in accordance with the drug labeling (Kirkpatrick, 2002). Examples of extra label use of drug according to Dawson (2005) will include using for species not specified on the label and applying drug through a non-label specified route, others are administering drugs at a dose, and for indication or withdrawal time that is inconsistent with labeling.  

Withdrawal period is the time which passes between the last doses of a medicine given to the animal and the time when the level of residues in the tissues (muscle, liver kidney skin) or products (milk, egg honey) falls below the maximum residue limits (EMEA, 2009). The withdrawal time is the time required for the residue of toxicological concern to reach safe concentration as defined by tolerance. It is the interval from the time an animal is removed from medication until permitted time of slaughter (Nisha, 2009). The withdrawal period varies for drugs and from animal to animal (Table 2.7).

An earlier observation of Van Dresser and Wilcke, (1989) of non-compliance with directives on withdrawal period was corroborated by the USDA (1999) report indicting large and small farming operations of using some antibiotic additives for periods in excess of 90 days recommended. However, reports from NOAH (2002) suggested to the contrary in the UK. Statistics showed that both UK Farmers and the Veterinarians comply with the withdrawal period. 

Good Practice in the use of Veterinary Drugs (GPVD) is the official recommended or authorized usage including withdrawal periods, approved by national authorities of Veterinary drugs under practical conditions (Codex, 2003). Poor GPVD, which connotes non-compliance with withdrawal period of drugs used in food animal production, is attributed to a number of reasons. These include lack of professionalism with the thinking that compliance with withdrawal period is burdensome, inconvenient and expensive. Inadequate record keeping and documentation including poor identification methods are also contributive (Radostis et al., 2000). Other factors include poverty and fear loss of investment (Sasanya et al., 2005) including health conditions of the animals. This is because withdrawal period is determined in healthy animals and not on diseased animals. Hoffisis and Welker (1984) reflected this in the examples of highly dehydrated animals that have waste elimination organs diseases. These may have extended blood and tissue antibiotic concentration and may lead to high levels of residue after the time stated on the label. Temperature, when there is relocation, has also being reported to affect compliance with withdrawal period for example in fish from temperate water to tropical water (Noga, 2000). In cases of extra label use of drug (ELUD), withdrawal time may be inadequate to prevent antibiotic residues from food animal products such as meat, milk or eggs. Therefore there is the need to make provision for the clearance of residues to a safe level in the cases of extra label use of drug. Some veterinarians in order to differentiate this from the Withdrawal Time (WDT) refer to it as Withdrawal Interval (WDI) (Mobini, 2000). 

According to Mitchell (1988), there are conditions applicable to ELUD and these are as follows: Only a Veterinarian may use or authorize the use of a drug in extra label manner; the withdrawal times must be indicated; there must have been a relationship between the farmer and the Veterinarian and ELUD is not applicable to animal having an established Withdrawal Time. However in establishing the WDT for a drug product, the maximum residues limit (MRL) is key. This is because the tolerance level after an established WDT must not be higher than the MRL for that drug in the animal.

For calculation of WDI in the extra label use of drug, EMEA (2009) recommends linear regression analysis of the log of transformed concentrations during the tissue depletion phase of the drugs or its metabolites. Codex (1995) stated that the lengths of the WDT are defined by MRLs of each veterinary drug. Reveirer et al., (1998) refer to estimated Withdrawal Time as Withdrawal Time Interval to avoid confusion. 

Another important contributing factor to the occurrence of antibiotic residues in meat is the route of administration. The intramuscular route of administration is the most implicated with antibiotic residue in food animal. This is followed by oral administration and intramammary administration in that order. Localised high level residues could also be obtained with the administration of intramuscular and subcutaneous injection of high amount of antibiotics (KuKanich et al., 2005).
Table 2.7: Withdrawal Times and Tolerance Levels of Some Antibiotics Used In Cattle  


	Trade Name
	Drug Ingredient
	Availability
	Approved Species
	Labeled Use 
	Labeled Dosage
	Withdrawal Time

	Ampicillin 
	Ampicillin Trihydrate
	Prescription
	Cattle
	Respiratory tract infection.
	2-5 mg/lb IM daily for a maximum of 7 days
	Cattle: 6 days slaughter
Milk: 48 hours

	Aureomycin® 50 
	Chlortetracycline
	Over the Counter
	Beef
Non-lactating dairy cattle
Swine
Sheep
Poultry 
	Increased rate of weight gain and improved feed efficiency.
For reducing the incidence of (vibrionic) abortion caused by Campylobacter fetus infection susceptible to chlortetracycline.
	20-50 g/ton (growing lambs)
80 mg/head/day in feed (breeding)
	Sheep: 0 days slaughter

	Baytril®
	Fluoroquinolone Enrofloxacin
	Prescription
	Cattle
(not veal)
	Treatment of bovine respiratory disease (BRD) associated with Pasteurella haemolytica, P. multocida, and Haemophilus somnus. 
	Single dose therapy: 7.5 to 12.5 per kg; multi-day therapy 2.5 to 5.0 mg/kg SQ for 3 to 5 days
	Cattle: 28 days

	Biosol® Liquid
	Neomycin Sulfate
	Over the Counter
	Cattle
Swine
Sheep
Goats 
	Treatment and control of colibacillosis (bacterial enteritis) caused by E. coli susceptible to neomycin
	10 mg/day in divided doses for a maximum of 14 days
Administer undiluted or in drinking water
	Sheep: 2 days slaughter
Goats: 3 days slaughter

	Cefa-Dri®
Tomorrow® Intramammary Infusion
	Cephapirin Benzathine
	Over the Counter
	Dry cows
	Mastitis caused by susceptible strains of Streptococcus agalactiae and Staphylococcus aureus.
	10 ml tube/infected quarter
	Cattle: 42 days slaughter
Milk: 72 hours after calving

	Cefa-Lak® 
Today® Intramammary Infusion
	Cephapirin Sodium
	Over the Counter
	Lactating cattle
	Mastitis caused by susceptible strains of Streptococcus agalactiae and Staphylococcus aureus. 
	10 ml tube/infected quarter
	Cattle: 4 days slaughter
Milk: 96 hours

	Excenel® 
	Ceftiofur Hydrochloride
	Prescription
	Cattle (not veal)
Swine 
	foot rot, bovine respiratory disease, bovine acutre metritis, swine bacterial respiratory disease
	cattle: 1.1-2.2 mg/kg IM or SQ every 24 hrs for 3-5 consecutive days; swine: 3 to 5 mg/kg IM every 24 hours for 3 consecutive days
	Cattle: 2 days slaughter
Swine: 4 days slaughter

	Gentocin® (Garacin) Pig Pump Oral Solution
	Gentamicin Sulfate
	Over the Counter
	Neonate or suckling pigs
	In neonatal swine 1 to 3 days of age for control and treatment of colibacillosis caused by strains of E. coli sensitive to gentamicin
	one full pump/pig orally
(5 mg gentamicin/pig)
	Pigs: 14 days slaughter

	Liquamycin®
LA-200®
	Oxytetracycline
	Over the Counter
	Cattle
Swine 
	Pneumonia, shipping fever complex, foot rot, bacteria enteritis, wound infections, acute metritis, and pinkeye
	3-5 mg oxytetracycline/lb
IV, IM, SQ up to a max. of 4 days
9 mg/lb as a single dose (IM)
	Cattle: 28 days slaughter
Milk: 96 hours
Swine: 28 days slaughter

	Micotil® 300
	Tilmicosin Phosphate
	Prescription
	Beef
Sheep 
	For the treatment of ovine respiratory disease (ORD) associated with Mannheimia (P.) haemolytica.
	10 mg/kg SQ
Single injection
	Cattle: 28 days
Sheep: 28 days

	Naxcel® Sterile Powder
	Ceftiofur Sodium
	Prescription
	Cattle
Sheep
Swine
Horse 
Poultry 
	Sheep respiratory disease (pneumonia) associated with Pasteurella haemolytica and/or P. multocida
	1.1-2.2 mg/kg IM
repeat at 24 hr intervals for 3-5 days
	Sheep: 0 days slaughter
Milk: 0 days

	Neomycin Soluble Powder
	Neomycin Sulfate
	Over the Counter
	Cattle
Swine
Sheep
Goats
Turkey 
	Treatment and control of colibacillosis (bacterial enteritis) caused by Escherichia coli susceptible to neomycin sulfate in cattle
	10 mg/lb/day for 14 days
Add to drinking water or milk
	Sheep: 2 days slaughter
Goats: 3 days slaughter 

	Nolvasan® Cap-Tabs®
	Chlorhexidine Hydrochloride
	Over the Counter
	Cattle, cows
Horses, mares
	For prevention or treatment of metritis and vaginitis in cows when caused by pathogens sensitive to chlorhexidine dihydrochloride
	Place 1 or 2 tablets deep in each uterine horn; or infuse a solution of 1 tablet dissolved in an appropriate amount of clean boiled water
Repeat 48-72 hours
	n/a

	Nuflor® Injectable Solution
	Florfenicol
	Prescription
	Cattle
	Bovine respiratory disease and foot rot
	20 mg/kg IM
2nd dose - 48 hrs later
	Cattle: 28 days (IM injection)
Cattle: 38 days (SQ injection)

	Oxy-Tet™ 50
	oxytetracycline HCl
	Over the Counter
	Cattle
Swine 
	Pneumonia and shipping fever, severe foot rot, e.coli scours, wound infections, acute metritis.
	3-5 ml/100 lbs.
	Cattle: 18 days
Swine: 26 days

	Pen BP-48
Long-acting Penicillin
	Penicillin G Benzathine; Penicillin G Procaine
	Over the Counter
	Cattle
	Shipping fever, upper respiratory infections and blackleg
	2 ml/150 lbs. SQ
Repeat in 48 hrs. Limit treatment to two doses
	Cattle: 30 days slaughter

	Pro-Pen G
	Penicillin G Procaine
	Over the Counter
	Cattle
Horse
Sheep
Swine 
	Treatment of sheep for bacterial pneumonia (shipping fever) caused by Pasteurella multocida.
	1 ml/100 lb (3000 IU/lb)/lb IM daily for a maximum of 7 days
	Milk: 48 hours
Sheep: 9 days slaughter

	Spectam™ Scour-Halt
	Spectinomycin
	Over the Counter
	Swine
	Effective in the reducing scours caused by E-Coli
	50 mg/10 lbs. twice daily for 3-5 days
	Swine: 21 days

	Sulmet
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	Sulfamethazine
	Over the Counter
	Cattle
Horse 
	Treatment of bacterial pneumonia and shipping fever, bacterial scours, foot rot, calf diptheria, acute mastitis, acute metritis, and coccidiosis
	100 mg/lb first day
50 mg/lb following days
	Cattle: 10 days

	Terramycin®
	Oxytetracycline Hydrochloride
	Over the Counter
	Cattle
Swine
Sheep
Poultry
Fish 
	For increase rate of weight gain and improved feed efficiency
For treatment of bacterial enteritis caused by E. coli and bacterial pneumonia caused by P. multocida susceptible to oxytetracycline
	10-20 g/ton feed
10 mg/lb. weight for 7-10 days
	Sheep: 5 days slaughter (10 mg)

	Terramycin® Ophthalmic Ointment
	Oxytetracycline Hydrochloride; Polymyxin B Sulfate
	Over the Counter
	Cattle
Horse
Sheep 
	Ocular infections due to streptococci, rickettsiae, E. coli, and A. aerogenes (such as conjunctivitis, keratitis, pinkeye, corneal ulcer, and blepharitis) and ocular infections due to bacterial inflammatory conditions which may occur secondary to other diseases in sheep
	Administer topically to eye two to four times daily
	n/a

	Terramycin® Scour Tablets 
	Oxytetracycline Hydrochloride
	Over the Counter
	Cattle
	Bacterial enteritis caused by Salmonella typhimurium and E. coli (colibacillosis) and bacterial pneumonia (shipping fever complex, pasteurellosis) caused by P. multocida.
	250 mg/100 lbs. every 12 hrs.
	Cattle: 7 days slaughter

	Tylan® Injection 50 mg
	Tylosin
	Over the Counter
	Beef
Non-lactating dairy
Swine 
	Bovine respiratory complex, foot rot, and metritis
	8 mg/lb IM daily for a maximum of 5 days
	Cattle: 21 days slaughter
Swine: 28 days slaughter


Source:  FDA-CVM (2000)
iii. Resistant Bacteria

Antimicrobial resistance is the ability of certain bacteria, which are normally destroyed by a particular antimicrobial, to survive exposure to that antimicrobial (Anon, 1997). It is the property of bacteria that confers the capacity to inactivate or exclude antibiotics, or a mechanism that blocks the inhibitory or killing effects of antibiotics leading to survival despite exposures (USDA, 1999).

Resistance of bacteria to antibiotics occurs in 3 ways, which are: natural resistance, mutation resistance and transferable infective resistance.

Natural Resistant: When an antibiotic is administered to animal, it either kills or inhibits the growth of all susceptible bacteria it comes across in the animal including non-targeted organisms. The surviving organisms after such administration are bacteria more resistant to the antibiotics. They exhibit natural resistant to the administered antibiotics (Irving et al., 2003)

Mutation Resistance is the situation where bacteria become less susceptible to an antibiotic through mutation in its chromosomes, necessitating increase in the dose of antibiotics to have an effect on the organism.

Transferable Infective Resistance. When a sensitive bacterium acquires a piece of DNA known as plasmid and has become completely resistant to an antibacterial such development is known as Transferable infective resistance. Resistant bacteria transfer their resistance to other bacteria. Thus, bacteria may gain resistance to an antibiotic it has not been exposed to.  

Moreover, a bacterium may become resistant to other multiple antibiotics of similar structure or mechanism of action in a manner called cross-resistance (Irving et al 2003). A bacterium that is resistant to more than one class of antibiotics is generally referred to as having multiple drug resistance.

The emergence of resistant bacteria in antimicrobial usage in agriculture have been attributed to abuse of the usage of antimicrobials, lack of deeper understanding on the usage of antimicrobial in agriculture (Zhang, 2007), repeated exposure of the microorganisms to increasing concentration of antibiotics. Moreover, sub therapeutic level uses of antibiotics have been suspected to be a contributory factor (Davis, 2007). Inadequate control has also been identified as a factor in the continuous emergence of resistant bacteria (Spellberg et al., 2008).
Concerns have equally being raised over the devastating effect of Transposons in plasmid-mediated resistance. Transposons are a form of translocatable genetic element, which comprises large discrete segments of deoxyribonucleic acid capable of moving from one chromosome site to another in the same organism or in a different organism.

Plasmid – mediated resistance is of greater concern not only because most bacteria species carry plasmids but also because resistance mediated by plasmids frequently results in multi-drug resistance. Also plasmids are easily transferred among bacteria strains and species (Fraser et al., 2006)

iv. Transfer of Resistant Bacteria to Human    

Investigations have shown increasing resistance in several types of bacteria, which can be transmitted, from animals to human through the food supply. European Community (EC, 2001) observed that humans are exposed to antimicrobial agents not only through medicinal products but also through food and this exposure has created a link for the transfer of resistance bacteria from food producing animal to human.  

Various studies have confirmed this observation. In their study Holmberg et al., (1984) opined that transfer of antimicrobial resistant bacteria from animals to human beings under natural conditions is thought to be frequent but impossible to determine accurately. Zhao et al. (2008), in a study on the salmonella in retail meat supply of the US (2002 -2006) clearly indicate that Salmonella serovar Heidelberg is a common serovar in retail poultry meats and includes widespread clones of multidrug-resistant strains. It has been implicated in various food borne disease outbreak in the US and this clearly demonstrates the importance of animals as a source of antimicrobial resistant salmonella. Other outbreaks have equally clearly demonstrated the spread of resistant organisms from an animal reservoir to   humans.     

Getachew et al., (2009) reported that farm animals are a source of vancomycin – resistant enterroccocus (VRE). It has been variously reported that vancomycin, often the antibiotic of last resort in human being was not effective against enterococcus because van A gene has conferred a high level of resistance to it. The team advocated a further confirmatory study of the enterococci isolates that will compare the isolates from poultry to those of humans in order to validate the inference that chickens are indeed the source of VRE in humans in Malaysia. 

Therefore, it has been well established that resistant bacteria are transfered from food animals to human through the food chains. In Nigeria, published works have equally reflected that E.coli and Salmonella spp. isolated from livestock showed resistance to many antibiotics including oxytetracycline, streptomycin and sulpha (Anyanwu et al., 2010).
 2.3.5
Regulatory Controls on Antibiotics Usage

The need for control is informed by the persistent human health problems   associated with the use of antimicrobial agents in agriculture. For example problems leading to:

(i) occurrence of infections that would not have otherwise occurred.

(ii) increased frequency of treatment failures (and death in some cases) and

(iii) increased severity of infection coupled with strategic internal organs failure and food poisoning informed the need for regulatory controls on the use of antibiotics in agriculture.

2.3.5.1
Controls in the Production of Antibiotics

Most countries have well developed drug law from which rules and regulations governing control in the manufacture of antibiotic derive. These laws are vested and exercised most times by the Food and Drug Administration bodies of these countries Examples are the FDA in the US, which regulates the antibiotics, while states can regulate antibiotics prescription practices; in the New Zealand, the New Zealand Food Safety Authority regulates use of antibiotics; Health Canada controls use of antibiotics in animal in Canada. In Nigeria, the National Agency for Food and Drug Administration and Control (NAFDAC) basically controls the distribution, import, export, sales, distribution and use of drugs including antibiotics.

These Agencies and bodies use the means of policies, approvals, registration, inspection, rules and regulations, laboratory testing, renewals, surveillance etc. to execute their mandates.

However, Witte (1998) averred that policies regulating Veterinary use of antibiotics are poorly developed or absent. The European Community Commission in EC (2001) came up with strategies for prudent use of antibiotics in both human and animal, which include surveillance and monitoring, prevention, research and development and international cooperation. Emphasising the role of good policies in national veterinary control, Dipeolu and Alonge (2002) averred that inadequate monitoring of antibiotics supply may lead to injudicious use of streptomycin with grievous consequences. 

2.3.5.2  Controls on Veterinary Usage of Antibiotics in Food Producing Animal.

The regulatory bodies essentially use the instrument of approval, licensing or registration to control the usage of antibiotics in food producing animal. This would involve such steps as confirmation of the active ingredient in the declared ingredient list and to cross check the dosage. It also involve finding out if the active ingredient is on the Approved List or Banned List.

Basically all these derive from label on the product as declared by the manufacturer. The manufacturer is expected to have carried out research, tests and analysis to know the expiry date of the drug, the withdrawal period, the dosage, which must all conform with established periods and measures as stipulated by recognized international bodies. Where there are conflicts, manufacturer is expected to submit document to back his claims.

For an approved antimicrobial agent, the user is expected to comply fully with the instruction on the label or as directed by his Veterinary doctor (Anon, 1997). There have been self-regulations by the Association of Practitioners. Examples are American Veterinary Medical Association (AVMA) and various specialty groups and quality assurance programme have developed guidelines for veterinarians on the prudent use of antibiotics in livestock (Irving et al., 2003). Also, in Canada it is on record that producers recognise their responsibility through active cooperation between Canadian Livestock regulatory body and Poultry Producers who work together to reduce the need for antibiotics usage. This partnership also guarantees proper record maintenance by producers as part of their quality assurance programs in order to ensure proper use and timely withdrawal of antibiotics (CFIA, 2001)

2.3.5.3

Control of Antibiotics Residues in Meat and Animal Products.

A Veterinary drug residue as defined by Codex (2004) may in addition to the definition, also consist of unchanged antibiotics or various breakdown products that may or may not retain antibiotic potency. According to FAO (2006), a residue may consist of an antibiotic active group of substances that may cause either toxic or microbiological effects. Common examples of residues of Veterinary drug include oxytetracycline streptomycin and tetracycline in beef, 

Most of the residue limits set by the national regulatory bodies are derived from international bodies’ standards. For example Codex Maximum Residue Limits (MRLs), which are based on recommendation or on scientific advice received from Joint FAO/WHO Expert Committee on Food Additives (JECFA) (Codex, 2004) and European Regulations. Maximum residue limits is the maximum permitted level of residue in a food commodity. It represents the level of a potentially hazardous substance that is allowed in food.

However principles such as ALARA (as low as reasonably achievable) is applied in the application of MRL. The ALARA principle is predicted on food safety management system such as Good Agricultural Practice, Good Veterinary Practices, Good Manufacturing Practices

The monitoring of maximum residue limits of Veterinary drugs in food of animal origin is important because of the associated risk to the health of the consumers. These risks include hypersensitivity reaction. (Doyle, 2006).  

Prevention of chemical contamination of food is one of the cardinal aims of food hygiene (Alonge, 2001). Meat inspection, both Ante and Post Mortem is one of the tools of ensuring this cardinal goal. Herenda (1994) enunciated the components of a good meat inspection and these are Veterinary examination of the live animal or bird, an examination of the carcass and offal and laboratory tests which include pathological, microbiological and biochemical examination of body tissues and fluid. 

In the United States, regulation of residues of animal drugs in meats, animal feeds, milk, shellfish, retail foods (both domestic and imported) and eggs still in their shell, is the responsibility of Food and Drug Administration and Control. Food Safety   and Inspection Services (FSIS), part of the US Department of Agriculture inspects food animals and animal processing plants. It also establishes production standards for potential microbial and chemical contaminants. The Code of Federal Regulations (CFRs) dictates how the monitoring control and regulation of these human health and animal safety bodies is carried out in the US (Byrd and Cothern, 2000).

In the United Kingdom, the Food Act of 1984 and the Food Safety Act 1990 are the acts on safeguarding the food for human consumption. Regulations on food compositions, maximum levels of chemical and microbial contamination and maximum residues levels of veterinary drugs and agrochemicals in food, are derived from these enabling acts FRN (2005).
In Nigeria, regulating residues in food and food raw materials is one of the functions of National Agency for Food and Drug Administration and Control (NAFDAC), which derives its mandate from Decree 15 of 1993 as amended by Decree19 of 1999. This is part of her general function of ensuring safe and wholesome food. However the extent of implementation of the monitoring, enforcing and control on the field which ought to be enforced by officers at the Local Government and States level, is unknown.  

The foregoing food safety structures substantiate the submission of Alonge (2001), proclaiming uniformity in the intent of laws protecting public health by countries. He however noted that differences in diseases, epidemiology and husbandry practices affect the choice of drugs in use, the level or the pattern of use, the permitted maximum residue levels and other controls.

2.3.5.4

Control in International Trade of Meat

Apart from Codex, other relevant international bodies with interest in meat and poultry safety and hygiene; including animal feeding are FAO, WTO and OIE. Codex has established four committees on meat and animal hygiene with one of them already abolished. The committee/bodies are:

(i) Codex Committee on Meat with a term of references to elaborate worldwide standards and/or code of practice as appropriate for meat hygiene.

(ii) Codex Committee on Processed Meat and Poultry Products with a mandate to elaborate worldwide standards for processed meat products, including consumer-packaged meat and for processed poultry meat products. This committee has been abolished. 

(iii) Ad hoc intergovernmental task force on animal feeding set up with the aim of developing guidelines or standards on good animal feeding practice that will ensure the safety and quality of practices of food of animal origin.

(iv) Codex Committee on Residues of Veterinary Drugs in Food, which has the mandate for issues such as determination of residues priorities, their maximum levels, methods of sampling and analysis on Veterinary drug residues.

To date Standards, guidelines and code of practices on animal sourced food and related matters have been elaborated by Codex. All these are instruments used to safeguard consumer’s safety and ensure fair practices in international trade of animal and animal products (Codex, 2003).

2.3.6 Side Effects of Tetracycline Antibiotics

2.3.6.1  Human Case Studies 

(i)
Gastrointestinal disorder: In a WHO evaluation study [NTP, (1989), Sande et al., (1990)] carried out on chlortetracycline and tetracycline, their adverse effects on human after medical treatment, were reported. These include epigastric burning, abdominal discomfort, nausea and vomiting during oral administration. Also, intravenous administration has been reported to cause thrombophlebitis. These were confirmed in a 5 year review (2004-2008) carried out by Himanshu et al. (2010)

(ii) Bone & Teeth Discoloration: Also, bone and teeth discoloration have been reported with high levels of tetracycline drugs. This effect could also occur in children when pregnant women and lactating mothers were treated with tetracycline drugs [Chopra and Roberts (2001) and Doyle, (2006)].   
(iii)
Photo-toxicity: Sande et al., (1990) also reported photo-toxicity at unspecified dose levels, which manifests by mild to severe skin reactions when the skin is exposed to direct sunlight.

(iv)
Kidney and Liver Effects: Tetracycline drugs were also reported to have aggravated uremia in patients with impaired renal function. Pregnant women, for unknown reason appear to be more susceptible to the development of hepatic damage (Midtvedt, 2000).
(v)
Others: When tetracyclines are administered on young adults, they have complained of headache, nausea, vomiting and diplopia. 

2.3.6.2  Studies in Laboratory Animals 
Toxicity studies on hazardous substances are initially carried out on laboratory animals. The results are thereafter extrapolated to man using variability factors of 10,100,1000 to take care animal to man, man to man and geneticity factors respectively. 
(i)
Toxicity: Chlortetracycline and tetracycline administered orally in rats and mice were reported to have low acute toxicity LD50 ranging from 215 to > 500 mg/kg bw. Wonters et al. (1996) reported that in a 13-week toxicity range finding study with mice the only observed sign of toxicity was a decrease in body weight in the highest – dosed group. For similar study in rats, vacuolization of livers cells and bone marrow atrophy were observed at 1250 and 2500 mg/kg bw/day. However, no toxicity was observed in dogs orally administered tetracycline at dose levels of 250 mg/kg bw/day for 24 month/kg. Conversely, dogs administered chlortetracycline orally at a dose of 250-mg/kg bw/day for 98 days manifest increased incidences of mortality, fatty liver and bone marrow atrophy.

(ii) Carcinogenicity: In a study on chronic toxicity / carcinogenecity, Chlortetracycline was administered in the diet of rats at doses varying from 0.07 to 5200 mg/kg bw/day. Gastrointestinal irritation, decreased body weight gain and a decreased number of white cells were observed in males, microscope changes including infiltration of monocytes in the lungs of males and females, and fatty changes in the liver also in males (NTP, 1989).

2.3.7
Microbiological Side Effects of Tetracycline Antibiotics

2.3.7.1
Reported Development of Resistant Bacteria
There have been reported human illnesses caused by a tetracycline resistant bacteria, which is attributable to animal derived food commodity treated with tetracycline drugs. The tetracyclines are incompletely absorbed from human gastro intestinal tracts 30% chlortetracycline and 60-80% oxytetraycline and tetracycline are absorbed from an empty stomach. Due to this incomplete absorption, high concentration of tetracyclines is readily attained in the intestine, which perturbs intestinal microbial by inducing resistant strains of the microorganisms.

It may equally alter the metabolic activity and the colonization resistance of the flora. These invariably lead to overgrowth of pathogenic opportunistic resistant microorganisms. The emergence of these resistant opportunistic microorganism like yeasts and the Enterococci proteus and Pseudomonas, overgrow and super infection can occur. Antibiotic-induced diarrhorea and pseudomembranous colitis due to cytotoxic toxins produced by the overgrowth of Clostridium difficile are the most important in humans WHO (2001). 
There have been reported emergences of resistant E. coli strains in human after therapeutic doses of tetracycline. Equally Salmonella typhimurium strain DT 104 which is resistant to tetracycline amongst other antimicrobials, has been identified in many places including UK, Europe and US. The strain Salmonella typhimurium Definitive Type 104 (DT 104) is a multi resistant pathogen which carries chromosomally integrated resistance to ampicillin, chloramphenicol, streptomycin, sulphonamides and tetracycline (Walker et al., 2002). A UK report suggests that infections caused by DT 104 may be associated with greater morbidity and mortality than other infections by salmonella. DT 104 is currently epidemic in human and animal population in Great Britain (FDA-CVM, 2000).

A study in Nigeria on the trend of antibiotic resistance in Escherichia coli in a student population over a period of 13 years, showed an increasing resistance in E. coli to tetracycline among other antimicrobials. The isolates resistance to tetracycline increased from 34.9% to 100% (Okeke, et al., 2000)

2.3.7.2
Consequences of Resistant Bacteria
The consequences of the emergence of resistant bacteria due to antimicrobial tetracycline used in food animals include infections that would not have otherwise 

occurred increased frequency of treatment failures and in some cases death and increase severity of infections. These consequences of antimicrobial resistance are particularly severe when pathogens are resistant to antimicrobial critically important in human (WHO, 2001).

2.3.8. Characterization of Tetracycline 

2.3.8.1
Discovery of Tetracyclines

The members of tetracycline group include chlortetracycline, oxytetracycline, tetracycline demethylchlortetracycline, rolitetracycline, limecycline, clomocycline, methacycline, doxyclclline, monocycline and tertiary butylglycylamidonocycline (Table 2.8). 

The first generation of tetracycline, were discovered in 1948 are chlortetracycline and oxytetracyline produced from Streptomyces aureofacius and S. rimosus respectively. According to Chopra and Roberts (2001), others were identified as naturally occurring molecules for example tetracycline from S. aureofacsiuos as products of semisynthetic activities for example methacyclline, doxyclyclline and minocycline.

2.3.8.2
Molecular Structure
Nelson (2002) commented on the molecular structure, functionality and pharmacophore pattern spatial arrangements of tetracyclines. He submitted that these possibly afford tetracylines the capability of binding to different macro molecules. These also enable it to interact with many biological targets resulting in high affinity and pharmacological consequences for the ultimate different macromolecules. Chlortetracycline was the first tetracycline to be fully characterized both chemically and clinically. It has broad spectrum of activity better tolerated and less toxic to some individuals than Penicillin that was earlier discovered. From about eleven tetracycline that are available for medical use, only three of them chlortetracycline, oxytetracycline and tetracycline are widely used.

Table 2.8: Historical Details of Tetracycline Group

	Chemical Name 
	Generic Name
	Trade Name
	Year of Discovery
	Status
	Therapeutic

	7-Chlortetracycline
	Chlortetracycline
	Aureomycin
	1948
	Marketed
	Oral

	5-Hydroxytetracycline
	Oxytetracycline
	Terramycin
	1948
	Marketed
	Oral and Parenteral

	Tetracycline
	Tetracycline
	Achromycin
	1953
	Marketed
	Oral

	6-Demethyl-7-Chlortetracycline
	Demethylchlor

Tetracycline
	Demethylchlor

Tetracycline
	1957
	Marketed
	Oral

	2-N-Pyrrolidinomethyl

Tetracycline
	Rolitetracycline
	Reverin
	1958
	Marketed
	Oral

	2-N-Lysinomethyltetracycline
	Limecycline
	Tetralysal
	1961
	Marketed
	Oral and Parenteral

	N-Methylol-7-Chlortetracycline
	Limecycline
	Megachlor
	1963
	Marketed
	Oral 

	6-Methylene-5-Hydroxytetracycline
	Methacycline
	Rondomycin
	1964
	Marketed
	Oral

	6-Deoxy-5-Hydrortetracycline
	Deoxycycline
	Vibramycin
	1967
	Marketed
	Oral and Parenteral

	7-Dimethylamino-6-demethyl-deoxytetracycline
	Minocycline
	Minocin
	1973
	Marketed
	Oral and Parenteral

	9-(butylglycylamido) minocycline
	Tertiary-butylglycylamidominocycline
	Tigicycline
	1993
	Phase-2 Clinical Trial
	


Source: Chopra and Roberts (2001)
Tetracyclines have a simple molecular structure despite their vast biological activities (Figure 2). The minimal requirements that the tetracyclines should have for its antibiotic and mammalian activities correspond aptly with its basic structural requirements for classification as tetracycline. According to Nelson (2002), the basic structure of tetracycline molecules primarily consist of four ringed amphoteric compounds; that is a main nucleus which is made up of a tetracyclic naphthacene carboxamide ring system called the DCBA rings, which differ by specific chemical substitution at different point of the rings. 

The simplest pharmacopore amongst the tetracyclines according to Chopra and Roberts (2001) is a 6 deoxy-6-demethyltetracycline (Figure 3). Furthermore the important features for antibacterial activity of the tetracycline group include the maintenance of this linear fused tetracycle naturally occurring stereochemical configuration at A- B ring junction and 4 dimethyl positions, conservation of the keto – etol system, aminogroup conservation of the keto enol system (positions 11, 12 and 12a) in proximity to the phenolic D ring.

2.3.8.3
Properties of Tetracyclines
i. Chelating Effect

Tetracyclines are strong chelating agents. The antimicrobial and pharmacokinetics properties of tetracyclines are influenced by chelation of metal ions. The metal ions commonly chelating with tetracycline include Ca2+, Mg2+ Cu2+ Mg2+ Mn2+ Zn2+ Co2+ and Fe2+. The ability of tetracyclines to bind the di-cations such as Ca 2+ has been reported to probably be responsible for their inhibitory effect on bone growth and their ability to discolour teeth. According to Parker (1998) the order of reactivity of the metal ions with tetracyclines is in order of decreasing affinity, which is as follows: Ca3+ > Al3+ = Cu2+ > Co2+ = Fe2+ > Zn2+ > Mn2+ >Mg 2+ > Ca2+.


Figure 2: Basic Structure of Tetracycline Antibiotics and List of Functional Groups (Nelson, 2002)
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ii. Effect of Temperature on Tetracyclines

According to Dipeolu (2001), oxytetracycline, which is the most widely used amongst the tetracyclines, has exceptional shape by having a conventional as well as long – acting formulation. It is produced by a fermentation process involving the actinomycete - streptomyces rimosus. Its crystals show no loss in potency on heating for 4 days at 100oC The amphoteric base form salts with acids and bases. 

The hydrochloride salt is the most common form in parenteral and waters soluble animal drug. It is a yellow crystalline compound that is odorless and slightly bitter in taste. It is very soluble in water (1g/m/maximum solubility) and organic solvents, (33 mg/m/ in 95% ethanol. In pure state hydrochloride crystal show less than 5% inactivation after 4-month storage at 56oC (FAO, 1990). It has stable potency retention capabilities at more than 90% potency.

iii. Mode of Action  

Chlortetracycline, the first tetracycline to be discovered is produced from streptomycin aureofaciens. tetracycline is produced semi-synthetically by the hydrogenolysis of chlortetracycline.
The tetracyclines are bacteriostatic agents; they interfere with protein synthesis of rapidly growing and reproducing bacterial cell. They inhibit bacterial cellular metabolism by blocking attachment of amino acyl – transfer ribonucleic acid ribosomes which interferes with protein synthesis (Domercq and Matute, 2004). .  

iv. Route of Administration

The route of administration of tetracycline is both orally and parenterally (Itema, et al., 2001). They are readily absorbed parenterally. They are readily absorbed from the gastro intestinal tract and are therefore administered orally. Tetracyclines are readily absorbed following administration the presence of metals such as calcium and magnesium ions, which help in chelating the tetracyclines and invariably in transporting them through the blood plasma. Once chelated, they can act as ionophores (Nelson, 2002). 
v. Pharmacokinetics

They are well distributed in the tissues after absorption. They diffuse throughout the body and are found in highest concentration in the kidney, liver, spleen and lung. Some of the drugs are concentrated by the liver, excreted in   and reabsorbed from the intestines so a small amount persist in the blood as a result of enterohapatic reabsorptions. They are mainly excreted through routes such as the urinary system, the biliary system and the intestines (Dipeolu, 2001). 

vi. Tolerance

Tetracyclines are relatively non-toxic, excessive doses of oxytetracycline have however been reported to cause nephrotoxicosis in feedlot calves. In human they have been reported to cause gastrointestinal disorder, thrombophlebtis, Bone and Teeth discolouration, photo toxicity, Liver Effects and other disease (Abdollahi, et al. 2008).
The microbiological effect of antibacterial resistance is well documented. Tolerance levels for the tetracyclines have been established for various uses and are as listed in the following Tables 2.9 -2.12  

Table 2.9: Active Forms of Oxytetracycline with Concentration, Species Use, Maximum 

                 Use Levels And Withdrawal Times.

	Active form concentration of Oxytetracycline
	Indication for use species
	Maximum use levels
	U.S. Reg. Withdrawal time before slaughter

	FEED PREMIXES:

Quaternary salt, (22g/kg)
	Chickens
	500g/metric ton of feed
	24hours 

	Quaternary salt  (110g/kg)
	Turkeys
	220/metric ton
	3 days 

	Quaternary salt (220g/kg)
	Swine
	220/metric ton
	5 days 

	
	Calves
	11mg/kg b.w. daily
	5 day

	
	Beef cattle
	110mg/kg
	5days 

	
	Diary cattle
	110mg/head daily
	None

	INJECTABLES: 

Amphoteric Base 200mg/ml 
	Beef/Non Lactating

Dairy cattle & swine
	20mg / kg B.W> daily
	28 days

	Hydrochloride salt, 100mg/ml 
	Beef/Non Lactating

Dairy cattle
	55mg/kg
	19days 

	Hydrochloride salt, 50mg/ml 
	Chickens
	55mg/kg
	5 days 

	
	Turkeys
	55mg/kg
	5 days 

	
	Swine
	11mg/kg
	5 days

	SOLUBLE POWDERS:

Hydrochloride salt, 55mg/g
	Laying hens, chickens / Turkey- Breeders
	26.5mg/l
	5 days

	Hydrochloride salt, 55mg/g
	Turkeys
	106mg/l
	5 days 

	
	Cattle
	22mg/kg B.w. daily
	5 days 

	
	Dairy cattle
	22mg/kg
	5 days 

	
	Swine
	22mg/l
	5 days 

	
	Sheep
	53mg/l
	None

	TABLETS: 

Hydrochloride salt, 250mg/tab.
	Calves- beef/dairy cattle
	22mg/kg b.w. daily
	7 days 


 Source: WHO (2008a)
Table2.10:Conditions of Use of Oxytetracycline Yielding the Highest Residues In Food  Animals.

	Dosage Forms/Products
	Species
	Disease Claims
	Maximum Dosage.

	FEED PREMIXES:
	Chickens 
	Air sacculitis 
	500g/metricton in feed for 5 days 

	
	Turkeys 
	Hexamitiasis, inf. Sinusitis inf. Synovitis.
	220g/metricton in feed for 7-14 days 

	
	Calves /Beef cattle 
	Bacterial diarrhea 
	11mg/kg b.w. daily for 7 days

	
	Diary cattle 
	Bacterial diarrhea 
	550g/metricton in feed 7-14 days 

	
	Swine 
	Leptosporosis 
	550g/metricon in feed for 7-14 dys

	
	Sheep 
	Bacterials diarrhea 
	110/metricton in feed continuously.

	INJECTABLES: 


	Cattle 
	Pneumonia/shipping fever complex etc. 
	20mg/kg for one dosage. 11mg/kg daily for 4 days

	
	Swine 
	Bacterial enteritis, pneumonia, 
	20mg/kg for one dosage. 11mg/kg daily for 4 days 

	
	Chickens /turkeys
	Air sacculitis, CRD fowl cholera inf., sinusitis 
	55mg/kg daily for 4 days 

	
	Beef/Non lactating dairy cattle. 
	Pneumonia/ shipping fever complex etc.
	11mg/kg daily for 4 days.

	SOLUBLE POWDERS:
	Chickens
	CRD fowl cholera 
	212mg/L for 7-14 days 

	
	Turkeys 
	Hexamitiasis, inf. Synovitis.
	106mg/L for 7-14 days 

	
	Cattle 
	Bacterial enteritis pneumonia 
	22mg/kg b.w. daily for 5days

	
	Swine 
	Bacterial enteritis, pneumonia, laptospirous 
	22mg/kg b.w. daily for 5 days 

	
	Sheep
	Bacterial enteritis, pneumonia 
	22mg/kg (Divided dose daily for 4 days)

	TABLETS: 


	Beef/Dairy Cattle 
	Bacterial enteritis, pneumonia 
	22mg/kg (Divided dose daily for 4 days.


Source: FAO (2009)
Table 2.11: 
Summary ADIs and MRLs of some Selected Veterinary Drug Residues Adopted by Codex Alimentarius Commission in 2009
	Substance



	ADI
(pg/kg .bw)

	MRL( pg/kg)
	Tissue

	Species

	Benzyl penicillin

	30pg/person/day

	50
	Muscles Liver Kidney
	All Species

	
	
	4
	Milk
	

	Chlorteracycline,

Oxytetracycline            

Tetracycline

	0-3(group ADI)

	100
	Muscle
	Cattles, Pigs Sheep Poultry

	
	
	300
	Liver

	Cattle

	
	
	200
	Eggs
	Poultry

	
	
	600
	Kidney

	Pigs, Sheep, Poultry

	
	
	100
	Milk 
	Cattles sheep

	Oxytetracycline
	       -
	100
	Muscle

	Fish, Giant Prawn

	Dihydrostreptomycin and Streptomycin
	0 – 30 (group ADI)
	500 TE

	Liver Muscle Fat
	Cattle, Pigs Chickens

	
	
	1000
	Kidney

	Sheep

	
	
	200TE
pg/L
	Milk

	Cattle

	Gentamicin 
	0-4

	100 TE
 200 TE 

	Muscle, Fat            Liver
	Cattle, Pigs

	
	
	!000 TE

	Kidney
	

	
	
	100
pg/L TE
	Milk
	Cattle

	Ivermectin


	0-1
	100
	Liver
	

	
	
	40
	Fat
	Cattle

	
	
	15
	Liver
	Other species

	
	
	20
	Fat
	

	Levamisole
	0-6
	10
	Kidney Muscle, Fat

	Cattle, Pigs Sheep, Poultry

	
	
	100

	Liver
	

	Neomycin

	0 – 60

	500 

10,000
	Muscle Liver Fat 

Kidney
	Cattle, Pigs Chickens, Ducks, goat Sheep, Turkeys

	
	
	500

	Egg
	Chickens


Source: CAC (2009)

Foot notes: T.E. as used in the table indicates that the maximum residue limit is temporary

Table 2.12: Recommended MRL and ADI for Oxytetracycline, Chlortetracycline and 

      Tetracycline:

	Species

	Muscle (pg/kg)
	Liver (pg/kg)
	Kidney (pg/kg)
	Eggs (pg/kg)
	Milk (pg/kg)

	Cattle

	100

	300
	600
	
	100

	Pigs
	100
	300
	600
	
	

	Sheep
	100
	300
	600
	
	100

	Poultry
	100
	300
	600
	200
	

	Fish

	1002
	
	
	
	

	Giant Prawn
	1002
	
	
	
	


Source: CAC (2009).

CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1.  
Materials And Equipment

3.1.1. Materials

(a).
Glasswares


Test tubes


Funnels



Volumetric Flask (250 ml, 1L)



Beakers (Various sizes)



Measuring Cylinders (50mls)



Vials (1.5ml)



Sampling Bottles (20mls)



Flat Bottom Flasks (1L)

(b) Other Materials

Sample Polythene Bags

Cooler Box

Ice Block

Knives

Masking Tape

Spatula

Hand gloves

3.1.2. Equipment
(a).
Major Equipment


Automated Shimadzu 2010 GC (MS) with its Workstation

(b).
Minor Equipment


Blender


Shaker


Centrifuge


pH Meter


Ultrasonic Water bath


Analytical Weighing Balance

Micro syringe


Uninterrupted Power Supply (UPS) System


Deep Freezer


(c).
Other Equipment


Desktop Computer with Add In Programmes

· Microsoft Excel Programme

· MacAnova 5.05 Software

· JMB SPS 2011 Software

· @RISK 4.5 Software

Calculator

3.2. 
Chemical and Reagents


10% Trichloroacetic acid


1 N NaOH


Prepackaged Amberlite XAD-2 Resin


Prepackaged Activated Carbon Columns


Distilled water


Methanol


Trimethysilylating Reagents: 

· Pyridine

· N, O –bis (tri-methylsilylimidazole (TMSI)

· Trimethlchlorosilane (TMCS)

· Trimethylsilylimidazole (TMSI)



Oxytetracycline Standard



Tetracycline Standard

3.3.
Methods 

3.3.1. Sample Area  

The study was carried out in meat markets located at major abattoirs of three cosmopolitan cities of Nigeria namely Agege in Lagos State, Enugu in Enugu State and Tundu Wada in Kaduna State. Lagos State is located in the southern part of the country and has a total land area of 3345 sq km. It is bounded in the south by the Atlantic Ocean, in the West by the Republic of Benin and to its North and East; it is encapsulated by Ogun State. It is the commercial capita of Nigeria and home to a large population of Nigerians 9,013,534 in 2006 (NPC, 2007) due to its economic status. The state lies between Longitudes 20 13  and 40 15  E and Latitudes 60 3  and 60 6  N.

Enugu was the administrative capital of the Colonial Government and the former Eastern Region. It is still the political center of the Eastern political power block and thus still attracts people in droves. It is lies within Longitude 07O.33/ E and Latitude 060.28/N and is bounded in the North by Kogi and Benue States; in the East by Ebonyi State and in the South and West by Abia and Anambra States respectively. The state has a population of 3257298 in 2006.
Kaduna was the capital of the then Northern Region of Nigeria. It is the political and the administrative center of the Northern Nigeria. Seven (7) states and the Federal Capital Territory surround it with Zamfara, Katsina and Kano States bounding Kaduna in the North; to the East it is bounded by Bauchi and Plateau States; to the South it is bounded by Nasarawa State and the FCT and lastly to the West it is bounded by Niger State. The city draws a large population of people because of its cosmopolitan nature. The state has a population of 6,066,562 in 2006. It lies at Longitude of 7054/ E and Latitude of  10050/N.

3.3.2. Sample Collection 

Approximately 50g sample each of liver, kidney and muscle were collected from Carcasses of randomly selected slaughtered cattle in Central Government Abattoir, New Oko Oba in Agege of Lagos, Central Motor Park Abattoir of Enugu and Tundun Wada Abattoir of Kaduna. Each of the collected samples were put in an self sealing sample polythene bags and were properly labeled with the aid of masking tape and of hard fasting ink pen. 

The wrapped samples were carefully arranged in Coolers, packed with Ice Block and transferred to the Laboratory in Lagos through air flights from Kaduna and Enugu. They were stored under freezing temperature of  – 200C on hold for analysis.

3.3.3 Sample Preparation, Analysis and Instrumentation 
(Mineo et al 1992)
i. Sample Preparation Extraction and Derivitisation

Weighed 25g of Sample

Diced, shreded and blended to homogeneous mass

Weighed 4g of homogenised sample

Extracted with 20ml of 10% Trichloroacetic acid.

Centrifuged for 10 mins at 3000 rpm

Filterated with filter paper

Adjusted filtrate pH with addition of 1N NaOH

Cleaned up the filtrate with Amberlite XAD-2 Resin and 

Activated Carbon columns

Washed with 20ml of Distilled Water

Eluted with 50 ml of 0.01N HCl – Methanol

Concentrated to approximately 5ml by heating in water bath

Evaporated to dryness by at below 400C

Derivatised with 0.5 ml of Trimethylsilylating (TMS) Reagents

[TMS Reagent: Pyridine: BSA: TMSI: TMSC (2:1:1:1)]

Heat @ 750C for 1hr

Injected 2mls of trimethylsilated solution into vials

Separated and Identified by Gas Chromatography driven with Nitrogen gas

Confirmation and Quantification by Mass Spectrophotometry

ii.
Determination of Control 
Before the GC-MS analyses of the samples, a three level standard calibrations were prepared and injected into the GC-MS machine.

The 3 levels were then calibrated using tetracycline Standard at 10ppm, 20ppm and 30ppm and the outcome saved on the memory of the workstation.
iii..
Control GC-MS Assay

After calibration the samples were then injected accordingly. With the already calibrated standard curve the values of the samples were determined by the Workstation
3.4 Exposure Assessment Methods

3.4.1. Determination of Dietary Exposure using Single Point Data (WHO, 1997)

Dietary Exposure =  Residues in Food x Consumption 



Body Weight 
Residues in Food (w/w) = Veterinary Drug / Pesticide/ Phytotoxin/Additives in 

       Food

Consumption (w) = The quantity of the food containing the residues normally 

consumed by a normal adult in a day.

Body Weight (w / body weight) = The Weight of an Average Nigerian Young Adult is 60kg (Sanusi, 2003)

3.4.2. Process Path way Modeling for Beef Processing

Three distinct sets of players were identified in the process pathway-depicting, farm to fork food chain. These are in the scenarios of beef production (the producers), beef consumption (the consumers) and public health management (the public health bodies). With each of the players there are other interplays, which could be further, explore to determine their contribution to the wholesomeness of beef and other food supply to the consumers. This include: within the consumer profile we could have the roles of distributors, processors, marketers, wholesalers, etc explored; With the producers one could explore the interplay of producer of parent stock, feed producers, the state of the natural environment, Veterinary health care providers, etc; For the consumers, such factors and issues like eating habits (outdoor and in house eating), locally sourced or imported meat, the different classes of consumers, children, adult, pregnant lactating women, elderly etc could be explored. However, for this particular study exposure assessment was carried out on the broad phase as depicted on the pathway in Fig. 4

The modeling of the process pathway is the foundation for the assessment of risk in food (Nwaniki, 2004). It was employed to develop risk scenario tree, which was thereafter used in calculating the probabilistic distribution using the @risk software on the windows Excel Platform. The following risk pathway scenario tree in Fig. 5 was developed for the study.
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Fig 5: Risk Pathway for Residue Antibiotics in Beef Processing

3.5 
Statistical Analysis

3.5.1. Analyses of Laboratory Tests Results

3.5.1.1 Occurrence of Antibiotic Residues and Distribution of Positive Samples.

This was determined by using simple percentages of positive to zero output and calculating the positive samples in relation to location and organs

3.5.1.2 Statistical Analyses Methods

Multivariate analysis of variance was carried out using MacAnova 5.5 (2005 Version) and JMP Softwares (2010 Version). Statistical software programmes were used on the Microsoft Excel Programme to give a simple overview of the experimental data and to determine the appropriate subsequent statistical test to apply to the data.

3.5.1.3 Measures of Location

The following statistical methods were used to obtain a descriptive statistical figure to summarise the population of the study. They include:

i. Arithmetic Mean

a.
μ
=
Σ Xi 

b.
x    =
           Σ Xi 

                                    N                                                            n

Where 
μ is the population mean



X  is the sample mean



Xi are the observations in the sample or population




X1 is the 1st observation, X2  is the 2nd observation, and so on



N is the number of population size



n is the number of sample size

ii. Median  

The Median of n observations is found by arranging them in ascending order. If n is odd, the ½(n + 1)th value is the median.

If n is even then the median is the average of the two middle values, i.e. 

1/2nth and the (1/2n + 1)th. 

3.5.1.4 Measures of Dispersion

The following tests to determine the extents of dispersion of the descriptive analysis of median and mean were carried out the tests include:

i.
Range: Range
=
Largest Observation – Smallest Observation

ii.
Variance

                     Variance
 (σ2)
=                       ΣXi2 - (Σ Xi)2
                                                                                           

                                                                                                   

iii.
Standard Deviation




σ
=
√σ2
iv. Standard Error of the Mean

σ x    
=
σ/ √n

  v.
Inter – Quartile Range (IQR)

IQR is the interval between the 25% and the 75% of a set of data arranged in ascending order. It is measures the spread between the 2nd and 3rd percentile.

IQR
=
Q3
-
Q2 

3.5.2. Estimating Probability of Risk Using Monte Carlo Simulation

3.5.2.1. Develop the equation for each of the nodes of the risk pathway:

The equation for each of the nodes on the risk pathway in Figure 3.2 is reflected in Figure 3.3 under the column titled Definition. The risk pathway is reflected again in the first column of Figure 3.3. 

3.5.2.2. Sourcing and Collation of Data for Each of the Nodes on the Risk Pathway:

Sets of data for each of the identified nodes were gathered and collated from credible sources including this research in the form of Minimum, which is the least value of collated data, the Most Likely, which is the medium value, and Maximum value, which is the highest value of obtained data. Where there are data gaps, further research studies could be commissioned / undertaken. The numbers and or the nature of data collated will determine which of the @risk equation will be used for that particular node in the risk assessment.

3.5.2.3. Monte Carlo Simulation Using @ Risk 4.5 to Determine Risk Quantitatively:

For each of the node where data collated is complete, the @risk distribution of RISKPERT is used. (Appendix VI)
CHAPTER FOUR 

4.0. RESULTS

4.2 : Occurrence of Residues of Oxytetracycline and Tetracycline in slaughtered cattle

4.1.1: Percentage Occurrence of Residues of Oxytetracycline and Tetracycline in liver, kidney and muscle of slaughtered cattle

The percentage occurrence of the residues of oxytetracycline and tetracycline in the liver, kidney and muscle of slaughtered cattle from three abattoirs in Nigeria is presented in Table 4.1. Both oxytetracycline and tetracycline residues were detected at varying levels in all the meat samples collected per location. Comparatively however, the percentage occurrence of oxytetracycline residues (70-96%) in the meat samples; when all liver, kidney and muscles were bulked was higher than percentage occurrence of tetracycline (14– 62%). Also, the percentage occurrence of the residues of oxytetracycline only in all samples combined was highest in samples from Enugu (91.3%) followed by Agege Lagos (87.3 %) and lowest in Tundu Wada, Kaduna (84.7%). However, the percentage level of occurrence of the residues of tetracycline; although comparatively lower than that of oxytetracycline was highest in Agege, Lagos (46%) followed by Tundu-Wada Kaduna (37.3%) and lowest in Enugu 32.7% (Table 4.1).

4.1.2: Aggregate Occurrence of Residues of Oxytetracycline and Tetracycline in liver, kidney and muscle of slaughtered cattle
The summative occurrence of the residues of both oxytetracycline and tetracycline in the all samples (liver, kidney and muscle of cattle) varied with locations studied (Table 4.2). The aggregate detection of the residues of the antibiotics was highest in Agege, Lagos (66.7%) 

Table 4.1: Percentage Occurrence of Oxytetracycline and Tetracycline Residues in selected organ/tissues of slaughtered cattle from three Abattoirs
	Parameters
	Occurrence of Residues in organ/tissues (%)

	
	GAAL
	GMAE
	TWAK

	
	OTC
	TTC
	OTC
	TTC
	OTC
	TTC

	Kidney 
	96.0
	62.0
	96.0
	38.0
	96.0
	58.0

	Liver 
	96.0
	50.0
	92.0
	46.0
	76.0
	30.0

	Muscle
	 70.0
	26.0
	86.0
	14.0
	82.0
	24.0

	Mean /location
	87.3
	46.0
	91.3
	32.7
	84.7
	37.3


N=150/ location

	Legend:
	
	

	OTC:
	Oxytetracycline

	TTC
	Tetracycline

	GAAL:
	Government Abattoirs Agege Lagos

	GMAE
	Government Motor-Park Abattoir Enugu

	TWAK
	Tundu Wada Abattoir Kaduna


Table 4.2: Aggregate Occurrence of Oxytetracycline and Tetracycline Residues per location
	After GC-MS Test                     Aggregate Occurrence of Oxytetracycline  and Tetracycline  Residues in meat samples (n=150/location)

	
	GAAL
	%
	GMAE 
	%
	TWAK
	%
	Aggregate
	%

	Tested Positive
	200
	66.7
	186
	62
	183
	61
	569
	63.22

	Tested Negative
	100
	33.3
	114
	38
	117
	39
	331
	36.78

	Total
	300
	
	300
	
	300
	
	900
	100


Number of tests conducted / sample =2

GAAL: Government Abattoir Agege, Lagos

GMAE: Government Motor-Park Abattoir Enugu

TWAK: Tundu Wada Abattoir Kaduna
followed by Enugu (62%) and Tundu Wada, Kaduna (61%) and these gave an overall aggregate percentage occurrence of 63.2%. The highest percentage ratio of co-occurrence of oxytetracycline and tetracycline in the liver (58%), kidney (62%) and muscle (26%) was found in Lagos whereas the percentage co-occurrence of the two antibiotics in Kaduna was comparatively higher in Kidney (58%) and muscle (24%) than in Enugu (Table 4.3). The percentage aggregate ratio of co-occurrence of the two antibiotics in the organ/tissues in relation to the locations is in the order of 48.7% (Lagos): 37.3 % (Tundu Wada Kaduna): 32.7% (Enugu). 

The aggregate occurrence of each of the two antibiotics in all the meat  (i.e. liver, kidney and muscle) samples studied also varied with location (Table 4.3) .  Whereas, the aggregate occurrence was highest in Lagos (66.7%) followed by Enugu (62.2%) and Kaduna (61%) (Table 4.3); the overall aggregate occurrence of 63.3% of the total meat from the liver, kidney and muscle combined per four years was much higher than earlier records of 2008 by ca. 43.3% and 2004 by ca. 137.6% (Fig 4.1).

	
	Liver
	%
	Kidney
	%
	Muscles
	%
	Ratio of co- occurrence by Location
	%

	GAAL
	29/50
	58
	31/50
	62
	13/50
	26
	73/150
	48.7

	GMAE
	23/50
	46
	19/50
	38
	7/50
	14
	49/150
	32.7

	TWAK
	15/50
	30
	29/50
	58
	12/50
	24
	56/150
	37.3

	Ratio  of  co-occurrence by Tissue
	67/150
	44.7
	79/150
	52.7
	32/150
	21.3
	
	


Table 4.3: Ratio of co-occurrence of Oxytetracycline and Tetracycline in the Meat Tissues and       Location

GAAL: Government Abattoir Agege Lagos

GMAE: Government Motor-Park Abattoir Enugu

TWAK: Tundu Wada Abattoir Kaduna
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Fig 4.1: Trends in the Occurrence of Antibiotic Residues (2000 – 2011)

Sources:

A= Dipeolu, 2001

B= Abah, 2004

C= Ibrahim et al., 2010

4.2: Comparison of total concentrations of oxytetracycline and tetracycline residues in slaughtered cattle from the three abattoirs in Nigeria 

The mean total concentrations of oxytetracycline and tetracycline residues in slaughtered cattle from the three abattoirs in Nigeria are presented in Table 4.4. Comparatively, the mean total concentrations of oxytetracycline residues (37.2 – 80.2 μg/kg) were higher at all locations than the concentration of residues of tetracycline (11.2 - 50.7µg/kg). The concentration of the residues of oxytetracycline in the studied organ/tissues was significantly (p < 0.05) higher in Agege, Lagos (80.2 μg/kg) than in Tundu Wada, Kaduna (56.69 μg/kg) and Enugu (37.2 μg/kg). Similarly, the residues of tetracycline in the slaughtered cattle organs/ tissues (liver, kidney and muscle) studied was significantly (p < 0.05) higher in Agege, Lagos (40.72 μg/kg) than residue concentrations in Tundu Wada, Kaduna and Enugu (Table 4.4). The total oxytetracycline and tetracycline residues of the samples of each organ (Fig. 4.2) as well as each organ combined (Fig. 4.3) were below the Codex Maximum Residue limits.

4.2.1: Comparison of concentrations of oxytetracycline and tetracycline residues in the organs/Tissues of slaughtered cattle from the three abattoirs 

The mean total concentrations of oxytetracycline and tetracycline residues from each of liver, kidney and muscle of slaughtered cattle are presented in table 4.5. The mean total concentration of oxytetracycline residues of liver samples from all the location was 64.89 μg/kg; in the kidney, it was 79.2 μg/kg while the least concentration of 30.03 μg/kg of oxytetracycline residues was recorded in the muscle tissues. 

Similarly, the mean total concentration of tetracycline residues in samples of the liver, kidney and muscle combined from all the locations studied was significantly higher in the kidney (39.5 μg/kg) followed by the liver (17.02 μg/kg) and least in the muscle (6.9 μg/kg) (Table 4.5).

Table 4.4: Mean concentration of residues of Oxytetracycline and Tetracycline in slaughtered cattle from three abattoirs in Nigeria

	Location
	Mean Concentration (μg/kg)

	
	Oxytetracycline 
	Tetracycline

	Agege, Lagos
	80.21± 6.88a
	40.72 ± 14.08a

	Enugu
	37.22 ± 7.07b
	13.07 ± 11.19b

	Tundu-Wada, Kaduna
	56.69 ± 7.27c
	9.62 ± 15.64c


Means followed by the same letter in the same column are not significantly different (p > 0.05), Tukey HSD
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Fig. 4.3: Comparison of Concentration of Oxytetracycline and Tetracycline in Tissue 

Samples with the Reference Values
Table 4.5: Mean concentration of oxytetracycline and tetracycline residues in each of liver, kidney and muscle of slaughtered cattle

	Location
	Mean Concentration (μg/kg)

	
	Oxytetracycline 
	Tetracycline

	Kidney
	79.20 ± 6.89a
	39.52 ± 12.66a

	Liver
	64.89 ± 7.13a
	17.02± 14.12b

	Muscle
	30.03 ± 7.18b
	6.87 ± 20.07c


Means followed by the same letter in the same column are not significantly different (p > 0.05), Tukey HSD

4.2.2: Comparison of mean concentration of oxytetracycline and tetracycline per selected cattle organ/ tissue
The mean concentration of oxytetracycline and tetracycline residues in each of liver, kidney and muscle in relation to location of abattoirs where the meat samples of the slaughtered cattle were taken is presented in table 4.6. The mean concentration of residues of oxytetracycline in each of the selected organs/ tissues studied varied significantly (p < 0.05) with location. In the liver, the concentration of oxytetracycline residues from the samples from Agege, Lagos, (109.1μg/kg) was significantly (p < 0.05) higher than the concentrations of oxytetracycline residues from Enugu (46.2 μg/kg) and Tundu Wada, Kaduna (39.4 μg/kg). Also in the kidney, the concentration of oxytetracycline residues in the samples from Agege Lagos (91.6 μg/kg) and that from Tundu Wada, Kaduna (96.9 μg/kg) were significantly higher than values from Enugu (49.1 μg/kg). The concentration of oxytetracycline residues found in the muscles was not significantly different across the locations (Table 4.6).  

Similarly, the mean concentration of tetracycline residues from the kidney from samples obtained from Agege, Lagos (89.08 μg/kg) was significantly (p < 0.05) higher than the tetracycline residue concentrations from Tundu Wada, Kaduna (22.7 μg/kg) and Enugu (6.81 μg/kg) (Table 4.7).  Although comparatively lower than the oxytetracycline residue in the kidney from Agege Lagos, the concentration of tetracycline residues in the liver was higher but not significantly (p>0.05) different from the liver samples from Enugu and Tundu Wada, Kaduna (Table 4.7). The residues of oxytetracycline in the muscle (5.5 – 7.6 μg/kg) were generally very low compared to other organs of the cattle from all the locations. 

Table 4.6:  Mean concentration of oxytetracycline residues in each of liver, kidney and muscle in relation to location of abattoirs

	Cattle Organ/Tissue
	Mean Concentration of Oxytetracycline (μg/kg)

	
	Agege Lagos
	Enugu
	Tundu Wada Kaduna

	Kidney
	91.59 ±11.77a
	49.11 ± 12.29b
	96.90 ± 11.77a

	Liver
	109.09 ± 11.77a
	46.21 ± 12.02b
	39. 39 ± 13.22b

	Muscle
	39.96 ± 12.15a
	16.36 ± 12.43a
	33.77 ± 12.73a


Means followed by the same letter in the same row are not significantly different (p > 0.05), Tukey HSD

Table 4.7:  Mean concentration of tetracycline residues in each of liver, kidney and muscle in relation to location of abattoirs 

	Cattle Organ/Tissue
	Mean Concentration of Oxytetracycline (μg/kg)

	
	Agege Lagos
	Enugu
	Tundu Wada Kaduna

	Kidney
	89.08 ± 19.64a
	6.81 ± 25c
	22.66 ± 20.67b

	Liver
	25.51 ±21.87a
	16.53 ± 22.8a
	9.04  ± 28.24a

	Muscle
	7.57 ±30.33a
	5.54 ±41.34a
	7.51 ± 31.57a


Means followed by the same letter in the same row are not significantly different (p > 0.05), Tukey HSD

4.3: Assessment of exposure to residues of oxytetracycline and tetracycline through Dietary Intake meat of cattle slaughtered in three abattoirs in Nigeria 

The human dietary exposure to varying concentrations of residues of oxytetracycline and tetracycline through consumption of liver, kidney and muscles of slaughtered cattle in the three abattoirs is presented in Tables 4.8 - 4.10. 

4.3.1:  Exposure to residues of Oxytetracycline through Dietary Intake of meat of cattle slaughtered in three abattoirs in Nigeria 

The calculated estimate of dietary intake of oxytetracycline residues in the Liver, kidney and muscles of slaughtered cattle in three abattoirs in Nigeria is presented in table 4.8.  The liver sample from Agege, Lagos (0.052 μg/kg/day) presents the highest exposure to oxytetracycline followed by the kidney (0.043 μg/kg/day) while the muscle samples from Enugu presented the least exposure of 0.008 μg/kg/day. Furthermore, exposure to residues of oxytetracycline was lowest in the muscle tissues. All the daily intake estimates for liver, kidney and the muscles were lower than the average daily intake of 0-3 μg/kg/day for oxytetracycline given by WHO (Table 4.8)

Similarly, the calculated estimate of dietary intake of tetracycline residues in the Liver, kidney and muscles of slaughtered cattle in three abattoirs in Nigeria is presented in table 4.9. The kidney sample from Agege, Lagos (0.042 μg/kg/day) gave the highest exposure estimate to tetracycline followed by the liver (0.012 μg/kg/day) while the muscle and kidney samples from Enugu presented the least exposure of 0.003 μg/kg/day. Exposure to residues of tetracycline was also generally low in the muscle tissues. All the daily intake estimates for liver, kidney and the muscles were lower than the average daily intake of 0-3 μg/kg/day for oxytetracycline by WHO (Table 4.9). Comparatively, the aggregate exposure to residues of oxytetracycline in Lagos (0.012 μg/kg/day), Enugu (0.018 μg/kg/day) and Kaduna (0.027 μg/kg/day) was 0.088 μg/kg/day whereas the aggregate exposure to residues of tetracycline in Lagos (0.019 μg/kg/day), Enugu (0.005 μg/kg/day) and Kaduna (0.006 μg/kg/day) was 0.0134 μg/kg/day (Table 4.10).

Table 4.8: Estimates of Dietary Intake of Oxytetracycline Residues in the Tissues per location.

	Organ/Tissues
	Calculated Dietary Intake of Oxytetracycline from Beef (µg/kg/day)
	WHO Recommended ADI* for Oxytetracycline

	
	GAAL
	GMAE
	TWAK
	

	Liver
	0.052
	0.022
	0.046
	0-3

	Kidney
	0.043
	0.023
	0.019
	0-3

	Muscle
	0.019
	0.003
	0.016
	0-3


ADI = Acceptable Daily Intake

	Legend:
	
	

	GAAL:
	Government Abattoirs Agege Lagos

	GMAE
	Government Motor-Park Abattoir Enugu

	TWAK
	Tundu Wada Abattoir Kaduna


Table 4.9: Estimate of Dietary Intake of Tetracycline Residues in the Tissues per location

	Tissues
	Calculated Dietary Intake of Tetracycline from Beef (µg/kg/day)
	WHO Recommended

ADI*  for Tetracycline

	
	GAAL
	GMAE
	TWAK
	

	Liver
	0.012
	0.008
	0.004
	0-3

	Kidney
	0.042
	0.003
	0.011
	0-3

	Muscle
	0.004
	0.003
	0.004
	0-3


ADI = Acceptable Daily Intake

GAAL: Government Abattoir Agege Lagos

GMAE: Government Motor-Park Abattoir Enugu

TWAK: Tundu Wada Abattoir Kaduna

Table 4:10: Calculated Dietary Exposure to Oxytetracycline and Tetracycline Combined 
        at the three Locations

	Location
	Dietary Intake of  Beef (µg/kg/day)

	
	Oxytetracycline
	Tetracycline
	Total

	Agege, Lagos
	0.114
	0.058
	0.172

	Enugu
	0.048
	0.014
	0.062

	Tundu-Wada, Kaduna
	0.081
	0.019
	0.33

	Total
	0.243
	0.091
	0.564


CHAPTER FIVE
5.0.
DISCUSSION

Antibiotics are invaluable as supplements in animal ration for over thirty years and the benefits derivable; such as rapid growth rate have been well reported under research and field situations (Jones, et al., 1977; Witte, 2007; Thiex and Larson 2009). These benefits vary and the exact modes of action of the antibiotics applied this way are not fully understood (Witte, 2007). Yet, three main modes of action of antibiotics have been the metabolic effects; nutrient sparing and the disease control effects; although the last has been considered the most important (Witte, 2007). Critics of prolonged antibiotic supplementation of animal feed have pointed to numerous dangers to human health from residues and the development of resistant strain microorganisms.

5.1: Oxytetracycline and tetracycline in livestock health management

Oxytetracycline and tetracycline are very important antibiotic drugs commonly used for the treatment of human and livestock diseases (Hayes, 1969; Hasselberger, 1993). The use of these drugs, either singly or in combination with other drugs extends to therapeutic, prophylactic and metaphylactic purposes (Hasselberger, 1993; Witte, 2007). Despite, the success of the group for effectiveness as broad spectrum antibiotic agent against several gram-positive and gram-negative bacteria (Huber, 1971a; b), the use of these antibiotics have been contraindicated for some side effects such as bone discolorations and defects (Guinee, 1971; Chopra and Roberts, 2001; Doyle, 2006). Aside, the two drugs; oxytetracycline and tetracycline have been subject of abuse over the years by man for diverse purposes ranging from treatment of wrong human ailments to wrong application for treatment of livestock diseases (Thiex and Larson 2009).  Also, the continuous use of these drugs especially without appropriate prescription by qualified personnel for veterinary purposes has increased the risk of resistance development to these drugs (Witte, 2007; Thiex and Larson 2009). Veterinarians have expressed concerned about loss of effectiveness of certain antibiotics (Amuda-Giwa, 1998) but animal producers and drug manufacturers have asserted that the beneficial effects have been maintained and that if any, the beneficial effects by far outweighs the side effects (Witte, 2007). It is known that there is a wide spread abuse and misuse of tetracycline by cattle rearers and quacks and this has raised concerns about  the concentration of tetracycline residues in the tissues of cattle offered for sale in the Nigeria Market (Amuda-Giwa, 1998).
5.2: Occurrence of Oxytetracycline and tetracycline residues in meat of slaughtered cattle in selected abattoirs

Oxytetracycline and tetracycline are common examples of veterinary drugs used in livestock health management system. Like some other antibiotics such as streptomycin, there had been fears of the potential of these drugs to leave behind residues in beef and had stimulated research in this direction. Earlier studies using microbiological assay have reported a 14.81% incidence rate of oxytetracycline residue level in beef in the southwest Nigeria (Dipeolu and Alonge, 2001). Similarly, Abah (2004) had shown a 26.67% incidence level and 75% incidence of a violative level of oxytetracycline residues in beef samples from a major abattoir in the southwest Nigeria. In this study, it has been found that the occurrence of residues of both oxytetracycline and tetracycline in the different parts of beef sold in the market in selected cities in Nigeria has risen to 63.2%. This shows a comparatively high occurrence of oxytetracycline and tetracycline residues in beef offered for sale in Nigeria. Although there appears to be a global trend in high percentage occurrence of tetracycline residues such as 45.6% occurrence in Kenya in 2001 (Muriuki et al., 2001); 50% occurrence in Iran in 2006 (Tajick and Shohreh, 2006) and also 74% occurrence in 2007 (Abasi et al., 2009) and 50.6% occurrence in Czech Republic in 2009 (Navratilova, et al., 2001); nonetheless, this is a very unhealthy development for food safety. Indeed, it is here asserted that there had been a steady increase in the occurrence of residues of oxytetracycline and tetracycline in beef in Nigeria from a comparatively low level of 14.8% occurrence reported by Dipeolu (2001) to 26.7% in 2004 (Abah, 2004) to 40.0% in 2008 (Dipeolu et al., 2009). The implication of this trend (Fig. 4.1) of increase as a result of continuous use of antibiotics for livestock health care management could be biomagnification in non-target human population. Biomagnification has been described as the increase in the concentration and net accumulation of a chemical as it passes up through two or more trophic levels (Norwell et al., 1999). The term implies an efficient transfer of a chemical from food to the consumer such as in the beef slaughtered for human consumption. 

It is well known that continuous exposure to dietary intake of some antibiotics can lead to disturbance in the gut micro flora and resistance development. There have been reported human illnesses caused by a tetracycline resistant bacteria, which is attributable to animal derived food commodity treated with tetracycline drugs (Swartz, 2002). The tetracycline perturbs intestinal microbial by inducing resistant strains of the microorganisms. Tetracycline residues alter the metabolic activity and the colonization resistance of the flora. These invariably lead to overgrowth of pathogenic opportunistic resistant microorganisms. The emergence of these resistant opportunistic microorganism like yeasts and the Enterococci proteus and Pseudomonas, overgrow and super infection can occur. Antibiotic-induced diarrhorea and pseudomembranous colitis due to cytotoxic toxins produced by the overgrowth of Clostridium difficile are the most important in humans (WHO (2001). 

5.3: Comparisons of levels of concentrations of oxytetracycline and tetracycline in meat of slaughtered cattle 

It has been shown is this study that oxytetracycline occurs in comparatively higher concentration than tetracycline in beef in Nigeria. The concentrations of oxytetracycline residues at all locations studied were consistently much higher than the concentration of tetracycline residues.  Reason for variation in the concentrations of the residues could be due to availability and widespread use of oxytetracycline over tetracycline. According to Dipeolu (2001), oxytetracycline is the most widely used amongst the tetracycline drugs with exceptional shape; having a conventional as well as long – acting formulation. It is also known that oxytetracycline crystals remains potent even after heating for 4 days at 100oC forming an amphoteric base salts with acids and bases. This finding agreed with Abasi et al (2009) who reported significantly higher concentration of oxytetracycline residues in the kidney compared to tetracycline; although the tetracycline residues in the liver was higher than oxytetracycline. 

It was also found in this study that specific locations in Nigeria favoured the occurrence of both oxytetracycline and tetracycline. Typically, the concentration of the residues of oxytetracycline in the liver, kidney and muscle combined was significantly higher in Agege, Lagos than in Tundu Wada, Kaduna and Enugu. Similarly, the residue of tetracycline in the slaughtered cattle organs/ tissues studied was significantly higher in Agege, Lagos than concentration of the residues in Tundu Wada, Kaduna and Enugu (Table 4.4). This suggests that beef consumers in Lagos are at greater risk of oxytetracycline and tetracycline accumulation in their body systems than in Enugu and Kaduna states.  Reason for the high concentration values of the drug in Agege Lagos could be due to the commercial nature of the city where the bulk of cattle for sale ends up. Lagos is the commercial nerve centre of Nigeria where all merchandise including majority of the cattle which come from the northern part of the country are slaughtered (Cadmus et al., 2009). It is known that this abattoir located Agege, Lagos alone slaughters more than one thousand cattle per day (Ibironke et al., 2010) alongside others abattoirs that slaughter same number of cattle. 

5.4: Exposure to residues of Oxytetracycline and tetracycline through dietary intake of meat of cattle slaughtered in three abattoirs in Nigeria 

It has been found in this study that the estimated daily dietary intake values of oxytetracycline and tetracycline residues in the Liver, kidney and muscles of slaughtered cattle in the three abattoirs studied in Nigeria were generally below the Maximum Residue Limit (MRL) of 3µg/kg/day (WHO-FAO, 2011). It is noteworthy that the Maximum Residue Limit of daily intake of oxytetracycline and tetracycline was set to protect the health of the consumers (WHO-FAO, 2011).  The comparatively low daily intake value of the two drugs tested in this study suggests that the meat offered for sale from the abattoirs in Nigeria is relatively safe for human consumption. Although the current daily dietary intake are considered relatively safe, it important to note that many countries especially in Europe and America have set more stringent MRL target limits. 

This study has also shown the retention of residues of these antibiotics in some body organs of cattle than others. Specifically in this study, the liver presents the highest exposure risk to oxytetracycline followed by the kidney and the muscle. Most countries are set to determine the safety or otherwise of antibiotic residues in animal tissues. In the absence of such levels in Nigeria, the residue concentrations recorded in the studies were compared with Codex Maximum Residue Level (MRL) as reported by Crosby (1991) and World Health Organization’s recommendations (WHO, 1995). Yet, all the daily intake estimates for the liver, kidney and the muscles were lower than the recommended average daily intake of 0-3 μg/kg/day for oxytetracycline (WHO-FAO, 2011); suggesting that any form of dietary exposure to these antibiotic drug in food is within the safe limit. In addition to the comparatively low level of residues in the body organs of cattle; it is well reported that the average beef consumption in Nigeria is generally very low (FAO, 2002). It is known that the per capital supplies for beef in Nigeria is 6.3g/day whereas per capital supplies for beef in Argentina is 170g/day and the USA is 118g/day (FAO, 2002). In the developed countries, availability of meat is higher than in the developing countries. The average per capita consumption of meat in the developing countries was put at 6kg/year. This value is much smaller compared to the developed countries with average of 22 kg/ year. The countries of Africa South of Sahara are further less at an average of 4.6kg/year (FAO, 2002).

CHAPTER SIX

6.0.
SUMMARY, CONCLUSION AND RECOMMENDATIONS 
6.1 
Summary

Quantitative risk assessment of exposure to residues of oxytetracycline and tetracycline in beef offered for sales in three central abattoirs in Nigeria was the focus of the study. Risk Assessment as a food safety management tool in assuring public health was explored in details. Its usefulness and required compliance as demanded in international trade in agriculture products were highlighted. The study brought to the fore, key risk assessment issues in an agricultural product, which is assessment of residues of Veterinary drugs in slaughtered cattle. Extant works on the use of oxytetracycline and tetracycline in beef production and attendant hazards were discussed.

This study reported on the study carried out on 450 samples of meat tissues covering liver, kidney and muscle randomly collected from three abattoirs, one each from Lagos, Enugu and Kaduna in Nigeria. 

The recorded values for oxytetracycline ranged from 0.04µg/kg to 786.76µg/kg and for tetracycline 0.004µg/kg to 1248.4µg/kg with a mean value of 59.736 and 28.359 respectively (Appendix IV. B.1 i and 2 i).  

The mean values of the residues obtained were used in calculating the dietary intake of oxytetracycline and tetracycline in beef as well as in estimating quantitatively, the risk of exposure to undetected high residue levels of oxytetracycline and tetracycline in beef in Nigeria. 

6.2
Conclusion

From this research, the probable dietary intake of oxytetracycline and tetracycline through beef consumption is 0.0284 µg/kg b.w. and 0.0134 µg/kg b.w. The results obtained using the @Risk probabilistic programme, further depict that the probability of undetected violative levels of tetracycline residues is 0.0232 and the certainty of occurrence of at least one incidence is 1. The probabilistic model used assumed that all Nigeria residents consumed beef irrespective of age, dietary preferences, economic status, etc. Also it assumed that all the beef produced were utilized for dietary purposes only. 

6.3
 Recommendations

i. The observed widespread usage through high incidence rate is a call for greater surveillance by the inspectorate and monitoring bodies to eliminate or keep under control, unethical practices such as abuse and misuse of the drugs and non observation of withdrawal periods.

ii. Since this study is based on inspected and slaughtered cattle in government abattoirs, subsequent studies should capture the illegal slaughtered houses and intensive livestock farms.

iii. This study has used food raw material based method; for the determination of exposure assessment. It is recommended that a nationwide determination of Veterinary drug residues in food; based on food as consumed, should be carried out.

iv. The necessity of conducting a Total Diet Study to determine the exposure of consumers to contaminants in their diet is imperative and therefore recommended. Total Diet Study always helps a nation’s regulatory bodies in setting the appropriate level of protection (ALOP) for its populace. Since this would be all encompassing, it will readily accommodate recommendation iii.

v. The high incidences and wide usage of antibiotics should be closely monitored by government by deployment of Para Veterinarians to the field and abattoirs to regularly conduct on-the-spot screening tests of cattle. This is because accumulated low doses by untargeted populace may result in the development of resistance to antibiotics treatment.

vi. The application of biotechnology in developing strains of cattle that are resistant to microbial infections and other disease causing agents is evolving. This looks promising with the expected high yield and low mortality rate for the cattle. Nigerian Scientists should monitor and participate in this development.
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APPENDIX I

Table 1: Data from Government Abattoir Agege Lagos (GAAL)

	A. Concentration of Oxytetracycline Residues in Liver from (GAAL)

	S/No
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	81.801
	11
	107.522
	21
	57.116
	31
	89.959
	41
	81.258

	2
	30.186
	12
	ND
	22
	48.349
	32
	44.525
	42
	575.502

	3
	78.354
	13
	15.584
	23
	52.885
	33
	179.51
	43
	63.081

	4
	39.059
	14
	41.541
	24
	22.899
	34
	114.938
	44
	ND

	5
	66.804
	15
	72.57
	25
	202.401
	35
	157.739
	45
	24.036

	6
	28.588
	16
	28.55
	26
	82.659
	36
	786.804
	46
	26.894

	7
	18.251
	17
	14.732
	27
	80.822
	37
	474.371
	47
	60.513

	8
	14.501
	18
	56.422
	28
	22.14
	38
	82.607
	48
	275.465

	9
	33.58
	19
	15.112
	29
	114.433
	39
	139.85
	49
	154.986

	10
	37.99
	20
	26.256
	30
	108.76
	40
	215.626
	50
	88.994


	B. Concentration of Tetracycline Residues in Liver from GAAL

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	ND
	11
	78.696
	21
	ND
	31
	5.139
	41
	ND

	2
	ND
	12
	ND
	22
	14.61
	32
	14.755
	42
	ND

	3
	ND
	13
	ND
	23
	1.016
	33
	1.214
	43
	0.731

	4
	3.358
	14
	4.339
	24
	ND
	34
	19.237
	44
	ND

	5
	9.004
	15
	8.702
	25
	ND
	35
	18.955
	45
	ND

	6
	26.58
	16
	236.515
	26
	2.96
	36
	50.062
	46
	ND

	7
	7.753
	17
	8.552
	27
	ND
	37
	7.358
	47
	ND

	8
	ND
	18
	ND
	28
	ND
	38
	ND
	48
	44.477

	9
	ND
	19
	ND
	29
	9.072
	39
	17.1
	49
	ND

	10
	5.195
	20
	ND
	30
	ND
	40
	42.287
	50
	ND


	C. Concentration of Oxytetracycline Residues in Kidney from GAAL

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	90.943
	11
	89.382
	21
	92.928
	31
	45.336
	41
	181.693

	2
	40.192
	12
	113.367
	22
	80.224
	32
	31.728
	42
	327.909

	3
	38.322
	13
	124.38
	23
	80.224
	33
	51.405
	43
	33.312

	4
	74.287
	14
	106.767
	24
	68.466
	34
	53.858
	44
	13.045

	5
	49.626
	15
	137.507
	25
	90.795
	35
	30.709
	45
	27.387

	6
	107.657
	16
	98.424
	26
	65.986
	36
	27.646
	46
	27.743

	7
	401.733
	17
	108.789
	27
	77.129
	37
	27.86
	47
	16.16

	8
	502.35
	18
	82.281
	28
	81.81
	38
	26.084
	48
	109.786

	9
	ND
	19
	98.817
	29
	ND
	39
	50.085
	49
	57.565

	10
	143.609
	20
	82.131
	30
	55.597
	40
	50.708
	50
	22.789


	D. Concentration of Tetracycline Residues in Kidney from GAAL

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	100.491
	11
	33.252
	21
	19.084
	31
	0.074
	41
	5.851

	2
	26.3
	12
	42.136
	22
	5.927
	32
	ND
	42
	ND

	3
	69.311
	13
	30.523
	23
	ND
	33
	ND
	43
	ND

	4
	76.523
	14
	24.588
	24
	ND
	34
	7.263
	44
	5.529

	5
	69.41
	15
	21.005
	25
	1.599
	35
	ND
	45
	8.747

	6
	99.537
	16
	13.063
	26
	ND
	36
	ND
	46
	4.969

	7
	682.178
	17
	37.217
	27
	ND
	37
	18.039
	47
	ND

	8
	1248.374
	18
	3.333
	28
	ND
	38
	ND
	48
	ND

	9
	ND
	19
	31.96
	29
	ND
	39
	ND
	49
	0.461

	10
	67.695
	20
	ND
	30
	5.404
	40
	1.667
	50
	ND


	E. Concentration of Oxytetracycline Residues in Muscle from GAAL

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	30.072
	11
	25.73
	21
	40.96
	31
	24.264
	41
	174.068

	2
	38.008
	12
	33.883
	22
	40.188
	32
	21.838
	42
	164.365

	3
	31.068
	13
	33.081
	23
	31.21
	33
	23.504
	43
	20.359

	4
	140.422
	14
	27.842
	24
	43.013
	34
	19.858
	44
	8.96

	5
	97.511
	15
	30.003
	25
	44.178
	35
	ND
	45
	17.495

	6
	ND
	16
	37.586
	26
	28.089
	36
	21.794
	46
	14.381

	7
	ND
	17
	37.525
	27
	44.912
	37
	8.59
	47
	13.132

	8
	ND
	18
	41.27
	28
	45.617
	38
	22.064
	48
	51.836

	9
	8.02
	19
	46.807
	29
	ND
	39
	35.15
	49
	46.354

	10
	15.179
	20
	37.473
	30
	16.845
	40
	39.626
	50
	24.207


	F Concentration of Tetracycline Residues in Muscle from GAAL

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	ND
	11
	0.224
	21
	ND
	31
	ND
	41
	ND

	2
	ND
	12
	5.888
	22
	ND
	32
	ND
	42
	ND

	3
	ND
	13
	20.722
	23
	ND
	33
	ND
	43
	ND

	4
	13.351
	14
	1.187
	24
	ND
	34
	ND
	44
	ND

	5
	10.577
	15
	1.103
	25
	0.833
	35
	ND
	45
	ND

	6
	ND
	16
	12.219
	26
	ND
	36
	ND
	46
	ND

	7
	ND
	17
	9.86
	27
	ND
	37
	11.585
	47
	ND

	8
	ND
	18
	ND
	28
	ND
	38
	ND
	48
	ND

	9
	9.271
	19
	ND
	29
	ND
	39
	ND
	49
	ND

	10
	1.554
	20
	ND
	30
	ND
	40
	ND
	50
	ND


APPENDIX II

Table 1: Data from Government Motor-Park Abattoir Enugu (GMAE)

	A. Concentration of Oxytetracycline Residues in Liver from Govt Motor-Park Abattoir  Enugu (GMAE)

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	15.825
	11
	6.857
	21
	114.433
	31
	91.207
	41
	58.606

	2
	37.817
	12
	16.236
	22
	60.241
	32
	108.707
	42
	30.922

	3
	71.643
	13
	26.162
	23
	33.619
	33
	48.111
	43
	2.679

	4
	ND
	14
	21.146
	24
	22.888
	34
	182.45
	44
	0.36

	5
	9.033
	15
	23.103
	25
	20.641
	35
	27.498
	45
	10.738

	6
	10.615
	16
	10.146
	26
	24.015
	36
	ND
	46
	38.219

	7
	17.213
	17
	85.889
	27
	82.129
	37
	6.721
	47
	47.036

	8
	9.379
	18
	48.68
	28
	171.482
	38
	ND
	48
	28.057

	9
	6.263
	19
	47.408
	29
	203.979
	39
	13.236
	49
	33.463

	10
	23.553
	20
	ND
	30
	38.586
	40
	111.357
	50
	27.281

	
	
	
	
	
	
	
	
	
	


	B. Concentration of Tetracycline Residues in Liver from GMAE

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	ND
	11
	ND
	21
	0.855
	31
	ND
	41
	ND

	2
	2.223
	12
	ND
	22
	ND
	32
	4.772
	42
	ND

	3
	55.469
	13
	ND
	23
	2.377
	33
	ND
	43
	ND

	4
	ND
	14
	16.455
	24
	6.941
	34
	ND
	44
	ND

	5
	ND
	15
	1.26
	25
	ND
	35
	ND
	45
	ND

	6
	4.788
	16
	ND
	26
	ND
	36
	ND
	46
	12.579

	7
	1.06
	17
	ND
	27
	5.4
	37
	ND
	47
	10.129

	8
	191.951
	18
	4.482
	28
	7.489
	38
	ND
	48
	3.611

	9
	1.08
	19
	0.685
	29
	31.183
	39
	ND
	49
	4.093

	10
	ND
	20
	ND
	30
	ND
	40
	2.472
	50
	8.762


	C. Concentration of Oxytetracycline Residues in Kidney from GMAE

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	42.43
	11
	35.625
	21
	35.968
	31
	17.714
	41
	80.715

	2
	36.794
	12
	45.862
	22
	32.693
	32
	29.119
	42
	33.565

	3
	41.17
	13
	66.995
	23
	27.334
	33
	28.257
	43
	61.491

	4
	39.039
	14
	39.005
	24
	31.056
	34
	ND
	44
	28.588

	5
	64.492
	15
	50.462
	25
	28.101
	35
	ND
	45
	20.432

	6
	48.345
	16
	51.56
	26
	29.405
	36
	ND
	46
	14.501

	7
	53.803
	17
	ND
	27
	48.848
	37
	ND
	47
	33.58

	8
	50.937
	18
	29.959
	28
	76.101
	38
	29.504
	48
	43.038

	9
	45.875
	19
	27.802
	29
	327.909
	39
	81.801
	49
	110.669

	10
	41.378
	20
	32.238
	30
	36.532
	40
	30.186
	50
	ND


	D. Concentration of Tetracycline Residues in Kidney from GMAE

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	3.643
	11
	ND
	21
	ND
	31
	0.945
	41
	2.724

	2
	3.696
	12
	ND
	22
	6.286
	32
	ND
	42
	2.171

	3
	2.415
	13
	1.137
	23
	ND
	33
	2.128
	43
	11.633

	4
	2.044
	14
	ND
	24
	ND
	34
	ND
	44
	3.392

	5
	3.295
	15
	ND
	25
	19.126
	35
	ND
	45
	1.041

	6
	ND
	16
	ND
	26
	1.588
	36
	ND
	46
	ND

	7
	ND
	17
	ND
	27
	ND
	37
	ND
	47
	ND

	8
	ND
	18
	ND
	28
	2.285
	38
	ND
	48
	ND

	9
	ND
	19
	2.16
	29
	ND
	39
	ND
	49
	57.659

	10
	ND
	20
	ND
	30
	ND
	40
	ND
	50
	ND


	E. Concentration of Oxytetracycline Residues in Muscle from GMAE

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	ND
	11
	9.594
	21
	ND
	31
	15.246
	41
	25.027

	2
	8.873
	12
	14.039
	22
	9.271
	32
	39.626
	42
	2.786

	3
	ND
	13
	ND
	23
	7.922
	33
	92.503
	43
	34.667

	4
	0.041
	14
	0.952
	24
	9.86
	34
	135.607
	44
	1.1015

	5
	10.459
	15
	ND
	25
	12.235
	35
	12.534
	45
	39.878

	6
	0.509
	16
	2.484
	26
	ND
	36
	1.995
	46
	9.37

	7
	0.467
	17
	19.135
	27
	1.089
	37
	5.841
	47
	30.429

	8
	0.341
	18
	9.804
	28
	9.671
	38
	10.095
	48
	13.675

	9
	6.546
	19
	22.605
	29
	1.494
	39
	ND
	49
	0.091

	10
	18.165
	20
	1.889
	30
	10.472
	40
	39.392
	50
	5.851


	F. Concentration of Tetracycline Residues in Muscle from GMAE

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	ND
	11
	ND
	21
	ND
	31
	ND
	41
	ND

	2
	1.554
	12
	ND
	22
	ND
	32
	ND
	42
	ND

	3
	ND
	13
	ND
	23
	ND
	33
	7.416
	43
	ND

	4
	ND
	14
	ND
	24
	ND
	34
	ND
	44
	ND

	5
	3.3
	15
	ND
	25
	ND
	35
	ND
	45
	ND

	6
	6.172
	16
	ND
	26
	ND
	36
	ND
	46
	ND

	7
	ND
	17
	0.626
	27
	ND
	37
	ND
	47
	ND

	8
	ND
	18
	ND
	28
	ND
	38
	ND
	48
	ND

	9
	1.723
	19
	ND
	29
	17.998
	39
	ND
	49
	ND

	10
	ND
	20
	ND
	30
	ND
	40
	ND
	50
	ND


APPENDIX III

Table 1: Data from Tundu Wada Abattoir Kaduna (TWAK)

	A. Concentration of Oxytetracycline Residues in Liver from TWAK

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	24.221
	11
	23.164
	21
	26.562
	31
	ND
	41
	164.4

	2
	27.437
	12
	25.913
	22
	30.219
	32
	27.66
	42
	164.365

	3
	25.618
	13
	29.489
	23
	20.438
	33
	21.498
	43
	ND

	4
	100.038
	14
	24.142
	24
	30.536
	34
	25.176
	44
	ND

	5
	82.351
	15
	13.959
	25
	44.178
	35
	17.582
	45
	ND

	6
	ND
	16
	32.005
	26
	34.046
	36
	17.303
	46
	ND

	7
	ND
	17
	44.549
	27
	32.099
	37
	14.696
	47
	ND

	8
	ND
	18
	30.567
	28
	40.965
	38
	14.658
	48
	18.375

	9
	ND
	19
	31.715
	29
	ND
	39
	31.478
	49
	17.624

	10
	22.772
	20
	25.178
	30
	ND
	40
	54.748
	50
	85.04


	B. Concentration of Tetracycline Residues in Liver from TWAK

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	ND
	11
	0.105
	21
	ND
	31
	ND
	41
	0.004

	2
	ND
	12
	34.865
	22
	ND
	32
	ND
	42
	ND

	3
	ND
	13
	7.609
	23
	ND
	33
	ND
	43
	ND

	4
	12.694
	14
	10.757
	24
	ND
	34
	7.075
	44
	ND

	5
	10.945
	15
	9.609
	25
	1.294
	35
	ND
	45
	ND

	6
	ND
	16
	13.023
	26
	ND
	36
	ND
	46
	ND

	7
	ND
	17
	11.191
	27
	ND
	37
	13.82
	47
	ND

	8
	ND
	18
	1.371
	28
	ND
	38
	ND
	48
	ND

	9
	ND
	19
	ND
	29
	ND
	39
	ND
	49
	ND

	10
	1.215
	20
	ND
	30
	ND
	40
	ND
	50
	ND


	C. Concentration of Oxytetracycline Residues in Kidney from TWAK

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	81.081
	11
	104.185
	21
	51.82
	31
	66.57
	41
	65.874

	2
	30.547
	12
	ND
	22
	45.437
	32
	36.324
	42
	547.29

	3
	70.307
	13
	16.102
	23
	42.367
	33
	163.68
	43
	49.727

	4
	37.952
	14
	41.541
	24
	15.202
	34
	57.74
	44
	ND

	5
	64.7
	15
	173.493
	25
	155.604
	35
	148.503
	45
	18.433

	6
	28.588
	16
	33.356
	26
	66.67
	36
	694.101
	46
	20.745

	7
	22.369
	17
	15.101
	27
	14.612
	37
	400.407
	47
	43.552

	8
	14.501
	18
	50.092
	28
	105.646
	38
	68.214
	48
	229.061

	9
	34.363
	19
	9.9
	29
	89.452
	39
	117.365
	49
	111.442

	10
	43.038
	20
	21.59
	30
	66.57
	40
	198.808
	50
	58.675


	D. Concentration of Tetracycline Residues in Kidney from TWAK

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	ND
	11
	58.853
	21
	ND
	31
	5.218
	41
	ND

	2
	13.785
	12
	ND
	22
	16.825
	32
	13.833
	42
	ND

	3
	2.247
	13
	ND
	23
	10.672
	33
	2.995
	43
	ND

	4
	5.504
	14
	9.312
	24
	ND
	34
	18.875
	44
	ND

	5
	9.267
	15
	7.771
	25
	ND
	35
	16.674
	45
	ND

	6
	33.527
	16
	200.221
	26
	1.682
	36
	53.554
	46
	ND

	7
	6.759
	17
	8.872
	27
	ND
	37
	33.99
	47
	ND

	8
	ND
	18
	ND
	28
	16.312
	38
	ND
	48
	44.383

	9
	0.215
	19
	ND
	29
	ND
	39
	10.693
	49
	2.647

	10
	5.276
	20
	ND
	30
	5.218
	40
	24.582
	50
	ND


	E. Concentration of Oxytetracycline Residues in Muscle from TWAK

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	ND
	11
	99.643
	21
	29.319
	31
	13.86
	41
	199.664

	2
	ND
	12
	34.675
	22
	27.701
	32
	19.382
	42
	20.359

	3
	ND
	13
	28.099
	23
	26.857
	33
	16.842
	43
	9.809

	4
	ND
	14
	26.259
	24
	36.333
	34
	18.964
	44
	15.359

	5
	ND
	15
	33.261
	25
	18.59
	35
	22.522
	45
	17.337

	6
	ND
	16
	39.783
	26
	31.369
	36
	17.1
	46
	5.9

	7
	ND
	17
	36.472
	27
	40.965
	37
	19.176
	47
	85.521

	8
	ND
	18
	39.534
	28
	ND
	38
	31.478
	48
	41.571

	9
	19.952
	19
	39.402
	29
	24.112
	39
	39.626
	49
	13.919

	10
	25.73
	20
	26.562
	30
	22.39
	40
	8.893
	50
	60.451


	F. Concentration of Tetracycline Residues in Muscle from TWAK

	S/No.
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc
	S/no
	Conc

	1
	ND
	11
	5.888
	21
	ND
	31
	ND
	41
	ND

	2
	ND
	12
	6.906
	22
	ND
	32
	ND
	42
	ND

	3
	ND
	13
	10.757
	23
	ND
	33
	7.012
	43
	ND

	4
	ND
	14
	20.984
	24
	1.367
	34
	ND
	44
	ND

	5
	ND
	15
	11.492
	25
	ND
	35
	ND
	45
	ND

	6
	ND
	16
	ND
	26
	ND
	36
	16.493
	46
	ND

	7
	ND
	17
	1.092
	27
	ND
	37
	ND
	47
	ND

	8
	ND
	18
	ND
	28
	
	38
	ND
	48
	ND

	9
	1.554
	19
	ND
	29
	ND
	39
	ND
	49
	ND

	10
	6.144
	20
	ND
	30
	0.387
	40
	ND
	50
	ND


A. Distributions 
Source=GAAL,

 i.Organ=Kidney

Oxytetracycline 
Moments

	 
	 

	Mean
	91.594396

	Std Dev
	92.813761

	Std Err Mean
	13.396512

	upper 95% Mean
	118.5447

	lower 95% Mean
	64.644089

	N
	48


Tetracycline 
Moments

	 
	 

	Mean
	89.080968

	Std Dev
	246.77854

	Std Err Mean
	44.322735

	upper 95% Mean
	179.60007

	lower 95% Mean
	-1.438133

	N
	31


Source=GAAL, 
ii.Organ=Liver

Oxytetracycline 
Moments

	 
	 

	Mean
	109.09427

	Std Dev
	147.0929

	Std Err Mean
	21.231032

	upper 95% Mean
	151.8056

	lower 95% Mean
	66.382944

	N
	48


Tetracycline 
Moments

	 
	 

	Mean
	25.50668

	Std Dev
	47.793586

	Std Err Mean
	9.5587172

	upper 95% Mean
	45.234903

	lower 95% Mean
	5.7784574

	N
	25


APPENDIX IV
Source=GAAL, 
iii.Organ=Muscle

Oxytetracycline 
Moments

	 
	 

	Mean
	39.963044

	Std Dev
	35.890615

	Std Err Mean
	5.350257

	upper 95% Mean
	50.745779

	lower 95% Mean
	29.18031

	N
	45


Tetracycline 
Moments

	 
	 

	Mean
	7.5672308

	Std Dev
	6.3393282

	Std Err Mean
	1.7582133

	upper 95% Mean
	11.398048

	lower 95% Mean
	3.7364131

	N
	13


Source=GMAE,

 i.Organ=Kidney

Oxytetracycline 
Moments

	 
	 

	Mean
	49.110864

	Std Dev
	46.91484

	Std Err Mean
	7.0726783

	upper 95% Mean
	63.374279

	lower 95% Mean
	34.847448

	N
	44


Tetracycline 
Moments

	 
	 

	Mean
	6.8088421

	Std Dev
	13.072454

	Std Err Mean
	2.9990266

	upper 95% Mean
	13.109563

	lower 95% Mean
	0.508121

	N
	19


Source=GMAE, 
ii.Organ=Liver

Oxytetracycline 
Moments

	Mean
	46.209326

	Std Dev
	47.706635

	Std Err Mean
	7.0339595

	upper 95% Mean
	60.376448

	lower 95% Mean
	32.042204

	N
	46


Tetracycline 
Moments

	Mean
	16.526783

	Std Dev
	40.153925

	Std Err Mean
	8.3726721

	upper 95% Mean
	33.890642

	lower 95% Mean
	-0.837077

	N
	23


Source=GMAE,
 iii.Organ=Muscle

Oxytetracycline 
Moments

	 
	 

	Mean
	16.363523

	Std Dev
	24.967991

	Std Err Mean
	3.8075829

	upper 95% Mean
	24.047537

	lower 95% Mean
	8.6795099

	N
	43


Tetracycline 
Moments

	 
	 

	Mean
	5.5412857

	Std Dev
	6.0379803

	Std Err Mean
	2.282142

	upper 95% Mean
	11.125486

	lower 95% Mean
	-0.042915

	N
	7


Source=TWAK,
 i.Organ=Kidney

Oxytetracycline 
Moments

	 
	 

	Mean
	96.901021

	Std Dev
	131.68734

	Std Err Mean
	19.00743

	upper 95% Mean
	135.13904

	lower 95% Mean
	58.663003

	N
	48


Tetracycline 
Moments

	Mean
	22.662286

	Std Dev
	38.080391

	Std Err Mean
	7.1965175

	upper 95% Mean
	37.42832

	lower 95% Mean
	7.8962515

	N
	28


Source=TWAK, 
ii.Organ=Liver

Oxytetracycline 
Moments

	 
	 

	Mean
	39.388526

	Std Dev
	35.407559

	Std Err Mean
	5.7438646

	upper 95% Mean
	51.026701

	lower 95% Mean
	27.750351

	N
	38


Tetracycline 
Moments

	 
	 

	Mean
	9.0384667

	Std Dev
	8.7748011

	Std Err Mean
	2.2656439

	upper 95% Mean
	13.89779

	lower 95% Mean
	4.1791438

	N
	15


Source=TWAK, 
iii.Organ=Muscle

Oxytetracycline 
Moments

	 
	 

	Mean
	33.774171

	Std Dev
	32.154742

	Std Err Mean
	5.021727

	upper 95% Mean
	43.92346

	lower 95% Mean
	23.624882

	N
	41


Tetracycline 
Moments

	 
	 

	Mean
	7.5063333

	Std Dev
	6.4588912

	Std Err Mean
	1.8645213

	upper 95% Mean
	11.610117

	lower 95% Mean
	3.4025496

	N
	12


B. Analysis of Variance

1. Response Oxytetracycline 
Whole Model

i. Summary of Fit
	 
	 

	RSquare
	0.129422

	RSquare Adj
	0.111656

	Root Mean Square Error
	81.51157

	Mean of Response
	59.73637

	Observations (or Sum Wgts)
	401


ii. Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	8
	387192.3
	48399.0
	7.2845

	Error
	392
	2604501.0
	6644.1
	Prob > F

	C. Total
	400
	2991693.4
	
	<.0001


iii. Effect Tests

	Source
	Nparm
	DF
	Sum of Squares
	F Ratio
	Prob > F
	 

	Source
	2
	2
	126988.18
	9.5564
	<.0001
	

	Organ
	2
	2
	169619.66
	12.7646
	<.0001
	

	Source*Organ
	4
	4
	80806.03
	3.0405
	0.0173
	


iv. Source

Least Squares Means Table

	Level
	Least Sq Mean
	 
	Std Error
	Mean

	GAAL
	80.217237
	
	6.8676894
	81.0737

	GMAE
	37.227904
	
	7.0707188
	37.5198

	TWAK
	56.687906
	
	7.2672571
	59.3130


LSMeans Differences Tukey HSD

α=0.050  

Q=2.35265

	Level
	
	
	Least Sq Mean

	GAAL
	A
	 
	80.217237

	TWAK
	 
	B
	56.687906

	GMAE
	 
	B
	37.227904


Levels not connected by same letter are significantly different.
vi. Organs

Least Squares Means Table

	Level
	Least Sq Mean
	 
	Std Error
	Mean

	Kidney
	79.202093
	
	6.8947810
	80.0618

	Liver
	64.897374
	
	7.1313305
	67.1130

	Muscle
	30.033579
	
	7.1818777
	30.1295


LSMeans Differences Tukey HSD

α=0.050   

Q=2.35265

	Level
	
	
	Least Sq Mean

	Kidney
	A
	 
	79.202093

	Liver
	A
	 
	64.897374

	Muscle
	 
	B
	30.033579


Levels not connected by same letter are significantly different.

v. Source*Organ

Least Squares Means Table

	Level
	Least Sq Mean
	 
	Std Error

	GAAL,Kidney
	91.59440
	
	11.765181

	GAAL,Liver
	109.09427
	
	11.765181

	GAAL,Muscle
	39.96304
	
	12.151027

	GMAE,Kidney
	49.11086
	
	12.288331

	GMAE,Liver
	46.20933
	
	12.018225

	GMAE,Muscle
	16.36352
	
	12.430397

	TWAK,Kidney
	96.90102
	
	11.765181

	TWAK,Liver
	39.38853
	
	13.222922

	TWAK,Muscle
	33.77417
	
	12.729968


LSMeans Differences Tukey HSD

α=

0.050   Q=

3.11922

	Level
	
	
	
	
	Least Sq Mean

	GAAL,Liver
	A
	 
	 
	 
	109.09427

	TWAK,Kidney
	A
	B
	 
	 
	96.90102

	GAAL,Kidney
	A
	B
	C
	 
	91.59440

	GMAE,Kidney
	 
	B
	C
	D
	49.11086

	GMAE,Liver
	 
	B
	C
	D
	46.20933

	GAAL,Muscle
	 
	 
	C
	D
	39.96304

	TWAK,Liver
	 
	 
	C
	D
	39.38853

	TWAK,Muscle
	 
	 
	 
	D
	33.77417

	GMAE,Muscle
	 
	 
	 
	D
	16.36352


Levels not connected by same letter are significantly different.

2. Response Tetracycline 
Whole Model

i. Summary of Fit

	 
	 

	RSquare
	0.069947

	RSquare Adj
	0.024579

	Root Mean Square Error
	109.3704

	Mean of Response
	28.3585

	Observations (or Sum Wgts)
	173


ii. Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	8
	147539.4
	18442.4
	1.5418

	Error
	164
	1961749.3
	11961.9
	Prob > F

	C. Total
	172
	2109288.8
	
	0.1465


iii.Effect Tests

	Source
	Nparm
	DF
	Sum of Squares
	F Ratio
	Prob > F
	 

	Source
	2
	2
	30407.774
	1.2710
	0.2833
	

	Organ
	2
	2
	29271.282
	1.2235
	0.2969
	

	Source*Organ
	4
	4
	46828.416
	0.9787
	0.4208
	


iv. Source

Least Squares Means Table

	Level
	Least Sq Mean
	 
	Std Error
	Mean

	GAAL
	40.718293
	
	14.081066
	50.6891

	GMAE
	9.625637
	
	17.821634
	11.1892

	TWAK
	13.069029
	
	15.710906
	15.6399


LSMeans Differences Tukey HSD

α=

0.050   Q=

2.36523

	Level
	
	Least Sq Mean

	GAAL
	A
	40.718293

	TWAK
	A
	13.069029

	GMAE
	A
	9.625637


Levels not connected by same letter are significantly different.
v. Organ

Least Squares Means Table

	Level
	Least Sq Mean
	 
	Std Error
	Mean

	Kidney
	39.517365
	
	12.660746
	45.1977

	Liver
	17.023976
	
	14.126478
	18.3073

	Muscle
	6.871617
	
	20.071566
	7.1012


LSMeans Differences Tukey HSD

α=0.050   Q= 2.36523

	Level
	
	Least Sq Mean

	Kidney
	A
	39.517365

	Liver
	A
	17.023976

	Muscle
	A
	6.871617


Levels not connected by same letter are significantly different.

vi. Source*Organ

Least Squares Means Table

	Level
	Least Sq Mean
	 
	Std Error

	GAAL,Kidney
	89.080968
	
	19.643505

	GAAL,Liver
	25.506680
	
	21.874082

	GAAL,Muscle
	7.567231
	
	30.333894

	GMAE,Kidney
	6.808842
	
	25.091293

	GMAE,Liver
	16.526783
	
	22.805307

	GMAE,Muscle
	5.541286
	
	41.338129

	TWAK,Kidney
	22.662286
	
	20.669064

	TWAK,Liver
	9.038467
	
	28.239318

	TWAK,Muscle
	7.506333
	
	31.572517


LSMeans Differences Tukey HSD

α=0.050   Q=3.14369

	Level
	
	Least Sq Mean

	GAAL,Kidney
	A
	89.080968

	GAAL,Liver
	A
	25.506680

	TWAK,Kidney
	A
	22.662286

	GMAE,Liver
	A
	16.526783

	TWAK,Liver
	A
	9.038467

	GAAL,Muscle
	A
	7.567231

	TWAK,Muscle
	A
	7.506333

	GMAE,Kidney
	A
	6.808842

	GMAE,Muscle
	A
	5.541286


Levels not connected by same letter are significantly different.

APPENDIX V

Test of Hypotheses

	Hypothesis
	Formula
	Calculated Test 

(t-cal)
	Degrees of Freedom
	Tabula-

ted Test (.05) 

(t-tab)
	Decision

	The residue concentration of antibiotics in meat tissues is not significantly higher than the reference values given by Codex Alimentarius Commission:

Ho:xOxytetracycline  >μOxytetracycline  codex
	
 t =   x – μ
       s/    n
	
	
	
	

	i. LiverOxytetracycline 


	
	- 65.816


	131


	1.717
	Accept Ho: Since tcal is less than ttab, accept Ho i.e. the mean  residue concentration of Oxytetracycline in the liver sample is not significantly higher than the Codex Reference value

	ii. LiverTC


	
	-102.228


	63


	1.717
	Accept Ho: Since tcal is less than ttab, accept Ho i.e. the mean  residue concentration of tetracycline in the liver sample is not significantly higher than the Codex Reference value

	iii. KidneyOxytetracycline 


	             
	- 1473


	139


	1.717
	Accept Ho: Since tcal is

less than ttab, accept Ho

i.e. the mean  residue

Concentration of

Oxytetracycline in the Kidney sample is not significantly higher than the Codex Reference value 

	
	
	
	
	
	

	iv. KidneyTC
	
	- 805.
	77
	1.717
	Accept Ho: Since tcal is less than ttab, accept Ho i.e. the mean residue concentration of Oxytetracycline in the liver sample is not significantly higher than the Codex Reference value

	v. MuscleOxytetracycline 
	
	- 10625
	128
	1.717
	Accept Ho: Since tcal is less than ttab, accept Ho i.e. the mean residue concentration of Oxytetracycline in the muscle sample is not significantly higher than the Codex Reference value

	vi. MuscleTC
	
	- 54.0
	31
	1.717
	Accept Ho: Since tcal is less than ttab, accept Ho i.e. the mean residue concentration of tetracycline in the Muscle sample is not significantly higher than the Codex Reference value


APPENDIX VI

APPENDIX VII
Calculation of Dietary Exposure to Oxytetracycline  and Tetracycline  (WHO, 2008b)

Single Point Data

Dietary Exposure    =Veterinary Drug Residue (ug/kg) x  per cap Beef Consumption (kg)

                                                                         Body Weight (kg)

i. Dietary Exposure to Oxytetracycline

Dietary Exposure Oxytetracycline 
=
59.72 ug/kg x 10.4 kg 



60 kg b.w.


=
0.0284ug/kg b.w./day

ii. Dietary Exposure to Tetracycline

Dietary Exposure TC 
   =
28.23ug/kg  x  10.4kg 
                                                            60 kg b.w.


  =
0.0134ug/kg b.w/day.
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Explanation to Source of Data on the @Risk Distribution

	Description
	Minimum
	Likely
	Maximum
	

	Symbols
	Definition
	
	
	
	

	N
	No of Cattle
	14407172a
	15163304b 
	15163074b
	 

	P
	Detection Levels of Antibiotics Used
	0.1481c
	0.2667d
	0.6322e
	

	
	
	
	
	
	

	M
	Proportion of Inspected Cattle
	0.1413f
	0.1418f
	0.1419f
	

	
	
	
	
	
	

	C
	Per Capita Consumption of Beef
	0.00601g
	0.00622g
	0.0104g
	

	
	
	
	
	
	

	R
	Proportion of Residues in Beef Consumed
	48d
	85c
	59.72h
	


a
FAO (2002)
b
NBS and CBN (2005)
c
Dipeolu and Alonge (2001)
d 
Abah (2004)
e
Proportion of Detection Level of Residues from this study 
f
FAO (2002)
g
WHO (2003)
h
Aggregate Mean Concentration of Residues from this study
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Figure 3: Chemical Structures of Individual Members of Tetracycline Antibiotics 


   (Chopra and Roberts, 2001)





Fig. 4: Beef Production Process Pathway Model (Farm to Fork) Based on Conceptual Modeling
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Fig 4.2: Summative Means of Oxytetracycline and Tetracycline in Tissues
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APPENDIX VIII





Source: @Risk4.5.2, (2002)
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		Probabilistic Determination of Ingestion of Undetected Violative Tetracyclines Using @ RISK 





APPENDIX IX





Minimum





Likely





Maximum





Value





Equation





Units





Graphs





Symbols





Definition





Cattle 





Production in 





Nigeria





N





No of 





Cattle





14407172





15163074





15163304





RiskPert(E4,F4,G4)





15037129





No Risk





       Y





Antibiotics 





Used?





P





Detection 





Levels of 





Antibiotics 





Used





0.1481





0.2667





0.6322





Risk triangular(E6, F6, G6)





0.337333





No Risk





       Y





Withdrawal 





Periods not 





Observed?





M





Proportion 





of 





Inspected 





Cattle





0.1413





0.1418





0.1419





Risk triangular(E8, F8, G8)





0.141667





No Risk





       Y





Beef 





Consumed





C





Per Capita 





Consumpti





on of Beef





0.00601





0.00622





0.0104





Risk triangular(E10, F10, G10)





0.007543





No Risk





        Y





Antibiotics 





Residues in 





Beef





R





Proportion 





of 





Residues in 





Beef 





Consumed





48





59.72





85





Risk triangular(E12, F12, G12)





64.24





No Risk





        Y





Violative 





Levels of 





Antibiotics in 





Consumed 





Beef





Q





Quantity of 





Ingested 





Residue?





348225.6





No Risk





Y





Public Health 





Riskz?





Prob of  1 





undetected 





OTC or 





TTC 





residue 





containing 
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(P*M*C*R)
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