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Chilled foods are stored for periods of between a few hours and many days in domestic refrigerators. 
However, there are little published data on the temperature performance of domestic refrigerators within 
the home. A survey has been taken in 252 households in the UK and some of the results are presented in this 
paper. The refrigerators investigated in the survey were found to have an overall mean temperature of 
approximately 6°C, which ranged from 11.4 to -0.9°C. Temperature ranges over the whole refrigerator 
varied from 4.5 to 30.5"C with 3.7% of the total being warmer than 20°C. On average 29.9% of refrigerators 
operated below 5°C and 66.7% operated below 7~C. Few refrigerators (7.3%) ran, on average, above 90C. 
No refrigerator characteristic (apart from type) could be related to temperatures or temperature distribu- 
tion in the refrigerators investigated. 
(Keywords: domestic refrigerators; temperature; chilled food) 

Manipulation des produits r6frig6r6s par les 
consommateurs: Temp6rature assur6e 

Les aliments rbfrigbrbs sont entreposbs dans les rbfrigbrateurs domestiques, pour des pbriodes allant de quelques 
heures ~ plusieurs jours. Cependant, peu de donnkes ont btb publibes sur la performance des rbfrigbrateurs 
domestiques en matiOre de tempbrature, au domicile des consommateurs. Une enqu~te a btb effectube auprOs de 
252 mbnages au Royaume Uni, et on prbsente quelques rbsultats dans cet article. Les rbfrigbrateurs considbrbs 
dans l'enqu~te avaient une tempbrature globale moyenne d'approximativement 6 deg C (elle variait de 11,4 
- 0,9 deg C). Les plages de tempbrature globale allaient de 4,5 ?~ 30,5 deg C, mais pour 3, 7% des rbfrigbrateurs, 
la tempbrature btait supbrieure Zt 20 deg C. En moyenne, 29,9% des rbfrigbrateurs fonctionnaient Zt une 
tempbrature inf~rieure h 5 deg C, et 66,7% h une temperature inf~rieure ~ 7 deg C. Peu de rbfrig~rateurs 
(7,3%) fonctionnaient h une tempkrature supbrieure ~ 9 deg C. Aucune caractbristique des rbfrigbrateurs, mis 
Zt part leur type, ne pouvait avoir une incidence sur les tempbratures ou sur la distribution de tempbrature, dans 
les rbfrigbrateurs btudies. 
(Mots cl6s: r6frig6rateurs domestiques; temp6rature; produit r&rig6r6) 

As a chilled product moves along the chill chain it 
becomes increasingly difficult to control and maintain its 
temperature. Temperatures of  bulk packs of  chilled 
produce in large store rooms are far less sensitive to small 
heat inputs than single consumer packs in transport  or 
open display cases. Before 1 April 1991, when the new 
Food Hygiene (Amendment) Regulations 1990 were 
implemented, there were no regulations in the U K  to 
cover the temperature of  chilled foods during distribu- 
tion and retail display. The regulations, which are fully 
implemented over a two-year period, divide the majority 
of  chilled foods into two groups: one consisting of  the 
most Listeria-sensit ive foods will have a maximum tem- 
perature during storage, transport  and display of  5°C, 
whilst other foods considered less sensitive will have to 
be maintained below 8°C. Consistent policing of this new 
legislation should substantially improve the bacterial 
quality of  chilled food when it is purchased by the con- 
sumer. 

Although this new legislation should ensure that food 
producers and retailers maintain acceptable product 
temperatures during the distribution chain, they lose 
control when the product leaves the retail store. After a 
chilled product is removed from a display cabinet it 
spends a period outside a refrigerated environment 
whilst it is carried around the store and then transported 

home. In the first section of this paper some limited data 
on the temperature increase that can be obtained in this 
period are presented together with data about  the rate of  
cooling that is subsequently achieved when the food is 
placed in a domestic refrigerator. 

In a recent survey take~n in China ~ only 2.3% of  
domestic refrigerators were"round to operate with a tem- 
perature range of less than 6°C within the storage com- 
partment: 34.1% had differences of  8-12°C, 34.1% in the 
range 12-14°C and 29.5% differences greater than 14°C. 
No similar data have been located for the U K  or Europe. 
As part  of  a more wide-ranging survey of the consumer 
handling of chilled food, commissioned by the Ministry 
of  Agriculture, Fisheries and Food (MAFF)  2, the 
Research Centre has gathered data on temperature in 
domestic refrigerators. The survey population consisted 
of 252 households selected from the towns of Weston- 
super-Mare, Bridgwater and Taunton. The survey was 
divided into two parts: the first was taken between Sep- 
tember and December 1989 and the second between 
February and May 1990; the aim being to reflect varying 
seasonal ambient weather conditions. Each part  of  the 
survey consisted of 126 households split evenly between 
the three towns. The second part  of  this paper reports 
data on domestic refrigerators, with other aspects of  the 
survey being reported in a second paper 3. 
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Table 1 Max imum temperature (°C) measured in products after being 
transported for 1 h in the boot of  a car without protection or within a 
cooled insulated container 
Tableau 1 Tempbratures maximales (deg C) mesur~es sur les produits 
apr~s 1 heure de trajet jusqu'au domicile, dans la malle d'un vbhicule ou 
dans un conteneur isotherme 

Product Unprotected Cool box 

Beef pie 24 7 
Chicken sandwich 32 10 
Cooked chicken 28 12 
Minced beef 18 9 
Prepared salad 29 14 
Quiche 26 18 
Sausage (raw) 28 15 
Smoked ham 30 14 
Trout  28 5 
Brie cheese 28 11 
Coleslaw 30 14 
Lasagne 21 6 
Pate 25 13 
Prawns 37 14 
Raw chicken 24 4 
Sausage roll 28 12 
Smoked salmon 38 18 

Transport from retail store to domestic storage 

Over a 3 d period two samples of 19 different types of 
chilled product were purchased from a large retail store 
and carried to a car parked in the adjoining car park 
where temperature sensors were inserted into each sam- 
ple. The sensors were attached to a miniature data-log- 
ging system (Stick-On, ACR Systems Inc.). One sample 
from each product was placed in a pre-cooled insulated 
box containing eutectic ice packs and the second left 
loose in the boot  of  the car. The car was then driven back 
to the centre and the product removed and placed in a 
domestic refrigerator after a total journey time of one 
hour. The ambient temperature during the journeys 
ranged from 23 to 27°C. 

Initial product temperatures measured when the food 
reached the car ranged from 4 to over 20°C. The high 
temperatures measured in the thin sliced products such 
as salmon and ham were most probably due to heat pick- 
up during the time spent in the shopping trolley. Temper- 
atures in larger products were indicative of the average 
display temperature together with a slight increase in the 
trolley. The initial temperatures indicated that one group 
of chilled products including minced beef, ready meals, 
raw chicken and beef pies were displayed at approxima- 
tely 5°C. A second group including sausage rolls, sand- 
wiches, quiche and prepared salads were close to 10°C. It 
was surprising to find cooked chicken in the second 
group. Some product temperatures of samples placed in 
the boot rose to approaching 40°C (Table 1) during the 
one-hour car journey, whilst most of the samples placed 
in the insulated box cooled during the car journey, except 
for a few at the top of the box which remained at their 
initial temperature. 

Thin sliced products, i.e. smoked salmon trout (Figure 
la), showed the highest temperature changes during 
transport. Thicker products like cooked chicken (Figure 
lb) were less influenced. After being placed in the 
domestic refrigerator it required approximately 5 h 
before the temperature was reduced below 7°C (Figure la 
and b). 

Predictions made by using a mathematical model that 
calculated bacterial growth from temperature-time rela- 

G 

E #. 

4 0  

35 

30 

25 

2O 

15 

I0 

5 

0 
0 

- A m b i e n t  
Cool  box 

i 

I I I I I I I i I 
60 120 180 240 

T i m e  (min) 

w 

I I 
300 360 

3 0  

25  

~" 20 
0 

F-- 

b 

A m b i e n t  

0 I I i I i I i I i I I 

0 60 120 160 240 300 360 
T i m e  ( m i n  ) 

Figure 1 Temperature change in (a) smoked salmon trout and (b) 
Tandoori  chicken during transportation home and being placed in a 
domestic refrigerator 
Figure 1 Changement de tempkrature dans (a) du saumon fumk et (b) 
du poulet tandoori, au cours du trajetjusqu'au domicile et dans le r~frigbr- 
ateur domestique 

Table 2 Increase in bacterial numbers  (generations) during 1 h in a car 
followed by 5 h in a domestic refrigerator 
Tableau 2 Augmentation du nombre de bactbries (en g~nbrations) 
pendant I heure de transport dans une voiture, suivie de 5 heures dans un 
r~frig~rateur domestique 

Product Conditions Pseudomonas Clostridium 

Pate Ambient  1.5 0.4 
Cool box < 0.4 0 

Raw chicken Ambient  1.6 0.2 
Cool box 0 0 

Cooked chicken Ambient  1.8 0.7 
Cool box 0 0 

Prawns Ambient  1.3 1.6 
Cool box 0 0 

Brie cheese Ambient  2.2 0.8 
Cool box 0 < 0.1 

tionships indicated that increases of up to two gene- 
rations in bacterial numbers (Table 2) can occur during 
this transport and domestic-cooling phase. The model 
assumes that bacteria require a period to acclimatize to a 
change in temperature (the lag phase) and that no accli- 
matization had occurred during display. If  this rather 
optimistic assumption is not made, then up to 4.2 dou- 
blings of  Pseudomonas and growth of both Salmonella 
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and L&teria were predicted. Very small increases in bac- 
terial numbers (under 0.4 generations, Table 2) were 
predicted when the insulated box was used due to the 
lower product temperatures. 

Within the home 

In the initial part  of  the survey data were obtained on the 
refrigerators that were present. Only three of  the 252 
households surveyed did not have a working refrigera- 
tor. One of these owned a refrigerator that had recently 
stopped working and was planning to obtain a new 
model. One further person owned a refrigerator that was 
only used occasionally and was not in use during the 
survey. The most popular  refrigerator design was a 
'fridge-freezer '  (49.4%), followed by the box-plate 
(31.9%) and larder refrigerators (18.7%). A more 
detailed breakdown of  the types of  refrigerator found in 
terms of refrigerator configuration and coil design is 
shown in Figure 2. 

The capacity of  the chilled food section of each refri- 
gerator was visually assessed. Of  refrigerators in the 
survey 82.9% were found to be between 4 and 6 cubic 
foot (cu It) (1 c u f t  ~ 0.028 m3). Less than 5% of the 
refrigerators were smaller than 3.5 cu ft or larger than 7.5 
cu ft (Figure 3). Only three refrigerators (1.2%) had a fan 
mechanism in the chilled food section. 

The age of each refrigerator was determined from 
information provided by the householder. A general 
assessment of  the condition and type of  refrigerator was 
also taken into account to ensure that the information 
was reasonably accurate. The majority of  refrigerators 
(88%) were less than 10 years old. Over half (58.2%) 
were less than five years old and a small number (5.2%) 
were older than 20 years. Age differences were found to 
be affected by refrigerator type. Box-plate refrigerators 
were aged up to 31 years, whereas fridge-freezers were 
aged up to 18 years and larger refrigerators up to 10 
years. 

The appliance on the left- and right-hand side of  each 
individual refrigerator was noted. Free standing was the 
most popular  refrigerator position, which accounted for 
13.6% of the results. When divided into the number  of  
appliances with potential heat sources on either one or 
both sides, 25.5% of appliances had a potential heat 
source on one side and 1.2% had a potential heat source 
on both sides. Potential heat sources were dishwashers, 

Figure 3 
Figure 3 
l'enqu~te 

Percentage of different sizes of refrigerator found in survey 
Pourcentage des diffbrentes dimensions des rbfrigbrateurs de 

freezers, ovens, tumble dryers and washing machines. 
Over half (59.8%) of  householders positioned their refri- 
gerators away from immediate heat sources, but with a 
unit or wall on either one or both sides. 

The condition of the seals around the door  of  each 
refrigerator was judged subjectively on a scale from 
excellent to poor. Excellent was described as nearly new 
with good seal and no tears in the rubber. Seals that were 
poor  were usually torn and perished and did not seal the 
door  well. Of  the refrigerator seals examined 60% were 
described as excellent or good and only 10% as poor. 
The seal condition was correlated with refrigerator age to 
determine whether poorer  seals were found in older refri- 
gerators. The resulting correlation was found to be relati- 
vely low (0.56), indicating that older refrigerators did not 
necessarily have worse seals. It is possible that some 
older refrigerators may have had seals replaced. 

Mechanisms for setting refrigerator temperatures var- 
ied between different makes and models of  refrigerator 
and therefore the refrigerator setting as a percentage of 
the full setting was recorded for each individual refriger- 
ator. The greatest number  of  participants (21.8%) were 
found to set their refrigerators at between 41-50% of  the 
maximum setting (Figure 4). Few participants set their 
refrigerators at less than 20% (7.3%) or greater than 
80% (8.9%) of  the full setting. 

Only 15.1% of  participants kept a thermometer in 
their refrigerator. One person owned a refrigerator with 
an integral thermometer  that enabled temperatures to be 
read whilst the refrigerator door  was closed. Ther- 
mometers were kept in the middle section of  the refriger- 
ator by 50% of  participants with thermometers, and in 
the top by 23.7%. Only three people (1.2%) varied the 
thermometer position to measure temperatures in vari- 
ous parts of  their refrigerator. I f  a thermometer was 
present the temperature reading was noted immediately 
after opening the refrigerator door. Under half (42.1%) 
of readings were below 5.9°C, with the greatest number 
of  these being between 4 and 5.9°C. Five thermometers 
were either inaccurate or unreadable because of  difficulty 
in finding the thermometer before ambient temperatures 
affected the reading. 

Participants were asked to state the temperature at 
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which they tried to run their refrigerator. Nearly all 
participants were unable to name actual temperatures 
and gave answers based on the method actually used to 
set the temperature dial (Figure 5). A large number of 
people (32.8%) set their refrigerators according to the 
weather, setting the refrigerator to a lower temperature 
(higher setting) in the summer. It was interesting to note 
that although 38 participants had a thermometer in their 
refrigerator only 30 actually used the information to set 
their refrigerator temperature. 

A spot reading of  the ambient temperature near to 
each householder's refrigerator was recorded. The grea- 
test number of people (72.2%) kept their houses at 
between 17 and 23°C, with an overall mean temperature 
of  20.6°C (Figure 6). Very few participants kept tempera- 
tures close to the refrigerator at less than 15°C (1.6%) or 
greater than 25°C (8.4%). Therefore, presuming that the 
spot readings recorded were representative of  tempera- 
tures over a longer period, the majority of refrigerators 
would have been operating within the temperate zone 
conditions for which they were designed. 

Finally, a miniature data-logger (Stick-On) with three 
air and two product sensors was placed into the refriger- 
ator to monitor temperatures every 8 s and to record 
mean temperatures approximately every 5 min for a per- 
iod exceeding 7 d. Air temperature sensors were posit- 
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Figure 7 Positions of temperature sensors in refrigerators: 1, 2 and 3 
are thermistors placed in air at top, middle and bottom of the refrigera- 
tor 
Figure 7 Emplacements des dispositifs de mesure de la tempdrature, 
dans les r~frig~rateurs: 1, 2 et 3 sont des thermom~tres places dans l'air, 
en haut, au milieu et au bas du rOfrig~rateur 

ioned in the top, middle and bottom sections of the 
refrigerator. A simulated food product (87 mm diameter 
by 28 mm high disc of Tylose in a petri dish) was placed 
on the middle shelf. Sensors were placed in the geometric 
centre and centrally on the surface of the Tylose disc 
(Figure 7). After retrieving the loggers the data were 
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Figure 8 Percentage of refrigerators and the mean temperature measured at (a) overall, (b) top, (c) middle, (d) bottom, (e) product surface and (f) 
product centre 
Figure 8 Pourcentage des r~frig~rateurs et temperature moyenne mesurbe aux emplacements suivants: ( a) dens tout le rbfrigbrateur; ( b) en haut ; ( c) au 
milieu; (d) dens le bas; (e) ~la surface du produit; et (f) ~z coeur du produit 

down-loaded onto an Amstrad 1640 PC before transfer 
to an Apple Macintosh, where the central 7 d tempera- 
ture data were extracted for further analysis. Mean, 
minimum and maximum temperatures together with 
their standard deviations and cumulative frequency dis- 
tribution were evaluated at each position in each refriger- 
ator. Overall mean refrigerator temperatures were calcu- 
lated from the above data. 

The temperatures recorded in each individual refriger- 
ator over the 7 d period were analysed and mean air 
temperatures calculated for the top, middle and bot tom 
together with an overall air temperature for the whole 
refrigerator (Figure 8a-d). The product surface and pro- 
duct centre means were also calculated (Figure 8e and j0. 
The highest recorded mean temperature was 11.4°C and 
the lowest -0.90C, producing a range in mean tempera- 
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Table 3 Percentage of refrigerators with highest and lowest mean 
temperatures at top, middle or bottom 
Tableau 3 Pourcentage de rkfrigbrateurs enregistrant les tempbratures 
moyennes les plus blevbes et le plus basses, en haut, au milieu et au bas 

Mean temperature 

Position Highest Lowest 

Top 69.92 20.33 
Middle 8.13 45.12 
Bottom 21.95 34.55 
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Figure 9 Difference between highest and lowest mean temperatures in 
refrigerators 
Figure 9 Diffbrence entre les tempbratures moyennes les plus blevbes et 
les plus basses, dans les r~frigbrateurs 

tures of  12.3°C. The overall mean air temperature for all 
the refrigerators in the survey was 6.04°C. In 69.9% of 
refrigerators the warmest place was in the top, and in 
45.1% the coolest palce was in the middle (Table 3). 

Analysis of variance of  mean refrigerator tempera- 
tures revealed that overall refrigerator temperature and 
temperatures in the middle, bottom and at the simulated 
product surface and centre were not statistically differ- 
ent. The mean for all temperatures at the top of refrigera- 
tors was significantly higher (P < 0.001) than those for 
other positions. 

In most refrigerators (86.9%) the range in tempera- 
tures between the highest and lowest mean was less than 
5°C, with the greatest range being 12°C (Figure 9). How- 
ever, if individual minimum and maximum temperatures 
were examined, much larger temperature ranges were 
calculated (Figure 10): the minimum range was 4.5°C and 
the largest 30.5°C (if recorded temperatures had not been 
averaged over 5 min periods these ranges may have been 
even greater). 

Often the temperature at the top of a refrigerator is 
quoted as being approximately 5°C higher than tempera- 
tures at the bottom of a refrigerator. To test this theory 
the mean temperature at the bottom of all refrigerators 
examined was subtracted from the mean temperature at 
the top of each refrigerator. Only 6.9% of  refrigerators 
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fell within the 5-5.9°C category. A number of  refrigera- 
tors (26.3%) were colder at the top than the bottom and 
therefore produced negative values. The minimum top- 
minus-bottom temperature found during the survey was 
- 6 . 9 ° C  and the maximum 12°C. 

Frequency distribution of  the percentage time spent 
between certain temperatures during the survey was cal- 
culated for all refrigerators. The greatest proportion of  
time (80.3%) was spent between 3 and 8.9"C (Figure 11). 
Only small amounts of time were spent above 9°C. 

Only four refrigerators (1.6%) in the whole survey 
operated below 5°C during all the monitoring period and 
33.3% of refrigerators spent all their time above 5°C. If  
divided into time spent below 5°C, 9.8% of refrigerators 
spent 90% or more of their time below 5°C and 27.4% of 
refrigerators spent 50% or more of  their time below 5°C. 
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Analysis 

Temperature data 

Temperatures in each individual refrigerator monitored 
in the survey were analysed by analysis of  variance 
(ANOVA) to determine whether a relationship existed 
between refrigerator temperature and refrigerator char- 
acteristics. 

Mean temperatures over the whole refrigerator, in the 
top, middle and bottom sections and the product centre 
and surface were analysed against: 

a maximum of 12°C with a mean range for all refrigera- 
tors of 2.9°C. 

When refrigerators were examined by type a signifi- 
cant difference (P < 0.001) between types was found. 
Box-plate refrigerators operated over a narrower range 
of temperatures (mean range 1.8°C) than fridge-freezers 
(mean range 3.4°C) and larder refrigerators (mean range 
3.7°C). 

Discussion and conclusions 

1. refrigerator type (box-plate, fridge-freezer, larder); 
2. refrigerator setting (as percentage of full setting) 
3. refrigerator size; 
4. seal condition; 
5. refrigerator age; 
6. housing category of householder; 
7. number per household; 
8. age of  householder; 
9. ambient temperature in kitchen. 

ANOVA revealed significant differences (P < 0.001) in 
refrigerator type and therefore refrigerator type was 
included in all further ANOVA. When analysed with 
refrigerator type all other refrigerator characteristics 
were not significant (P > 0.05). Therefore the only 
recorded refrigerator characteristic found to influence 
refrigerator temperatures was refrigerator type. 

ANOVA revealed that box-plate refrigerators oper- 
ated at lower temperatures than fridge-freezers or larder 
refrigerators (P > 0.001), which was due to fridge 
freezers and larder refrigerators being warmer in the top 
section. Further analysis demonstrated that statistical 
differences only occurred between box-plate refrigerators 
and fridge freezers and larder refrigerators with visible 
evaporators. Temperatures of all fridge-freezers and 
larder refrigerators were statistically similar. 

The relationship between minimum temperature and 
refrigerator setting was investigated to determine 
whether the minimum recorded temperature was related 
to the base running temperature of refrigerators. Corre- 
lation between setting and minimum temperature was 
low (-0 .247) ,  indicating that the refrigerator setting 
could not be related to minimum temperatures. 

Temperature distribution within refrigerator types was 
demonstrated by sorting top, middle and bottom temper- 
atures into ascending temperature order. Results 
revealed that all larder refrigerators and 84.6% of  
fridge-freezers were warmest in the top section. Box- 
plate refrigerators were warmest in the bottom section in 
59.7% of  cases. 

Further analysis of temperature distribution within 
refrigerator types revealed that statistical differences only 
occurred in fridge freezers with a top refrigerator and 
visible evaporator and larder refrigerators with visible 
evaporators. The top sections of  these refrigerators were 
significantly warmer than all other refrigerator types and 
positions. 

Range in mean refrigerator temperatures 

The range in mean temperatures was examined to deter- 
mine the temperature variability within each type of  
appliance. The range varied from a minimum of  0. I°C to 

This study has looked at the two aspects of the chill chain 
that immediately precede the final preparation and con- 
sumption of the chilled food, the transportation of the 
food from retail to domestic storage and domestic 
refrigeration. 

It is clear from the results presented in the first section 
that the temperature of chilled foods can rise to unaccep- 
tably high values if transported, without insulation, in a 
car boot. These data were obtained in June 1989, a very 
sunny period, but higher ambient temperatures are not 
uncommon in mid-summer. The predictions made show 
that substantial increases in bacterial numbers can occur 
during transportation and subsequent recooling. It is not 
difficult to think of even worse situations where chilled 
products are kept in the open backs of estate cars for 
many hours on hot summer days. However, a combi- 
nation of increased consumer education and the use of 
insulated/pre-cooled containers should solve this parti- 
cular problem. One refrigerator manufacturer is already 
advertising 4 that insulated bags are provided with their 
appliance to reduce temperature rises during transpor- 
tation. 

The basic design of domestic refrigerators has not 
changed in the last fifty years although their use and 
lately the type, complexity and microbiological sensiti- 
vity of the foods stored in them has changed markedly. 
Designers have responded to market demands for more 
compact appliances and more features, e.g. chilled drink 
and ice dispensers, but temperature control is only adver- 
tised as a sales point on more expensive multi-compart- 
ment refrigerators. Consumers now purchase and store a 
wide range of ready meals and other chilled products and 
they have demanded and obtained substantial reduc- 
tions, and in some cases the total elimination, of  preser- 
vatives and additives in these products. New chilled 
products are, therefore, inherently more bacterially 
sensitive and require closer temperature control than 
their predecessors. The introduction of new food temper- 
ature legislation should result in improved temperature 
control to the point of retail sale. If current predictions 
that eating habits will change from the current pattern of 
set meals to irregular frequent consumption are fulfilled, 
then the consequence is likely to be a demand for and 
purchase of more pre-prepared chilled foods and more 
visits to domestic refrigerators. 

The refrigerators investigated in the survey were found 
to have an overall mean temperature of approximately 
6°C in a temperature range from 11.4 to -0.9°C. Tem- 
perature ranges over the whole refrigerator varied from 
4.5 to 30.5°C, with 3.7% of these being warmer than 
20°C. On average 29.9% of refrigerators operated below 
5°C and 66.7% operated below 7°C. Few refrigerators 
(7.3%) ran on average above 9°C. However, certain 
positions in the refrigerators ran at warmer temperatures 
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with 24.8% of positions at the top being above 9°C and 
an average temperature of 31.6°C being recorded in the 
middle of one refrigerator for 5 min of  the monitoring 
period. 

Overall the warmest temperatures were found in the 
top sections with temperatures in all other sections being 
statistically similar. Further analysis revealed that statis- 
tical differences in temperature distribution only 
occurred in fridge-freezers (with refrigerators at the top) 
and larder refrigerators, both with visible evaporators. 
The top part of 84.6% of fridge-freezers and all larder 
refrigerators were warmest. Box-plate refrigerators were 
found to have the lowest overall mean temperatures and 
the most even temperature distributions. 

No refrigerator characteristic (apart from type) could 
be related to temperatures or temperature distribution in 
the refrigerators investigated. The results indicated that 
overall there was little difference between refrigerator 
settings, sizes, seal conditions or ages, but this may be 
due to the limited number of replicas in some categories. 
Few participants set their refrigerators at less than 20% 
or greater than 80% of the full dial setting and few 
refrigerators were below 4 c u f t  or above 7 cu ft. Only 
5.2% of  refrigerators were more than 20 years old and 
only a small number (10%) had poor seals. The results 
show that temperatures in older refrigerators of a parti- 
cular type were no worse than new ones of the same type. 
This indicates that changes in refrigerator design and 
control have had little effect on mean temperatures over 
the past 30 years. 

Refrigerator temperatures were not related to ambient 
temperature. This was rather surprising because ambient 
temperatures are known to affect performance and are 
part of the BSI 5 (British Standards Institution) and ISO 6 
(International Standards Organization) standard tests. 
The result may have been influenced by the data, which 
were mainly clustered between 17 and 23°C (72.2% of 
results), a range that may not have been large enough to 
affect significantly refrigerator temperature. 

The social status and age of the householder and 
number of people per household were also found to be 

independent of  refrigerator temperature. There is there- 
fore no real evidence to suggest that any particular social 
or age group achieved better refrigerator temperature 
control. The number of  people in households might be 
expected to affect refrigerator temperatures because in 
large households the loading and use would probably be 
greater. However, the results may have been influenced 
by the small number of very small (one member) or large 
(over five members) households (households with 2~1 
members accounted for 83.3% of the results). 

In laboratories, research has shown that refrigerator 
design and temperature setting affect temperature 
control and distribution. Factors such as loading pat- 
terns, loading of warm food and door openings are also 
known to influence refrigerator temperatures 7. Further 
work is required to determine their influence in a practi- 
cal situation. 
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