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ABSTRACT 

A MULTIDISCIPLINARY APPROACH TO FOOD SAFETY EVALUATION: 

HUMMUS SPOILAGE AND MICROBIAL ANALYSIS OF KITCHEN SURFACES IN 

RESIDENTIAL CHILD CARE INSTITUTIONS (RCCI) IN MASSACHUSETTS, 

U.S.A. 

MAY 2011 

ELSINA E. HAGAN, B.SC. (HONS), UNIVERSITY OF GHANA, LEGON 

M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 

Directed by: Lynne A. McLandsborough (PhD) 

Food borne illnesses continues to be a public health challenge in the United States 

(U.S.); an estimated 9.4 million incident cases occurred in 2011. In view of this challenge 

we conducted two food safety studies; 1) related to product formulation (hummus 

spoilage challenge study) and 2) evaluating the microbial safety of domestic kitchen 

surfaces in Residential Child Care Institutions (RCCI pilot study).  

 Hummus is of Mediterranean origin but is currently eaten globally. This challenge 

study evaluates a variety of industrial hummus formulations (four in total, differing in pH 

and/or addition of a preservative (natamycin). Two batches were setup: batch 1; 

aseptically inoculated hummus with 100 CFU/g fungal isolates and batch 2; uninoculated 

hummus. Samples of both hummus batches were stored at both 20
o
C (10 days accelerated 

testing) and 4
o
C (84 days recommended temperature testing). Inoculated samples were 

analyzed for fungus, whiles both fungi and bacteria (standard plate count (SPC) and 

Lactococci) counts were done for uninoculated samples. Results indicate that accelerated 
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testing inaccurately predicts fungal growth at 4
o
C in hummus, also fungal growth 

inhibition requires a pH ≤ 4.0 ± 0.2 and refrigeration.  

   Limited studies have specifically evaluated the prevalence of pathogenic bacteria 

in domestic kitchens in the U.S, for this reason we assessed the microbial safety of 6 

RCCI locations in MA. Fifteen key food contact surfaces and dish washing sponges, if 

available at each RCCI facility were assessed for SPC, yeast and molds, total coliform 

and E. coli, Listeria sp and Salmonella sp. Microbiological assessments were conducted 

preceding and after a hazard analysis and critical control point (HACCP) food safety 

training and implementation at each location. Microbial growth varied by surface for 

each type of microorganism, wet surfaces had higher most probable number (MPN) 

counts. Compared to dry surfaces, wet surfaces had significantly higher mean total 

coliform counts. For both E. coli and total coliform, microbial load differed significantly 

by surfaces sampled (P = 0.0323 and 0.014) respectively. The surface and training 

interaction effect was highly significant for only E. coli (P = 0.0089). Training overall 

had no significant effect on reducing the microbial load on kitchen surfaces.
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CHAPTER 1 

 

INTRODUCTION 

 

The annual US incidence of food borne illness, caused by the major identified 

pathogens is estimated at 9.4 million; with 55,961 resulting in hospitalized morbidities 

and an additional 1,351 in mortalities (17). These prevailing high incidence rates 

continually challenges all stakeholders in the food industry, such as food retail facilities 

and legislators to work towards the prevention of food borne diseases. An additional 

consequence of these high food borne disease incidences is the increased demand for 

food safety guarantees, and trustworthiness of food products purchased from industries 

by consumers (3). For this reason food industries and stakeholders are continually 

challenged with monitoring, innovation and renovation of their food products to meet 

quality assurance standards and the demands of consumers.  

Refrigeration technology allows the possibility of preserving these highly 

perishable commercially produced traditional foods for much longer than the home made 

ones. Refrigerated foods which gives the perception of ‘freshness’ to the consumer have 

fast become a multimillion dollar industry for the preservation of minimally processed,  

very often ready to eat foods for a relatively short time (16). A big challenge food 

industries face is achieving this perception of ‘freshness’ whiles, still delivering foods 

that are preservative free and thus perceived as ‘all natural’ (without added chemical 

preservatives), by the consumer (16). This challenge has driven the recent growth in 

innovation of refrigerated foods, particularly the minimally processed food for which heat 

processing cannot be adequately applied to achieve commercial sterility (16). 
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This study is a two part food safety study: the first focus, addresses food safety 

issues related to product formulation whiles the second focus is a study targeted at 

evaluating the impact of consumer knowledge and food handling practices in food safety.  

The first part of this study was a challenge study to evaluate the shelf life of four 

industrially produced refrigerated hummus formulations. The introduction of new 

products and the expansion of existing product lines, may lead to unforeseen food quality 

and  safety challenges for food industries, especially in recent times where foods that 

were once indigenous to a particular society, is now being eaten by a wide range of 

people. This new trend is as a result of increased global migration, leading to increased 

food diversity in communities, which are becoming more cosmopolitan. This shift in the 

diversity of populations is constantly impacting and driving continually changing trends 

in the food industry. As consumers continue to demand ready to eat, fresh and safe 

traditional foods that can be purchased in supermarkets, it has become necessary to 

prepare foods that were once made traditionally on a small scale, industrially for 

commercial and retail purposes. Food industries meet this demand, both on a small and 

large scale because of improvements in the processing, preservation and packaging of 

many traditional products that have been achieved, despite the rudimentary processing of 

traditional foods due to the use of simple equipments, lower energy input, and the 

availability of resources (24). 

In addition the second part of this two part food safety evaluation study, was to 

evaluate the impact of consumer knowledge and food handling practices on food safety 

outcomes. The second part of this study assessed the microbial levels of kitchen surfaces 
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before and after a HACCP based Food Safety training and plan implementation in 

Residential Child Care Institutions (RCCIs) in Massachusetts. 

 



4 

 

CHAPTER 2 

LITERATURE REVIEW 

 

2.1  Introduction:  hummus (hoummos) 

Traditionally hummus was cooked and consumed domestically as an appetizer 

together with Arabic bread, but in recent times it is also being produced and packaged in 

100 g to 300 g “press-to-seal” plastic packages for sale commercially (25). Hummus 

traditionally a widely eaten Middle Eastern delicacy, served as a relatively cheap source 

of protein in the diet, but in recent times though, hummus is being eaten globally (25). 

 

2.2 Preparation and serving of hummus 

Hummus is usually made using these ingredients: chickpeas (Cicer arietinum L), 

tehineh (an oily viscous liquid derived from milled dehulled roasted white sesame seeds), 

garlic, lemon juice or citric acid and salt (25). Traditionally the chickpeas were steeped 

overnight, and then softened by boiling with sodium bicarbonate (25). The soft cooked 

chickpeas are then cooled and then mixed with tehineh (tahini) and other ingredients 

(garlic, lemon juice or citric acid and salt) to obtain the basic smooth hummus mix (24, 

25). Hummus traditionally is normally served off plates or dishes but in recent times 

commercially produced hummus may be served straight out of the packaging or tub. 

Often hummus is served with a topping of a special dressing made of lemon juice, ground 

pungent green capsicum and garlic, as well as olive oil and, occasionally, chopped 

parsley (25). The average nutrient content of a 100 g edible serving of hummus consists 

of 49.5, 9.6 and 19.7 g of water, protein and fat, respectively and 300 Kcal energy (25). 
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2.3 Food Safety Concerns; hummus spoilage 

2.3.1 General Microbial Spoilage  

A consumer’s perception of the occurrence of visible food spoilage which makes 

foods unacceptable, according to Day, 1999, is when the visible characteristics of the 

foods such as the appearance, flavor, smell and texture changes (5).  The most widely 

used and effective preservation techniques, currently used to prevent or delay food 

spoilage include temperature, pH, and water activity (aw) reduction, as well as heat 

application (7). Food preservation is highly improved when techniques are used to alter 

these factors to produce a synergistic effect. Microbial spoilage of chilled foods is very 

diverse and may be as a result of the type of microorganism present, the nature of the 

food substrate and the effect of temperature on the food, subsequently different 

microorganisms may adapt to changes in condition and nutrient levels in order to survive 

in the foods (5). 

 

2.3.2 Spoilage by Yeast and Molds 

The survival, growth and metabolism of yeast and molds in ecosystems such as 

food, are regulated by interconnected strain and species interactions, which may involve 

interactions with bacteria cells and other fungi (6). Fungal infestations are of major 

concern in the food and agricultural industry globally and may start right in the field, 

particularly in the tropics where humidity is high (generally > 80%) and hence mold 

growth is favored (23). This occurrence may lead to very huge economic losses, because 

most food products either processed or fresh e.g. fresh fruits, berries, marmalades, juices, 
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cereals and grains, are susceptible to yeast and mold contamination and growth after 

harvesting (22, 23). With the recent surge of product development in the food industry 

coupled with food safety concerns, associated with opportunistic infections involving 

yeast and molds, as well as other adverse effects of yeast infection in humans, interest in 

understanding the survival and growth of yeast in foods has been heightened (6).  

 

2.3.3 Effect of Temperature on Food Spoilage 

Food spoilage is influenced by temperature because most biochemical activities 

are either slowed down at reduced temperatures or speeded up at increased temperatures 

(21). Elevated temperatures enhance food spoilage, by altering the biological mechanisms 

in the food, which may lead to enzyme or protein denaturation and a subsequent increase 

in solute concentration, which may subsequently cause changes in pH and ionic strength 

of the medium (food) (21). Subsequently the application of reduced temperatures 

(refrigeration) during food storage has become a widely accepted method of storing 

minimally processed foods as a means of controlling and decreasing the progression of 

biochemical and microbial degradation in the food. 

Low temperature is effective in preserving chilled foods because it either totally 

inhibits the growth of microorganisms in the foods and or reduces subsequent growth of 

these microbes by prolonging the lag phase (5). Day, 1999, observed that at reduced 

temperatures, approaching the least possible growth temperature for a microorganism, the 

vulnerability of the microorganism to the effects of the preservative attributes of the food 

like acidity (pH) and water activity (aw) is enhanced (5). Food safety in industrial 

production takes precedence over other food quality issues in the production of chilled 
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foods and foods in general, this is important because although chilled foods may appear 

wholesome it may still contain large numbers of pathogens and toxins (5). 

 

2.3.4 Effect of pH on Food Spoilage (Low pH and Weak Acid Synergy) 

The pH of the food influences the microbial, as well as enzymatic activity of the 

food and subsequently influences the rate and type of food spoilage observed for a 

particular food (7). An extensively used combination preservation technique is to enhance 

the effect of an antimicrobial acid within the food by lowering the pH of the food (7). 

Many useful food preservatives fall into this category and thus provide the synergistic 

effect that produces a low pH, mild acid environment (food), capable of inhibiting some 

microbial growth in the food (7).  

There are two modes of action for the functionality of these antimicrobial acids 

which include inorganic preservatives, sulphite, nitrite and the weak organic acids. As the 

lipophilicity of organic acids increase, its effectiveness as a preservative is enhanced; e.g. 

an increasing order of lipophilicity and subsequently effectiveness is: acetic, propionic, 

sorbic, benzoic (7). The second important aspect of the mode of operation of these acids, 

are  their dissociation constants, their undissociated forms are the most lipophilic and are 

the ones that easily diffuse through the membrane of the microbe, this is influenced by 

the pH value and the dissociation constant (pK) and together these determine the amount 

of the undissociated acid remaining (7). The scope of pK values of the usual weak 

organic acid preservatives span 4.2 for benzoic to 4.87 for propionic acid, hence at higher 

pH values their activity is greatly diminished (7). In the microbial cell cytoplasm these 

undissociated acids dissociate, producing hydrogen ions and their accompanying anions 
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because most microbes in foods maintain an internal pH higher than that of their 

environment (7). Additional energy is required by the cell to export the additional 

hydrogen ions produced through the above mechanism (7). Hence in an attempt to 

maintain an elevated internal pH, cell growth is limited, till the required additional energy 

is obtained, to enable the pH of the cytoplasm to finally decline to unfavorably low levels 

limiting progressive cell growth (7). Gould et al., 1996, thus concluded that the 

simultaneous decrease of pH plus the availability of weak acid preservatives in a food, 

will lead to higher energy requirements by the microbial cells in the food and 

subsequently limit the effective generation of ATP by these cells, resulting in their 

growth retardation and a subsequent decline in microbial food spoilage (7). 

 

2.4 Refrigeration 

2.4.1 Shelf Life Extension via Refrigeration (Low Temperature Storage) 

Reactions that lead to spoilage of foods are of primary concern in evaluating shelf 

life extension possibilities in foods, especially in minimally processed foods such as 

hummus. Some preservation techniques are targeted at regulating several forms of 

spoilage that may occur; these may be physical, chemical, enzymatic or microbiological 

(7). Essentially, though the most important or prime focus of shelf life experiments in all 

cases is to control and reduce the growth of microorganisms (7). Numerous new trends in 

food preservation and processing emerged in the past decade, but “Freshness”, was 

identified as one of the most important trends in food preservation in the food industry to 

have occurred in the past decade (19).  
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2.4.2 Preservation by Mild Thermal Processing and Cold Storage 

Mild thermal processing in addition to vacuum packaging of foods, held at well 

regulated low temperatures lead to the deactivation of less heat labile vegetative 

microflora and spores of psychrotrophic bacteria that could thrive at reduced 

temperatures (7). This mild thermal processing destruct the cold-growing fraction of 

possible spoilage microflora, this fractional destruction together with the low oxygen 

tension conditions created via vacuum packaging guarantees premium food quality (7). 

This process can lead to extended product shelf life (more than 3 weeks), when products 

are stored at temperatures under 3
o 

C, although gradually slow growth of psychrotrophic 

bacteria such as strains of Bacillus and Clostridium may result in spoilage with time (7). 

To achieve food safety, thermal processing at 90
o 

C for 10 minutes is necessary to 

guarantee the deactivation of spores of the coldest-growing pathogenic spore formers 

such as psychrotrophic strains of Clostridium botulinum (7).  

 

2.4.3 Recommended Steps to Achieve Microbial Safety in Foods  

Day (1999), recommended these general principles to be applied in achieving 

microbial safety in chilled foods: primarily food safety may be achieved if only high 

quality raw materials are used, and this is made possible if the microbial status of all raw 

materials is known (5). There is also the need for  proper documentation (clearly defined 

procedures), monitoring and control of all processing stages coupled with the 

documentation and monitoring of the temperature and time of chilled storage,  transport 

and display of products in retail is key (5). Food safety may also be achieved if these 
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temperatures are controlled throughout, especially, that of raw material handling and if 

possible extending the temperature control to home refrigeration by consumers (5). 

Day, 1999 also cite the fact that hygienic practices carried out throughout the 

entire food process may also ensure the minimization of microbial growth (5). These 

recommendations may be achieved via the implementation of good manufacturing 

practices such as Hazard Analysis and Critical Control Points (HACCP) as well as strict 

adherence to legislative regulations on food safety. 

 

2.5 Natamycin a Natural Antimicrobial as a Food Preservative 

2.5.1 Background of Natamycin 

Natamax
®

 is the trade name for Danisco’s formulation of Natamycin, a very 

common, very potent, widely accepted, safe, antifungal, natamycin initially was isolated 

in 1955, from a culture of Streptomyces natalensis a microorganism originally found in a 

soil sample in South Africa, natamycin is now produced industrially by fermentation 

using this microorganism (22). Other trade names for industrially available formulations 

of natamycin include Delvocid
®

, Natacyn
®

 and Pimaricin
®

. 

Natamycin is a creamy-white colored polyene macrolide antimycotic with an 

empirical formular of C33 H47NO13 and a molecular weight of 665.75, widely used today 

in food industries as a preservative especially for the surface treatment of yeast and mold 

growth (22). Medicinally it may be utilized as an antifungal for humans and animals, 

when applied externally, to treat fungal infections and candidosis (22). This wide range 

of applications is partly because natamycin has broad spectrum activity and secondly 

partly due to the fact that development of resistance to natamycin is rare (22). However 
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the use of natamycin as a natural antimicrobial or preservative in foods is limited by the 

fact that it has no inhibitory effect on bacterial growth, this property though, makes it 

well suited for use in food manufacturing processes in which bacterial growth and 

survival is beneficial, such as in the manufacture of cheese and sausages which involves 

a bacterial ripening processes in the absence of yeast and mold growth (22). Though very 

chemically stable and hence can be stored for  long periods without loss of activity, key 

factors of concern in the food industry such as extreme pH values, light, oxidants, 

chlorine and heavy metals affect the stability of natamycin (22). 

 

2.5.2 Physical and Chemical Properties of Natamycin 

The solubility of natamycin is poor in neutral aqueous systems and in organic 

solvents (range; 30 to 100 ppm), however it is improved in strong acids or alkaline 

milieu (22). Stark (1999), reported that dissolved natamycin is less stable and more 

susceptible to chemical degradation in comparison to the usual crystalline (dry) state 

(22). Natamycin exhibits antimicrobial activity when the mycosamine moiety in its 

structure is split off in low pH environments (pH lower than 3), however in high pH 

environments (pH higher than 9), the lactone component of the natamycin compound is 

saponified leading to the formation of a natamycoic acid which no longer exhibits 

antimicrobial activity (22). Natamycin suspensions are thermally stable under thermal 

conditions of 50
o 

C for several days and it remains chemically active without a major 

loss of activity, it also remains stable under sterilization conditions of 30 min at 116
o 

C 

(22). 
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When using natamycin as a preservative in food industries, to inhibit the growth 

of yeast and molds in foods , particular attention must be paid to processes that expose 

the food suspension to light, since irradiation by ultraviolet light is known to decompose 

natamycin, as such natamycin is best stored in the dark (22). Natamycin is also readily 

decomposed by low concentrations of peroxides, oxidants and chlorines, hence possible 

contact of pure natamycin or natamycin in foods with these compounds commonly found 

in cleaning agents in food production must be regulated and avoided to prevent the 

inactivation of natamycin, which may result in mold problems (22). 

In aqueous systems such as most food systems natamycin is readily converted to 

the more stable and soluble trihydrate form, which enhances its antifungal activity (22). 

Food industry specific properties of natamycin that make it an effective antifungal agent 

include these: key among its food safety application benefits is its specificity; its broad 

spectrum inhibitory activity against growth of yeast and molds, is beneficial in shelf life 

extension and maintenance as well as in the prevention of the production of mycotoxins 

such as aflatoxins in foods (22). Because natamycin is also ineffective on bacterial cells, 

it is very applicable in fermented products, as a specific antimicrobial (22). It is also safe 

for use because there is no reported allergic, or known fungal resistance to natamycin, 

also it has no negative effect on the sensory attributes such as taste, flavor or color of the 

food product (22). Natamycin is also very easy to apply in foods, chemically stable and 

known to remain on the surface with no migration into the food when applied onto the 

surface, hence making it very safe for consumers and limiting its concentration in the 

food product whiles making it a very effective treatment against the growth of molds 

which usually occur on food surface (22). In cheese production where natamycin has 
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been applied for surface treatment the penetration depth of natamycin has been 

determined to be approximately 1-4 mm into the food (22). Due to its natural source, 

chemical stability, prolonged activity period, and broad range of activity at low, neutral 

and high pH as well as its high efficacy at low concentrations, it a very cost effective 

natural preservative in industry (22). This diversity in its range of pH activity also 

permits easy applications in new formulations of food products. 

 

2.5.3 Spectrum of Activity of Natamycin 

Jacques (1999), report the sensitivity of most molds to natamycin as being lower 

than 10 ppm (generally ≤ 5 ppm), with that of yeast species being even lower making 

them more sensitive to natamycin (22). This enhanced sensitivity of yeast and molds to 

natamycin is important because only dissolved natamycin exhibits antifungal activity 

(22). The solubility of natamycin which Jacques (1999), state as 40 ppm, implies that this 

heightened sensitivity to natamycin is desirable because in most cases there would be 

sufficient quantities of the dissolved active form of natamycin present in a product to 

inhibit fungal yeast and mold growth (22). 

The minimum inhibitory concentration of natamycin to some molds: Aspergillus 

and Penicillium species including A. niger, A. flavus, P. expansum and P. camemberti 

amongst others as well as Cladosporium cladosporioides, Mucor racemosus, and 

Wallemia sebii was reported by Jacques (1999), as ≤ 5 µgml
-1

, some key yeast species 

cited including Aspergillus oryzae, Aspergillus versicolor, Fusarium spp., Penicillium 

roqueforti, Rhizopus oryzae, and Scopulariopsis asperula were reported to have a 
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minimum inhibitory concentration of  ≤ 10 µgml
-1

, and that of Penicillium discolor was 

given as ≤ 20 µgml
-1

 (22). 

 

2.5.4 Mechanism of Action for Natamycin 

Jacques (1999), give a possible ‘action-interference’ mode of action of natamycin, 

as the most important reason for the resistance free antifungal action of natamycin on 

fungal cells (22). This mechanism is due to natamycin’s ability to bind to Ergosterol (a 

major compound in fungal cell membranes), resulting in cellular disintegration and 

subsequent leakage of cellular materials out of the fungal cell membrane (22). In vitro 

laboratory experiments where reduced levels of Ergosterol was induced in mutant strains 

of. Aspergillus sp and Candida species which cannot survive in nature, revealed a 

resistance to the antifungal action of natamycin (22). 

An additional mode of action; a “single-hit” theory involves the indefinite 

existence of micelles of polyene antimycotics formed from natamycin in very dilute 

aqueous solution that enhances the chance of contact between these micelles and fungal 

cells in solution (22). It is assumed that the concentration of polyene around the cell is 

always higher and hence the antifungal property of natamycin is effected and the cells 

die, in the absence of this “polyene-fungal” contact, the fungal cells survive (22). 

 

2.5.5 Regulatory Approval for Natamycin use in Foods 

Like all other food additives and preservatives its application is regulated under 

different laws in different countries. In the United States, it is Generally Recognized as 

Safe (GRAS), by the Food and Drugs Administration (FDA). An Acceptable Daily 
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Intake (ADI) of 0.3 mg/kg body weight per day (22), was approved by a Joint Expert 

Committee on Food additives (JECFA) of the Food and Agricultural Organization and 

World Health Organization (FAO/WHO) after reviews in 1968, 1976 and 2002, making 

it a recognized, acceptable and safe food preservative in many countries (1). It is safe 

because of the impossibility of reaching the ADI, even when extreme quantities are 

ingested because of the low concentrations needed to effect antifungal action in foods 

(1). In Europe natamycin is generally considered safe; E-235 in the European Union 

(EU25) (1).  

The first part of this project evaluated the shelf-life and microbial growth of 

freshly pasteurized commercial hummus of four formulations: T1, T2, T3 and T4:  (pH 

4.12, 4.27, 4.45 and pH 4.43 with Natamax
®

 (Natamycin) respectively) at 20° C and 4° 

C. In addition, fungal strains isolated from post-shelf like packages of the hummus 

obtained from the manufacturer were added into the freshly prepared pasteurized 

hummus at low numbers to perform a challenge study at 20° C and 4° C. 

The published literature review for the second part of this project focused on 

environmental food safety evaluations of kitchen surfaces is summarized below. 

 

2.6 Microbial Assessment of Kitchen Surfaces 

A substantial number of studies have being conducted to investigate the existence 

of pathogenic microbial contaminants in the home environment, Finch et al (1978), is 

accredited for the first of such studies to extensively evaluate bacterial contamination in 

domestic environments and homes (11). Finch et al 1978, revealed that coagulase 

negative, gram positive cocci and Bacillus sp, could thrive in both the wet and dry 
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Figure 12. Visible yeast and mold growth on the hummus surface in an opened expired 

hummus tab.  
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Figure 13. Top view of an opened expired hummus tab showing a cluster of visible yeast 

and mold colonies clustered on one side.  
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APPENDIX B 

SUMMARY OF CLEANNESS OF TESTED RCCI KITCHEN SURFACES 

 

The apparent cleanness of a kitchen surface, as indicated by the absence of visible food 

particles or grease may not necessarily imply the absence of food residues on that 

surface. Hence the need to validate a visual cleanness perception with a tool such as the 

Flash Positive Control  test which is able to detect protein residues, which are generally 

more difficult to remove from surfaces but could serve as a nutrient source for some 

microorganisms. Table 17 to 22, shows a summary of the visual perception of cleanness 

with the corresponding Flash test result for each RCCI site, pre and post training when 

available. 
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Table 17. Visual description of cleanness of surfaces and Flash validation test, Site 3W          

MA RCCI study 

  

Pre-training sampling Post-training sampling 

Swab Locations Visual Description of area Flash 

Test  

Visual  Description of area Flash 

Test  

Refrigerator Handle Clean - Clean, but greasy + 

Stove Knobs Fairly clean  but greasy - Fairly clean  but greasy + 

Refrigerator Shelf 1 Clean + Clean, with few food 

particles 

+ 

Prep work Area 2 Clean - Clean + 

Staff hand sink handles Clean - Clean + 

Sink Handles Fairly clean,  food  particles traces - Clean + 

Sink Faucet Clean, traces of food around base + Clean, traces of food 

around base 

- 

Sink Drain Clean no traces of food - Clean no  traces of food + 

Sink Drain (1:10 dilution) Clean no traces of food - Clean no traces of food + 

Cutting Board (prep foods) Clean + Clean + 

Microwave Keypad Clean - Clean with traces of food + 

Stove Top (grilling top) Greasy with traces of food particles + Greasy with traces of food 

particles, but clean 

+ 

Prep / Work Area 1 Clean + Clean + 

Residential kitchen Prep work area Clean + Clean + 

Residential kitchen fridge shelf Fairly clean food particles on base 

shelf 

+ Fairly clean food particles 

on base shelf 

+ 

Residential kitchen fridge handle Fairly clean greasy with finger prints 

and traces of food particles on base 

shelf 

+ Fairly clean greasy with 

finger prints and traces of 

food particles 

+ 

“+” is positive for food residue (implying dirty), “-” is negative for food residue (implying clean) 
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Table 18. Visual description of cleanness of surfaces and Flash validation test, Site 4B  

MA RCCI study 

 Pre-training sampling Post-training sampling 

Swab Locations 

Description of area Flash 

Test  

Description of area Flash 

Test  

Refrigerator Handle 

Fairly clean but greasy with 

finger prints 
+ 

Fairly clean but greasy with 

finger prints 
+ 

Refrigerator Shelf 1 

Fairly clean, few food particles + Clean, no visible food 

particles 

- 

Refrigerator Shelf 2 Fairly clean, few food particles + Fairly clean, few food 

particles 

+  

Refrigerator Drawer 1 Fairly clean, few food particles + Clean, no visible food 

particles 

- 

Refrigerator Drawer 2 Fairly clean, few food particles + Clean, no visible food 

particles 

- 

Sink Handles Fairly clean but greasy with 

finger prints 

- Fairly clean but greasy with 

finger prints 

+ 

Sink Faucet Greasy with finger prints and 

traces of food 

- Clean no traces of food + 

Sink Drain Fairly clean, few food particles +  Lots of food particles in drain 

net  

+ 

Sink Drain (1:10 dilution) Fairly clean, few food particles + Clean + 

Cutting Board Clean + clean + 

Microwave Keypad Clean + Few finger prints but clean + 

Stove Top Clean + Clean, few traces of food + 

Prep/Work Area  Clean + Clean + 

Freezer Handle  Clean + Finger prints, food traces  + 

Freezer shelf 1 Clean + Lots of food particles + 

Freezer shelf 2 Clean + Lots of food particles  + 

“+” is positive for food residue (implying dirty), “-” is negative for food residue (implying clean) 
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Table 19. Visual description of cleanness of surfaces and Flash validation test, Site 1JP 

MA RCCI study 

  Pre-training sampling Post-training sampling 

Swab Locations 

Description of area Flash 

Test  

Description of area Flash 

Test  

Refrigerator Handle Clean with traces of food  + Very Clean  + 

Refrigerator Shelf 1 

Walk in refrigerator with 

clean metal shelves with 

bars in them 

+ 
Walk in refrigerator with 

clean metal wire shelves 

with bars on them 

+ 

Refrigerator Shelf 2 + _ 

Refrigerator Drawer 1 Very clean + Very clean _ 

Refrigerator Drawer 2 Very clean + 

Clean, with traces of 

food 
+ 

Sink Handles Clean with food residues + Clean with food residues + 

Sink Faucet Very clean + Very clean _ 

Sink Drain Fairly clean with food 

residues, sink only used to 

drain liquids. 

+ Clean with no visible 

food, sink only used to 

drain liquids from food. 

+ 

Sink Drain (1:10 

dilution) 
+ + 

Cutting Board 

Very clean color coded for 

produce and meat 
+ 

Very clean color coded 

for produce and meat 
+ 

Microwave Keypad Very clean - Very clean + 

Stove Top Very clean - Clean + 

Prep / Work Area Very clean - Very clean _ 

Freezer Handle Very clean + Very clean + 

Freezer shelf 1 Clean with food traces + 

Clean with few food 

traces 
+ 

Freezer shelf 2 Clean with food traces + Clean with food traces _ 

“+” is positive for food residue (implying dirty), “-” is negative for food residue (implying clean) 
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Table 20. Visual description of cleanness of surfaces and Flash validation test, Site 2P 

MA RCCI study 

  Post-training sampling 

Swab Locations 

Description of area Flash Test  

Refrigerator Handle Clean + 

Refrigerator Shelf 1 

Walk in refrigerator with clean 

metal wire shelves with bars on 

them 

+ 

Refrigerator Shelf 2 
+ 

Stove knobs Clean but greasy + 

Sink Handles Clean, with traces of food - 

Sink Faucet Clean - 

Oven handle bars Very but slightly greasy + 

Sink Drain Clean with few visible food, sink 

only used to drain liquids from 

food. 

+ 

Sink Drain (1:10 dilution) 

+ 

Cutting Board (big white) Fairly clean with traces of food + 

Microwave Keypad Very clean - 

Stove Top Fairly Clean with traces of food + 

Prep / Work Area Clean + 

Cutting Board (small white) Fairly clean with traces of food + 

Cold food serving area / holder Clean + 

Hot food serving area / holder Clean + 

“+” is positive for food residue (implying dirty), “-” is negative for food residue (implying clean) 
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Table 21. Visual description of cleanness of surfaces and Flash validation test,  Site 5LT 

MA RCCI study 

  Pre-training sampling Post-training sampling 

Swab Locations 

Description of area Flash 

Test  

Description of area Flash 

Test  

Refrigerator Handle Fairly clean + Fairly clean and grease evident + 

Refrigerator Shelf 1 Poor cleaning: food particles 

and grease evident 

+ Clean, no visible food particles  - 

Refrigerator Shelf 2 + Fairly clean with food traces  + 

Cutting board 1 (cooked food) 

Fairly clean with traces of 

food 

- Clean - 

Plate drying rack Fairly clean  + Fairly clean with food particles + 

Sink Handles Fairly clean - Fairly clean and grease evident  - 

Sink Faucet Clean - Clean - 

Sink Drain 

Food particles in drain 

+ 

Clean, no visible food particles  

+ 

Sink Drain (1:10 dilution) + + 

Cutting Board 2 (Red: meat) Clean + Clean + 

Microwave Keypad Clean - Clean + 

Stove Top 

Fairly clean, greasy with 

traces of food 

+ Clean with traces of food + 

Prep/Work Area Fairly clean + Clean + 

Freezer Handle 

Fairly clean, greasy with 

finger prints 

- Clean - 

Freezer 1 shelf 1 

Food particles (cheese) and 

dirt  

+ Clean - 

Freezer 2 door shelf 2 Very dirty and food soiled + Clean with few traces of food + 

“+” is positive for food residue (implying dirty), “-” is negative for food residue (implying clean) 
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Table 22. Visual description of cleanness of surfaces and Flash validation test,  Site 6JC 

MA RCCI study. 

  Post-training sampling 

Swab Locations 

Description of area Flash Test  

Refrigerator Handle (Kitchen: all foods) Clean + 

Refrigerator Shelf 1 (Kitchen: all foods) 
Clean + 

Meats Refrigerator metal base (Storage 

room) 

Clean, few food traces + 

Meats Refrigerator handle (Storage room) Clean - 

Cutting Board (Blue: salads) Clean + 

Sink Handles Clean + 

Sink Faucet Clean - 

Sink Drain 

Clean few traces of food 

+ 

Sink Drain (1:10 dilution) + 

Cutting Board (Red: meats) Clean + 

Microwave Keypad Clean + 

Stove Top Clean - 

1o Prep / Work Area (with main sink) Clean + 

Milk Fridge Handle Fairly clean - 

Milk Fridge shelf 1 Fairly clean with traces of spilled milk + 

Milk Fridge drawer Fairly clean, traces of food particles  + 

“+” is positive for food residue (implying dirty), “-” is negative for food residue (implying clean) 
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