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(2004) calculated that the mean temperature in four types of retail display cabinets in Australia was 

6.0°C.  Possibly the most extensive data set is that from USA developed by Audits International 

(1999) in collaboration with the US Food and Drug Administration.  That survey included data from 

~900 food retails premises throughout USA, and temperature distributions for chilled products from 

that survey are summarized in Table A1. 

!

2&?8(!U@A!! !U,&8*1/1!#'!-()&/8!)(3<(-&)G-(1!#'!-('-/5(-&)($!-(&$*F)#F(&)!'##$1!/,!.%U!

C@QQQ!$&)&D!

2*<(!#'!B-#$G=)!

I(&,!

)(3<(-&)G-(!

%)&,$&-$!

4(0/&)/#,!

PG3?(-!#'!

#?1(-0&)/#,1!

! CH+D! CH+D! !

=<(L=%6A%9(?!DH56;!3(%8!=<4?H68! .2S.! [2SZ! n^S!

|?(D:L64H58(<|!=<4?H68! e2ZS! [2-n! nR^!

|D:aH:?!?%:<7!=<4?H68|! S2n^! -2/Z! n^^!

&(3:L&4D:?!?%:<7!=<4?H68! S2/^! S2/[! -ee!

=<(L=%6A%9(?!?(D:!=<4?H68! ^2e-! [2R/! n-Z!
! ! ! !

,5,'*%.A9-)1%5+%5-$)1@',#5.$% ! ! SRZ-!

?)#(",)0%9)'.%,)9&)1',A1)% ^2ne! ! !

'@)1'()%[3% ! [2[n! !

!

X8!:&!=(<;%=&!548(>4<8;7!8;%8!8;(!&H<@(7!%D&4!<(64<?(?!8(3=(<%8H<(!?%8%!)4<!&(3:L&4D:?!?%:<7!

=<4?H68!:5!%!JI%6A<443!<()<:9(<%84<K2!$;(!%@(<%9(!8(3=(<%8H<(!4)!8;4&(!n^S!4I&(<@%8:45&!>%&!

[2-^`,!"Ff!-2nS`,0N!&H==4<8:59!8;%8!&H99(&8:45!:5!48;(<!<(=4<8&!8;%8!8;(!=<4ID(3!D:(&!>:8;!8;(!

?(&:95!4)!8;(!<(8%:D!?:&=D%7!6%I:5(8&!<%8;(<!8;%5!D%6A!4)!6433:83(58!4<!A54>D(?9(!45!8;(!=%<8!4)!

&84<(!3%5%9(<&!%5?!&8%))2!

+5!8;(!I%&:&!4)!8;(!%I4@(N!8;(!8(3=(<%8H<(!:5!<(8%:D!?:&=D%7!H&(?!:5!8;(!34?(D!:&!I%&(?!45!8;(!

G3(<:6%5!%5?!GH&8<%D:%5!?%8%N!45!8;(!%&&H3=8:45!8;%8!B(>!C(%D%5?!<(8%:D!&7&8(3&!%5?!=<%68:6(&!

%<(!34<(!D:A(D7!84!I(!&:3:D%<!84!8;(3N!8;%5!84!i<((6(!4<!FD4@(5:%2!!$;(!?%8%!:&!?(&6<:I(?!I7!%!

54<3%D!?:&8<:IH8:45!>:8;!3(%5!^2ne`,!%5?!Ff![2[n`,2!!X8!:&!548(?N!;4>(@(<N!8;%8!I48;!?%8%!&(8&!

H&(?!%<(!%8!D(%&8!ZR!7(%<&!4D?!%5?!8;%8!:3=<4@(3(58!:5!<()<:9(<%8:45!8(6;54D497!:&!D:A(D7!84!;%@(!

466H<<(?2!!c4<(!<(6(58D7N!d4:5845!),%'*2!"-RRn0!<(=4<8(?!8;%8!8;(!%@(<%9(!8(3=(<%8H<(&!4)!

=4HD8<7!3(%8&!&H<@(7(?!:5!F4H8;!GH&8<%D:%!:5!-RR^O-RR.!"5q!Z^^0!>%&![2/`,!:5!IH86;(<!&;4=&!

%5?!-2R`,!:5!&H=(<3%<A(8&2!



3)+#.#.(%4$"51,%$")*+%*#+)6%+51!12!345467849(5($785.,'9#.',)0%:!;%+550$% -e02%

!

$;(!?:&8<:IH8:45!>%&!%D&4!34?:):(?!&D:9;8D7!84!D:3:8!8(3=(<%8H<(!84!I(!:5!8;(!<%59(!R!84!-^`,N!8;H&!

:3=D(3(58(?!%&!J8<H56%8("54<3%D"^2neN![2[n0NRN!-^02!

.6+1*+("/'(+%7$)1+2/-985%

$;:&!?:&8<:IH8:45!:&!H&(?!84!34?(D!8;(!?:&8<:IH8:45!4)!8(3=(<%8H<(&!:5!<(8%:D!&84<%9(2!!$;(!?()%HD8!

@%DH(&!:5!8;(!34?(D!%<(!J54<3%D"^2-N!-2^0K!>;:6;!:&!I%&(?!45!%!-RRSL-RR^!&8H?7!4)!B(>!C(%D%5?!

?43(&8:6!<()<:9(<%84<&!"i:DI(<8!),%'*2N!-RRe02!!$;(!?:&8<:IH8:45!>%&!34?:):(?!&D:9;8D7!84!D:3:8!

8(3=(<%8H<(!84!I(!:5!8;(!<%59(!R!84!-^`,N!:3=D(3(58(?!%&!J8<H56%8("54<3%D"^2-N!-2^0NRN!-^02!

%.::;+"#5%</)("=+%6+1*+("/'(+5%

k%&(?!45!8;(!<%8:4!4)!8:3(&!:5!<(8%:D!%5?!?43(&8:6!&84<%9(N!%!<(=<(&(58%8:@(!8(3=(<%8H<(!4)!

&84<%9(!)4<!(%6;!:8(<%8:45!4)!8;(!34?(D!:&!6%D6HD%8(?!H&:59!8;(!)4DD4>:59!(aH%8:45*!

!

Tc(%5U!F84<%9(!$(3=(<%8H<(!"`,0!q!! J<%8:4!4)!8:3(!&=(58!:5!<(8%:D!4<!;43(K!!V!J$(3=(<%8H<(!
"'(8%:D0K!!w!!"ZLJ<%8:4!4)!8:3(!&=(58!:5!<(8%:D!4<!;43(K!!V!
J$(3=(<%8H<(!"f43(&8:60K!

!

:2(2!Tc(%5U!F84<%9(!$(3=(<%8H<(!:&!8;(!3(%5!4)!8;(!8>4!8(3=(<%8H<(&!>(:9;8(?!%664<?:59!84!

<(D%8:@(!%34H58!4)!8:3(!:5!(%6;!&84<%9(!&:8H%8:45!"<(8%:DN!4<!?43(&8:602!

.6-1+%-#%</)("=+5%

$;:&!&(8!4)!@%DH(&!:&!H&(?!%&!%!?(@:6(!84!9(5(<%8(!%!9<%=;!4)!9<4>8;!%&!%!)H568:45!4)!8:3(2!!$;(!

&8<H68H<(!4)!8;(!34?(DO&4)8>%<(!?4(&!548!%DD4>!8;(!=<(?:68(?!9<4>8;!84!I(!&;4>5!%&!%!)H568:45!

4)!8:3(!H5D(&&!3HD8:=D(!?:&6<(8(!@%DH(&!%<(!:56DH?(?!:5!8;(!@%<:%ID(!?():5:8:452!!"B48(!8;%8N!>;(5!

9<%=;(?N!8;(!@%DH(&!)4<!8:3(!%<(!D%I(D&N!548!5H3I(<&2!G&!&H6;N!8;(!8:3(!@%DH(&!&(D(68(?!3H&8!I(!%8!

(aH%D!:58(<@%D&!84!9(5(<%8(!%!9<%=;!8;%8!6%5!I(!:58(<=<(8(?!%&!T9<4>8;!4@(<!8:3(N!:2(2N!%&!%!9<4>8;!

6H<@(02!

.>#-/-"3%!)#/"1-#"/-)#%?+@+35%

$;(!@%DH(&!:5!8;:&!@%<:%ID(!%<(!H&(?!84!&=(6:)7!8;(!:5:8:%D!6456(58<%8:45!"149ZR,E#0!4)!

<=%95.582,5().)$!45!8;(!)44?2!!!X5!8;(!6H<<(58!34?(DN!8>4!4=8:45&!%<(!=<4@:?(?2!

$;(!):<&8!:&!&:3=D7!JRK2!X5!8;%8!6%&(!8;(!4H8=H8!4)!8;(!34?(D!:&!:58(<=<(8(?!%&!8;(!=<(?:68(?!

:56<(%&(!:5!D49ZR,E#N!>;%8(@(<!8;(!:5:8:%D!D(@(DN!%&!%!)H568:45!4)!8:3(!%5?!8(3=(<%8H<(2!

$;(!&(645?!:&!%!6;4:6(!4)!?:&8<:IH8:45&!4)!%68H%D!6456(58<%8:45&!<(=4<8(?!:5!8>4!D%<9(!&H<@(7&!4)!

6458%3:5%8:45!D(@(D&!%8!<(8%:DN!5%3(D7!1:88D(!),%'*2!"-RRn0!)4<!<(%?7!84!(%8!)44?&!:5!8;(!#5:8(?!

j:59?43N!%5?!i43I%&!),%'*2!"-RR[0!)4<!<(%?7!84!(%8!)44?&!&%3=D(?!%8!<(8%:D!:5!#FG2!$;4&(!

&H<@(7&!9(5(<%8(?!T6%8(94<:(&U!4)!6458%3:5%8:45!D(@(D&N!(292!<=%95.582,5().)$!?(8(68(?!:5!-^!9N!



% 3)+#.#.(%4$"51,%$")*+%*#+)6%+51!12!345467849(5($785.,'9#.',)0%:!;%+550$% %
!

!

-/02!

IH8!!tZRLZN!!!sZRLZ!IH8tZRR!9LZN!(862!G&!&H6;N!8;(!?:&8<:IH8:45!:&!?(&6<:I(?!%&!%!&(<:(&!4)!<%59(&!4)!

@%DH(&!64<<(&=45?:59!84!8;(!6%8(94<:(&!9:@(52!!X5!8;(!&846;%&8:6!34?(D!8;(!=<4I%I:D:87!4)!%!@%DH(!

I(:59!&(D(68(?!)<43!(%6;!4)!8;4&(!6%8(94<:(&!:&!I%&(?!45!=<4=4<8:45&!<(=4<8(?N!(292N!:5!8;(!6%&(!4)!

1:88D(!),%'*=%"-RRn0!8;<((!<%59(&!4)!6458%3:5%8:45!D(@(D!%5?!8;(!=(<6(58%9(!4)!6458%3:5%8(?!H5:8&!

:5!(%6;!4)!8;4&(!6%8(94<:(&!<(=4<8(?2!$;H&N!8;%8!?:&8<:IH8:45!6%5!I(!?(&6<:I(?!I7!8;(!

3%8;(3%8:6%D!)H568:45!&H6;!8;%8!:5!eem!4)!8;(!:8(<%8:45&!4)!8;(!34?(D!%!6456(58<%8:45!:5!8;(!

<%59(!ZO-^9!84!Z!=(<!9<%3!:&!&(D(68(?!%8!<%5?43N!:5!n2e^m!4)!:8(<%8:45&!%!@%DH(!:5!8;(!<%59(!ZR!84!

ZRR!,E#29LZ!:&!&(D(68(?!%8!<%5?43!%5?!:5!8;(!<(3%:5:59!6%&(&!%!6458%3:5%8:45!D(@(D!:5!8;(!<%59(!

ZRR!84!Z!3:DD:45!,E#29LZ!:&!&(D(68(?!%8!<%5?432!$;(!H==(<!D:3:8!45!8;(!<%59(!:&!?(<:@(?!)<43!

&8H?7!4)!i43I%&!),%'*=%"-RR[0N!>;:6;!<(=4<8(?!6458%3:5%8:45!%8!8;:&!D(@(D!:5!&43(!&%3=D(&2!!G!

&:3:D%<!%==<4%6;!>%&!%?4=8(?!84!?(&6<:I(!8;(!4I&(<@%8:45&!4)!i43I%&%),%'*=!"-RR[02!!$;(!

=<(?:68(?!?:&8<:IH8:45&!4)!6458%3:5%8:45!D(@(D&!:5!6458%3:5%8(?!&%3=D(&!)4<!8;(!8>4!?%8%!&(8&!

%<(!&;4>5!:5!E:9H<(!G-2!

X5!8;(!34?(DN!45D7!6458%3:5%8(?!&%3=D(&!%<(!34?(D(?N!&4!8;%8!:8!:&!%D&4!5(6(&&%<7!84!645&:?(<!8;(!

=<4=4<8:45!4)!&%3=D(&!8;%8!;%@(!?(8(68%ID(!6458%3:5%8:45!:5!-^92!!X5!8;(!#FG!&8H?7!:5@4D@:59!!

!

"/5G-(!ULA!!c4?(DD(?!?:&8<:IH8:45&!4)!<=%95.582,5().)$%6458%3:5%8:45!D(@(D&!"149,E#2!9LZ0!:5!
6458%3:5%8(?!<(%?7L84L(%8!)44?&!&%3=D(?!%8!<(8%:D2!$;(!<(&HD8&!%<(!?(&6<:=8:45&!4)!8;(!4I&(<@%8:45&!
4)!1:88D(!),%'*=!"-RRno!D%I(D(?!J#j!?%8%K0!%5?!i43I%&!),%'*=!"-RR[o!D%I(D(?!J#FG!?%8%K02!!!

!



3)+#.#.(%4$"51,%$")*+%*#+)6%+51!12!345467849(5($785.,'9#.',)0%:!;%+550$% -n02%

!

[ZeR^!&%3=D(&N!Z2/m!4)!&%3=D(&!>(<(!)4H5?!84!;%@(!<=%95.582,5().)$%%8!D(@(D&!4)!%8!D(%&8!ZO-^92!!
X5!8;(!#j!&8H?7N!-2Sm!4)!./Z/!&%3=D(&!>(<(!)4H5?!84!6458%:5!<=%95.582,5().)$!%8!D(@(D&!4)!%8!
D(%&8!ZO-^92!!X3=4<8%58D7N!;4>(@(<N!8;(!#j!&8H?7!<(=4<8(?!3H6;!;:9;(<!%@(<%9(!D(@(D&!4)!
6458%3:5%8:45!:5!8;(!6458%3:5%8(?!=<4?H68&N!@#K2!:5!8;(!#j!&8H?7!548!45D7!>(<(!34<(!&%3=D(&!
)4H5?!84!I(!6458%3:5%8(?N!IA,%951)%85.,'9#.',)0%$'9&*)$%?)1)%1)&51,)0%,5%"'@)%"#(")1%
85.,'9#.',#5.%*)@)*$=!$;:&!:&!%==%<(58!:5!E:9H<(!-GN!%I4@(2!

.A()B/4%-#%C-2/(-D'/-)#%!4"-#5%

X5!8;:&!6(DDN!8;(!=<(?:68(?!9<4>8;!:&!6%D6HD%8(?!)4<!(%6;!4)!8;(!8:3(!=(<:4?&!&=(6:):(?!:5!J$:3(!:5!
F84<%9(K2!$;(!6%D6HD%8:45!)4<!(%6;!8:3(!:&!I%&(?!45!8;(!T3(%5U!&84<%9(!8(3=(<%8H<(!%5?!8;(!:5:8:%D!
6458%3:5%8:45!D(@(D!4=8:45&2!!$;(!34?(D!H&(?!84!=<(?:68!8;(!(V8(58!4)!9<4>8;!:&!%!&:3=D:):(?!)4<3!
4)!8;(!c(bD;4D3!%5?!f%D9%%<?!"-RRe0!34?(D2!!!$;(!&:3=D:):6%8:45!%<:&(&!)<43!H&:59!8;(!34?(D!
45D7!84!(&8:3%8(!8;(!9<4>8;!<%8(!%8!(%6;!8(3=(<%8H<(N!%&&H3:59!4=8:3%D!D(@(D!4)!%DD!48;(<!)%684<&!
:5!8;(!34?(De2!!d<(?:68:45&!4)!8;(!3%V:3H3!&=(6:):6!9<4>8;!<%8(!)<43!8;(!34?(D!4)!c(bD;4D3!%5?!
f%D9%%<?!"-RRe0!34?(D!%&!:3=D(3(58(?!:5!8;(!FFFd!"g[2Z0!&4)8>%<(!=%6A%9(!"05?.*5'0%+159*!
&&&=2?8H%aH%2?AO0!>(<(!9(5(<%8(?!%5?!<():88(?2!!$;(!<(&HD8%58!9<4>8;!<%8(!34?(D!:&*!

! ^3%V!";LZ0!q!R2R--/!V!"8(3=(<%8H<(!"`,0!w!-2/[00-! ! "'-!q!Z2RRR0!

!

$4!6%D6HD%8(!9<4>8;!%34H58!"D49,E#0!8;(!)4DD4>:59!(aH%8:45!:&!H&(?*!

! i<4>8;!"D49ZR,E#0! q!R2S[S[!V!^3%V!";LZ0!V!8:3(!(D%=&(?!";0!

%.?"=%A+#+("/-)#25%

k%68(<:%D!6(DD&!8<%5&)(<<(?!84!%!5(>!(5@:<453(58N!(292N!)<43!%!<(D%8:@(D7!;4&8:D(!(5@:<453(58!:5!%!
)44?!=<46(&&:59!=D%58!84!%!)44?!=<4?H68!N4)8(5!(V=(<:(56(!%!?(D%7!I()4<(!6433(56:59!9<4>8;2!
$;:&!:&!<()(<<(?!84!%&!8;(!TD%9!8:3(U2!!$;(!D%9!8:3(!:&!@%<:%ID(!IH8!<(&=45?&!84!8(3=(<%8H<(!
aH%58:8%8:@(D7!:5!8;(!&%3(!3%55(<!%&!9(5(<%8:45!8:3(!<(&=45?&!84!8(3=(<%8H<(!"'4I:5&45!),%'*=N!
Znn/o!c(DD()458%),%'*2N!-RR[0N!:2(2N!:)!8;(!D%9!8:3(!%8!45(!8(3=(<%8H<(!:&!TLU!;4H<&N!%5?!6;%59:59!8;(!
8(3=(<%8H<(!:56<(%&(&!8;(!9(5(<%8:45!8:3(!I7!%!)%684<!4)!8>4N!8;(!D%9!8:3(!?H<%8:45!>:DD!%D&4!
:56<(%&(!I7!8;(!&%3(!<(D%8:@(!%34H582!!!$;H&N!8;(!D%9!8:3(!6%5!I(!<(D%8:@(D7!(%&:D7!:56DH?(?!:5!
=<(?:68:45&!4)!I%68(<:%D!9<4>8;!I7!?(?H68:59!%!5H3I(<!4)!9(5(<%8:45&!4)!9<4>8;!(aH:@%D(58!84!
8;(!?H<%8:45!4)!8;(!D%9!8:3(!%8!&43(!A54>5!8(3=(<%8H<(2!!!$;:&!8<%5&D%8:45!4)!D%9!8:3(!:5!84!
(aH:@%D(58!9(5(<%8:45&!4)!9<4>8;!:&!8(<3(?!8;(!T<(D%8:@(!D%9!8:3(U!"'1$02!

'4&&!"Znnn0!=<(&(58(?!%5!%5%D7&:&!4)!D:8(<%8H<(!?%8%!8;%8!&H99(&8(?!8;%8!I%68(<:%D!D%9!8:3(&!%<(!
87=:6%DD7!:5!8;(!<%59(!4)!-!\!.!9(5(<%8:45&!8:3(&N!>:8;!%!3(%5!@%DH(!(aH:@%D(58!84!%==<4V:3%8(D7!
)4H<!9(5(<%8:45!8:3(&2!

$;(!())(68!4)!D%9!8:3(!45!=<(?:68(?!9<4>8;!:&!:56DH?(?!:5!8;(!&846;%&8:6!34?(DN!>:8;!8;<((!4=8:45&!
9:@(5*!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
e!! $;(!@%DH(&!)4<!@%<:%ID(&!:5!8;(!34?(D!>(<(!R2[m!%aH(4H&!=;%&(!&%D8N!=Q!e2RN!%5?!%DD!48;(<!@%<:%ID(&!@%DH(&!&(8!84!R2!



% 3)+#.#.(%4$"51,%$")*+%*#+)6%+51!12!345467849(5($785.,'9#.',)0%:!;%+550$% %
!

!

[R02!

:02 54!D%9!8:3(!"H&(?!)4<!?(8(<3:5%8:45!4)!T>4<&8!6%&(U!(&8:3%8(&0!
::02 &43(!D%9!645&H3(?!I(8>((5!=<46(&&:59!%5?!<(8%:D!!
:::02 D%9!8:3(!?:&8<:IH8:45!I%&(?!45!8;(!%5%D7&:&!4)!'4&&!"Znnn02!

i<4>8;!6%D6HD%8:45&!:5!8;(!34?(D!%<(!%DD!:5!H5:8&!4)!D49",E#02!!G664<?:59D7N!8;(!%I4@(!T9(5(<%8:45!
8:3(!(aH:@%D(58&U!%<(!645@(<8(?!:584!(aH:@%D(58!%34H58!4)!D49,E#!9<4>8;!"Z!D49!q![2[--!
?4HID:59&N!4<!9(5(<%8:45&!4)!9<4>8;0N!&4!8;%8!8;(!%68H%D!@%DH(&!:5!8;(!34?(D!%<(*!

:02 R!
::02 $<:%59HD%<!"RN!R2.R-N!Z2-RS0!
:::02 $<:%59HD%<!"R2.R-N!Z2-RSN!Z2/R.!0!

X5!4=8:45!::0N!8;(!&(D(68:45!4)!8>4!9(5(<%8:45!8:3(!(aH:@%D(58&!"'1$!q-N!q!R2.RZ!D49,E#0!4)!
9<4>8;!I(:59!JH&(?!H=K!%&!D%9!8:3(!I(8>((5!8:3(!4)!=<4?H68:45!%5?!8:3(!):<&8!45!<(8%:D!?:&=D%7!:&!
I%&(?!45!8;(!)4DD4>:59!%&&H3=8:45&*!

:02 8;%8!8;(!)%&8(&8!9<4>8;!<%8(!%8!S`,N!%&!:5?:6%8(?!:5!$%ID(!Z!"52I2N!S`,!>%&!6;4&(5!45!8;(!
%&&H3=8:45!8;%8!8;(!8(3=(<%8H<(!6458<4D!?H<:59!=<46(&&:59!%5?!>%<(;4H&:59!(86N!:&!
I(88(<!8;%5!:5!<(8%:D!?:&=D%7!4<!8;(!;43(!L!&((!?:&6H&&:45!%I4@(!H5?(<!J$(3=(<%8H<(!
"<(8%:D0K0!

::02 8;%8!8>4!?%7&!(D%=&(!I(8>((5!=<4?H68:45!4)!8;(!)44?!%5?!:8&!):<&8!%==(%<%56(!:5!<(8%:D!
?:&=D%7!%5?!%@%:D%I:D:87!)4<!=H<6;%&(!I7!?43(&8:6!645&H3(<&2!!"52I2N!8;(!8:3(!:&!%5!
%&&H3=8:45!:56DH?(?!)4<!643=%<%8:@(!=H<=4&(&!%5?!6%5!I(!<(%?:D7!%D8(<(?!:)!34<(!
:5)4<3%8:45!I(643(&!%@%:D%ID(N!4<!8;(<(!:&!%!?(&:<(!84!:5@(&8:9%8(!48;(<!&6(5%<:4&2!



3)+#.#.(%4$"51,%$")*+%*#+)6%+51!12!345467849(5($785.,'9#.',)0%:!;%+550$% [Z02%

!

%

%

%

%

%

%

%

%

%

%

!"#$%&'()%*)+,%-*'./%0)*#-)1',)*2=%


