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Summary

Food borne illnesses are among the most widespread public health issues, killing about 2.2 million people annually, and costing hun-
dreds of billions of US dollars for governments, companies, families and consumers. Food producers, manufacturers and retailers car-
ry the main responsibility for food safety and, as a result, have developed good strategies to ensure safe food, but little attention has 
been paid to the home environment. In New Zealand, food borne illnesses acquired in the home account for about 28% of notifiable 
diseases. Several studies have investigated aspects of consumer behaviour concerning food safety, mapping practices in the home, 
but it remains a challenge to obtain a full picture of critical control points (CCPs) and contributory factors to food contamination, 
pathogen growth or survival, when the food is under the control of the consumer. This study aimed to assess threats to food safety 
in New Zealand households. From September 2012 to November 2012, survey questionnaires from 658 households in New Zealand 
were collected. The study found risky practices with the potential to lead to the occurrence of food poisoning in the domestic envi-
ronment - food preparation, cooking and handling leftovers. Another factor of concern was the criteria for choosing and purchasing 
food, with age, occupational status, first aid in response to some symptoms indicative of food poisoning, way of learning how to cook 
and factors influencing recipes and cooking practices being significant in affecting the risky practices of consumers. This suggests 
that public health authorities could emphasize these CCPs, groups and significant variables when developing food safety educational 
campaigns for the population in New Zealand.
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Food is any substance, composed of carbohydrates, water, proteins, fats, enzymes, vitamins and minerals that is either eaten or drunk 

by any animal, including humans. Items considered food may be sourced from plants, animals or another kingdom such as fungus [1]. You 

can expect certain foods to contain pathogens. There are many control methods that may prevent the survival and growth of food patho-

gens in a food product (Table 1). For most meals, cooking is the last step before consumption. Therefore, cooking thoroughly and keeping 

foods at the safe temperature is a preventive practice for the reduction of pathogen survival, growth and the likelihood of food poisoning. 

The following summarise food safety issues with different product categories, common in the human diet:
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Raw meat and poultry products consist of raw products, perishable raw salted and salted-cured products, marinated products and 
raw breaded products. Red meats and poultry come from warm blooded animals and, as such, are prone to contamination with meso-
philic bacteria, some of which are pathogenic (Table 1). These bacteria commonly originate from faecal or gastrointestinal contamina-
tion during slaughter but also contamination from the general environment which can include some psychotropic bacteria. Raw meat 
and poultry have an aw > 0.99 and a pH of approximately 5.7, suitable conditions for microbial growth [2].

Fish and seafood products include fresh and frozen fish and crustaceans; Cooked crustacean products; Breaded and prepared sea-
food products; Salted and smoked seafood products; Sushi and seafood products such as minced fish flesh, surimi, pickled fish products, 
fermented fish, and seafood analogues and molluscan shellfish (oysters, mussels, and clams) [3].

Fruits are the portions of plants that bear seeds, while vegetables are the edible components of a plant, including the leaves, stalks, 
roots, tubers, bulbs, flowers, and seeds [4]. Fruits and vegetables and related products include foods that are sold fresh, minimally pro-
cessed (for example, cut, sliced, chopped, shredded, or peeled), canned, frozen, juiced, or dried. In addition to being sold fresh, fruits are 
also sold dried and packaged with preservatives.

“Eggs,” as a product category, refers to eggs in the shell. “Egg products” refers to eggs that have been separated from their shells to 
produce liquid, concentrated, dried, crystallized, frozen, coagulated, and reduced cholesterol products [3]. Eggs can become contaminat-
ed through trans-ovarian or trans-shell infection. Freshly laid eggs may be contaminated through the oviduct of an infected hen. The shell 
of a newly formed egg can become contaminated with a variety of microorganisms from the environment where the egg is laid [4].

Milk, the lacteal secretion from warm-blooded animals, is commercially available most commonly from cows, goats, and sheep [3]. 
Milk is an excellent growth medium for many kinds of microorganisms, as it provides rich nutrients for microbes, is high in moisture, and 
has neutral pH [2]. Due to these factors, it is subject to microbial spoilage from the moment it is secreted from a healthy animal.

Milk is exposed to the potential for microbial contamination during collection, storage, transportation, and processing. Without basic 
sanitary practices in place and temperature control during handling, the product will quickly spoil and become unacceptable for human 
consumption. Uncontrolled microbial growth affects the flavour and appearance of the product and can affect its safety [3]. The principal 

The principal human pathogens of concern in eggs and egg products are of the genus Salmonella (primarily Salmonella enteritidis). 
These pathogens can enter the egg either by trans-ovarian transmission or by penetrating the surface of the egg in a way similar to that 
of spoilage organisms [3]. Listeria monocytogenes is also a concern in processed eggs, particularly in products with extended shelf life 
(Table 1).

Pathogenic bacteria are not usually associated with fruit, but pathogens can be present due to faecal contamination (Table 1). The 
initial bacteria of fresh produce are derived from contamination from air, soil, and water, insects, animals, workers, and harvesting and 
transportation equipment. Sufficient moisture, abusive temperature, and adequate time will ensure a continuing increase in the bacte-
rial population on fruits and vegetables [3].

Seafood is more perishable than other high protein products due to the high level of soluble nitrogen compounds in the tissue. 
Cooked seafood, especially crustaceans that are heavily handled during processing, is subject to contamination by Staphylococcus aureus, 
Salmonella spp., Listeria monocytogenes, Shigella spp., and other enteric microorganisms (Table 1). In addition, poor handling practices 
may result in cross contamination by indigenous pathogens, especially Vibrio parahaemolyticus [2].

Meats and poultry

Fish and seafood products

Fruits and vegetables

Eggs and egg products

Milk and milk products (except cheeses)
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pathogens of concern associated with milk and processed milk products are Salmonella spp., Listeria monocytogenes, Staphylococcus 
aureus, Escherichia coli, Campylobacter jejuni, Clostridium botulinum, and Bacillus cereus (Table 1).

Table 1: Pathogens of concern and control methods for various product categories (FDA, 2014).

Cheeses
Cheese is the product of milk coagulation, followed by curd separation and ripening. The survival and growth of pathogens in cheese 

depend on the many factors affecting the cheese-making process, including time and temperature during the ripening process, variations 
in pH and aw, competing micro flora, biochemical changes during ripening, and addition of antimicrobials [4]. The microbiological qual-
ity of the milk will also contribute to the microbial ecology of the final product, especially in cheeses where milk is not pasteurized.
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Salmonella spp., Listeria monocytogenes (mainly in soft, high moisture, high pH cheeses), Escherichia coli O157:H7 (due to post-
process contamination), Staphylococcus aureus (due to faulty cheese-making process), Shigella spp. and Clostridium botulinum (due to 
faulty process) have been implicated in outbreaks associated with the consumption of various types of cheeses [3].

The “combination products” category refers to products whose formula contains distinct food systems (for example, cheese with 
vegetable pieces), or products whose components are processed separately and assembled later (for example, pumpkin pie with crème 
topping). These products present special challenges and are identified as “potentially hazardous foods” [3]. Combination foods present 
the added complexity of the various components’ microbial ecology compared to the ecology of single component foods. The microbial 
concerns associated with combination products depend on the food components from which they are made (Table 1).

The production and supply of food and food ingredients is a diverse and complex system, ranging from subsistence farming to 
multinational companies. Every human being requires animal and vegetable products, with all the vitamins and minerals required for a 
healthy diet, provided from local and global suppliers [5]. The globalization of food supply creates favourable conditions for the emer-
gence, re-emergence and spread of food borne pathogens, which has exacerbated the challenge of effective control measures, to reduce 
threats to human health [6].

Food can become contaminated at any stage or in several stages from production to consumption with the potential to lead to food 
poisoning [7]. Food borne illnesses are among the most widespread public health issues, killing about 2.2 million people annually, and 
costing hundreds of billions of US dollars for governments, companies, families and consumers [8].

Food producers, manufacturers and retailers carry the main responsibility for food safety and, as a result, have developed good 
strategies to ensure safe food. However, the consumer is primarily responsible for the consequences to their health if some preventive 
measures and safe food handling practices are not observed before consumption. When a person eats unsafe food and becomes ill, costs 
extend beyond consumers themselves to family members, healthcare workers, employers, the food supplier, and the government.

Earlier studies have revealed a disconnection between food safety knowledge and the reported food-handling practices [9]. The 
amount and accuracy of consumers’ knowledge does not always predict corresponding behaviour. However, correct knowledge pro-
vides consumers with informed choices about their practices or actions, and could drive a change in behaviour [10].

Al-Sakkaf [10] found that in New Zealand there is a lack of data regarding consumer knowledge and a lack of studies on food-
handling practices. The few studies conducted to date were not comprehensive [10]. Similarly, a study undertaken in Ireland found 
that although most food handlers have basic knowledge of some aspects of food safety and how to handle food safely, significant gaps 
remain, that pose real risks to consumer health [11].

The surveillance of food borne illness outbreaks in New Zealand is carried out by the Institute of Environmental Science and Re-
search Ltd (ESR) on behalf of the Ministry of Health. In New Zealand food borne illnesses acquired in the home across thirteen-year 
period (2001-2013) accounted for 28% of reported outbreaks (Table 2).

The number of cases and outbreaks with exposure/transmission in the private home in New Zealand decreased from 2001 until 
2004, but started rising again from 2005 until 2010 (Figure 1). Across the period of 2011-2013 there was a slight reduction in outbreaks 
and cases reported by the Environmental Scientific Research (ESR). However, the tendency across a thirteen-year period (2001-2013) 
has been a small increase in food poisoning in New Zealand households (Figure 1).

From 2001 until 2013 the fifteen most prevalent pathogens accounted for 89% (5,642/6,368) of outbreaks and 88% (68,424/77,795) 
of cases. The most common implicated pathogens in cases where Norovirus (41,553), gastroenteritis (agent not specified / unidenti-
fied) (13,804), Rotavirus (2,652), Campylobacter (2,113), Giardia (2,074), Cryptosporidium (1,805), Salmonella (1,498), Clostridium 

Combination products
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 (1,322), Shigella (452), Listeria monocytogenes (262), Escherichia coli (232), Hepatitis (223), Bacillus cereus (139), Yersinia (108) and 
Staphylococcus aureus (87).

Table 2: Annual summary of notifiable disease outbreaks in New Zealand, 2001-2013 (ESR, 2002 - 2014).

Figure 1:  Outbreaks/cases with exposure/transmission in private homes in New Zealand (ESR, 2002 – 2014 modified).

The factors contributing most to outbreaks were associated with food preparation and cooking (cross contamination, undercooking, 
consumption of raw food, inadequate thawing and food handling)and were implicated in 593 outbreaks; the storage and preservation 
of food (inadequate cooling or refrigeration, improper storage prior to preparation and no temperature monitoring) were implicated 
in 411 outbreaks; the handling of leftovers (improper hot holding, inadequate reheating of previously cooked food and preparation too 
far in advance of consumption) were implicated in 324 outbreaks, while personal hygiene habits (contamination from an infected food 
handler) were implicated in 190 outbreaks (Table 3).
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Table 3: Contributory factors implicated in notifiable diseases in New Zealand (ESR, 2002 - 2014 - modified).

Previous studies outside of New Zealand have implicated food handlers and have shown improper food preparation practices in 
the domestic kitchen, contaminated equipment and food, to be a significant origin of most of these cases [9]. Research on food borne 
outbreaks over the past few decades has focused on hospitals, restaurants, day-care facilities, and schools, but little attention has been 
paid to the home setting [12].

The aim of the present study was to examine food safety knowledge and food handling practices among consumers in New Zealand 
who have the primary responsibility for meal preparation in the home, estimate the risks of food contamination and identify contribu-
tory factors that could lead to food poisoning. This was done through the use of a questionnaire. According to my knowledge, this is the 
first systematic study examining food safety practices of consumers in order to estimate the risks to food safety across stages (CCPs) of 
food handling in the home, and to examine the relationship between the components of this process.

Material and Methods

Food safety risk assessment in the home

Likelihood assessment

Consequence assessment

Food safety risk assessment is a process that provides an estimate of the likelihood and impact of adverse health effects attribut-
able to potentially contaminated foods, or simply, risk assessment is a measure of risk and the identification of factors that influence 
it. There is a spectrum of approaches available for exposure assessment, ranging from qualitative to fully quantitative in nature. Semi-
quantitative exposure assessment is a relatively new idea in food safety [13]. When applying a semi-quantitative method for exposure 
assessment, it is helpful to use terminology that clearly distinguishes between likelihood assessment, consequence assessment and the 
risk estimate. According to this model the three major pillars for risk assessment are described as follows:

a.     Highly unlikely - may occur only in very rare circumstances.
b.     Unlikely - could occur in some circumstances.
c.     Likely - could occur in many circumstances.
d.     Highly likely - is expected to occur in most circumstances.

a.     Marginal - there is minimal or no negative impact.
b.     Minor - there is some negative impact.
c.     Intermediate - the negative impact is substantial.
d.     Major - the negative impact is severe.

Critical Control Point (CCP1) for Food Safety N (2001 - 2013) %
Food preparation and cooking 593 37%
Storage and preservation of food 411 26%
Handling of leftovers 324 20%
Personal Hygiene 190 12%
Choosing and purchasing food 67 4%
Kitchen facilities and the use of kitchen appliances 3 0%
Food safety knowledge 1 0%
Food transportation 0 0%

1CCP: A step at which control can be applied and is essential to prevent or eliminate a food safety hazard or reduce it to an acceptable level. Available at http://www.fao.

org/docrep/005/y1579e/y1579e03.htm  (Accessed on 14 March 2014).
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These individual descriptors can be incorporated into a Risk Estimate Matrix [14]. Likelihood and consequences assessments are 
combined to give a risk estimate. Appropriate scores for consequences and likelihood can be applied to represent the extent of the 
consumer contribution to the risk of food contamination in the home (Table 4).

Table 4: Risk Estimate Matrix (Australian Government, 2005 - adapted).

Figure 2 presents a model for food safety risk assessment in the home, based on a questionnaire survey and a semi-quantitative 
risk assessment methodology.

Figure 2: Modelling food safety risk assessment in the home - Framework.

This method divides the risk of food contamination in the home into “n” stages of food handling to estimate risks and assess CCPs 
across these stages, computing scores at each stage and the aggregate score - the sum of the scores for all stages, that represents the 
likelihood of food contamination by the food handler; it identifies stages of most concern (CCPs) and contributory factors (practices, 
attitudes and behaviours) to food safety risks (Figure 2).

Risk Estimate Matrix
Likelihood of 
Food 
Contamination 
(answer score)

Highly Likely (12) Low Moderate High High
Likely (6) Negligible Low High High
Unlikely (3) Negligible Low Moderate High
Highly Unlikely (0) Negligible Negligible Low Moderate

Marginal (0) Minor (3) Intermediate (6) Major (9)
Consequences to Food Safety (Weighting Factor)

Risk estimate
a.     Negligible - risk is insubstantial and there is no present need for mitigation.
b.     Low - risk is minimal, but may invoke actions for mitigation beyond normal practices.
c.     Moderate - risk is of marked concern that will necessitate actions for mitigation that need to be demonstrated as effective.
d.    High - risk is unacceptable unless actions for mitigation are highly feasible and effective.
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Stage 1: Choosing and purchasing food;
Stage 2: Food safety knowledge;
Stage 3: Food transportation;
Stage 4: Storage and preservation of food;
Stage 5: Food preparation and cooking;
Stage 6: Handling of leftovers;
Stage 7: Kitchen facilities and the use of kitchen appliances;
Stage 8: Personal hygiene and first aid in response for some symptoms indicative of food poisoning.

The questionnaire used in this study had 140 questions. Each question with its specific weighting factor, varying from 0 to 12, rep-
resenting the consequence to food safety, and each answer choice with a score, varying from 0 to 9, representing the likelihood of food 
contamination, pathogen growth or survival, from each specific practice (the chosen answer) (Table 3). The score of each question was 
obtained by multiplying the weighting factor by the answer score (chosen).

Risk estimate algorithm and data processing
The questionnaire aggregate score (As) was calculated by an accumulation of points in each section of the questionnaire (pos-

sible score) and the aggregate risk estimate (Are) was obtained by dividing the aggregate score by the maximum score of the scale 
(4,001 points), representing the highest likelihood of food contamination and major consequences (Table 5).

Questionnaire Design
Questionnaire Section (CCP in the 

Home Kitchen)
Qty of 

Questions
Possible 

Score (Range)
% of Aggregate 

Score (As)
Risk Mitiga-

tion (Control)
1 Choosing and purchasing food 5 0 - 255 5.6% 75
2 Food safety knowledge 53 0 - 1513 37.8% 504
3 Food Transportation 2 0 - 108 2.7% 36
4 The storage and preservation of food 21 0 - 630 15.7% 210
5 Food Preparation and cooking 18 0 - 756 18.9% 252
6 Handling of leftovers 4 0 - 243 6.1% 81
7 Kitchen facilities and the use of 

kitchen appliances
18 0 - 213 5.4% 71

8 Personal hygiene, family health and 
first aid in response for some symp-
toms indicative of food poisoning

19 0 - 313 7.8% 104

Aggregate Score 140 0 - 4,001 100.0%

Table 5: Questionnaire scores and risk mitigation for investigated CCPs in the home.

A risk scale divided into four levels (Negligible, Low, Moderate and High) was used for ranking the aggregate risk estimate (Are) 
(Figure 3). A risk mitigation (control) placed at the lower limit of the moderate risk ranking (33% in the risk ranking scale), was used 
as a trigger to suggest the need for control measures.

A risk estimate of 0% suggests that the consumer applies food-safety good practices and is very unlikely to contaminate food; 
on the other hand, a risk estimate of 100% (full scale) suggests there is a much higher probability of food contamination while being 
handled by the consumer.

A questionnaire following the usual process of cooking in the home was chosen for data collection as a method more cost effective 
than interviewing individuals (interviewer bias may also apply) and able to be given to many people simultaneously, enabling coverage 
of a large number of people over a wide area [15]. Food safety issues investigated by this study were split into eight sections:
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Figure 3: Risk ranking scale.

Results and Discussion

Data sample and demographics
In New Zealand, on the 31st of August, 2012 3,000 questionnaires were mailed to households, randomly selected from the New 

Zealand Electoral Roll database (3,031,467 Electors), from of which 658 were completed and assessed, a response rate of 21.9% (Table 
6).

Sample Characterisation New Zealand
Field survey scope Electoral roll database (Nation-wide)
Population coverage (inhabitants) 3,031,467
Method used for questionnaire application Mail post (Freepost envelope)
Applied questionnaires (probability sampling) 3,000 (random sampling)
Returned questionnaires 658 
Overall response rate 21.9%

Table 6: Sample characterisation.

The instructions asked the person usually responsible for cooking in the home to complete the questionnaire. In many countries, 
it is people within the range 20 - 59 years that are usually responsible for cooking in the home for themselves and for people above 
60 and under 20. The instruction will likely skew the demographic distributions of the sample relative to census results, but the focus 
of the research was on food handler practices in the home. Even considering some distortion between the census and the equivalent 
sample distribution (discounting the population under 20 years), most of survey respondents (62%) were from the population within 
20 - 59 years and this age range represent 54% of the New Zealand population [16].

While New Zealand has a very balanced gender distribution population, 49% men and 51% women (Table 7), in this study men 
were 25% and women were the majority of participants (72%) (Table 7). This suggests that in New Zealand women are still primarily 
responsible for cooking in the home.

In New Zealand, about 67% of the country’s population (aged 15 years and over) completed some degree of formal qualification, 
from primary school to postgraduate education, and in the survey this group was 95% (Table 7). The lower income group (family in-
come lower than $ 20,000/year) represents 30% of the New Zealand population [16], while in this survey it was 8%. Higher income 
families ($ 60,001 and over) represent 13% of the New Zealand population and in this survey it was 45% (Table 7). These differences 
are likely due, at least in part, to the instruction that the principal food preparer should be the person to answer the survey.
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Table 7: Demographic characteristics of the survey.

Risk of food contamination in New Zealand’ households
The data were entered into a database, specifically developed for processing the questionnaire responses, as well as to export in 

Excel format for usage in the statistical analysis. The various stages of food handling (CCPs - total of 8) and variables (total of 16) were 
coded, and questionnaire scores were entered into IBM SPSS version 20, and were analysed using ANOVA for significance of variables 
across CCPs, Turkey HSD to determine which groups differ. Box plots were drawn to identify patterns or trends.

The normality of the error distribution was verified using Kolmogorov-Smirnov’s test, as well as the homogeneity of variances us-
ing Bartlett’s test (Table 9). The average score (S) and risk estimate (Re) across various CCPs, as well as the aggregate score (As) and 
the aggregate risk estimate (Are) (Figure 4), can be found in Table 8.

Stages of most concern were handling of leftovers (Are = 45.6%), food preparation and cooking (Are = 36.4%), and choosing and 
purchasing food (Are = 35.9%), that had a risk estimate above the control limit (Table 8). This was similar to contributory factors im-
plicated in outbreaks reported by ESR (see Table 3).

From the analysis of the data covering the prevalence of practices and behaviour, contributory factors leading to food contami-
nation, pathogen growth or survival in the home were readily identified. The lack of food safety knowledge, legacy beliefs and self-
sufficiency behaviour, were general practices of consumers that resulted in the risk estimate calculated at 35.9% (Table 7), above the 
control line (Figure 4).

It was observed differences between the sample distribution and the census. In particular, it is important to note that the sampling 
instructions inevitably distort the sample distributions relative to the Census.
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CCPs for Food Safety in the Home New Zealand
Score (S) Control Risk Estimate (Re)

Choosing and purchasing food 81 75 35.90%
Food safety knowledge 510 504 33.70%
Food transportation 35 36 32.00%
Storage and preservation of food 214 210 33.90%
Food preparation and cooking 275 252 36.40%
Handling of leftovers 111 81 45.60%
Kitchen facilities and the use of 
kitchen appliances

69 71 32.40%

Personal hygiene and first-aid con-
cerning some symptoms

105 104 33.70%

Aggregate 1399 1333 35.00%
Aggregate Score (As) Aggregate Risk Estimate (Are)

Table 8:  Average risk estimate - New Zealand (n = 658).

Figure 4: Risk estimate of food contamination in New Zealand’ households.
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Considering that 87% of the survey respondents cook everyday/almost every day in the home, with all meals (breakfast, lunch 
and dinner) being most prevalent (40%), food preparation and cooking in the home represented a pivotal stage (CCP) to guarantee the 
safety of food before consumption. The risk estimate is 36.4% (Table 7; Figure 4). Practices that contributed most to food safety, during 
the ‘food preparation and cooking’ CCP in New Zealand’ households were:

The following were contributory factors to the risk of food contamination, pathogen growth or survival, during the ‘choosing and 
purchasing food by the consumer’ CCP in New Zealand:
a.     For 69% of survey respondents, “price” was the most important driver when choosing where to shop for food (it is largely ac-
        cepted that high quality food is more expensive).
b.     More than 75% of the survey respondents “follow the supermarket layout” as a scheme for selecting chilled and frozen food, 
        instead of “at the end”, the appropriate choice, that had only a 15% preference in the responses.
c.     More than 42% of the survey respondents rarely or never check the integrity of frozen food packages.
d.     Only 23% of respondents associated Campylobacter with chicken and 43% did not recognise the association between some of 
        the most prevalent bacteria and food vehicles (i.e.: Campylobacter-Chicken, E. Coli-Minced beef and Listeria monocytogenes-Deli 
        meats).
e.     Only 26% believe the home is a place likely to contaminate food with more than a half of the survey respondents (52%) transfer-
        ring the responsibility to restaurants and the food industry?
f.     The majority of the survey respondents (56%) declared that they already handle food safely (self-confidence), and 33% would 
        need to become ill or having a relative ill (challenge for changing their practices) as a motivator to improve their food safety 
        behaviour, and.
g.     More than 80% of the survey respondents “strongly agree” or “agree” that they have been cooking for years, and no one has ever
        got sick from eating their food, therefore do not see the need to change practices for handling food.

a.     The preferred way for learning how to cook was from other relatives (parents, grandparents) with 51%, a situation that could 
        carry a legacy of mishandling practices.
b.     The majority of respondents (70%) consider the interior colour or note when the juice runs clear to check if chicken or meat is 
        thoroughly cooked - subjective criteria.
c.     For 37% of respondents, ethnicity and food culture (including friends and family) were the most important factors influencing 
        their cooking methods and recipes, again a practice that could increase mishandling.
d.     Only 21% said they used a disposable paper kitchen towel for drying hands, while 59% used a tea towel.

a.     The usual practice for 51% of respondents was to leave cooked food on the stove or bench top, until they are eaten or cooled to 
        store in the fridge.
b.     Almost 70% of the survey respondents “strongly agree” or “agree” that leftovers must be left to cool, before storing in the fridge.
c.     The microwave oven was the preferred mode for 71% of respondents for reheating leftovers, but was used in an inappropriate 
        way (lukewarm).
d.     The choice of 82% of respondents was “I re-heat until they get really hot”, but only 15% have a thermometer for verification.

The handling of leftovers had the risk estimate ranked at 45.6% (Table 7; Figure 4). Practices that contributed most to food safety, 
during the ‘handling of leftovers’ CCP, the stage of greatest concern, were:

Significance of variables to the aggregate risk estimate
A value of 0.05 as a cut-off was applied for significance (p < 0.05) for the ANOVA analysis, with significant differences at the 0.05 

level. In New Zealand, gender, first aid for some symptoms (FASS), the awareness of responsibility for food safety (RFF), the way the 
consumer learns how to cook (LHC) and kitchen layout (KL) were significant variables associated with risky practices of consumers 
(Table 9).
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Women had a lower aggregate risk score (As = 1,373) than men (As = 1,451), with both categories ranking above the risk mitigation 
limit (Figure 17) and a difference between categories (p < 0.05; difference = 78.1) (Figure 5).

Aggregate risk score (As) – ANOVA – New Zealand
Variable1 F test Df p (aov) p (KS. Test) p (Bartllet Test)
Gender 13.1 1, 635 3.18E-04 0.696 0.35
FASS 16.56 3, 620 2.31E-10 0.249 0.761
RFF 4.252 6, 630 3.29E-04 0.28 0.53
LHC 16.56 4, 639 1.15E-03 0.671 0.156
KL 9.58 1, 640 2.05E-03 0.717 0.319

Table 9: ANOVA (aov), F test, p value, KS and Bartllet tests.
(n = 658; cut-off p < 0.05); KS = Kolmogorov Smirnov.

Gender

Figure 5: Aggregate risk score based on gender.

A factor linked to gender that could explain these high scores in the risk estimate and the difference between categories, is that 
women today are far more likely to take on additional responsibilities, beyond home duties, and be in paid employment. This has re-
sulted in men, taking on more responsibility for home cooking without the training or experience that a woman may have had. This 
suggests that men are under higher risk than women.

People that used to do nothing (4) or self-medicate (1) when experiencing some symptoms usually linked to food poisoning, had 
higher aggregate risk scores (Are = 1,531 and Are = 1,442 - respectively). There were significant differences in the risk when these 
groups were compared with those who visit a GP/health clinic (2) or take oral rehydration as first-care and then later visit a GP (3) (p 
< 0.05; differences (2) vs. (4) = -193.2 and (3) vs. (4) = -204.4) (Figure 6).

People that used to visit a GP or health clinic or take oral rehydration first and later visit a GP, good practices for first aid, had a 
low risk, below the control limit (Figure 6). This suggests a direct association between first aid attitude and food handling practices of 
consumers.

First aid in response to some symptoms indicative of food poisoning
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Figure 6:  Aggregate risk score related to first aid practice of the consumer.

Figure 7: Aggregate risk score related to the awareness of responsibility for food safety.

Those who were aware of the consumer’s responsibility for food safety (1) or that food safety is a shared responsibility along the 
food chain until the moment of consumption (7), represented by the majority of respondents (56%), had lower aggregate risk scores 
(Are = 1,357 and Are = 1,363 - respectively), around the control limit.

Responsibility for food safety

Those who transferred the responsibility for food safety to food companies (2), (3), (4), (5) or the Government (6), had risk scores 
above the control limit, with a significant difference between categories 3 (the food industry) and 7 (all listed - shared responsibility) 
(p < 0.05; differences (3) vs. (7) = -90.3) (Figure 7). New Zealand is proud for its highly reputable food industries; this could, however, 
be influencing the consumer to believe that a good reputation is enough to guarantee the safety of food.
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The way the consumer learns to cook was associated with food safety (F (4, 638) = 4.59; p < 0.05) (Figure 8). Although those who 
have attended a training course (5) achieved a lower risk score (As = 1,321) below the control limit, they were represented by only 18 
respondents where the difference between categories was not significant (p < 0.05; difference 1 vs. 4 = 71.1).  

Interestingly, those who have learned to cook from a partner or friends (3) had a high aggregate risk score. This was also the case 
for people that learned to cook following advice from other relatives (4) or cookery books (2) having similar risk scores, all above the 
control limit (Figure 8).

Kitchen layout may influence food-safety practices in New Zealand households (F(1, 640) = 9.58; p < 0.05) (Figure 9). However, the 
difference in the risk score between those who have a straight-line kitchen (2) and a triangle design (1) was not significant (p < 0.05; 
difference 1 vs. 2 = -84.0).

Learn how to cook in New Zealand

Figure 8: Aggregate risk score related to the way the consumer learn to cook.

Figure 9:  Aggregate risk score related to kitchen layout.

Kitchen layout
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Discussion, conclusions and further studies
Previous studies have indicated that the consumer plays an important role in food safety, particularly with respect to adequate 

cooking practices, proper storage of ingredients and the prevention of cross-contamination [9,17]. The present study was a new inves-
tigation examining various stages of food handling (CCPs) when food is under the control of the consumer in New Zealand. It supported 
and extended earlier studies internationally and applied a new model for food safety risk assessment in the home. Despite the limita-
tions of the response rate and sample size, the data provides a useful description of the current risks to food safety in the home, an area 
with limited research in New Zealand.

Worldwide, the increasing practice of bringing leftovers home for later consumption exposes food to the risk of contamination, 
pathogen growth or survival, with the potential to cause illnesses. Because the handling of leftovers (HL) contributed most to the ag-
gregate risk estimate (Table 8; Figure 4), but not significantly in terms of differences between categories, this suggests the need for 
further research extending the investigation into the detailed practices of the consumer at this CCP.

There was a trend in risk reduction with ageing during the handling of leftovers and regarding kitchen facilities and the use of 
kitchen appliances. However, with respect to personal hygiene, there was a risk increasing associated with the retired, usually the 
elderly or widowed from in one district in New Zealand, Northland (regarded as an economically poor area in New Zealand) and in 
households with pregnant women. This is particularly concerning as these groups are medically at-risk and some food poisoning ill-
nesses can result in death [18].

Some differences in food handling related to gender were identified, with men exposing food to higher risk than women. Person-
to-person spread of infection is a common way of spreading food borne illnesses [19-31] (Table 2). Risky practices in personal hygiene 
were associated with people that self-medicate (moderate risk) or did-nothing (high-risk) when affected by some symptoms indicative 
of food poisoning. The extent to which self-medication or lack of medical advice exacerbates food borne illness in the community is 
worthy of a more detailed study. People that learned to cook at a training course had low-risk score, while other categories had moder-
ate risk score for almost all CCPs.

Contributory factors threatening food safety across CCPs in the home were associated with similar factors implicated in notifi-
able diseases reported between 2001 and 2013 in New Zealand (Table 3), which suggest the method used can be applied in further 
research. In addition, the survey findings suggest that the intensification of targeted education campaigns concerning food safety in 
schools may be the most effective way of reducing the prevalence of food borne illness in New Zealand’ households, because children 
are more receptive than adults and children can influence adult behaviour. This suggest that the New Zealand Ministry of Primary In-
dustries responsible for food safety in New Zealand, could initiate a new and broader educational campaign in food safety, taking into 
account the most important contributory factors, groups and significant variables identified in this study.  Following such a targeted 
education programme a study similar to this one could be repeated to see the effect.
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