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ABSTRACT 
A high occurrence of acute infections and chronic sequelae will cost billions of dollars in 

medical expenses, lost productivity, and repeated recalls if no preventative steps are taken. 

The main goal of this study is to look into the microbiological quality of food contact 

surfaces in various Senior High Schools in Ghana's Bono Region specifically to evaluate 

the microbial load on the food contact surfaces, to classify the microorganisms that live on 

food surfaces and to to compare the contamination levels in the schools that were chosen. 

The study used an expe rimental design to test the mic robiological consistency of food 

touch su rfaces. The schools we re catego rized into th ree g roups: A, B, and C, which 

se rved as st rata. The study's findings we re quantitatively analyzed. The Food Standa rd 

Code was used to dete rmine the mic robial quality of food, which was classified as 

adequate, fine, o r unsatisfacto ry based on the mic robial load. Compa ring Levels of 

Mic robial Contamination among the selected School Catego ries/Su rface types were 

analyzed. The la rgest concent ration of colony fo rming units of bacte ria was found on 

wooden su rfaces of food p rocessing sites (school kitchens), due to gaps on the su rfaces 

whe re food pa rticles hide and fe rment if not adequately washed.The study revealed that 

ave ragely E. Coli had the highest microbial count (3.69) followed by Staphylococcus 

(3.60), and Salmonella (3.41) respectively. Statistically, majo rity of mic roo rganisms were 

found on wooden su rfaces (4.05 log10 cfu/g),followed by i ron and plastic su rfaces which 

we re almost identical (3.73 log10 cfu/g and 3.71 log10 cfu/g,  averagely), while the kitchen 

staff's hands had the lowest count of 2.77 log10 cfu/g.Total Viable Count (TVC) and Total 

Colifo rm Counts (TCC) we re highest in Catego ry C schools with an average values of 

4.33 and 3.34 log10 cfu) , indicating poor sanitation and the p revalence of mic roo rganisms 

on food se rved in dining halls. It is recommended that, school administ ration should 

establish functional school health sanitation committees to supe rvise and  repo rt issues 

 relating to food safety and hygiene p ractices in the schools' kitchens in o rde r to p romote 

good envi ronmental cleanliness   and pe rsonal hygiene. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background to the Study 

Consumption of contaminated food containing pathogenic microorganisms and their 

toxins is one of the leading causes of death, illness, hospitalization, and economic losses 

(Azevedo, Albano, Silva & Teixeira, 2014). However, the vast majority of food-borne 

diseases that occur around the world go unreported. Every year, millions of people suffer 

from food-borne diseases, according to a study by the World Health Organization (WHO) 

(Estrada, Alcaraz, Satorres, Manfredi & Velazquez, 2014). One of the key goals of national 

and international food protection initiatives is to reduce the spread of these diseases (Abu, 

Abdul & Sani, 2018). This includes implementing a food safety management scheme 

focused on HACCP, Good Agricultural Practices (GAP), Good Hygiene Practices (GHP), 

and Good Manufacturing Practices (GMP), among other standards.  

Foodborne illnesses continue to be a global issue, with developed countries experiencing 

higher rates of occurrence (Konecka-Matyjek et al., 2012). In 2010, the World Health 

Organization's Food-borne Disease Burden Epidemiology Reference Group recorded 582 

million food-borne disease outbreaks and 351,000 deaths worldwide (WHO, 2015). Every 

year, contaminated food causes 1.5 billion cases of diarrhea in schoolchildren worldwide, 

resulting in more than three million premature deaths (WHO, 2015).  

Ghana has an annual hospitalization rate of 420,000 people due to food-borne diseases, 

with a death rate of 65,000 people (Odonkor & Ampofo, 2013). Also, caterers who are 

well-versed in food hygiene have a hard time connecting dirty hands to the transmission 

of diarrheal pathogens in Ghana. Because of their possible contribution to foodborne 

illness, the hygiene and cleanliness of food contact surfaces inside food serving institutions 
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pose a health risk to children. While insufficient cooking, temperature abuse, and the use 

of contaminated raw ingredients have been linked to many cases of foodborne illness, 

cross-contamination between raw and cooked foods through food contact surfaces has also 

been identified as a significant risk factor (Djekic et al., 2016).  

Utensils, hands of the worker, clothing of the worker, cooking equipment, facilities, and 

packaging material are all examples of food contact surfaces. Food contact surfaces are a 

major concern for food service facilities when it comes to preventing the spread of food-

borne pathogens. These surfaces have been discovered to be a constant source of microbe 

transmission and also contribute to cross-infection (Huslage et al., 2013). During food 

preparation and consumption, large amounts of pathogenic microorganisms can 

contaminate food, water, and surfaces, resulting in illnesses.  

Sani & Siow (2014) add to the debate about food contact surfaces and their link to 

foodborne diseases, stating that food contact surfaces are a major concern for food service 

facilities when it comes to controlling the spread of pathogens. Furthermore, according to 

Sani and Siow (2014), food service areas are considered vital to health, so the 

microbiological consistency of these surfaces, as well as non-food service surfaces in food 

service facilities like hospitals and schools, must be surveyed and assessed. While 

insufficient cooking, temperature abuse, and the use of contaminated raw ingredients have 

been linked to many cases of foodborne illness, cross-contamination between raw and 

cooked foods through food contact surfaces has also been identified as a significant risk 

factor (Estrada, Alcaraz, Satorres, Manfredi & Velazquez, 2014). Raw meat, poultry 

exudates, and other food residues can remain on kitchen surfaces without adequate 

cleaning and sanitizing, posing a risk of microbial contamination for raw vegetables or 

other foods (Abu, et al., 2018). Cross-contamination between raw and cooked foods via 

University of Education,Winneba http://ir.uew.edu.gh



3 
 

food contact surfaces has also been identified as a significant risk factor for foodborne 

illness (Abu, et al., 2018). (Gurmu & Gebretinsae, 2013). The spread of bacteria between 

foods, surfaces, or equipment is known as cross-contamination. Raw food touching (or 

dripping onto) other food, raw food touching (or dripping onto) equipment or surfaces, or 

people touching raw food with their hands and then touching other surfaces or foods are 

the most common causes. Several studies have found that bacteria such as E. coli, 

Staphylococcus aureus, and Salmonella can survive on hands and equipment for hours or 

days after first coming into contact with them (Gurmu & Gebretinsae, 2013). As a result, 

the cleanliness of food contact surfaces could be used to assess the level of sanitation at a 

food establishment.  

Food safety and consistency are ensured by testing foods and food contact surfaces for the 

presence of both pathogenic and spoilage bacteria (Estrada et al., 2014). Cross-

contamination and foodborne illness are more likely if microorganisms can live and thrive 

on food contact surfaces. There are a variety of microbiological sampling methods 

available to detect the presence of microorganisms or soil on food contact surfaces in order 

to ensure that they have been properly cleaned and sanitized.  

Microbiological monitoring of food processing environments may be done to ensure that 

cleaning and disinfection practices are successful, to assess the frequency of cleaning and 

disinfection, and to check for the existence of foodborne pathogens in the setting (Sunday, 

Nyaudoh & Etido, 2011). Microbiological surveillance may also be used to identify 

environmental sources of spoilage species, specify the frequency of special maintenance 

procedures, and assess the hygienic nature and fabrication of food processing equipment 

and facilities, according to Melonie (2010).  
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To detect bacteria on food contact surfaces, methods such as swabbing and plating on 

microbiological media or agar contact plates have been used in the past. The Swab/Swab-

Rinse Process and the Contact Plate Method are the most widely used methods for food 

contact surface assessment in food operations (Jay et al., 2005).  

A domestic bursar (senior matron), a group of assistant matrons, cooks and pantry men, 

and a procurement unit were all part of the catering system in Ghana's public senior high 

schools. The Food and Drug Administration (FDA), the Regional, Local, and District 

Assemblies, and the Environmental Health Protection Units (EHPU) are the state agencies 

in charge of regulation and surveillance to ensure that the primary hygiene standard is the 

Codex Alimentations hygiene requirements.  

Students in Ghanaian senior high schools (SHS) are served three (3) square meals per day 

at school. As a result, SHS students rely heavily on school community feeding programs 

designed to support their growth, well-being, and overall healthy lifestyle, and their lives 

are at stake. Any big food contamination event would be catastrophic. In this regard, the 

study was carried out in a few senior high schools in the Bono Region to look into the 

microbiological quality of food contact surfaces in a few senior high schools.  

 

1.2 Statement of the Problem 

Despite the fact that Ghana has adopted many policy measures to regulate food 

contamination, there are still a number of sources of contamination that appear difficult to 

control (Sunday, et al., 2011; Van et al, 2010). There have been several reports over the 

years of various degrees of food poisoning epidemics in senior high school boarding 

houses in Ghana. A typical study included a case of food poisoning at Archbishop Porter 

Girls Senior High School, which resulted in incapacitation and death, prompting the 

University of Education,Winneba http://ir.uew.edu.gh



5 
 

school's closure (Odonkor & Ampofo, 2013). Due to food poisoning, about 100 students 

in the same senior high schools experienced stomach pains, vomiting, diarrhea, and 

general fatigue after meals. Furthermore, in the same year, there was a record of 35 

University of Ghana students who were hospitalized due to food poisoning.  

According to Odonkor & Ampofo (2013), about 20 students from Awudome Senior High 

School were rushed to the hospital in Ho early Sunday morning for suspected food 

poisoning. On Thursday, December 5, 2019, officials from the Ghana College of 

Physicians and Surgeons visited Accra High School to investigate cases of alleged food 

poisoning among the students. This came after the Ghana News Agency (GNA) reported 

that 27 students had been hospitalized after eating in the school's dining hall.  

Despite the fact that the vast majority of food-borne disease cases are minor, a large 

number of them are fatal. A high occurrence of acute infections and chronic sequelae will 

cost billions of dollars in medical expenses, lost productivity, and repeated recalls if no 

preventative steps are taken. As a result, possible outbreaks among schoolchildren are a 

major concern, as pathogenic bacteria illnesses can last up to 3–5 days. There is a lot of 

literature on evaluating foods served in our senior high school dining halls, but there is 

still a lack of research on the microbial quality of food contact surfaces in the Bono Area.  

 

1.3 Objectives of the Study 

The main goal of this study is to look into the microbiological quality of food contact 

surfaces in various Senior High Schools in Ghana's Bono Region.  
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1.3.1 Specific objectives 

Specifically, the study sought to: 

1. To evaluate the microbial load on the food contact surfaces. 

2. To classify the microorganisms that live on food surfaces.  

3. To compare the contamination levels in the schools that were chosen.  

 

1.4 Research questions 

The following research questions were posed as a guide towards the achievement of the 

stated objectives: 

1. What is the microbial load on food contact surfaces?  

2. What characteristics are linked to microorganisms found on food surfaces?  

3. What is the difference in microbial contamination between the surface types in the 

chosen areas?  

 

1.5 Study hypothesis 

It was hypothesized for the study that: 

1. (H1) Microorganisms found on wooden surfaces vary significantly from those found 

on other surfaces.  

2. (H1) The microorganisms found on plastic surfaces vary significantly from one 

another.  

3. (H1) The microorganisms found on cast iron surfaces show major differences.  
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1.6 Significance of the Study 

The study will be used as a guide for policymakers in government departments, school 

administrators, and other key stakeholders in the development of policies regulating food 

safety, as well as the assessment and enhancement of school food services. The study's 

results would provide critical information to relevant agencies such as the Food and Drug 

Administration, the Health and Sanitation Directorate, and the general public in order to 

ensure that nutritious food is served at Sunyani Municipality's senior high schools. As it 

contributes to the stock of literature in the field of food safety and hygiene, this study 

report will be a point of reference for future relevant academic studies.  

 

1.7 Organization of the Study 

The research was divided into five parts. The first chapter provided background 

information, as well as the study's main goal, goals, and hypothesis. It also outlined the 

research questions that motivated the achievement of the research goals, as well as the 

study's reach and significance. The second chapter examined previous applicable literature 

in order to provide a thorough understanding of the topic. This chapter included a summary 

of the theoretical framework that served as the foundation for this study and was expanded 

to include different principles and empirical studies from other authorities.  

The study's methodological methodology was explored in Chapter Three. The study 

design, sample and sampling technique, and data collection methods were all described. 

The chapter went on to clarify the data collection process, data processing system, and 

ethical concerns to ensure high-quality work. The fourth chapter centred on the findings' 

interpretation and discussion in relation to previous scientific evidence and the study's 

goals. The final chapter, Chapter Five, summarized the study's key findings, outlined 

conclusions, and provided suggestions for all stakeholders to consider.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Theo retical Unde rtone 

The thesis is built on the basis of a  review of cu r rent theo ry in a field of inqui ry that is 

 related to the analysis. Theo retical st ructu res, acco rding to Polong, Tombe, and Begani 

(2012), a re "c ritically unde rpinning an empi rical thesis by p roviding vision and guidance 

fo r the study." The theo retical f ramewo rk must demonst rate an inte rp retation of theo ries 

and p rinciples applicable to the  resea rch subject and apply it to the study a rea's wide r 

fields of knowledge. To unde rpin the p resent  resea rch, the theo ry of expected behavio r 

(TPB) is extensively  reviewed.  

 

2.1.1 Theo ry of Planned Behaviou r 

The theo ry of planned actions (TPB) is an expansion of the theo ry of  rational action that 

was necessitated by the o riginal model's sho rtcomings in dealing with behavio r ove r 

which people have only pa rtial volitional influence. TPB was fi rst p roposed by Ajzen in 

1985, and it was  refined in 1991. Acco rding to the theo ry, the desi re to execute the 

behavio r is the most significant element that p recedes it. Ahmad et al. (2013) sees the 

individual's intention to pe rfo rm a given activity as the key facto r in the theo ry of expected 

behavio r, much as they did in the o riginal theo ry of  reasoned action. Intentions a re 

thought to captu re the motivating facto rs that affect a behavio r; they a re indicato rs of how 

much people a re willing to wo rk, and how much effo rt they want to put in to execute the 

behavio r.  

One of the most commonly used models fo r inte rp reting and modifying health attitudes 

and habits is the Theo ry of Planned Action (TPB) (Gu rmu & Geb retinsae, 2013). 

Iintention is influenced by th ree independent va riables, acco rding to Polong, Tombe, and 
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Begani (2012): pe rceived behavio ral influence (PBC), behavio rs, and subjective no rms. 

The PBC const ruct is used to desc ribe a pe rson's volitional influence ove r an action, and 

it is inte rp reted as a measu re of how easy o r difficult it is to execute the desi red behavio r. 

The deg ree to which the pe rson believes he o r she has influence ove r the behavio r 

dete rmines this behavio ral intention (Lahou, Jacxsens, Daelman, Van Landeghem & 

Uyttendaele, 2012). Pe rsonal views about how difficult o r convenient it is to execute the 

behavio r influence pe rceived behavio ral  regulation. The attitude component depicts an 

individual's positive o r pessimistic assessment of the potential effects of engaging in a 

desi red behavio r. The deg ree to which an individual has a favo rable o r unfavo rable 

assessment o r app raisal of the action in question is  refe r red to as attitude by Abayneh, 

Nolkes, and As rade (2014). Subjective no rms unde rlying the success of the behavio r, as 

well as the individual's mindset towa rd the behavio r, a re othe r influences that influence 

behavio ral intentions. Subjective no rm, as desc ribed by Ahmad et al. (2013), is an 

individual's view of whethe r o r not significant othe rs believe the behavio r should be done. 

Finally, subjective standa rd  refe rs to how people view no rmative no rms and how 

motivated they a re to meet those expectations. Acco rding to Holck, Axelsson, McLeod, 

 Rode, and Hei r (2017), the g reate r a pe rson's desi re to pa rtake in an action, the mo re 

likely the behavio r would be pe rfo rmed. Howeve r, it should be clea r that a behavio ral 

pu rpose can only be manifested in actions if the action is unde r volitional influence, that 

is, if the individual can choose whethe r o r not to execute the activity.    

 

2.2 Epidemiological impo rtance of Mic robial food bo rne diseases 

Due to mic robial infection, food is one of the most significant t ransmission pathways of 

diseases globally (Abu, Abdul, & Sani, 2018; Abayneh, Nolkes, & As rade, 2018). (2014). 

The global int roduction and  reeme rgence of foodbo rne pathogens has elevated the 
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 relevance of mic robiological food safety and quality of public and health conce rns. Mo re 

than 250 foodbo rne disease sou rces have been  repo rted wo rldwide (Lahou et al., 2012). 

Seve ral food safeties cont rols have been int roduced in diffe rent count ries as a  result of 

the  rise of foodbo rne infectious diseases. Acco rding to Gu rmu & Geb retinsae (2013), 

the re is a sca rcity of knowledge in developed count ries about foodbo rne diseases. 

Bacte ria, p rotozoans, vi ruses, and fungi a re also exampling of mic robial infection of food. 

Food polluted with foodbo rne pathogens and mic robial by-p roducts including toxins may 

cause seve re illnesses and financial losses (Bomfeh & Tano-Deb rah, 2008). Foodbo rne 

infections cause mo re than 2 million deaths pe r yea r in developed nations, and ove r 2 

billion illnesses wo rldwide (Amissah & Owusu, 2012). The elde rly, babies, teenage rs, and 

individuals with immune-comp romised immune systems as a  result of a defective immune 

system a re the people who a re most affected. As a  result, it is impo rtant that developed 

count ries give ca reful attention to public health.  

Acco rding to a study conducted by the Wo rld Health O rganization (WHO) in 2012, ove r 

91 million people in Af rica a re affected. It was also  repo rted that 2.2 million child ren die 

of dia r rhea each yea r in developed count ries, with mo re than 600,000 child ren dying each 

yea r in Southeast Asia as a  result of consuming unhealthy food (Holck et al., 2017). Food 

de rived f rom animals, new f ruit, and st reet-vende red foods a re among the foods linked 

to foodbo rne diseases in developed count ries. 

Foodbo rne disease outb reaks att ributed to unsafe  raw food, abused tempe ratu re, poo r 

sto rage inf rast ructu res, inadequate cooking, poo r pe rsonal hygiene, imp rope r handling 

methods, and c ross-contamination of cooked food with uncooked  raw food have inc reased 

the safety and quality of food p roduced fo r human consumption in developing count ries 

ove r the yea rs (Amissah & Owusu, 2012; Bomfeh & Tano-Deb rah, 2008; Annan-P rah, 
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Amewowo r, Osei-Kofi, Amoono, Ako rli, Saka & Ndadi, 2011). In developed count ries, 

food is p roduced p rima rily at home and in othe r facilities such as schools and hospitals. 

To avoid diseases, food handle rs must maintain good pe rsonal hygiene (Annan-P rah et 

al., 2011). 

The majo rity of foodbo rne disease outb reaks in developed count ries a re unde r repo rted 

o r exagge rated. Nige ria, fo r example, has a population of ove r 170 million inhabitants. 

Foodbo rne disease outb reaks, on the othe r hand, a re estimated to be just 90,000 a yea r. 

As opposed to Nige ria, Aust ralia is a developing wo rld with just 24 million inhabitants, 

o r a  ratio of 1:7. Despite the high quality of living, adequate wate r supply, const ructive 

gove rnment policies, and food safety p rog rams, foodbo rne diseases affect mo re than 5.2 

million Aust ralians pe r yea r. This  reality suggests that at least 36 million people (75.2 

million) in Nige ria a re potentially affected each yea r. As a  result, unde restimating the 

p revalence of foodbo rne diseases in developed count ries would have an effect on the types 

of inte rventions and st rategies12 used to combat outb reaks.  

Bomfeh & Tano-Deb rah, 2008) p rovide a summa ry of mic robial food p rotection and 

hygiene in Ghana,  revealing that the majo rity of mic robial food  resea rch was 

concent rated in Ghana's p rovincial capitals, with a special focus on the capital cities. The 

most attention has been di rected at comme rcial food ope rations, especially st reet foods. 

Howeve r, info rmation on institutional cate ring and othe r types of food haza rds is 

minimal. Acco rding to the study, Ente robacte r spp., Esche richia spp., and Staphylococcus 

spp. we re the most common bacte ria isolated in Ghanaian foods. as well as Pseudomonas 

spp (Fo riwaa-Ababio, 2014). 
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Acco rding to a 2007 study by the Minist ry of Food and Ag ricultu re and the Wo rld Bank, 

one out of eve ry 40 Ghanaians suffe rs f rom foodbo rne illness each yea r, with ove r 

420,000 cases  registe red all yea r (Lahou et al., 2012). Despite majo r attempts to minimize 

the occu r rence of such disease-causing pathogens in foods by p rope r fa rming p ractices 

and dieta ry cont rols, the p roblem pe rsists. Food and D rugs Law, 1992 (PNDCL 305B), 

Animals (Cont rol and Impo rtation) O rdinance (Cap 247), Diseases of Animals Act, 1961 

(Act 83), Food and D rugs (Amendment) Act, 1996 (Act 523), Tou rist Boa rd Dec ree 1973 

(N RCD 224), Ghana Tou rist Boa rd (Amendment) Dec ree, 1977 (SMCD 80), and the 

Local Gove rnment Act, 1961 (Act 54); 1993 (Act 462) a re among the laws and  regulations 

(Ma rzano, Balza retti 2011). The new hygiene p rinciples a re not legally binding (Ghana 

Standa rd Autho rity, 2013), but they a re guidelines that the indust ry is expected to follow 

in o rde r to ensu re food safety. 

Mensah, Yeboah-Manu, Owusu-Da rko, and Ablo rdey (2012) found that the mic robial 

content of sampled salads, maca roni, "fufu," "omo tuo," and  red peppe r had excessive 

amounts of pollution, acco rding to a study conducted in Acc ra. Mesophilic bacte ria we re 

found in 69.7% of the foods tested. Bacillus ce reus was found in 5.5 pe rcent of the foods, 

while S. au reus was found in 31.9 pe rcent. Ente robacte riaceae is included in 33.7 pe rcent 

of the samples. Shigella sonnei and ente ro-agg regative E. coli a re also p resent. Salmonella 

a rizonae was isolated f rom light soup and E. coli was isolated f rom maca roni, potatoes, 

and tomato stew. 

Acco rding to the Ghana Health Se rvice Annual  Repo rt f rom 2011, the re we re 125,074 

dia r rhoea cases  repo rted among people ove r the age of five. The re we re 1,832 cases of 

ext reme dehyd ration and 71 deaths among them (Ackah, Gyamfi, Anim, Osei, Hansen & 

Agyeman, 2011). The Ashanti A rea has the la rgest numbe r of cases of acute wate ry 

dia r rhoea (1,010.4 pe r 100,000 populations). The Cent ral  Region had the second highest 
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 rate (766.2 pe r 100,000 populations). In compa rison to the national ave rage of 609.4 pe r 

100,000 people, both  regions had highe r indices. Ghana has seen many significant chole ra 

outb reaks in the last th ree decades. In 2014, the fi rst case of chole ra was  repo rted on 10 

June, but in less than th ree months, 16, 527 cases had been  repo rted f rom eight  regions, 

with 128 deaths (CF R: 0.8%). (Annan-P rah, Amewowo r, Osei-Kofi, Amoono, Ako rli, 

Saka & Ndadi, 2011). 

Food touch su rfaces, such as knives, chai rs, and cutting boa rds, may be called di rect 

sou rces of infection if the cleaning p rocedu re is not pe rfo rmed co r rectly o r the dishes 

and appliances a re not d ry afte r washing (Holck et al., 2017). Tho rough sanitation and 

hygienic p rocedu res a re  recommended as impo rtant st rategies to minimize c ross-

contamination and the occu r rence of food-bo rne diseases (Abu, Abdul, & Sani, 2018). 

Food touch su rfaces in food p rocessing and cate ring facilities a re the p rima ry conce rn 

due to the impo rtance of monito ring the outb reak of pathogenic mic roo rganisms. Given 

the significance of this question, the cu r rent study aimed to evaluate the mic robiological 

quality of food contact su rfaces in the kitchens of boa rding senio r high schools in Ghana's 

B rong  region.   

2.3 Food Bacte ria of Health Conce rn 

Pathogens in ou r ecosystem a re life-th reatening and have significant consequences. 

Because of thei r dive rsity and sophistication, they pose a health  risk. Some of thei r 

abilitiesto live and/o r p rolife rate in the p resence of  ref rige ration and low oxygen 

concent rations, and the low numbe rs of ce rtain pathogens do not p revent them f rom 

causing disease (Gu rmu & Geb retinsae, 2013). Because of its high nut rient content, 

 refined and p rese rved food can p romote the development of a wide va riety of 

mic roo rganisms when not t reated p rope rly. Pathogens must successfully ente r ce rtain 

a reas of the body and eithe r p roduce mo re of themselves o r develop a toxin that inte rfe res 
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with no rmal body p rocesses, acco rding to Gu rmu & Geb retinsae (2013). (Sha ron, Pete r, 

Geo rge, & Joseph, 2015). 

Mic robial infection sho rtens the shelf life of food and inc reases the  risk of food poisoning. 

Foodbo rne disease outb reaks have  resulted in widesp read infection and even death. Eve ry 

yea r, between 24 and 81 million cases of food-bo rne illness a re  registe red in the United 

States, with meat and poult ry accounting fo r 50 pe rcent of all cases (Polong et al., 2012) 

Salmonella, Campylobacte r, and Shigella a re  responsible fo r the majo rity of foodbo rne 

illness cases t racked by Food Net (a monito ring method used by public health autho rities 

in the United States that captu res food-bo rne illness in ove r 13% of the population). The 

total numbe r of cases and mo rtality  rate of food-bo rne disease caused by these pathogens 

is high, with Salmonella accounting fo r 31% of all food-bo rne deaths, followed by Liste ria 

(28%), Campylobacte r (5%), and E. coli O157:H7 (3%). (Amissah & Owusu, 2012). 

Bacte ria a re the cause of 60% of foodbo rne illnesses that need hospitalization. The  real 

occu r rence of foodbo rne disease is unde r repo rted in the science wo rld, and the 

inte rnational effects of foodbo rne illness is impossible to quantify (Cente r fo r Disease 

Cont rol and P revention (CDC), 2014). Despite this, app roximately 2.1 million child ren 

in developed count ries suffe r each yea r f rom dia r rheal diseases. Many of these diseases 

a re thought to be t ransmitted by food o r d rink (WHO, 2010). Food is biological in natu re 

and capable of p roviding nut rients to consume rs, but it can also p romote the g rowth of 

contaminating mic roo rganisms. 

Intoxications, pa rasites, and toxic-infections a re the th ree fo rms of bacte rial foodbo rne 

diseases. Acco rding to Sha ron et al. (2015), foodbo rne bacte rial intoxication is caused by 

ingesting food that contains p refo rmed bacte rial toxins, such as those c reated by 

Staphylococcus au reus and Clost ridium botulinum, as a  result of bacte rial development. 
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In cont rast, foodbo rne infection is caused by the consumption of food containing viable 

bacte ria such as Salmonella o r Liste ria, which then develop and establish themselves in 

the host,  resulting in sickness. Foodbo rne toxic infections, acco rding to Sha ron et al. 

(2015), occu r when bacte ria found in food, such as Clost ridium pe rf ringens, a re 

swallowed and develop a toxin in the host. Pathogens can be found in the digestive t racts 

of healthy animals and, in some cases, humans. In natu re, such mic roo rganisms can be 

found on soil and plants, in animal waste, and on animal ca rcasses. Staphylococci a re 

found on human skin su rfaces and nasal passages. When infected with feces, wate r 

sou rces can contain pathogens (Amissah & Owusu, 2012). Foodbo rne pathogens have 

been linked to a va riety of outb reaks, with Liste ria monocytogenes, Salmonella spp., 

Esche richia coli, Staphylococcus au reus, Lost ridium botulinum, Ae romonas hyd rophila, 

Ye rsinia ente rocolitica, and Campylocbacte r jejuni being the most common (Dzotsi, 

Odoom, Opa re & Davies-Teye, 2014). 

 Liste ria Monocytogenes 

Liste ria Monocytogenes is a  rod-shaped g ram-positive bacte rium. Meningitis, cepticemia, 

stillbi rths, and abo rtion a re all diseases caused by this pathogen in humans (Boaten, 2014). 

The ability of Liste ria Monocytogenes to g row at 4°C unde r  ref rige ration is a significant 

conce rn; the optimal tempe ratu res fo r g rowth a re estimated to be -0.4°C (Adjzitey et al., 

2011). It's also a facultative anae robe capable of living and g rowing in low-oxygen 

envi ronments like vegetable food packets (Adjzitey et al., 2011). Liste ria Monocytogenes 

is found in the soil, on people's faces, in sewage, in wate r, in hay, in livestock feeds, in 

dust, in plants, and in humans (Polong, Tombe & Begani, 2012). It's also found in sh rubs, 

wild g rasses, co rn, ce reals, and dead vegetation, as well as a va riety of enti re vegetables 

like cabbage, cucumbe r, and lettuce (Boateng, 2014). L. Monocytogenes is found 

natu rally on many vegetables since it is common in soil and the fa rming climate in gene ral.  
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Esche richia coli    

Esche richia coli, also known as E. coli, is a type of bacte ria. The te rm coli  refe rs to a wide 

numbe r of bacte ria that a re usually p resent in the envi ronment. 

in the flo ra of humans and animals' intestines G ram-negative, ae robic  rods, Esche richia 

coli with pathogenic st rains that contain an ente rotoxin, but many of its st rains a ren't 

Minnesota Depa rtment of Health deems it to be "ha rmless" (Boye, Hope & Dwomoh, 

2015). And when the bacte ria invade tissues outside of thei r usual intestinal o r othe r less 

common no rmal flo ra sites do they become pathogenic. Infections a re sp read by 

consuming infected food, d rinking contaminated wate r, o r coming into close contact with 

a sick pe rson o r animals ca r rying the bacte ria. When incubated at 35-37oC, they a re 

classified as  rod-shaped g ram-negative non-spo re fo rming o rganisms that fe rment lactose 

and p roduce acid and gas (Boye, 2015). 

Colifo rms can be p resent in abundance in the feces of wa rm-blooded animals, as well as 

in the ma rine climate, soil, and on plants. Cit robacte r, Ente robacte r, Esche richia, Hafnia, 

Klebsiella, Se r ratia, and Ye rsinia a re some of the most common gene ra. So, Esche richia 

coli (E. coli), a  rod-shaped colifo rm, can be diffe rentiated f rom most othe r colifo rms by 

its ability to fe rment lactose at 44°C, as well as its development and colo r  reaction on 

specific types of cultu re media. E coli, unlike the  rest of the colifo rm community, is almost 

enti rely de rived f rom feces, and the refo re thei r appea rance is a  reliable indicato r of fecal 

infection (Bekele, Zewde, Tefe ra, Feleke & Ze rom, 2014; Boye, 2015). 

Since the bovine gast rointestinal t ract is thought to be the p rima ry sou rce fo r E coli, 

contamination of  related food items with feces is a majo r  risk facto r. Contamination and 

the o rganism's ability to su rvive in natu ral wate r sou rces make them possible sou rces of 
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contamination, pa rticula rly if unt reated wate r is ingested di rectly o r used to wash  raw 

foods. 

E. coli infection symptoms no rmally appea r th ree to fou r days afte r exposu re, but the 

incubation pe riod will last anywhe re f rom one to ten days. The illness that is most often 

linked to t ravele rs has a wide  range of signs that diffe r f rom pe rson to pe rson. Ext reme 

stomach c ramps, dia r rhea, vomiting, and feve r a re common symptoms. To p revent the 

sp read of all foodbo rne illnesses, including E. coli, p rope r hygiene and safe food handling 

techniques, such as good slaughte ring techniques, hygiene du ring slaughte ring and 

d ressing, and p rompt adequate cooling, a re essential. 

Salmonella 

Salmonella is a G ram-negative, nonco re-fo rming,  rod-shaped bacte rium that belongs to 

the Ente robacte riaceae family. Salmonella typhimu rium, S. ente ritidis, S. Heidelbe rg, S. 

saint-Paul, and S. Montevideo a re some of the pathogenic Salmonella bacte ria. They a re 

commonly dist ributed in natu re, and typical gast roente ritis signs include dia r rhea, nausea, 

stomach pain, vomiting, mode rate feve r, and chills (B radeeba & Sivakumaa r, 2012). 

Salmonellosis is a fo rm of food poisoning caused by the ente ric bacte ria Salmonella. 

Salmonella ge rms have been believed to cause sickness fo r ove r a centu ry. Infections will 

t ravel f rom the intestines to the bloodst ream, and to othe r pa rts of the body,  resulting in 

death unless antibiotics a re administe red p romptly. The elde rly, child ren, and those with 

comp romised immune systems a re the most se riously affected (B radeeba & Sivakumaa r, 

2012). 

Salmonellosis may also be caused by c ross-contamination in the food se rvice indust ry o r 

at home du ring food p repa ration o r handling. Salmonella bacte ria can live and 

contaminate foods that haven't been cooked tho roughly. As a  result, c ross-contamination 

of foods afte r cooking is no rmal. As a  result of unsanita ry p ractices such as poo r hygiene, 
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food handle rs can pass salmonella f rom  raw p roducts to cooked o r othe r uncontaminated 

foods. Salmonella is sensitive to heat, and o rdina ry cooking is sufficient to kill it in high-

moistu re foods. The re a re a numbe r of steps that can be taken to  reduce the incidence of 

Salmonella contamination of foods, but the most common method of eliminating 

Salmonella f rom food p roducts is heating. 

Salmonella a re mesophiles, meaning they p refe r tempe ratu res between 35 and 430 

deg rees Celsius to  rise. At 15 °C, the g rowth  rate is significantly dec reased, while at 70 

°C, most Salmonella cannot develop. Salmonella can be found of la rge quantities in feces, 

waste, and waste-polluted wate r, and they can contaminate soil and c rops as they come 

into contact with them. Sewage sludge can contain high levels of Salmonella, which can 

sp read the bacte rium when used in ag ricultu ral p ractices. It will su rvive fo r months afte r 

being  released into the wo rld (Polong et al., 2012). Many mammals, animals, cattle, bi rds, 

 reptiles, fish, amphibians, and insects have been found to ca r ry this mic roo rganism. 

Salmonella ente rs humans p rima rily th rough food, especially foods de rived f rom animals. 

Salmonella has also been isolated f rom a va riety of  raw, uncooked foods (Anno r & 

Baiden, 2011). 

Staphylococcus au reus is a type of bacte ria. 

Staphylococcus au reus has long been  rega rded as one of the most dange rous bacte ria. 

that causes disease in humans (Bucche ri, Mammina, Giammanco, Giammanco, La 

Gua rdia & La Gua rdia & La Gua rdia & La Gua rdia & La Gua rdia & La Gua rdia & La 

Gua rdia & La Gua rdi 2010 (Casuccio). Many skin and soft tissue diseases, such as 

abscesses (boils), fu runcles, and cellulitis, a re caused by it (Bucche ri et al., 2010). With 

the  right envi ronment fo r development, as well as othe r facto rs like tempe ratu re, pH, 

wate r activity (aw), and enough time, many st rains of contaminating Staphylococcus 
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au reus will  replicate and develop ente rotoxins when the population is g reate r than 105 

cells pe r g ram. Individuals with  respi rato ry infections' coughs and sneezes can bea r 

d roplets that can easily sp read to the ai r and food being t reated. As a  result, any food that 

needs handling du ring cooking is susceptible to contamination. Contamination can also 

come f rom food handle rs' infected cuts, lesions, and boils. Howeve r, the two most 

common causes of food poisoning a re nasal ca r rie rs and people with boils and ca rbuncles 

on thei r a rms and hands that a re allowed to touch food (Hassan, B rit & F rank, 2010). 

Staphylococcus au reus is commonly found on the human body, pa rticula rly in moist 

envi ronments such as the pits of the a rms, the nose, mouth, and skin It contains a lot of 

poisons, one of which is deadly. Staphylococcal intoxication is the most common cause of 

food poisoning.  Rapid hea rtbeat is one of the symptoms. Onset with vomiting (1–8 hou rs), 

often with dia r rhea, which is no rmally self-limiting  resolving in less than a day (Hassan 

et al., 2010). The o rganism's g rowth must be ext remely  rapid befo re enough toxin is 

c reated to induce illness in the food. The poison has a high heat tole rance. As a  result, 

mode rate pasteu rization tempe ratu res of 70°C, which can kill the cell, cannot be used to 

influence the poison (Anno r & Baiden, 2011). Human skin colonizes Staphylococcus 

au reus, which causes inflammation in cuts and so res and is linked to boils. Staphylococcus 

au reus infection may also be caused by pe rsonnel handling activities and  raw mate rials, 

especially met. The mic roo rganisms a re hinde red by pH values of 4 and cannot expand 

in chilled conditions (10°C). If all othe r conditions a re met, it can withstand ve ry low 

wate r activity (aw) and emit ente rotoxin at aw 0.86. (B radeeba & Sivakumaa r, 2012). 

Nausea, vomiting,  retching, stomach c ramping, sweating, chills, p rost ration, slow 

hea rtbeat, shock, shallow b reathing, and low body tempe ratu re a re also common signs of 

staphylococcal intoxication. Staphylococcus au reus can th rive in a va riety of foods, but 

p roteinaceous foods like meat and meat p roducts, poult ry, fish and fish p roducts, milk 
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and dai ry p roducts, c ream sauces, salads, puddings, custa rds, and c ream-filled baking 

p roducts help development the most (B radeeba & Sivakumaa r, 2012). Staphylococcus 

au reus intoxications a re often associated with institutions such as schools, whe re food is 

often cooked in vast amounts and sto red befo re consumption. Contamination of the 

substance and development of the mic roo rganism to levels at which toxin is fo rmed is 

often caused by wo rke r negligence and inco r rect time-tempe ratu re combinations. 

 

2.4  Review of Mic robiological Food Safety 

Despite the fact that ce rtain foods a re easily polluted with natu rally occu r ring pathogenic 

mic roo rganisms, safe food is a fundamental human  right. Those pathogens cannot be 

detectable th rough sight, scent, o r taste, but they may t rigge r disease of va rying 

magnitude, even death, pa rticula rly if the way they a re sto red du ring se rvice allows 

ce rtain mic roo rganisms to develop and contaminate significant amounts. As a  result, food 

safety conce rns a re c ritical to global health (Dzotsi, Odoom, Opa re & Davies-Teye, 

2014). The global p revalence of foodbo rne illnesses is difficult to quantify, but B radeeba 

& Sivakumaa r (2012) say that 2.1 million people died f rom dia r rhoea diseases in 2000 

alone, with a la rge p ropo rtion of these cases due to food and d rinking wate r poisoning. In 

today's wo rld, illness caused by tainted food has been one of the most common public 

health issues. 

Food p rovides humans with the ene rgy and nut rients they need to su rvive, but it also acts 

as a pathway fo r pathogens to t ravel and evolve. Foodbo rne disease in humans and 

animals is caused by these pathogens. Foodbo rne pathogens may induce flu-like 

gast rointestinal symptoms like dia r rhoea and vomiting, which a re only a couple of the 

symptoms caused by foodbo rne pathogens. Foodbo rne illnesses continue to cause 

economic casualties and deaths in all count ries a round the wo rld (Hassan et al., 2010). 

University of Education,Winneba http://ir.uew.edu.gh



21 
 

Acco rding to Djekic, Kuzmanovic, Anelkovi, Sa raevi, Stojanovi, and Tomaevi (2016), 

foodbo rne pathogens a re the leading cause of sickness and death in developed count ries, 

killing an estimated 1.8 million people pe r yea r. Systemic complications, such as kidney 

failu re, feve r, anaemia, headache, and death, a re caused by bacte ria invading deepe r 

tissues o r by the development of toxins that a re then abso rbed. Foodbo rne infection is 

expected to cause 76 million cases each yea r, with 325,000 hospitalizations and 5,000 

deaths, acco rding to the Cent res fo r Disease Cont rol and P revention (CDC). Any foods 

a re ha rmful to some people because they a re likely to contain a ce rtain pathogen. Infecting 

a p regnant woman with Liste ria monocytogenes, fo r example, affects the developing 

foetus and can kill it, despite the fact that Liste ria monocytogenes seldom causes disease 

in the gene ral population (Djekic et al., 2016). 

Food p rotection, which  refe rs to the planning, p rese rvation, and p rocessing of food in 

ways that avoid foodbo rne illness, must continue to be one of the most p ressing needs of 

the global food indust ry's su rvival. Food mic robiological p rotection can be achieved by 

continuously monito ring both the manipulato rs (WHO, 2002) and the foods (Doménech-

Sánchez, Laso, Pé rez, & Be r rocal, 2011). 

Post-p rocess pollution is a typical way fo r chemically p roduced goods to get polluted 

f rom the facto ry envi ronment (Ko rnacki, 2000; Allan et al., 2004;  Reij and Den 

Aant rekke r, 2004). Pathogenic and spoilage mic roo rganisms can develop in  ready-to-eat 

food due to post-cook handling p rocedu res, food additives, and the state and length of 

food sto rage at sale points (Khai ruzzaman et al., 2014). 

Food wo rke rs often mishandle food by exposing it to unsanita ry envi ronments, which a re 

most often seen on the st reet (B radeeba & Sivakumaa r, 2012; Muinde and Ku ria, 2005; 

Ghosh et al., 2007). Nut ritious foods, such as beef, offe r a favou rable int rinsic 
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envi ronment fo r contaminating pathogenic and spoilage mic roo rganisms to colonize 

(Cla rence et al., 2009). Foodbo rne pathogens such as E. coli 0157:H7, Liste ria 

monocytogens, Camphylobacte r jejuni, Clost ridium pe rf ringens, Salmonella spp., and 

Staphylococcus au reus have all been linked to animal p roducts (Cla rence et al., 2009). In 

addition, the use of infected food ing redients and kitchen appliances in the home may be 

a significant cause of a la rge numbe r of foodbo rne pathogens (Medei ros et al., 2001; 

Beume r and Kusumaning rum, 2003;  Redmond and G rifith, 2003). 

Foods a re often kept at inapp rop riate tempe ratu res by cate re rs, and excessively t reated 

by se rve rs in filthy envi ronments, acco rding to a host of  ret rospective studies 

(Doménech-Sánchez, Laso, Pé rez & Be r rocal, 2011; Muinde and Ku ria, 2005; Ghosh et 

al., 2007). Fu rthe rmo re, cate re rs and vendo rs may have low pe rsonal hygiene, making 

them a possible cause of ente ric feve r t ransmission. Most cate re rs and vendo rs have 

eithe r no fo rmal education o r just a few yea rs of t raining, so they a re unawa re of p rope r 

food handling p rocedu res and thei r  role in pathogen t ransmission (Balza retti & Ma rzano, 

2013). 

Food p rotection is now a global public health issue, and outb reaks have been  reco rded 

 recently in Ghana and ac ross Af rica (Balza retti & Ma rzano, 2013). Dia r rhea caused by 

polluted and unhygienic food is one of the leading causes of illness and death in low-

income count ries, and many disease outb reaks have been linked to st reet food B radeeba 

& Sivakumaa r (2012). Dia r rhoea has been identified as one of the leading causes of 

hospitalization in Ghana, with 16 pe rcent of Af rican child ren unde r the age of five dying 

f rom it (Soa re, Ga rca-Dez, Esteves, Olivei ra, Sa raiva) (2013). Poo r hygiene p ractices, 

pa rticula rly in a reas whe re food and d rinks a re consumed, may lead to food poisoning 

and othe r food-bo rne diseases. When followed, diet and pe rsonal g rooming have been 

shown to help avoid a va riety of food-bo rne illnesses. It is widely acknowledged that 
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intentional o r accidental food poisoning as a  result of imp rope r food handling can 

endange r the lives of consume rs (Adzitey, Teye, Kutah, & Adday, 2011). Seve ral hygiene 

habits have been identified as comp romising food safety, including insufficient pe rsonal 

and envi ronmental hygiene, insufficient food and beve rage sto rage, and excessive food 

p rocessing and cooking (Dzotsi, Odoom, Opa re & Davies-Teye, 2014). 

Some p roponents desc ribe food safety cultu re as a mix of "people + science" (Soa re et 

al., 2013). In this case, science  refe rs to the p rocedu res used to detect and manage food 

haza rds and th reats, such as a Liste ria envi ronmental inspection p rog ram o r a  raw 

mate rial seg regation scheme. Fo rming and maintaining an efficient food safety cultu re 

necessitates the integ ration of  resea rch and thinking f rom th ree diffe rent disciplines: 

co rpo rate cultu re, food science, and social cognitive science. 

 

2.5 Mic robial quality of food and Quality cont rol 

Man has always made attempts to p revent illnesses and discove r ways to t reat eme rging 

ones in o rde r to enhance and p rolong life fo r decades and th rough diffe rent evolutions 

(Soa re et al., 2013). Va rious illnesses have claimed the lives of people of all ages. 

Diseases, pa rticula rly those caused by ou r  regula r intakes and behavio rs, such as food 

and hygiene, continue to be a dange r to human health and life, acco rding to Kada riya, 

Smith, and Thapaliya (2014). Unhygienic food and othe r sou rces of pollution of ou r 

eve ryday consumables have  resulted in the deaths of millions of people a round the wo rld, 

as is widely acknowledged (Kada riya, Smith & Thapaliya, 2014). 

Contaminated food and wate r a re widely  recognized as posing significant health  risks to 

human and animal life a round the wo rld (Adzitey, Teye, Kutah, & Adday, 2011). As a 

 result, it's no su rp rise that illnesses like chole ra, dia r rhoea, typhoid, and hepatitis occu r 

and a re a sou rce of wo r ry fo r public health officials. This is pa rticula rly t rue in Af rica, 
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whe re a lack of schooling, co r ruption, weak public health policy, a lack of t rained staff, 

and a poo rly funded health system, among othe r facto rs, have left Af rica, and specifically 

Ghana, vulne rable to any outb reak caused by unsanita ry food (Sha ron, Pete r, Geo rge & 

Joseph, 2015). 

Bacte rial pollution of p repa red foods has been linked to di rty, insufficiently o r 

inadequately washed cooking appliances. Containe rs, gene rato rs, and tanks used fo r 

sto ring o r shipping unp rocessed  raw mate rials have been used fo r manufactu red goods 

without being cleaned o r disinfected on occasion (Auad, Ginani, Stedefeldt, Nakano, 

Nunes, Zandonadi, 2019). To p revent pollution, equipment in the manufactu ring 

establishment that comes into contact with food must be built in such a manne r that it can 

be cleaned, disinfected, and maintained p rope rly. 

The t ransmission of mic roo rganisms by staff, especially f rom hands, is c ritical. Bacte ria 

a re moved f rom infected hands of food staff to food and then to othe r su rfaces du ring 

handling and p repa ration (Odey, Mboso, Ujong, Johnson, Gauje & Ategwu, 2013). Hands 

have been linked to low infectious doses of species like Shigella and pathogenic 

Esche richia coli as a sou rce of infection (Af reen, Ahmed, Ahmad, Khalid, 2019). The 

causative mode of t ransmission has been desc ribed as poo r hygiene, especially a lack of 

o r absence of hand washing. Contaminated o r unsanita ry food can cause a va riety of 

p roblems and diseases. 

The sum of mic robial contaminants in food is dete rmined by its mic robiological quality; 

a la rge deg ree of bacte ria means poo r food p repa ration and handling, making it mo re 

likely to sp read infection, and vice ve rsa (Odey et al., 2013). Va rious foodbo rne diseases 

have been linked to outb reaks of foodbo rne disease (Auad et al., 2019; Kada riya et al., 

2014). Howeve r, facto rs such as handling,  refining, sto rage, and show can affect the 
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mic robiological load of foods at the point of p repa ration, se rvice, o r sale (Tassew, 

Abdissa, Beyene & Geb re-Selassie, 2010). Foods f rom canteens,  roadside stands, and 

school kitchens have also been linked to outb reaks of foodbo rne illness. Since these foods 

a re mostly cooked by hand, the re is a highe r  risk of infection with possible foodbo rne 

pathogens including Staphylococcus spp (Af reen et al., 2019). The mic robiology of foods 

p repa red in hotels, domestic kitchens, canteens, on st reet co rne rs by st reet vendo rs, and 

in schools has been studied p reviously (Tassew et al., 2010). 

Food safety inspecto rs and food business owne rs have t raditionally used th ree main 

methods to monito r mic roo rganisms in food: inst ruction and p repa ration, facility and 

se rvice inspections, and mic robiological examination (Af reen et al., 2019). These 

p rog rams aim to imp rove awa reness of the sou rces and effects of mic robial infection, as 

well as to assess inf rast ructu re, p rocedu res, and commitment to good best p ractices. 

While these a re impo rtant components of any food safety p rog ram, they do have ce rtain 

sho rtcomings and flaws. Mic robial counts in food a re often used in  ret rospective 

mic robiological quality assessments o r to measu re the p resumptive "safety" of foods 

(Auad et al., 2019). Food must be sampled, mic robiological tests must be conducted, and 

the  results must be compa red to p reviously defined mic robiological specifications 

(Kada riya et al., 2014). 

When it comes to inspecting buildings and p rocesses, this is often done with a came ra. 

Va rious  rules, such as p rope r hygienic p ractices and food cont rol  regulations, a re 

 refe renced. The meaning of the diffe rent c rite ria is sometimes exp ressed in ambiguous 

wo rds such as "satisfacto ry," "adequate," " reasonable," "suitable," and "if possible" 

(Konecka-Matyjek, Mackiw, K rygie r, Tomczuk, Stos & Ja rosz, 2012). Due to the lack of 

detail, the desc ription is left to the Food Hygiene Office r, who in most situations uses his 
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o r he r disc retion. The Inspecto r may put a low p rio rity on c ritical issues, inc reasing costs 

without actually  reducing food safety  risks (Konecka-Matyjek et al., 2012). 

 

Pathogenic bacte ria (V. ae ruginosa) a re detected using mic robial examinations. 

mic roo rganisms that show signs of faecal contamination o r othe r fo rms of gene ral 

contamination o r poo r hygienic p ractices (colifo rm bacte ria, faecal St reptococci) o r fo r 

mic roo rganisms that show signs of faecal contamination o r othe r types of gene ral 

contamination o r poo r hygienic p ractices (colifo rm bacte ria, faecal St reptococci) 

(Odonko r, Ampofo, 2013). Fu rthe rmo re, a negative sc reening fo r pa rticula r pathogens 

in a food sample does not gua rantee that the whole batch is f ree of these pathogens 

(FAO/CD R, 2013). As a  result, mic robiological studies will only have a ve ry small level 

of p rotection. 

The othe r expe riments have a host of d rawbacks. The numbe r of mic roo rganisms 

(CFU/g) in a food component collected unde r optimum cultu ring conditions is known as 

Total Viable Count (TVC) o r Ae robic Plate Count (APC) (Odonko r, Ampofo, 2013). As 

a  result, the TVC is only a measu re of the f raction of the mic roflo ra capable of p roducing 

colonies in the medium used unde r the incubation conditions, not a gua rantee of the "total" 

bacte rial population. As a  result, it is well unde rstood that the conditions of incubation 

have a significant impact on the numbe r of colonies that eme rge f rom the same sample 

(Bomfeh & Tano-Deb rah, 2008). 

When iced fish is sampled and Plates a re incubated at 20 °C and 37 °C, fo r example, the 

TVC can diffe r by a facto r of 10–100. (Khan, Islam, Chowdhu ry, Alim, 2015). 

Fu rthe rmo re, since the TVC does not distinguish between diffe rent species of bacte ria, 

compa rable amounts of TVC can be identified even though the bacte ria's biochemical 
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activity va ries g reatly in the food. Fu rthe rmo re, high counts caused by mic robial g rowth 

a re fa r mo re likely to  result in food defects (Khan et al., 2015). 

 

Contamination of Food and Cont ributo ry Facto rs 

Consumption of polluted food containing pathogenic mic roo rganisms and thei r 

metabolites is one of the leading causes of death, cance r, hospitalization, and economic 

losses. Eve ry infection caused by consuming food poisoned by disease-causing bacte ria, 

vi ruses, o r pa rasites; natu ral toxins in plants o r animals is known as food poisoning (Auad 

et al., 2019). When food contains no dange rous mate rial that could affect human o r animal 

health, it is said to be hygienic (Auad). Despite this, mic robiological and chemical  risks 

in  ready-to-eat foods, mostly pesticides f rom fa rm goods such as f resh vegetables and 

f ruits, have been illust rated (Khan et al., 2015). 

Imp rope r handwashing, c ross-contamination, and inadequate cleaning and sanitizing have 

all been  repo rted as cont ributing facto rs to the t ransmission of foodbo rne diseases in 

studies. Handwashing has long been  recognized as an effective public health measu re fo r 

 reducing the t ransmission of infectious disease. Handwashing is the single most effective 

method fo r avoiding the t ransmission of infection, acco rding to Konecka-Matyjek et al. 

(2012). Bacte ria, such as the foodbo rne pathogen Staphylococcus au reus, a re natu rally 

found on the human body, and seemingly healthy people may ha rbo r foodbo rne pathogens 

like Salmonella o r vi ruses like Hepatitis A. These people may be "ca r rie rs," capable of 

infecting othe rs, but they may not be awa re of it because they may not show symptoms o r 

become ill (Ababio, Adi & Commey, 2012). 
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It is difficult to p roduce food that is vi rtually devoid of o rganisms (Montville and 

Matthews, 2005). Cheese,  raw (unpasteu rized) milk, deli meats, lettuce, salmon and 

smoked fish, ice c ream, and hot dogs have all been connected to them (Zulfaka r, Sahani, 

Hamid, 2018; Swaminathan, 2018). 

Ge rne r-Smidt (2007) and Ge rne r-Smidt (2007).  Ready-to-eat foods a re often involved in 

liste riosis outb reaks (Mau ro et al., 2008). The explanation fo r this is that these  ready-to-

eat foods a re consumed without any fu rthe r p rocessing o r ca re. The most often involved 

modes of t ransmission have been desc ribed as poult ry and meat p roducts (Zulfaka r et al., 

2018). Ensu re food hygiene and safety p ractices among cate re rs is a long-standing 

p roblem, and the impo rtance of food p rovide rs, especially in ou r boa rding schools, 

adhe ring to high-standa rd food safety  regulations and hygiene p ractices cannot be 

ove rstated (Khan et al., 2015) 

 

2.6.1 Poo r Hygiene P ractices 

In the home kitchen, the use of infected food ing redients and appliances is a significant 

cause of food-bo rne pathogens (Anno r & Baiden, 2011; Ababio, Adi & Commey, 2012). 

P rocesso rs and selle rs contaminate the meat with unclean wate r, pots, knives, clothing, 

and othe r p roducts. It's also impo rtant fo r the pathogen to contaminate g rilled meat sold 

in unsanita ry envi ronments, such as nea r exposed gutte rs. 

 

2.6.2 C ross-Contamination  

While poo r cooking has been blamed fo r seve ral cases of foodbo rne illness, 

C ross-contamination between  raw and cooked foods th rough food contact su rfaces has 

also been  repo rted as a significant  risk facto r, as has tempe ratu re abuse and the use of 

tainted  raw ing redients (Zulfaka r et al., 2018). Befo re any fo rm of food p repa ration, it is 
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impo rtant to tho roughly clean and sanitize food touch su rfaces in o rde r to minimize o r 

 remove the possibility of c ross-contamination. F resh meat, poult ry exudates, and othe r 

food  residues may linge r on kitchen su rfaces, potentially contaminating  raw vegetables 

and othe r  ready-to-eat ( RTE) foods (Zulfaka r et al., 2018). Befo re the sanitizing 

p rocedu re will begin, all food touch su rfaces must be washed and tho roughly  rinsed to 

 remove all contaminants. 

 

2.6.3 Envi ronmental hygiene  

The physical envi ronment of a child ca re facility's food p repa ration a reas can have an 

effect on hygienic food p repa ration. This, in pa rticula r, cont ributes to the  risk of disease 

t ransmission. The most impo rtant aspects of the food p rocessing a reas, mainly found in 

 resea rch (Bucche ri, Mammina, Giammanco, Giammanco, La Gua rdia, & Casuccio, 2010; 

Anno r & Baiden, 2011; A rgudin, Mendoza &  Rodicio, 2010), a re the food touch su rfaces 

and thei r cleanability. Envi ronmental mic robiological expe riments conducted in 

educational institutions have  revealed that the use of quickly washed su rfaces can help 

minimize envi ronmental pollution and hence its  role in disease t ransmission (Azevedo, 

Albano, Silva & Teixei ra, 2014). 

P rima ry food p rocessing does not take place in envi ronments whe re the p resence of 

potentially dange rous compounds will  result in an excessive amount of such substances 

in the food. To ensu re sustainable food supply, food vendo rs should identify potential 

sou rces of pollution f rom the atmosphe re. Dange rous mic roo rganisms can be p resent in 

di rt, wate r, animals, and humans, and they a re held on palms, cleaning cloths, and utensils, 

as well as cutting boa rds, and even the smallest contact with food can cause food bo rne 

diseases (WHO, 2012). Acco rding to Zulfaka r et al. (2018), the following points can be 

used to ensu re a sanita ry envi ronment: 
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1. P rotection of food and food ing redients du ring handling, p repa ration, and 

t ranspo rtation f rom  rodents, envi ronmental, physical, o r mic robiological 

pollutants, and othe r undesi rable substances. 

2. Food p rocessing, food packaging, and othe r wo rking envi ronments, as well as the 

su r rounding climate, must not be left to p roduce waste. Waste sto rage facilities 

must be kept clean. 

3. Adequate d rainage and waste disposal system and facilities should be p rovided. 

They should be designed and const ructed so that the  risk fo r contaminating food 

o r the po rtable wate r supply is avoided (Huslage,  Rutala, Ge rgen, Sickbe rt-

Bennett & Webe r, 2013). 

4. Cleaning wate r should come f rom a p rotected sou rce o r be made safe. 

5. Both su rfaces and equipment used in food p rocessing should be washed and 

sanitized (WHO, 2010). 

 

2.6.4 Pe rsonal Hygiene 

Food handling wo rke rs, acco rding to the WHO, play a c ritical  role in maintaining food 

safety in the food p roduction, packaging, sto rage, and p repa ration chain (Bekele, Zewde, 

Tefe ra, Feleke, & Ze rom, 2007). (2014). Food vendo rs' poo r handling and dis rega rd fo r 

hygienic measu res can allow pathogens to come into contact with food and, in some cases, 

th rive and multiply in sufficient amounts to cause illness in the custome r. When they have 

pa rticula r diseases, some food handle rs can int roduce biological haza rds th rough c ross 

contamination afte r p rocessing  raw mate rials, and physical haza rds th rough ca reless food 

handling p ractices (Huslage et al., 2013). 

The deg ree of inte raction that food-handling wo rke rs a re expected to have with specific 

types of food is linked to thei r ability to sp read disease. The th reats they face a re evidently 
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dive rse,  raising the question of whethe r all such wo rke rs should be handled equally. 

Foodbo rne disease outb reaks a re almost all caused by a failu re to follow acceptable 

guidelines in the planning, ha rvesting, heating, sto rage, o r  retailing of food, acco rding to 

investigations a round the wo rld (Ababio & Adi, 2012). 

The most effective vehicle fo r t ransfe r ring species f rom feces, nose, skin, and othe r places 

to food is the paws. Salmonella typhi, non-typhi salmonellae, Campylobacte r, and 

Esche richia coli has also been shown to live on finge rtips and othe r su rfaces fo r diffe rent 

amounts of time, and in some cases even afte r handwashing (Huslage et al., 2013). When 

Staphylococci a re pa rt of the  resident flo ra, they cannot be sepa rated f rom the hands by 

washing (WHO, 2002). 

As a  result of humans containing mic roo rganisms that they acqui re genetically o r f rom 

the envi ronment, it is c ritical to p ractice p rope r pe rsonal hygiene. (Est rada, Alca raz, 

Sato r res, Manf redi, & Velazquez, 2014): Impo rtant hygienic conside rations  related to 

Pe rsonal Hygiene include: 

1. Befo re handling food and sometimes du ring food p rocessing, food vendo rs wash 

thei r hands. 

2. When using the  rest room, vendo rs wash thei r hands. 

3. Food vendo rs’ d rying hands afte r and washing p rocedu re. 

4. Food vendo rs wea ring clean p rotective clothing. 

5. Food vendo rs wea ring head cove ring. 

6. Food vendo rs avoiding wea ring of pe rsonal effects such as jewelle ry, watches, 

pins o r othe r items in food handling a reas. 

7. Food vendo rs ensu ring that cuts and wounds a re cove red by suitable wate rp roof 

d ressings. 
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8. Food vendo rs  ref rain f rom smoking, spitting, chewing, o r swallowing, as well as 

sneezing o r coughing on unp rotected food. 

9. If you know o r believe that you a re sick f rom o r ca r rying a disease o r infection 

that is likely to be sp read by cooking, food vendo rs cannot handle it (Est rada et 

al., 2014). 

 

2.6.5 Mate rials and Equipment 

Biofilms have fo rmed on unclean food p rocessing equipment (Mau ro et al., 2008). They 

will th rive  rega rdless of the tempe ratu res, pH, o r salt concent ration in these places whe re 

the pathogen is found, as fa r as the p rocesso rs o r vende rs a re conce rned. As a  result, the 

pathogen is able to colonize and adapt to a va riety of envi ronments (Jay et al., 2005; 

Mau ro et al., 2008). At tempe ratu res between 20 and 25 deg rees Celsius, the pathogen 

also has a peculia r tumbling motility, but not at tempe ratu res above 35 deg rees Celsius 

(Ababio & Adi, 2012). 

Mic rococcus spp. and Staphylococcus au reus spp. a re often found on the vending site's 

se rving utensils, which may have come f rom the vendo rs' hands as they touched the food 

p repa ration a reas, dishcloths, o r the wate r du ring dishwashing o r hand washing, 

indicating c ross contamination of dishwate r, food p repa ration su rfaces, and the food 

itself. Bacte ria f rom di rty dishwashing wate r and othe r sou rces have been confi rmed to 

bind to utensil su rfaces, posing a dange r du ring the food vending p rocess (Ameko, Achio, 

Alhassan & Kassim, 2012). 

Stainless steel, plastic laminate, wood, g routed, and tile a re some of the popula r mate rials 

used as food contact su rfaces, but stainless steel is the mate rial of choice fo r food contact 

su rfaces and wo rk su rfaces due to its mechanical ability, co r rosion  resistant, longevity, 

and ease of fab rication. Seve ral studies (Ameko et al., 2012; Bucche ri, Casuccio, 
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Giammanco, Giammanco, La Gua rdia, Mammina, 2007) have looked into the pe rsistence 

of foodbo rne pathogens on stainless steel and othe r su rfaces, as well as thei r  role in c ross-

contamination. Pathogens such as Salmonella Ente ritidis, Staphylococcus au reus, and 

Campylobacte r jejuni have been shown to su rvive on stainless steel su rfaces fo r hou rs o r 

days, acco rding to Kebede, Afe ra, Taddele, and Bs rat (2014). Fu rthe rmo re, the p resence 

of  residual food waste on the soil, such as milk o r chicken  remains, is a significant facto r 

in the pathogens' inc reased su rvival on the su rface. Since pathogens we re easily moved 

f rom kitchen sponges to stainless steel su rfaces and then to foods, long-te rm su rvival 

poses a long-te rm c ross-contamination  risk. 

When  raw vegetables  reach the manufactu ring stages, they can become infected with 

pathogens. The numbe r and type of mic roo rganisms p resent at the outset a re often 

dete rmined by the substance and its sou rce. The finished  result is often less polluted than 

the  raw vegetable, acco rding to analysis of diffe rent p roduction chains (Ameko et al., 

2012). Since pathogen infection may occu r du ring manufactu ring and delive ry, st rict 

hygiene must be followed at all stages of the p rocess. The p rope rties of food poisoning 

mic roo rganisms, as well as the inhe rent p rope rties of the food and the effects of 

fe rmentation, sto rage, and packaging, all influence the p roduction of food poisoning 

mic roo rganisms on foods. Equipment, t reating, slicing, touch, cleaning, packing, and 

sto ring a re all possible manufactu ring measu res fo r each finished object. - of these 

p rocesses has the potential to influence mic robial colonization, su rvival, and development 

(Boateng, 2014). 

Many  raw foods, especially those of animal o rigin, a re polluted with a wide  range of 

mic roo rganisms, and effo rts to minimize mic robial loads at diffe rent stages of 

development have gene rally failed (Gutie r rez, Delgado, Sanchez, Ma rtinez, Cabo, 

 Rod riguez, He r re ra, Ga rcia) (2012). The  right implementation of manufactu ring 
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technology such as pasteu rization, i r radiation, f rying, f reezing, and pickling at the 

ag ricultu ral,  retail, and domestic levels is the refo re c ritical to the  removal of pathogenic 

species. Thus, the p revention of foodbo rne disease outb reaks is dependent on the p rope r 

implementation of these technologies, especially in te rms of time and tempe ratu re 

management, as well as p rope r sto rage and c ross-contamination p revention (Boateng, 

2014). 

Djekic, Kuzmanovic, Anelkovi, Sa raevi, Stojanovi, &Tomaevi (2016) note in a  related 

debate that basic steps such as washing and peeling the food will  reduce the possibility of 

mic roo rganism contamination f rom  raw food. Fu rthe rmo re, since p rope r cooking 

dest roys almost all ha rmful mic roo rganisms, expe riments have shown that cooking food 

to a tempe ratu re of 700°C will help ensu re it is safe to eat (Atte r, Ofo ri, Anyebuno, Amoo-

Gyasi & AmoaAwua, 2015). If food is kept at  room tempe ratu re, mic roo rganisms can 

multiply  rapidly. The g rowth of mic roo rganisms is delayed o r stopped by keeping the 

tempe ratu re below 50°C o r above 600°C, but ce rtain ha rmful mic roo rganisms will still 

g row below 50°C (WHO, 2010).  

Depending on the natu re of the food ope rations unde rtaken, adequate facilities should 

be available fo r heating, cooling, cooking  ref rige rating and f reezing food , fo r sto ring 

 ref rige rated o r f rozen foods, monito ring food tempe ratu res, and when necessa ry, 

cont rolling ambient tempe ratu res to ensu re the safety and suitability of food (Boateng, 

2014). Impo rtant hygienic aspects  related to Food Safety as stated in WHO (2010):  

1. Sepa rate  raw meat, poult ry and seafood f rom othe r foods. 

2. Using sepa rate equipment and utensils such as knives and cutting boa rd fo r 

handling  raw foods. 

3. Sto ring food in containe rs to avoid contact between  raw and p repa red foods. 
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4. Washing f ruits and vegetables, especially if eaten  raw. 

5.  Removing oute r leaves of leafy vegetables. 

6. Cooking food tho roughly; make su re that the tempe ratu re has  reached 700. 

7.  Reheating cooked food tho roughly. 

8. Avoid leaving cooked food at  room tempe ratu res fo r mo re than 2 hou rs. 

9.  Ref rige rating p romptly all cooked and pe rishable food p refe rably below5°C 

(Boateng, 2014). 

 

2.7 Empi rical  Review 

Food wo rke rs have been linked to a se ries of food-bo rne disease outb reaks. Ca r rasco, 

Mo rales- Rueda, and Ga rcia-Gimeno (2012) pe rfo rmed 5-week epidemiological 

expe riments to figu re out what caused Texas' biggest Salmonella outb reak. Outb reak 

su rveys, symptom su rveys, coho rt t rials, follow-up su rveys, envi ronmental 

investigations, and lab analyses we re among the techniques used. The epidemic, acco rding 

to Beatty et al., was caused by a food handle r's mishandling of food. 

In a 2005 epidemic of food-bo rne no rovi rus in Ba rcelona, Spain, Ba r rabeig et al. (2010) 

demonst rated the function of an asymptomatic food handle r. 

Inte rviews and stool samples we re used in a  ret rospective coho rt analysis that ta rgeted 

both exposed individuals and food handle rs. To assess the connection between disease and 

food intake, the attack  rate and  relative  risks we re dete rmined. 

The no rovi rus was found in seven stool samples, acco rding to Ba r rabeig et al. (2010), 

including that of an asymptomatic food handle r who did not consume the implicated food 

but p repa red and se rved the meal. Asymptomatic food handle rs may be exposed to 
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infectious agents, necessitating the use of healthy food handling techniques, especially 

handwashing, at all times. 

Chukuezi (2010) conducted a study in Owe r ri, Ngi ra, on food safety and hygienic 

p ractices among st reet food vendo rs. St ructu red inte rviews, semist ructu red 

questionnai res, and obse rvational methods we re used to gathe r data. The su rvey was 

conducted using a desc riptive su rvey design. Acco rding to the findings, 23.81 pe rcent of 

the vendo rs p repa red food in unsanita ry conditions, 42.86 pe rcent did not use ap rons, 

47.62 pe rcent handled food with ba re hands, and 52.38 pe rcent wo re no hai r cove rings 

when se rving food, and 61-90 pe rcent handled money. 

In Ilo rin Seconda ry School in Nige ria, Ca r rasco, Mo rales- Rueda, and Ga rcia-Gimeno 

(2012) conducted  resea rch on food safety habits of food vendo rs. Acco rding to the  repo rt, 

p remedical p ractice was st rong (76%) among 185  respondents, but pe riodic medical 

 review was low (30%). (16 pe rcent). Mo re than 61 (33 pe rcent) and 72 (39 pe rcent) 

 respondents,  respectively, cooked and  reheated food p rio r to sale. Bad utensil t reatment, 

100 (57%) use of p reviously used wate r fo r washing and d rying, lack of cove ring ap ron 

among food vendo rs 128 (69%) and lack of hand washing basin fo r immediate cleaning, 

lack of soap and wate r to clean thei r utensils, and the  rest 100 (57%) used unhygienic 

methods to clean the utensils we re the most common unhygienic habits found among the 

food vendo rs. Unclamp finge r nails, skin infections, and inadequate fly safety a re some 

of the food contamination  risk facto rs. 

Food pollution in Nige rian fast-food  restau rants was investigated by Feglo and Sakyi 

(2012), who looked at the involvement of food handle rs in food contamination. Feglo and 

Sakyi used a semi-st ructu red questionnai re to gathe r info rmation f rom 350 food handle rs 

who we re  randomly chosen. The majo rity of food handle rs exhibited t raits that could 

University of Education,Winneba http://ir.uew.edu.gh



37 
 

influence food safety, such as a lack of food safety inst ruction (52.6 pe rcent) and a lack 

of unde rstanding that mic robes can contaminate food (57.4 pe rcent). 

Abayneh, Nolkes, and As rade (2014) conducted a food safety su rvey and discove red that, 

wo rldwide, food and wate r bo rne illnesses  resulted in 2.2 million deaths in 2012, out of a 

total of 1 billion cases  reco rded. In the United States, finfish was the second most often 

linked to foodbo rne illness, while fish and fishe ry goods we re  ranked seventh in the EU 

count ries. Salmonella contamination was the leading sou rce of FDA food  recalls in 2010 

( recalls due to biological/pathogen contamination). 

 Rheinlande r (2012) discove red that while vendo rs and custome rs had a gene ral 

unde rstanding of food safety, the  resea rch did not focus on basic hygiene activities such 

as hand washing, utensil cleaning,  raw vegetable washing, o r ing redient selection. Hand 

washing,  raw mate rial washing, and utensil cleaning we re not taken into account in 

 Rheinlände r's (2012)  repo rt. This gap in thei r  resea rch is being add ressed, as hygiene 

activities such as food vendo r hand washing and utensil cleaning behavio rs a re being 

conside red in this study in Ghana's Bono a rea. 

Because of thei r possible cont ribution to foodbo rne disease, the cleanliness and hygiene 

of food touch su rfaces within cate ring and othe r food se rving facilities pose a health  risk 

to custome rs. While insufficient cooking, tempe ratu re misuse, and the use of tainted  raw 

mate rials have been linked to seve ral cases of foodbo rne illness, c ross-contamination 

between  raw and cooked foods th rough food contact su rfaces has also been  recognized as 

a significant  risk facto r (Cosby, Costello, Mo r ris, Haughton, Dave reaux & Ha rte, 2008). 

The Food and D rug Administ ration of the United States commissioned a study to 

dete rmine the p revalence of such food intake and p repa ration behavio rs linked to an 

elevated  risk of foodbo rne illness. Acco rding to the poll, 26% of Ame ricans do not 
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disinfect cutting boa rds afte r cutting  raw meat o r chicken (Sani & Siow, 2014). Failu re 

to disinfect cutting boa rds can  result in a highe r chance of c ross-contamination, which 

can lead to foodbo rne illness. 

Anothe r facto r that cont ributes to foodbo rne disease is ineffective washing and sanitizing 

of food touch su rfaces. C ross-contamination and, as a  result, foodbo rne disease 

t ransmission can be avoided by tho roughly washing and sanitizing food touch su rfaces 

befo re, du ring, and afte r food p repa ration (Tessema, Gelaye & Che rcos, 2014). Cleaning 

is cha racte rized as the complete  removal of food soil unde r  recommended conditions 

using suitable dete rgent chemicals. Sanitizing is the p rocess of  reducing mic roo rganisms 

to levels that a re conside red healthy fo r public health (Tessema et al. 2014). Acco rding to 

Sani and Siow (2014), tho roughly cleaning and sanitizing food touch su rfaces befo re some 

fo rm of food p rocessing is impo rtant to minimize o r potentially  remove the possibility of 

c ross-contamination. F resh meat, poult ry exudates, and othe r food  residues may linge r 

on kitchen su rfaces, contaminating  raw vegetables and othe r  ready-to-eat ( RTE) foods 

with bacte ria. Befo re the sanitizing p rocedu re will begin, all food touch su rfaces must be 

washed and tho roughly  rinsed to  remove all contaminants. 

With the extensive use of stainless steel, laminated plastic-cove red cabinets, vinyl tiles, 

and polyamide wall paint, kitchen su rfaces must be du rable and cleanable (Sunday, 

Nyaudoh & Etido, 2011). Seve ral studies have looked at how foodbo rne pathogens 

su rvive on stainless steel and othe r su rfaces, as well as how they cont ribute to c ross-

contamination (Kusumaning rum et al., 2003; Bomfeh . & Tano-Deb rah, 2008). Pathogens 

such as Salmonella Ente ritidis, Staphylococcus au reus, and Campylobacte r jejuni can 

su rvive on stainless steel su rfaces fo r hou rs o r days, acco rding to a  repo rt by 

Kusumaning rum and colleagues (2003). Fu rthe rmo re, the p resence of  residual food waste 
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on the soil, such as milk o r chicken  remains, is a significant facto r in the pathogens' 

inc reased su rvival on the su rface. 

Simila r expe riments have been ca r ried out in class rooms and assisted-living facilities to 

assess the mic robiological consistency of food touch su rfaces. Adams and Moss (2008) 

completed a mic robiological study of 40 school foodse rvice activities in Iowa, evaluating 

the efficacy of five food touch su rface cleaning and sanitation systems. Food sto rage 

desks, cooking appliances, and se rving t rays we re among the su rfaces tested fo r c ross-

contamination. The best indicato r of mic robial infestation was included in the p repa ration 

tables. 

Annan-P rah et al. confi rmed the existence of Salmonella and Shigella bacte ria on the 

su rface of utensils and knives in a  repo rt pe rfo rmed and published in 2011 on st reet foods: 

handling, sanitation, and client p refe rences in Cape Coast, Ghana ( Rane, 2011). It's also 

been documented that du ring food p rocessing,  raw mate rials a re sliced and chopped with 

the same knife without being cleaned in between, and that such knives a re often infested 

with flies ( Rane, 2011). 

The handling, vending, and hygienic consistency of st reet foods accessible to local people, 

domestic and inte rnational tou rists in Cape Coast, Ghana's most impo rtant tou rism hub, 

we re investigated in the  repo rt. Meat pie (1.3 105), khebab (5 104),  rice with stew (4.1 

105), f ried fish (8 104), peppe r sauce (1.4 105), etsew o r banku (3 105), beans with ga ri 

(2 104), fufu (1.6 105), waakye (6.6 105), and dakua (2.3 105) had the highest bacte rial 

infection  rate. The occu r rence of faecal Esche richia coli was found in all of the food 

samples tested. Bacte rial contamination levels of 5 log10 cfu/g we re found in khebab, 

f ried fish, and beans with ga ri. 
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In a su rvey conducted in Santa Fe de Bogota, Colombia, it was discove red that ove r 30% 

of food handle rs tested we re ca r rie rs of pathogenic bacte ria such as Salmonella typhi, 

Staphylococcus au reus, Salmonella ente ritidis, and Shigella sonnei (Sunday, Nyaudoh & 

Etido, 2011). The location of the stall (su r roundings), poo r pe rsonal hygiene, and poo r 

food hygiene habits du ring cooking, p repa ring, and se rving, inadequate supply of 

d rinking wate r, poo r sto rage system, open food bottle, inapp rop riate p ractices of taking 

out wate r f rom the pitche r, and long hou rs of food p repa ration, among othe r facto rs, 

could all cont ribute to pollution.  
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CHAPTE R TH REE 

MATE RIALS AND METHODS 

3.1  Resea rch design   

Using samples swabbed f rom the kitchens of the chosen senio r high schools, the study 

used an expe rimental design to test the mic robiological consistency of food touch 

su rfaces. 

 

3.2 Catego rization of schools 

The schools we re catego rized into th ree g roups: A, B, and C, which se rved as st rata. A 

school f rom each of the catego ries was  randomly chosen using the lotte ry system fo r 

justice in te rms of  resea rch  rep resentation f rom the said catego ries. The names of the 

schools in each catego ry we re w ritten on pieces of pape r, folded, and chosen 

blindfolded by an individual in this p rocess. The thesis cove red eve ry school that was 

chosen afte r the act. The thesis enlisted the pa rticipation of th ree (3) colleges, f rom 

which samples we re obtained fo r examination. 

 

3.3 Sample Collection P rocedu res and Tools 

To ensu re consistent sampling on va rious su rfaces, food handle rs' palms we re swabbed 

with ste rile cotton swabs fo r 10-15 seconds on wooden su rfaces (such as food sto rage 

tables, f rying buckets, and chopping boa rds), plastic su rfaces (such as se rving cups, 

dishing out spoons, knives, and se rving containe rs), and cast-i ron su rfaces (such as 

dishing out pots and lids). The cotton swabs we re w rapped in a stomache r bag and shipped 

to the lab in an ice chest with ice packs at 10-40C fo r immediate mic robial analysis. Total 

viable bacte ria, ae robic plate count, total colifo rm, Esche richia coli (E. coli), Salmonella, 
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and Staphylococcus au reus we re counted in food samples obtained f rom touch su rfaces 

in the kitchens of the chosen senio r high schools to assess the extent of bacte rial infection. 

 

3.4 Chemical  Reagents 

OXOID Labo rato ries, Basingstoke, Hampshi re, England, p rovided the aga rs used. Plate 

Count Aga r was used to isolate ove rall viable count; Mac Conkey Aga r was used to 

estimate E. coli; Salmonella-Shigella Aga r, peptone wate r, and selenite b roth we re used 

to isolate Salmonella; and Mannitol Salt Aga r was used to isolate staphylococcus. 

 

3.4.1 P repa ration of Plate Count Aga r 

Count of Plates Aga r (Nut rient aga r) was made by suspending 23.5 g rams in 1000 ml (1 

lite r) pu rified wate r and boiling it until it totally dissolved. It was ste rilized in a sealed 

containe r at 121°C fo r 15 minutes. Until pou ring onto ste rile Pet ri dishes, the ste rilized 

aga r was allowed to cool to 50°C (Minnesota Depa rtment of Health (MDH), 2013). 

 

3.4.2 P repa ration of Mac Conkey Aga r 

The medium was made acco rding to the OXOID fo rm (Abayneh, Nolkes & As rade, 

2014). MacConkey Aga r powde r (52g) was tho roughly mixed in 1 lite r of filte red wate r. 

To totally dissolve the powde r, the solution was heated with f requent agitation and boiled. 

It was ste rilized fo r 15 minutes at 121°C. Until plating, ste rilized aga r was allowed to cool 

to about 50 °C.  

 

University of Education,Winneba http://ir.uew.edu.gh



43 
 

3.4.3 P repa ration of Mannitol Salt Aga r 

Aga r powde r (111 g) was dissolved enti rely afte r being suspended in 1 lite r of pu rified 

wate r and b rought to a boil. It was autoclaved at 121°C fo r 15 minutes to ste rilize it 

(Abayneh, Nolkes & As rade, 2014). 

 

3.4.4 P repa ration of Salmonella Shigella Aga r (Ss Aga r) 

To dissolve the aga r, 63g of aga r powde r was suspended in 1lite r of pu rified wate r and 

boiled with  regula r agitation. Until pou ring into a ste rile Pet ri dish, it was allowed to 

cool to about 50°C. 

 

3.5 Mic robiological Analysis 

Ste rilized cotton swabs, socks, stomata containe rs, ice chests, ice packs, and ste rile tubing 

we re used to collect samples f rom diffe rent food contact su rfaces in the kitchens of the 

chosen schools fo r mic robiological  resea rch. Mic robiological  resea rch was eeded to 

complete the study objective and achieve the ultimate goals (Minnesota Depa rtment of 

Health (MDH), 2013). A 50 cm2 a rea on all su rfaces was swabbed fo r ae robic plate counts 

(APC), colifo rm counts, and E. coli counts using no rmal mic robiological swabbing 

techniques (Bekele, Zewde, Tefe ra, Feleke & Ze rom, 2014). Swabbing a 50cm2  region 

with a ste rile stainless-steel template allowed fo r mic robiological inspection of su rfaces. 

Swabbing the field ho rizontally, f rom one side of the p rototype to the othe r, and  repeated 

ve rtically and then ho rizontally was used fo r sampling. The samples we re taken to the lab 

and plated on Ae robic Count (AC) Plates and E. coli/Colifo rm Count Plates. By su rface 

so rt, the  results we re p resented as mean log APC counts and mean colifo rm counts. The 

f requency of E. coli and colifo rm positive samples was dete rmined based on the su rface 

type. The methods outlined below we re used to dete rmine if mic roo rganisms we re 
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p resent in the samples. A colony counte r was used to count colonies on selected plates. 

To aid g rouping and  recognition, the mo rphological cha racte ristics of the colony, such as 

colo r, fo rm, and scale, we re studied. 

 

3.5.1 Total Viable Count (TVC) 

Total Viable Counts we re sepa rated and counted using the pou r plate p rocess, and Plates 

we re g rown. 

Aga r Count (PCA). Diluting 10g of the sample yielded se rial dilutions of up to 10-4. 

into 90 mL pu rified wate r that has been ste rilized aliquots of one millilite r (1ml) f rom 

each of the dilutions 

PCA has al ready been p repa red and was inoculated into Pet ri dishes. The contents we re 

tossed a round. 

To tho roughly mix the aga r with the inoculums, tu rn the mixe r clockwise and 

anticlockwise. The plates we re placed on the table. 

The cells we re then inve rted and incubated fo r 24 hou rs at 35°C. Using the colony clock, 

all white spots o r scatte r we re counted and  repo rted as total viable count afte r incubation 

(Bekele, Zewde, Tefe ra, Feleke & Ze rom, 2014). 

 

3.5.2 Enume ration of Staphylococcus species 

Pou r plate system was used to isolate and count Staphylococcus species, which we re then 

g rown on Salt Mannitol Aga r (SMA) (A rgudin, Mendoza &  Rodicio, 2010). Diluting 10g 

of sample into 90ml of ste rilized pu rified wate r yielded se rial dilutions  ranging f rom 10-

1 to 104. One millilite r aliquots of each dilution we re inoculated into Pet ri dishes 

containing SMA that had al ready been p repa red. The inoculum was sp read thinly with a 

ste rile bent  rod and allowed to d ry at  room tempe ratu re fo r 15 minutes. The plates we re 
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inve rted and incubated fo r 24 hou rs at 35 deg rees Celsius. Using a colony clock, yellow 

colonies we re counted and  registe red as Staphylococcus counts afte r incubation (A rgudin, 

Mendoza &  Rodicio, 2010). 

 

3.5.3 Enume ration of Esche richia coli 

Esche richia coli was isolated, counted, and g rown on MacConkey aga r using the pou r 

plate p rocess. Diluting 10g of beef sample into 90ml ste rilized distilled wate r yielded 

se rial dilutions 10-1 to 10-4. One millilite r of each dilution was inoculated into Pet ri 

dishes with MacConkey aga r that had al ready been packed. Afte r that, the plates we re 

incubated fo r 24 hou rs at 35°C (Doménech-Sánchez, Laso, Pé rez, & Be r rocal, 2011). 

Esche richia coli pink colonies we re counted and  reco rded as E. coli afte r incubation. The 

colony counte r is used to count E. coli. 

 

3.5.4 Enume ration of Salmonella 

In a unive rsal containe r, 10ml of Buffe red Peptone Wate r (BPW), Oxoid CM009 

(containing peptone 10.0; sodium chlo ride 5.0; pH 7.2 0.2 at 25 oC) was p repa red and 

se rial dilution of samples was applied. It was incubated fo r 24 hou rs at 37 deg rees Celsius. 

Then, in a unive rsal tube, 0.1ml of the BPW sample was put in a 10ml of se renite b roth 

and incubated fo r 48 hou rs at 44 oC. SS aga r (Salmonella-Shigella aga r) was inse rted and 

incubated at 37 oC fo r 48 hou rs. Salmonella was detected on the SS aga r by c ream 

colonies with black cente rs. Single c ream colonies with black cente rs we re inoculated by 

stabbing and incubated at 44 oC fo r 24 to 48 hou rs fo r confi rmation. Salmonella was 

confi rmed by a yellow ass, a  red slant with o r without blacking, and a  red slant with o r 

without blacking (Domenech-Sanchez, Laso, Pe rez & Be r rocal, 2011). 
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3.6 Statistical Analysis  

The study's findings we re quantitatively analyzed. The Food Standa rd Code was used to 

dete rmine the mic robial quality of food, which was classified as adequate, fine, o r 

unsatisfacto ry based on the mic robial load (Doménech-Sánchez et al., 2011). Statistical 

Package fo r Social Sciences (SPSS) ve rsion 20.0 was used to pe rfo rm analysis of va riance 

on the  results obtained fo r ove rall ae robic plate count, colifo rm, and fungal counts. 

The use of this p rog ram fo r quantitative analysis is backed up by  recent expe rimental 

studies in the field (Donko r, Kayang, Quaye & Akyeh, 2009; C resswell, 2003). To assist 

in the inte rp retation of the findings, SPSS was used to p roduce desc riptive statistics in the 

fo rm of mean values and standa rd deviation. When the ANOVA table shows significant 

diffe rences among the means, the independent sample T-test was used to assess significant 

diffe rences between mic roo rganism contaminations among the su rface types at the 5% 

likelihood stage. The mic roo rganisms we re often identified in o rde r to dete rmine the 

bacte ria we re contaminating the food su rfaces individually. 
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CHAPTE R FOU R 

 RESULTS AND DISCUSSION 

 

4.1 Mic robial load of Food Contact Su rfaces  

The  resea rche rs looked fo r Total Viable Count, which dete rmines the numbe r of 

mic roo rganisms (mic robial load) in the swabbed samples. The numbe r of colonies 

fo rming units (cfu) pe r g ram (g) (o r pe r ml) of the sample is  rep resented by this numbe r. 

Table 4.1 shows the  results of the mic robial count on diffe rent fo rms of food touch 

su rfaces. 

 

Table 1: Mic robial Load fo r Su rface Types f rom selected schools in Bono  Region, 

Ghana 

 

Bacte rial g roup 

 

Mic robial 

Count 

 

             Contact Su rfaces 

                    Food 

Wooden 

su rfaces 

Cast I ron 

su rfaces 

handle rs’  

palms 

Plastic 

su rfaces 

Total Viable 

Count (TVC) 

+Sample 

(log10 cfu/g) 

6 

5.07 + 0.3 

6 

3.98+0.4 

6 

4.21 +0.04 

6 

4.31+0.05 

  Range 4.20-5.18 3.70-4.28 3.30-4.56 3.70-5.08 

Total Colifo rm +Sample 

(log10 cfu/g) 

6 

4.47+ 0.1 

6 

2.31+0.1 

6 

2.33+ 0.2 

6 

4.14+ 0.2 

  Range 3.79-4.91 2.00-2.59 2.18-2.31 3.78-4.70 

 

Wooden su rfaces had the la rgest total viable counts of mic roo rganisms (4.72+ 0.3 log10 

cfu/g), followed by plastic su rfaces (4.33+ 0.5 log10 cfu/g), and cast-i ron su rfaces had the 

lowest total viable counts (3.98+ 0.3 log10 cfu/g). This means that mic roo rganisms such 

as bacte ria and fungi a re heavily localized on the wooden boa rd, which has the la rgest 

concent ration of colony fo rming units. The p revalence of pathogenic bacte ria in the food 
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swab can be shown by high levels of mic robial load (Huslage,  Rutala, Ge rgen, Sickbe rt-

Bennett & Webe r, 2013). 

Table 1 also includes figu res fo r Total Colifo rm Count, which p rovides a gene ral measu re 

of the sanita ry status of a wate r o r food sou rce. Colifo rm bacte ria can be p resent in soil, 

wate r, and human o r animal waste, which we re all checked. The total colifo rm count on 

wooden su rfaces was highest (4.47+ 0.1log10 cfu/g), followed by plastic su rfaces (4.14 

+0.2log10 cfu/g), and cast-i ron su rfaces had the lowest total colifo rm count (3.31+ 

0.1log10 cfu/g). Handling by kitchen wo rke rs with ba re hands could be to blame fo r the 

inapp rop riate colifo rm counts on wooden and plastic su rfaces (A rgudin, Mendoza & 

 Rodicio, 2010; Odonko r, Ampofo, 2013). The developed mic robial load was fu rthe r 

evaluated in  relation to the diffe rent school catego ries whe re samples we re taken, with 

the  results p resented in Table 2. 

 

Table 2: Mic robial Load among School catego ries  

Bacte rial 

g roup 

Mic robial 

Count 

Catego ry 

A school 

Catego ry B 

school 

Catego ry C 

school 

Mean 

 

Total Viable 

Count 

+Sample 

(log10 cfu/g) 
3.21+0.14 4.72+0.05 5.07+0.1 4.33 

Total 

Colifo rm 

+Sample 

(log10 cfu/g) 
3.03+0.07 2.89+0.1 4.47+ 0.1 3.34 

 

Table 2 shows that Catego ry C schools have the highest Total Viable Count (TVC) 

(5.07+0.1 log10 cfu/g), whe reas Catego ry B schools have the lowest. As a  result, 

acco rding to the Inte rnational Commission fo r Mic robiological Specification fo r Foods, 

only Catego ry A schools fell below the app rop riate limit of Total Viable Count (A rgudin, 

Mendoza &  Rodicio, 2010). The p resence of highe r Total viable counts on touch su rfaces 

University of Education,Winneba http://ir.uew.edu.gh



49 
 

suggested poo r cleaning p rocedu res in the kitchens of the schools studied (Tessema, 

Gelaye & Che rcos, 2014). 

Table 2 also shows that Catego ry C schools have a cumulative Colifo rm count of 

4.47+0.05 log10 cfu/g that is highe r than the app rop riate ave rage. The Total Colifo rm 

count in Catego ry A schools (3.03+0.07 log10 cfu/g) and Catego ry B schools (2.89+0.1 

log10 cfu/g) is both below the app rop riate level. In eithe r case, the ave rage Total Viable 

count of 4.33 log10 cfu/g indicates the p revalence of mic roo rganisms on the food contact 

su rfaces of the diffe rent colleges, while the mean Total Colifo rm count of 3.34 log10 cfu/g 

indicates that the food contact su rfaces a re in adequate sanitation. The sou rce of the 

bacte rial load in the vegetable p roduction cente rs may be field i r rigation wate r (Mensah 

et al., 2001). Contamination may also be due to inadequate cutting and p repa ring methods, 

as well as poo r hygienic conditions on the site, which could be caused by ga rbage, sewage, 

and othe r noxious substances in the a rea (Obi ri-Danso et al. 2005). 

 

4.2 Cha racte ristics of Mic roo rganisms p resent on the Food Contact Su rfaces 

The  resea rch went on to desc ribe the specific bacte ria that could potentially contaminate 

the food se rved at the va rious student dining halls afte r establishing the p revalence of 

mic roo rganisms and the sanita ry standa rd of touch su rfaces among the selected colleges. 

Esche richia coli, Staphylococcus au reus, and Salmonella we re among the 

mic roo rganisms desc ribed, with ave rage counts f rom diffe rent contact su rface types 

outlined in Table 3. 
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Table 3: Cha racte ristics of Mic roo rganisms p resent on Su rface Types  

   Contact Su rfaces  
Mic robial 
g roup 

Mic robial Count Wooden 
su rface  

Cast i ron 
su rface  

Kitchen 
staff’s 
palms  

Plastic 
su rface  

Mean 

Esche richia coli +Sample (log10 cfu/g) 6 

3.97+ 0.14 

6 

4.48+ 0.3 

6 

2.33+ 0.10 

6 

3.98+ 0.21 

 

3.69 

  Range 3.06-4.18 3.78-5.91 2.18-2.48 3.70-4.35  

Staphylococcus +Sample (log10 cfu/g) 6 

4.03+0.2 

6 

3.32+ 0.10 

6 

3.27+ 0.05 

6 

3.77+ 0.4 

 

3.60 

  Range 3.00-4.76 3.31-4.34 3.25-4.29 3.05-5.21  

Salmonella +Sample (log10 cfu/g) 6 

4.15+ 0.2 

6 

3.39+ 0.03 

6 

2.72+ 0.05 

6 

3.37+ 0.06 

 

3.41 

   Range 3.79-5.34 3.32-3.51 2.70-2.89 3.04-3.70  

 

Cast i ron su rfaces had the la rgest numbe r of Esche richia coli species (E. coli) at 4.48+ 

0.3 log10 cfu/g, followed by plastic su rfaces at 3.98+ 0.21 log10 cfu/g, and wo rke rs palms 

had the lowest numbe r of Total Colifo rms at 2.33+ 0.10 log10 cfu/g. The amounts found 

suggest potential pollution du ring post-cooking handling, as well as poo r hygiene and 

sanitation (Doménech-Sánchez et al., 2011). The la rgest numbe r of Staphylococcus spp 

was found on wooden su rfaces (4.03+0.2 log10 cfu/g), followed by 3.77+ 0.4 log10 cfu/g 

on plastic su rfaces, and 3.27+ 0.05 log10 cfu/g on kitchen staff's hands. Foods we re 

especially heavily contaminated with Staphylococcus au reus on unnecessa ry handling and 

c ross contamination afte r f rying, simila r to the  results in Mensah et al's (2002) analysis 

in Ghana. 

 

Statistics on Salmonella  reveal that wooden su rfaces have the maximum mic robial count 

of 4.15+ 0.2 log10 cfu/g, while stainless steel su rfaces have a count of 3.39+ 0.03 log10 

cfu/g and the hands of kitchen wo rke rs have a count of 2.72+ 0.05 log10 cfu/g. The 

p revalence of S. au reus bacte ria in this sample st rongly demonst rated that the kitchen 

staff's standa rd of hygiene was inadequate (Bekele, Zewde, Tefe ra, Feleke & Ze rom, 
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2014; Odonko r, Ampofo, 2013). Fo r a bette r unde rstanding, the ave rage counts fo r the 

mic roo rganisms studied is shown on Figu re 1 

 

 

Figu re 1: Ave rage Mic robial counts on Food Contact Su rfaces    

 

The va riations in pollution  ranges between the th ree mic roo rganisms a re not significant, 

and none of them fall below the inapp rop riate  range of >106. All of them, howeve r, a re 

app roaching the tole rable  range of 104 - 105 and the refo re need u rgent t reatment. 

Mic robial counts fo r the th ree species studied on food contact su rfaces we re also 

summa rized in the study, as seen in Figu re 2. 
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 Figu re 2 Ave rage Mic robial counts fo r Contact su rfaces         

 

The majo rity of mic roo rganisms a re found on wooden su rfaces (4.05 log10 cfu/g), as can 

be seen. Mic robial counts fo r i ron and plastic su rfaces we re almost identical (3.73 log10 

cfu/g and 3.71 log10 cfu/g,  respectively), while the kitchen staff's hands had the lowest 

count of 2.77 log10 cfu/g. The th ree othe r touch su rfaces, with the exception of wooden 

su rfaces, which have a mic robial count that exceeds the pe rmissible limits (but is within 

the tole rable  range), a re within the acceptable plate count  range. As a  result, none of the 

food contact su rfaces had mic roo rganism counts that exceeded the  reasonable level set by 

the Inte rnational Commission fo r Mic robiological Specification fo r Foods (Bekele, 

Zewde, Tefe ra, Feleke & Ze rom, 2014). 
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4.3 Compa ring Levels of Mic robial Contamination among the selected School 

Catego ries/Su rface types  

Fo r example, the amounts of infection fo r the th ree mic roo rganisms (E. Coli, Salmonella, 

and Staphylococcus) we re measu red among the school g roups. Table 4 summa rizes the 

findings. 

 

Table 4: Mic robial load among school catego ries  

Mic roo rganisms Mic robial 

Count 

Catego ry 

A school 

Catego ry B 

school 

Catego ry C 

school 

Mean 

 

Esche richia coli   +Sample 

(log10 

cfu/g) 

3.41+0.07 2.92+0.2 4.80+0.44 3.71 

Staphylococcus  +Sample 

(log10 

cfu/g) 

3.43+0.10 3.26+0.8 4.41+0.24 3.57 

Salmonella +Sample 

(log10 

cfu/g) 

4.71+0.11 2.57+0.03 3.13+0.15 3.44 

 

Table 4 shows that Esche richia coli species is most common in Catego ry C schools 

(4.80+0.44 log10 cfu/g), followed by Catego ry A schools (3.41+0.07 log10 cfu/g), and 

Catego ry B schools (2.92+0.20 log10 cfu/g). Catego ry C schools have the highest numbe r 

of Staphylococcus species (4.41+0.24 log10 cfu/g), followed by Catego ry A and Catego ry 

B, with 3.43+0.10log10cfu/g and 3.26+0.80 log10cfu/g,  respectively. Howeve r, Catego ry 

A schools had the highest Salmonella species count of 4.71+0.11 log10 cfu/g, while 

Catego ry B and Catego ry C had modest counts of 2.57+0.03 log10 cfu/g and 3.13+0.15 

log10 cfu/g,  respectively. Figu re 3 depicts a picto rial depiction of the mic robial counts 

 reco rded by the selected schools. 
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Figu re 3: Ave rage Mic robial count by Catego ry of schools     

 

Acco rding to the  results, Catego ry C schools had the highest ave rage mic robial count of 

4.11 log10 cfu/g, which is inside the acceptable  range of 104-105. The minimum mic robial 

counts fo r catego ries A and B we re 3.85 log10 cfu/g and 2.92 log10 cfu/g,  respectively, 

and we re conside red to be within the app rop riate  range. 

The  repo rt compa red majo r va riations in the deg ree of infection with pathogenic 

mic roo rganisms ac ross the diffe rent types of schools using a Pea rson Co r relation 

coefficient of p0.05 at a 95 pe rcent confidence inte rval. In log10 cfu/g, the findings fo r 

Esche richia coli, Staphylococcus species, and Salmonella species a re shown in Table 5. 

 

Table 5: Diffe rences in Mic robial load among Catego ries of schools 

 
Mic roo rganism 

School Catego ries 
Catego ry A Catego ry B Catego ry C 

Mean count SD Mean count SD Mean count SD 
Esche richia coli 3.48 0.70 2.73a .050 4.46a 0.54 

Staphylococcus 3.34c 0.48 4.06 0.47 4.65c 0.54 

Salmonella 4.72b 0.62 2.57b 0.60 3.17b 0.58 

*Values with same supe rsc ript in each  row a re significantly diffe rent 
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Test of Hypothesis 1 (H1) 

Pai red sample T-tests we re used to see whethe r the re we re any majo r diffe rences between 

the mic roo rganisms and the th ree types of colleges. The highest level of infection of 

Esche richia coli species (4.46log10 cfu/g) is found in Catego ry C schools, while Catego ry 

B schools have the lowest count. The amount of Esche richia coli exposu re in Catego ry B 

and Catego ry C schools was found to be statistically substantially diffe rent (p0.05). 

Simila rly, Catego ry C schools have the highest levels of Staphylococcus bacte ria infection 

(4.65log10 cfu/g). The  rate of pollution in Catego ry A and Catego ry C schools we re also 

shown to be statistically slightly diffe rent (p0.05). Despite the fact that Catego ry A has 

the highest level of Salmonella contamination (4.72 log10 cfu/g), the level of 

contamination with Salmonella species was found to be statistically diffe rent (p0.05) 

ac ross all school g rades. 

Only Salmonella species f rom all th ree catego ries of schools will suppo rt Hypothesis 1, 

which says that "the re is substantial va riation among the mic roo rganisms measu red f rom 

all catego ries of schools." Diffe rences in mic roo rganism contamination levels ac ross food 

contact su rfaces we re also investigated using a pai red sample t-test with mean counts, as 

shown in Table 6. 

 

Table 6: Diffe rences in Mic robial load among Food Contact Su rfaces 

 
Mic roo rganism 

Su rface Types 
Wooden Cast i ron Staff Palms Plastics 

Mean 
count 

SD Mean 
count 

SD Mean 
count 

SD Mean 
count 

SD 

E. Coli 3.79a 0.43 4.51 0.77 2.32a 0.16 4.04a 0.24 

Staphylococcus 4.05 0.58 3.42b 0.40 3.33 0.41 3.81b 0.22 

Salmonella 4.32c 0.58 3.42c 0.09 2.77c 0.08 3.31c 0.26 

Sou rce: Field Data, 2020 *Values with same supe rsc ript in each  row a re significantly 

diffe rent 
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Test of Hypothesis 2 (H1) 

I ron su rfaces (4.51 log10 cfu/g) had the la rgest obse rvation fo r E.coli spp, followed by 

plastics (4.04 log10 cfu/g). The E.coli spp found in the swabs f rom wooden su rfaces, staff 

palms, and plastic su rfaces diffe red significantly (p0.05), but the levels f rom cast i ron 

su rfaces and staff palms we re identical. As a  result, the second theo ry, that "the re is a 

substantial diffe rence in Staphylococcus species infection levels f rom wooden and plastic 

su rfaces," cannot be suppo rted. Staphylococcus species diffe red significantly (p0.05) 

f rom cast i ron and plastic su rfaces, but the re we re co r relations between cast i ron and 

wooden su rfaces. 

 

Test of Hypothesis 3 (H1) 

Fo r Salmonella species, contamination amounts we re slightly diffe rent (p0.05) in all fou r 

food contact su rfaces. As a  result, hypothesis 3 can be believed fo r Salmonella species, 

which says that "the re is substantial va riation among the mic roo rganisms measu red on all 

food contact su rfaces." 
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CHAPTE R FIVE 

CONCLUSION AND  RECOMMENDATION 

 

5.1 Conclusion 

The la rgest concent ration of colony fo rming units of bacte ria was found on the wooden 

su rfaces of food p rocessing sites (school kitchens), pe rhaps due to gaps in the su rfaces 

whe re food pa rticles will hide and fe rment if not adequately washed. Total Viable Count 

(TVC) and Total Colifo rm Counts (TCC) we re highest in Catego ry C schools, indicating 

the p revalence of mic roo rganisms on food se rved in dining halls, but the amount of 

Colifo rm count was adequate on ave rage. 

E.Coli infection is highe r on cast i ron su rfaces, while Staphylococcus spp. and Salmonella 

spp. contamination indicates poo r sanitation standa rds when it comes to washing food 

touch su rfaces. On ave rage, E.Coli was the most common bacte ria found, but all th ree 

bacte ria had mic robial loads of less than 4.0 log10 cfu/g, which was conside red 

app rop riate. The mic robial counts fo r E.Coli, Staphylococcus spp, and Salmonella spp 

we re found to be highe r to the tole rable level (above 3.0 log10 cfu/g),  raising conce rns 

about food sto rage site sanitation and kitchen wo rke r hygiene activities. Both types of 

schools have d ramatically va rying levels of E.Coli, Staphylococcus spp, and Salmonella 

spp infection. Salmonella spp. infection levels we re not compa rable on any of the food 

contact su rfaces. As a  result, the levels of Salmonella spp accumulation on wooden 

su rfaces, i ron su rfaces, staff paws, and plastic su rfaces va ry significantly. 
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5.2  Recommendations 

The following  recommendations a re made fo r stakeholde rs' attention and actions based 

on the study findings and conclusion: 

 To avoid mic roo rganism contamination, all food contact su rfaces must be tho roughly 

cleaned, especially wooden su rfaces that may have c racks. Because i ron su rfaces a re 

easily washed and do not  rust, the high level of E. coli contamination on stainless steel 

is unjustified. As a  result, kitchen staff must make eve ry effo rt to tho roughly clean 

su rfaces with soapy wate r. 

 

 It's also a good idea fo r kitchen staff who se rve  ready-to-eat foods to students to wash 

thei r hands tho roughly afte r handling othe r items like b rooms, money, and  rags  right 

befo re se rving the food. Envi ronmental cleanliness, including ga rbage disposal and 

wate r d rainage, must be taken se riously in o rde r to discou rage insects and pests f rom 

using food contact su rfaces to ca r ry pathogens and cause mic robial contamination. 

 

 School administ ration should establish functional school health sanitation committees 

to supe rvise and  repo rt issues  relating to food safety and hygiene p ractices in the 

schools' kitchens in o rde r to p romote good envi ronmental cleanliness and pe rsonal 

hygiene. 
 

 As pa rt of thei r monito ring and supe rviso ry functions, officials f rom the local 

gove rnment's depa rtment of wate r and sanitation, as well as the Food and D rug 

Administ ration (FDA), must conduct  regula r checks in the va rious kitchens of senio r 

high schools to ensu re adhe rence to food safety p ractices. These autho rities should 

implement sensitization p rog rams (wo rkshops) to equip and maintain staff skills and 

knowledge in the application of Haza rd Analysis and C ritical Cont rol Point (HACCP) 
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p rinciples in o rde r to maintain a consistent level of mic robial quality on food contact 

su rfaces at all times. 

 

 Non-gove rnmental o rganizations should sponso r some of these  resea rch p rojects to 

dete rmine the envi ronmental sanitation, pe rsonal hygiene, and food safety conditions 

in senio r high schools so that the gove rnment and school autho rities can take 

app rop riate measu res to p revent food-bo rne epidemics. 
 

 A futu re study into the kitchen staff of Senio r High Schools in Ghana's Bono  Region 

adhe ring to HACCP p rinciples is suggested. 
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