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Figure (3.55): Combase Predictor data for counts of L. monocytogenes in

smoked salmon on display, with a median core temperature of 5°C.

The initial level of L. monocytogenes was log 1.98 cfu/g, which was the same level
as was used for predictive modelling in Figure (3.54). However, the reduction in
core temperature of this product has had a marked effect on safety and shelf life of
this product. Figure (3.55) shows that it would require 24.96 hours for levels of L.
monocytogenes to reach log2 cfu/g, with 147.2 hours (6.1 days) and 204 hours (8.5

days) to reach log 3 and log 4 cfu/g respectively.

The difference in time required to reach hazardous levels of L. monocytogenes
emphasizes the importance of temperature control in the area of food safety and
why it is a critical control point in food safety management systems in operation in

retail outlets.



CHAPTER FOUR: CONCLUSIONS AND

RECOMMENDATIONS

4.1 CONCLUSIONS

. This research confirms that the cold chain is broken at the retail level in the
case of 37% of premises surveyed with regard to chilled foods, of particular concern
was the temperature abuse occurring in relation to chilled ready-to-eat foods, that

are not subjected to further heat treatment prior to consumption.

. The mean external air temperature in chill cabinets was outside the correct
range (-1 to 5°C) in the case of 33% (n=63) of chilled foods surveyed (n=191), with

external air temperature ranging from -4.76 to +17.7°C.

. The core temperature of 19% (n=3) of chilled foods sampled (n=27) was
above 5°C, the core temperature of the chilled food sampled ranged from -1.37-

+13.98°C.

. Fruit and vegetables (n1=12) were stored in the correct external air

temperature range (0-10°C) in all outlets surveyed.

. In relation to supermarkets, butchers and delicatessens, which were the
outlet types surveyed, there was no significant difference between outlet type or

outlet size and standard of external air and core temperature control for chilled



foods and fruit and vegetables. However butcher outlets were shown to have the
highest number of outlets with external air temperature and product core
temperature in the correct range, and delicatessens exhibited the poorest

temperature control.

. Frozen foods, excluding ice-cream, were not stored at the recommended
temperature (-18°C) in 52% of delicatessen and supermarket outlets surveyed

(n=34).

. In terms of the efficacy of freezer temperature control, the type of outlet was
not significant (p>0.05). The size of the outlet and number of employees were
found to be significant factors in freezer cabinet temperature control (p<0.05).
Smaller premises, i.e. those employing ten people or less were holding products at

higher temperatures than outlets with higher staff numbers,

. There was no significant difference between chill cabinet design in relation
to the efficacy of exteral air temperature control (p>0.05). The design of freezer
cabinet was found to be significant, with island freezer cabinets found to be
significantly better than wall freezers in maintaining frozen foods at the

recommended temperature (p<0.05).

. In 67% of the premises surveyed (n=12), the ice-cream freezer cabinets were
maintaining an excessively low external air temperature (<-23°C), which is both
unnecessary in terms of product quality and safety, uneconomical and

environmentally unfriendly.



. Efficacy of temperature control in ice-cream freezers was not dependant on

the outlet type or size.

. Two ice-cream cabinet designs were examined, island freezers with sliding
doors and vertical standing wall freezers with glass doors, the design not being

significant with regard to control of air temperature within the cabinet (p>0.05).

. Air relative humidity within the cabinets surveyed varied, depending on
cabinet design and the products contained therein, with 36% of all products
surveyed being held in the recommended range. Neither cabinet design or make was

significant (p>0.05) with regard to control of air relative humidity.

. There was compliance for the three elements of HACCP in 51% of the
outlets surveyed, with HACCP compliance greatest in supermarket outlets (59%),
with butcher and delicatessen outlets showing compliance levels of 47% and 46%

respectively.

. In this study, temperature control was the element of HACCP with least
compliance, and despite high levels of verification of food safety management
systems in the outlets surveyed, ineffective temperature control was not being

detected.

. To avoid undermining the effectiveness of staff food safety training,

supervisors and managers should themselves be adequately trained, have a thorough

understanding of HACCP, as the survey found a significant relationship (p<0.05)
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between the level of understanding of HACCP and the efficacy of temperature
control. Therefore, unless managers fully appreciate the inherent risks involved in
their food-handling practices, they are unlikely to recognise the need to train or the

contribution tratning can make to the food industry.

. Management motivation of staff is critical to the success of hygiene training
and food safety management, as provision of knowledge alone will not lead to
changes in attitude and food handling behaviour. It was observed that despite
receiving food hygiene training, work practices did not adhere to training principles.
In many outlets, staff did not wash hands frequently and handled many different

food types with potential to facilitate cross contamination.

. A major disadvantage to training was cost and the risk of loss of investment
if an employee left. The survey done found that the lack of government financial

support was felt to be the most significant obstacle to improving training standards.

. Accurate monitoring of temperature is necessary but it is not taking place in
all food retail outlets, therefore greater emphasis should be placed on temperature

control procedures and their importance in all food hygiene courses.

. Unsatisfactory cleaning procedures were observed in some outlets surveyed,
the main defects were inadequate cleaning frequency, incorrect use of wiping

cloths, and neglect of hand contact surfaces.



. Food hygiene and food handling practices could be improved by increasing
the awareness of staff to the opportunities for cross contamination and the

importance of hand washing.

. In the context of a food safety management system, product temperature and
food hygiene practices are the two variables that can be controlled by the retailer
which significantly affect the microbial safety of the food products and the risk to

the consumer of foodborne disease,

. Inappropriate food hygiene practices combined with temperature abuse will
result in hazardous levels of pathogens in ‘high risk’ chilled foods, this highlights

the importance of effective implementation of a food safety management system.

. In smaller outlets space constraints were a factor in inappropriate

positioning of chill cabinets beside hot food cabinets.

. Cabinet digital displays were not found to show accurate measurements of
external air temperature within cabinets in the outlets surveyed, possibly due to
temperature distribution within the cabinet or inaccuracies in the cabinet

temperature sensor.

. Based on observations in outlets surveyed, stacking and stocking rates of

products were not seen to inhibit movement of air around them.



. The presence of Staphylococcus aureus at unsatisfactory (43%) and
hazardous (0.02%) levels in samples (n=90) of chilled ‘ready-to-eat’ high risk foods
on sale in retail outlets highlighted the necessity to maintain good food handling and

food hygiene practices.

. Growth of Staphylococcus aureus is a function of low hygiene standards and
temperature fluctuations above the recommmended range, both of which were
observed in retail outlets during this research. As a consequence, there is a potential
risk of  Staphylococcus aureus related food poisoning due to the consumption of

ready-to-eat chilled foods.

. Using predictive modelling, incorporating recorded temperature readings
and microbial analysis of ‘high risk’ chilled foods with unsatisfactory levels of
Staphylococcus aureus, it was determined that prolonged exposure, greater than 24
hours, of the foodstuffs to temperatures above 7.5°C is required for levels of the

pathogen to exceed the critical limit.

. Poor food hygiene practices along the food chain resulting in high levels of
pathogen contamination of foodstuffs were a greater risk to the consumer than
temperature abuse of the product in the case of foodbome disease due to
Staphylococcus aureus. Results of this research show that significant levels of S.
aureus contamination are required to be present initially for temperature abuse to

have a consequence in terms of food safety.



J Listeria monocytogenes was not detected in any of the samples (n=90) tested
during this research, and this finding is encouraging, However it is important not to
become complacent, and to maintain continued awareness for the potential growth

of all psychrotrophic microrganisms and to maintain effective temperature control.

. While temperature abuse might not pose an immediate or severe risk of food
poisoning with respect to Staphylococcus aureus, there will be a significant risk of
foodbome disease from Listeria monocytogenes, especially as there are a number of

popular chilled produets that are minimally processed.

4.2 RECOMMENDATIONS

. For effective maintenance of the cold chain in retail outlets, retailers should
be familiar with operation of chill and freezer cabinets, in order to make an
informed decision when storing foodstuffs according to their temperature

declaration and temperature regime of the chill or freezer cabinet.

. When examining cabinet efficacy with regard to temperature control as part

of a food safety management system, temperature checks on produce located at the
front or bottom of the cabinet, depending on design, would be the best conservative

approach.

. The core temperature of products should always be measured as opposed to

relying on external air temperature as part of the temperature monitoring procedure



since the core temperature of foods can vary by 0.5-2 °C from external air

temperature.

. 'The food business operator should be familiar with the operation of cooling
and freezing units in use in their premises, including time and duration of defrost
cycles 1if relevant to cabinet particularly if only extermal air temperature is being

monitored.

. Ice-cream freezer temperatures need to be checked so that they are run

effectively and economically.

. Guidelines for % air relative humidity should be included in the legislation
or in food industry standard guidelines to enable retailers to monitor air relative

humidity and prolong shelf life.

. Cabinet digital displays should not be relied upon as the only indicator of

external air temperature within the chill or freezer cabinet.

. The temperature sensor should be located at a position within the chill

cabinet so that the digital display would show the ‘worst case’ scenario.

. To ensure a food safety management system is HACCP compliant and

effective, both verification and validation procedures must be carried out.
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. Food retailers should be aware of the difference between verification and

validation of food safety management systems.

. Continuous temperature monitoring could be included in the food safety
management system as part of the validation of temperature control within the chill

and freczer cabinets.

. Review of both verification and validation procedures should be included as

part of the protocol of each food safety management system.

. Both internal and external audits should include inspection of validation
procedures.
. A licence to start a food retail business should not only be dependant on

adhering to structural hygiene designs, but also require proof of some evidence of

existing training and relevant food safety skills

. Food retail outlets must ensure that effective training is an on-going activity

in their business,

. Safe food handling and effective implementation of training programmes
depends essentially on well-trained, knowledgeably and positive minded managers

within food retail outlets.



. If managers and supervisors were trained to advanced levels, then they
would be able to provide the more basic levels of training and thereby reduce
training costs, whilst also offering the additional benefit of making training more

relevant to the individual needs of the staff,

. Attitudes of staff are an important factor as well as knowledge and
enforcement of food safety training. To achieve behavioural change it is important

that businesses see training as one part of a broader food hygiene control strategy.

. Visual, non-microbiological and microbiological methods should be

combined, resulting in the production of an integrated cleaning monitoring strategy.
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Appenndix 1

Questionnaire

Section A: General Information

Q1.

Q2.

Type of Business:
Supermarket [J — butcher [1 — delicatessen (1

Position in Business:
Manager [1 — QC manager (] _ other......................

Number employed in business?
(a) <5
(b)5to 10
(c) 11 t0 20
(d) 21 to 40
(e) >40

OOooond

Section B: Food Safety Awareness

Bl.

B2.

B4.

What industry issues most concern you: (number in order of importance)
cost of labour

threat of imports L]

staff shortages U

food safety ] -
increasing competition U
other..............ooe e, _

O

What specific food safety concemns, if any, do you have? eg additives,
pesticide & herbicide residues, G.M., B.S.E., food hygiene, food
poisoning,hatural toxins,radiation levels.....................

What do you perceive as the consumers greatest food safety
COMCRITIS7 .ttt ettt ettt e sttt st e st e e s r e e et e e ea bt e s e e nab e e rae s e bnaesobeeabe e e atbe e e e



B5

Bo

B7

B3

B9

What are the main advantages associated with a HACCP based food safety
MANAZEMENT SYSTEITL 7. cuiiiieiiiiiiie ettt et see st

What are the main disadvantages associated with a HACCP based food
safety management SYStemM? .........oo.o i e

What are the reasons for controlling the temperature of

Are you aware of potential pathogens that may occur as a result of
temperature abuse of foods? If yes list them....................................

Section C. Food Safety Compliance with Regulations

Cl What 1s the acceptable temperature of the chilled foods on arrival at the
premises?

(a) 0to 5°C O

(b) <5°C L)

{c) 1 to 4°C [

(d) 2°C Ul
C2 What is the temperature range of the cold store ?

(@) Oto5°C O
()  <5°C M
() 0°C O

3]
(U]
(W]



C3 What temperature do you display chilled foods at?

(a) 0tod4°C
()  0to5°C
(©)  0°C

C4 Above what temperature is food disposed of?

(a) 5°C ) _
(b)  8C 1 -
(c)  10:C o -
d)  12:C m

C5 What are your main sources of information on food regulations and the

Co6 [s there too much food safety regulation and enforcement of these

regulations in your industry? Yes[J — No[J _ Notsure[J
C7 Have you carried out a hazard analysis? Yes[J No O

C8 Have you effective controls in place at each CCP?  Yes [ No [

C9B  Is HACCP system reviewed and verified? YesJ No [

C9C  Frequency of review of verification:
(a) Monthly
(b)  Every 3 months
{c) Every 6 months
(d) Every year
(e) No formal review

Oooocd

C10  What age are the chill cabinets?........cccovviivieiiie e

CI1  Are chill cabinets fitted with a temperature recorder? Yes [J No O

[
L
BN



Cl12  Are chill cabinets fitted with a temperature display? Yes IJ No U

C13  Are chill cabinets fitted with a temperature alarm? Yes [ No [J

Cl4  Does the cabinet supplier control the cabinet temperature by computer or is
control done on the Premises? ... ..o

C15 How often are the temperatures of the chill cabinets checked:
(a) once daily
(b) twice daily
(c) every second day
(dy other ............. ..

oo

C16  What type of thermometer is used:
(a) digital probe
(b} infra-red thermometer
(c) digital display
(d) other, please specify.................

ooc

C17  How long are records of temperature kept for?..............ccooooviiiiionsien.

C18 How often are thermometers calibrated?
{a) every 6 months
(b) annually
(¢} every 2 years
{d) other please specify...................

oo

C19  Does equipment supplier also calibrate thermometers?  Yes 0 No O

C20 How often is maintenance carried out on chill cabinets?.........ococvvivvvveviiiin,

C21  Have you a written sanitation programme in place for the entire premises?
Yes L1"No [

[
(5]
wh



C22  How often are the chill cabinets cleaned?
(a) daily L] -

(b) every 2/3 days - O

(¢} weekly Li
C23  How often are chill cabinets deep cleaned?

(a) weekly O

(b) monthly U

(c) 6 monthly -

C24 How could you improve the current system in the area of temperature
control of chilled foods?. ...

Section D: Food Safety Training

D1 What type of training do you offer to employees?

(a) no training W
(b) on the spot instruction (]
(c) formal instruction L
D2 Do you provide any of the following:
(a) induction training (]
(b) basic food hygiene O
(¢) management of food safety/hygiene O
(d) microbiology U
(e) food safety/hygiene auditing [
(f) HACCEP training (]
{g) Training the trainer [
(h) Weekly staff meetings for updating hygiene knowledge 0
(1) Periodic updates L]
D3 Do you consider the practical training given to staff adequate?
Yes Ol
No L
Would like to provide more (J

D4 Do you consider that there is adequate support from government agencies
eg: EH.O,FSPB., FS.AILL.? Yes No



D5 What do you currently see as the barriers to training?
{a) lack of funding for training
(b) high cost of training 1
(¢) lack of staff cover
(d) other, please specify............................

Section E: Recorded results of Temperature monitoring in outlets

El Results of temp control in chill cabinet for outlet:
(1) -1 to + 5°C
(2) +5 to +8°C
(3) +8 to +10°C
(4) above + 10°C

oood

E2 Results of temp control in freezer cabinet for outlet:
(1)-18 or -23
(2)>-18 or > -23
(3) <-18 or < -23

ood

E3 Is business HACCP compliant based on 3 criteria necessary for compliance
including validation by auditing and verification which should be done at
least amnually. The three elements of HACCP plan necessary are:

(a) Hazard analysis
(b} Control of CCPs
(c) Verification

Results are classed as follows:

1-Compliant

2-Commenced compliance, no hazard analysis
3-Commenced compliance, no verification

4-Commenced compliance, no CCP control

5- Commenced compliance, no CCP control or verification

Ooocang



o

(]

10.

11.

12.

14.

15.

Appendix 2

Observations

Who 1s responsible for temperature monitoring?..........o....c.ocooo oo

Is documentation in relation to temp. monitoring:
(a) Supervised

(b) signed and dated daily

{(c) signed and dated at regular intervals

Is documentation of temp. monitoring readily available? Yes No

Type of thermometer USEd? ... i e
Type of chill cabinet used {name, brand and model) and condition.................
Is there evidence of calibration of thermometers? Yes No  if yes how
0] {2 D TP

Are certificates of calibration & maintenance available on the premises? Yes

No

Is location of chill cabinet suitable? Yes No

Temp. of chill cabinet-.....................

Temp. from digital read out...............

[s it working?.........ccoviiiiniiiecee

Temp. of freezer..........

Temp. on digital readout.........

Are chill cabinets overloaded? Yes No

Are freezer cabinets overloaded? Yes No
. Is stacking arrangement interfering with air flow? Yes No

Are cabinets visually clean? Yes No

Are light fittings in display cabinet of safety type? Yes _ No

R
(%3
oD



Is there an adequate sanitation programme in place with sufficent
documentation ie: fridge cleaned at least once daily,floors & surfaces
cleaned once daily....... ..o

Personnel hygiene practice at time of visit:
V. good good  satisfactory poor  unacceptable

Were correct operational practices observed at the time of visit?

Washing hands _ Yes No
Wearing gloves Yes No
Changing gloves _ Yes No
Clean protective clothing B Yes No
Hair nets/hats _ Yes No
Wearing jewellery Yes No
Cuts/grazes covered Yes No
Do staff working with chilled foods have other duties? Yes No
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Appendix 3

External air temperature of chilled products including fruit and vegetables

Product Sample Mean (°C) | Median(°C) Minimum{°C) Maximum(°C)
number
Beef burger 3 6.78 4.70 23 16.33
Minced beef 3 2.39 1.63 1.09 4.44
Beef steak 17 1.94 1.93 -4.76 7.10
Chicken (raw) | 23 3.87 3.06 -2.50 9.00
Coleslaw 13 535 5.27 -0.55 13.50
Cream cake 8 5.84 5.03 -0.24 17.70
Fish 9 5.45 5.43 -1.98 11.50
Fruit 3 7.47 6.10 5.90 10.40
Garlic bread 2 8.54 8.33 5.05 12.00
Lamb 6 3.27 2.35 0.31 10.91
Lamb chops 6 3.03 2.76 -0.4 7.96
Lasagne 2 2.46 2.44 242 2.48
Lettuce 2 6.45 6.41 3.10 9.72
Milk 17 2.1 1.39 -1.23 6.86
Pate 2 1.22 1.2 -0.04 6.86
Pizza 2 2.99 2.95 -0.50 6.40
Pork chops 7 3.28 2.54 0.44 8.26
Potato salad 5 5.64 5.18 -3.00 6.30
Prawns 2 5.69 5.65 543 570
Pre-curt fruit 2 -0.68 -0.65 -7.90 6.60
Pre-packed 2 5.40 5.38 3.85 6.90
coleslaw
Pre-packed 4 4.54 4.46 -0.57 9.82
ham
Rashers 4 4.88 4.75 2.20 7.80
Salads-mixed | 17 5.51 5.10 0.89 12.00
Sliced ham 15 3.47 4.09 -1.63 12.06
Smoked 2 1.57 1.56 -0.96 4.09
salmon
Soup 6 4.88 3.78 0.78 12.43
Steak &2 292 294 2.38 3.45
Kidney pie
Vegetables 7 7.34 7.70 2.00 16.10
Yoghurt 10 5.39 3.35 1.77 §.78
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Appendix 4

Core temperature of chilled products surveyed

Product Sample Mean (°C) | Median{°C) Minimum(°C) Maximum(°C)
number
Beef mince 1 3.16 3.16 3.14 3.18
Beef steak 2 0.13 0.13 -1.37 1.63
Chicken 2 0.53 0.53 -0.47 1.53
Coleslaw 4 5.21 5.22 -0.57 13.98
Cream cake 2 4.89 4.89 -0.24 17.30
Fish 2 4.29 4.29 3.65 4.92
Lamb 2 3.27 3.27 2.41] 4.13
Pate 1 2.99 2.99 297 3.01
Pork chops 1 5.78 5.76 545 5.82
Sliced ham 2 0.93 0.93 -0.27 2.13
Smoked 1 -0.74 -0.74 -0.42 1.14
salmon
Soup 1 0.93 0.93 0.88 0.96
Yoghurt 6 5.03 4.52 2.36 8.78




Appendix 5

Air temperature of frozen products

Product Sample Mean (°C) | Median(®C) Minimum(°C) Maximum(°C)
number

Frozen beef 1 -14.03 -14.03 -15.15 -13.45

Frozen 4 -16.87 -15.71 -22.99 -13.06

burgers

Frozen 1 -8.61 -3.61 -8.42 -9.15

chicken

Frozen fish 12 -17.22 -15.26 -24.96 -10.60

Frozen peas 2 -20.31 -20.31 -28.10 -12.52

Frozen pizza 8 -17.66 -16.21 -25.32 -10.30

Frozen pork 2 -12.82 -12.82 -13.23 -12.40

Frozen 4 -19.45 -20.11 -23.71 -13.88

vegetables

Frozen steak | 1 -7.1 -7.1 -6.90 -7.30

&

Kidney pie

o
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Appendix 6

Alr relative humidity for chilled, fruit and vegetable products

Product Sample Mean (°C) | Median(°C) Minimum(°C) Maximum(°C)
number
Beef burger 2 76.40 76.40 74.80 78.00
Beef steak 8 74.84 71.95 64.90 99.90
Chicken 11 64.69 67.00 33.530 84.40
Coleslaw 7 71.87 75.80 55.20 §3.80
Creamcake 4 68.45 73.50 49.50 77.30
Fish 2 67.63 67.65 66.00 69.30
Fruit 3 81.57 83.30 70.60 90.80
Garlic bread 1 43.40 43.40 43.40 43.40
Lamb chops 1 48.90 48.90 48.90 48.90
Lettuce 1 84.30 84.30 84.30 84.30
Pizza 2 62.25 62.25 44.90 79.60
Potaio salad 4 §1.28 §2.20 68.40 92.30
Pre-cut fruit 2 72.40 72.40 68.80 76.00
Prepacked 1 57.20 37.20 57.20 57.20
coleslaw
Rashers 4 74.20 74.80 67.70 79.50
Mixed salads 16 76.16 75.10 65.80 88.00
Sliced ham ] 64.50 64.50 64.50 64.50
Soup 1 82.70 82.70 82,76 82.70
Steak and | 1 91.30 91.30 91.30 91.30
kidney pie
Vegetables 5 78.42 82.70 63.80 86.90
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