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Restaurant Cooking Trends
and Increased Risk for
Campylobacter Infection

Anna K. Jones, Dan Rigby, * Michael Burton, Caroline Millman, Nicola J. Williams, Trevor R. Jones,
Paul Wigley, Sarah J. O'Brien, Paul Cross !; for the ENIGMA Consortium

, QW K&HQ L W.HQJ G RFPPX W E U R Daipylobacter in  In the United Kingdom, increasing numbers of outbreaks
I'HFWDRBEQFUHD MW O MEKWGHU F FRM A B Hr@ attributed to undercooked chicken livedy despite
OLYNWWDQUHFLSIIQWV O XWGKRRIM RRKHING the fact that the UK Food Standards Agency (FSA) has
Y R FDWKRIORMR N ML PBIQEH U YQRYBUQINX UL Qdrgyided guidelines for safely cooking them. These in
ZHV WX GBLLHAE H U REKHDQ G KIKE Q@FK B0 556 infections seem to have coincided with a trend
8 QL WIHE) G B RIGQ ¥ H VWW KDIEXG/ 2 B H QW %n%qﬁng leading chefs to advocate minimal cooking of
¥

QHWDWQGX U YREDPylobacter :H XVHIXRWRJU ) i ) R
W RV V HVR/H VB L GVLB\G H QRKLLIE NCH.QY A MW L en livers, despite recommendations to maintain liver
VDIARRN U@L GHOTRLHW HV WA KBV R E L RFEIRS @t 70°C for 2-3 minutes to ensure theyCamapy

FDOD | HRVO L Y AKNBW H | H WURHHG) YZHi P R G H O |9acterfree (LS).
Campylobacter VX U YL@ROH FAKH 50H FHRINW B Although the association between consuming chick
YDULWMKY SHUDWXBMKHINVFR U U HBWQWIDJ H @ livers and infection wit@ampylobacteis well known
FRRNGOIGY BXR/Y HU HV WW RBXEKDE B HYH UIHRQON the underlying reasons for the changing epidemiol
UDUH @HENVE/K BV H I HWIRHGE WK HPRR UBID UH  ogy of outbreaks associated with chicken liver consump
HVWLPWWB & RIOLYMHVYRRP P HUFL@©GR are unclear. We hypothesized that the trend toward
WKEQLWHQJGRPMWRHDFK&D QW KOWH G L FiNkidding rarer, pinker meat in the recipes of leading
iagggzbgcter VX m%mg; Lo 7K H:ﬂ%GD chefs and by mass media representation of meat cooking
Campylobactelra LLl &QEI HEWLROV WHR® }41"5\)?bje contributing to changes in the way chicken livers
are consumed.
We therefore conducted an interdisciplinary inves
Foodborne illness is very costly, comprising medical exigation by using a combination of methods from social
penses, loss of earnings, and reduced quality of life.dnd biological sciences. Participants were selected from
WKH 8QLWHG 6WDWHV WKH DQ QXh® UK apGatidh Fdnd) tHe BtiBdy Was Sor&lucte dubityL R Q
annually ); in the United Kingdom, it i€1.8 billion ). 2015. Our study objectives were 1) to investigate the abil
The foodborne illness most commonly responsible for thesg of chefs and members of the public to identify cooked
costs is campylobacteriosi3-6). In the United States, cas chicken livers that meet FSA guidelines for safe cooking,
es increased by 13% between 2006—-2008 and B)1B( 2) to elicit the preferences of chefs and the public regard
the United KingdomCampylobacteraccounted for over ing the rareness of chicken livers, and 3) to model the
half of the estimated 500,000 cases of foodborne diseasevival of Campylobacterin chicken livers sautéed to
during 2011-201237); in the United States, it accountssarious core temperatures.
for 9% of foodborne disease cases annudlly (
Foods implicated aSampylobactewehicles include Methods
poultry, red meat, milk, and watef<11). Studies of out
EUHDNV DQG VSRUDGLF FDVHV Kbiippns GHQWL¢{¢HG WKH SULQFLSDO
source of infection as undercooked chicken m@at4). We recruited a quota-based sample of 1,030 members of
the UK public via an online market research panel (http://
$XWKRU DI¢OLDWLRQV %DQJRU 8QLYHUV Lwiwwyes&archnowom) Qsotas were used to ensure rep
$ . -RQHV 3 &URVV 8QLYHUVLW\ RI 0D Qregehtaivenessin}enisoiage groups and social class. The
5LJE\ 0 %XUWRQ & OLOOPDQ 8QLYH Wuot permitied o grrerg@al gptitby Bex (up to 70% women)
8. 1 - :LOOLBPVRQHV 3 :LJOH\ 6 - 21%U bé&cause in the United Kingdom, food preparation at home

7KHVH VHQLRU DXWKRUV FRQWULEXWHG HTXDO

'2, KWWS G[ GRL RUJ HLG
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is more commonly performed by women than men. We To avoid biases (such as social desirability bias) re
also recruited 143 chefs through face-to-face convenierstdting from respondents perceiving the survey to be about
sampling at culinary shows and competitions and by onlifeod safety, we described the survey as being about food
culinary forums. SUHIHUHQFHY 5HVSRQGHQWY ZHUH |
All participants gave informed consent. Resportions about 3 of the 4 meats (in random order) to obscure
dents were debriefed on the purpose of the survey aftiee focus on chicken livers and safety. Chefs were asked to
completion and given the opportunity to withdraw theindicate which chicken liver dish was cooked “the way you
data. Ethical approval was obtained from the College wbuld like to serve it” and “the way you think most €us
Natural Science Ethics Committee at Bangor Universitgmers would like it.” Members of the public were asked

(CNS/2014/AJ1). which dish they would prefer if “eating out” and “eating
at home.”
Preparation of Visual Aids Respondents were subsequently asked which chicken

To prepare cooked chicken liver dishes to serve as vis@LYHU GLVK LI DQ\ ZDV WKH ¢(¢UVW
aids, we used methods similar to those used in studied8fA safe cooking guidelines. Additional questions were
hamburgers 16) and beefsteaksl{). A chef cooked 7 DVNHG DERXW SHUFHLYHG WUHQGV
batches of chicken livers for various times, recorded theoking meat, dining habits, and demographic information
maximum core temperature for each batch, and arrangedh as class and age. Chefs provided additional informa
each batch on a plate for photography by a professiotiah about their current position, such as their training and
photographer. The process was repeated (without the témaustry experience.

perature being recorded) for 3 other meats (duck breasts,

lamb racks, and beef burgers). Campylobacter Survival
To prepare a suspension 6ampylobacterfor experi
Surveys of Preference and Knowledge mental inoculation, we streake@amplyobacter jejuni

To determine preferences and knowledge of safe cookivd strain (sequence type 137, clonal complex 45) on Co
practices among chefs and members of the public, we usedX PELD DJDU EDVH FRQWDLQLQJ (
the images of cooked chicken livers as visual aids. The imcubated it at 37°C under microaerobic conditions for
ages were presented in surveys (online and print), arrang8d72 h, and then inoculated it in@amplyobacteren

in order of cooking time/rareness (Figure 1). The survesishment broth. After subculture for another 24 h, a bacte

for chefs and the public were similar, except that the chefal suspension was prepared in maximum recovery dilu
were asked about serving preferences and the public WaQW WR DQ RSWLFDO GIHQ@NWLW.WheR I
asked about eating preferences. culture broth was diluted i€amplyobacterenrichment

Liver 5 Liver 6 Liver 7

Figurel. & KLFNHQ OLYHU LPDJHV LQ RUGHU RI FRRNLQJ WLPH UDUHQHVV XVHG LQ VXUYH\
FRRNLQJ SUDFWLFHYVY DPRQJ FKHIV DQG WKH SXEOLF 8QLWHG .LQJGRP

(PHUJLQJ ,QIHFWLRXV 'LVHDVHV % ZZZ FGF JRY HLG f 9RO 1R - X«
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EURWK WR JLYH D S\CRWELHfQ Vhbdul@ RhicB the chicken liver was taken. This model was used
tion into fresh chicken livers. to assign predicted survival rates for each photographed
The fresh chicken livers were purchased in packs frachicken liver dish.

supermarkets and sorted into batches of 4 with similar We used the Kolmogorov Smirnov 2-sample test to

weights. The connective tissue was cut between the 2 licempare differences in the distribution of knowledge and

lobes, with the weight of the larger lobe recorded and gseferences between groups (chefs and the public). We in

signed for inoculation wittCampylobactebroth suspen vestigated within-person differences by using the Wicox

sion; 4 livers were assigned to each cooking batch. AZL-com signed-rank test for paired data. Ordered logit models

area of each liver was scored at its thickest point by 20) were estimated to determine the effects of observable

ing a sterile scalpel blade and injected with 100 § 4 characteristics on respondents’ preferences for chicken

CFU) of culture broth, corresponding to the highest levdlger rareness and their choices of FSA-compliant livers.

of Campylobactereported to be found in naturally con

taminated livers18). Results

For each cooking time, 10 g butter was heated in-a fry

ing pan over moderate to high heat on an electric -coakampylobacter Survival

WRS ZKHQ WKH EXWWHU KDG ¢ QLW&disGussUHe \Wesuliad tiismpidobati€psRrAvacel W H G

liver lobes in the batch were added. The maximum co@HULPHQW ¢(UVW EHFDXVH DQ XQGHU"

temperature of the largest and smallest liver in each batshuseful for interpreting the preferences and knowledge

was recorded. To determine the survival of the inoculatadalyses. The relationship between core temperature and

M1 strain ofC. jejuniwithin the cooked livers, we placedCampylobactesurvival rate was inverse (Table; Figure 2).

each liver in a sterile petri dish, and a 4-5-g portion arou@d the 32 batches of 4 inoculated livers, the shortest-cook

the scored inoculated region was removed and added iogtime was 1 minute, leading to a mean core temperature

Stomacher bag (Seward BA6040, Worthing, UK); 10 maf 36°C and a 100%ampylobacteisurvival rate. At the

of Exeter broth was added to each bag before Stomachimgximum mean core temperature (72°Cympylobacter

(mechanical pounding of the outer surface of the bag dorvival rate was 8.3%.

remove bacteria) for 1 min. The homogenized suspension The logistic model predicted a survival rate of 98% in

was poured into a 20-mL universal container and incubateckr with core temperature that reached 52°C (liver 1) and

at 41°C under microaerobic conditions (Variable Atmcaequivalent survival rates of 95% and 48% at core tempera

VSKHUH ,QFXEDWRU 'RQ :KLWHO\ téred dfl §pW lapd-66 €K|lv&OHand 8). Liv& 4 reached a

24 h, after which 1 loopful of broth was plated o@@m maximum temperature of 70°C, but the temperature was

pylobacter EORRG IUHH PHGLXP P RG hetHeR fdf kh®rddeiRreddel BirhRutes; prediCachpy

perazone deoxycholate agar, containing cefoperazone kixhctersurvival rate was 22%. Livers 6 and 7 met the FSA

amphotericin) at 41°C under microaerobic conditions fguidelines, and their predict€hmpylobactesurvival rate

48-72 h. We picked 1 typic&lampylobactercolony from was <0.001%.

DW OHDVW SODWH LQ HDC.kjwmbWFK DQG FRQ{UPHG LW DV

PCR,; for a cooked liver to be deemed positive, 1 isolate [peeferences and Knowledge of the Public

EDWFK ZDV FR @@hipdsitse Dy Of the 1,030 members of the public surveyed, 43.0% ate
chicken livers and hence were asked to select the chicken

Data Analyses 100 4 . 100

We modeled the probability of survival for the 60 livers fc | = o Livere i for Campylobacter Lo
which temperature an@ampylobactermpresence/absence o & . | g0 g
after cooking were recorded. We used logistic regressior °; ;| .. - N i 4 o g
model the relationship between the core temperature of g 60 - T : + Leo =
livers and the survival of &@npylobacter The probability g so- T o ! FS0 o
of Campylobactessurvival as a function of core tempera 5 4o- 3 * + - 40 3
ture was modeled via estimation of a logit model, whic & 30 30 §
captured the nonlinear temperature-survival relationst = 207 20 §
(Figure 2). Parameter estimates were obtained by using 12' = "12 A

gistic regression (Stata logit command; StataCorp LR, C T T T T T T T T

lege Station, TX, USA) on the binary variable indicatin Cooking time, min

Camplyobactesurvival (1 = survival, 0 = nonsurvival) inFigure 2. Campylobacter VXUYLYDO LQ FRRNHG SDQ IULH
a sample of 60 cooked chicken livers. Temperature was the YHUV E\ FRRNLQJ WLPH DQG WHPSHUDWXUH
maximum core temperature recorded for the batch fromtQLPXP DQG PD[LPXP WHPSHUDWXUHV UHDFKH(

(PHUJLQJ ,QIHFWLRXV 'LVHDVHV ¥ ZZZ FGF JRY HLG ¥ 9RO 1R - X0\
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Table. Campylobacter VXUYLYDO LQ FRRNHG FKLFNHQ OLYHU E\ UHSOLFDWH
&RRNLQJ WLPH PLQ

9DULDEOH
5HSOLFDWH
1R SRVLWLYH
OHDQ ZHLJKW J 1’
OHDQ FRUH WHPS f& 1
5HSOLFDWH
1R SRVLWLYH
OHDQ ZHLJKW J
OHDQ FRUH WHPS f& 1' 1’
5HSOLFDWH
1R SRVLWLYH 1 1
OHDQ ZHLJKW J ' '
OHDQ FRUH WHPS f&
5HSOLFDWH
1R SRVLWLYH
OHDQ ZHLJKW J
OHDQ FRUH WHPS f&
1ROLYHUV
1R SRVLWLYH
OHDQ QR SRVLWLYH SHU E
2YHUDOO PHDQ RI SRVLWLYHV
2YHUDOO PHDQ OLYHU ZHL
2YHUDOO PHDQ FRUH WHPE
1" QRW GHWHFWHG

=
e

e
e

e
e

e
e

liver dishes they preferred and which they thought mky respondents who described themselves as adventurous

FSA guidelines. Half (49.3%) of all male responden{®<0.030, n = 444) and who were less concerned about res

and 38.4% of all female respondents ate chicken livetaurant food safety (p<0.001, n = 444),

Rates of chicken liver consumption varied by age group:

18-34 years, 34.7%; 35-44 years, 44.7%; 45-54 yedrsiceptions and Knowledge of Chefs

49.0%, 55-64 years: 51.5%; ar65: 42.9%. Chicken Among the 143 chefs, of those who indicated their sex,

livers were eaten by half (51.0%) of respondents b&34 (88%) were male. Among the 141 who indicated their

longing to UK socioeconomic grouping ABC1 (upperW\SH RI ZRUN ZRUNHG LQ ¢QH GI

middle, and lower middle class) and 32.3% of those beatering, 11.3% in casual restaurants, 5.7% in pubs, and

longing to C2DE (working class and those at the lowet9.1% in multiple kitchen types. The most commonly held

level of subsistence). position among 131 chefs who responded was head chef
OHPEHUV RI WKH SXEOLF SRR U530%)Gdicwed by Ehef tiaikdd (WIKIY¥) cief de partie

chicken liver met FSA guidelines for safe cooking {Fig10.7%), commis chef (6.9%), and sous chef (6.1%).

XUH 7KLUW\N SHUFHQW LGHQWL{HG OLYHUV + DV EHLQJ VDIH WR
eat; the predicted rates Gampylobactesurvival in these
livers were 48%-98%. Another 22% thought that liver ,2s4 ¢ 3 e pactersarvival |10

(Campylobactesurvival rate 22%) was safe to eat.
1R VLIJQL¢FDQW GLIIHUHQFH
public’s choices of FSA-compliant livers and their pref &7
erences when dining out (p = 0.776, Wilcoxon signeém-
rank test; n = 386) (Figure 4); respondents were consist &
between what they wanted to eat and what they thou* >
ZDV VDIH 5HVSRQGHQWY VKRZHC o- H : : : r 4  Nene
pinker livers when eating out rather than at home (p 2 s e 7 ' s %
0.007, Wilcoxon signed-rank test; n = 446). Paradoxicz Liver no. and core temperature, C°
ly, respondents reported being more concerned about fg@@re 3. 5DUHVW FKLFNHQ OLYHUV YLVXDOO\ LGI

safety when eating out than at home (p<0.001, Wilcoxanl WKH SXEOLF DV FRPFERRNQQ ZIMWIKGHBGLQHV D
signed-rank test; n = 999). DVVRFLDWHG FRUH WHPSHUDWXrupllohadt€ G SURE

2UGHUHG ORJLW UHVXOWYVY GQRWXUHIRYWHEUY K v@t‘éﬁ#épw YyyIHul

L . FRRNLQJ SUDFWLFHV DPRQIJFKHIVDQG WKH S
tematic differences in rareness preferences by respondgn{ , , ‘ppJn OXPEHUV FRUUHVSRQG WR WKRV

sex, age, or class. Livers that were more pink were preferigéir ¢ 6 wp @O B\

SA choices
S

C

|eAIAINS 43300qojAdwn) Ajigeqold
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rarer and pinker chicken livers on television, in recipes, and
among other chefs.

Discussion

OHPEHUV RI WKH SXEOLF SRRUO\ LGHC
livers had been cooked to a safe microbiological state.
Their preferences for chicken livers were consistent with

their (often inaccurate) perceptions of safely cooked livers.
Among chefs, these variables differed; chefs outperformed

the public at identifying whether chicken livers had been
cooked to FSA guidelines. We found that chef preferenc

es for serving chicken livers were inconsistent with their

Figure4. 3URSRUWLRQ Rl SXEOLF LGHQWLl\ch?r%PE'g}](S Pl PR Gepkindy ey preferred to serve liv
GLVKHV WKH\ SUHIHUUHG DQG ZKLFK WK H\CEBHBIR 1ai& hanps Bicapiclegicrlly safe and believed
)6$ FRRNLQJ JXLGHOLQHV LQ VXUYH\ WR G thatitheir costomers also wtefan thesprgore rare than is safe.
NQRZOHGJH RI VDIH FRRNLQJ SUDFWLFHV CRefsystematicalpa/aerpretictadEibeircustomers’ prefer

8QLWHG .LQJGRP /LYHU LPDJH QXPEHUV FRUIHM YRR UN R Wl R\FHYWKRZR] OLYHUV VHUY
LQ JLIXUH )63 JRREIGNQPQGDUGY means that an estimated 19%—-52% of livers being served
in commercial UK food establishments fail to reach a core

Chefs were much better than members of the publgmperature of 70°C and could haCampylobactersur
at identifying whether a chicken liver met FSA guidelinegival rates of 48%—-98%.
only 9.8% of chefs (vs. 30% of the public) selected liv  Chefs preferred rarer livers than the FSA guidelines
ers 1-3 as being FSA compliant (Figure 5), and anothépuld recommend. Chefs (correctly) thought that custom
19.8% thought that liver 4 met FSA guidelines. Althoug@rs preferred livers less rare than their own preferences
WKH\ RXWSHUIRUPHG WKH SXE O L <0.001RWilggxorisigneddrpuk test) Hot ey st gveres
livers with Campylobacteisurvival rates of 22%—-98% astimated customers’ preference for pinkness. Chefs’ prefer
being FSA compliant. ences, rather than their ignorance of FSA microbiological
Chefs preferred to serve livers more pink than th@yidelines, seem to be leading them to serve undercooked
thought would meet FSA guidelines (p<0.001, Wilcoxo® LYHUV 7KLV ¢QGLQJ UHVRQDWHYV ZL
signed-rank test; n = 143) (Figure 5). Chefs also preferiggowledge is not necessarily a driver of behavairg3).
to serve livers substantially more pink than the publie pré/e contend that the explanation for the discrepaney be
ferred when eating out (p<0.001, Kolmogorov-Smirnofyveen cooking practices and recommended guidelines is a
2-sample test). Chefs’ perceptions of customers’ prefereggltural one, resulting in preferences for taste and texture
HV IRU UDUHQHVYV GLIITHUHG VLJQaverAding Weodesing toraveik fpauipme ilngRd-E9u X H
preferences: not only did chefs prefer to serve livers mdreextremis, this preference ultimately led chef Raymond
rare than customers wanted them served, they also thought
that customers wanted chicken livers more rare than the
customers themselves indicated (p = 0.008, Kolmogorov-
Smirnov 2-sample test).
As with the members of the public, in the ordered logit
model to explain serving preferences, chef preference for
pinkness of served livers did not vary according to chef char
DFWHULVWLFV VXFK DV DJH VH[ DQG FODVV 7KH RQO\ VLIQL:/,FDQW
results indicated that chefs holding senior positions preferred
to serve liver more pink than did their less experienced col
leagues holding junior kitchen positions (p = 0.002).

Culinary Trends

Almost half (47.8%) of the members of the public sampléiiglljr\‘; i-H \?;UVEEE\U \SNULSI% SL'J :g HD' v GL i E (LDILNKL 'V:/';(%J\ E':"E)FL*
agreed that “cooking programmes on TV and/or reup%‘_}; R ] IXLGHOLOHY g VXUYH\ WR GHWHUF
LQ PDJDJLQHV KDYH LQAXHQFHG 'Z?OfégHWIK%I#Iﬁ:%HMLQQ S BEWLFHY DPRQJ
lic cook meat, people now serve it pinker in the middle§QLWHG .LQJGRP /LYHU LPDJH QXPEHUV FRUUH\
Among chefs, >45% agreed that they had noticed a trendl.gd )LJIXUH )6$ )RRGIGN@BQGDUGV

(PHUJLQJ ,QIHFWLRXV 'LVHDVHV ¥ ZZZ FGF JRY HLG ¥ 9RO 1R - X0\
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Blanc to remove liver dishes from the menu rather than jphysically assess cooked dishes would have severely lim
crease cooking times/temperatures after cases of campitkd study size. Another limitation is use of a laboratory-
bacteriosis were attributed to diners having eaten liverdaltured inoculum, which might be less heat resistant
his restaurant7). than naturally occurring bacteria. Therefore, the projected
The public health implications of the contrast baleath rates might be overestimated, and undercooked liv
tween chef preferences and safe practices depend large might pose even more of a risk than this study sug
on what chefs provide for customers. Given that chejests. Our results relate to tle jejuni M1 strain only;
prefer livers more pink than they believe customers datherCampylobactestrains may exhibit different survival
we take the chef perception of customer preference dmracteristicSCampylobactesurvival is reported here in
the lower bound and chefs’ own preference as the uppemms of presence or absence, not as colony courts. Re
ERXQG RQ WKH UDUHQHVV R FKIsHtN iHdat pubhtUisk fdriekbysdr&@ampylobacie® G
ing implies that 18.9%-51.7% of livers being served imot risk for infection or subsequent illness. The low doses
commercial UK food establishments are failing to reackquired for infection and illnes8334) are part of a sto
a core temperature of 70°C and h&@ampylobactesur chastic process that can happen at any dose, suggesting
vival rates of 48%—98% (Figure 6). Extending the randlkat the presence of ailampylobacteiin cooked livers
of livers considered unsafe to liver 4 from our testingoses a public health threat.
implies that 38.5%—-68.5% of chicken livers being served Because all experimental livers were inoculated
commercially may have&€ampylobactersurvival rates with Campylobacter our results have been framed in
of 22%—-98%. terms of probability ofCampylobactersurvival rather
This preference for rare chicken livers is part of #han exposure. Hence, our reported rates at which chefs
broader shift in contemporary cooking culture toward rarserve Camplyobactepositive livers may be slightly
PHDWV D WUHQG WKDW LV D329 H BwhresGmat€d. WKH PDVV PHGLD
but not yet in the peer-reviewed literature. Periodically, the The temperature—survival results presented here, sup
preference among chefs for serving rarer meat resultsported by those of Whyte et al5), suggest that the chick
FRQALFWYV ZLWK UHFRPPHQGDW L RQIVerRbol8ng Fethinigues iacioatkoy Rriany ¢hief€) ¥nd
(30-32). The trend toward serving meat more pink has ngwomoted in the culinary and mass media, are leading to
extended from meats such as beefsteaks to meats sudhaeased exposure @ampylobacterThe role of celebrity
chicken livers, for which the microbiological risks assoctchefs and the mass media in pushing the trend toward serv
ated with rareness are far greater. ing pink meat were evident in our results. Recipes by top
Our interdisciplinary approach, using relatively largehefs frequently recommend serving chicken livers pink in
samples of chefs and members of the general publie, piftte middle in warm salads, patés, and parf88836). This
vides a unique insight into the possible public health intrend toward pink resonates with our estimate, based on our
plications of a divergence between preferences and sstievey and experimental results, that 19%-52% of livers
cooking. A limitation of our approach is basing seleserved in UK food outlets do not reach a core temperature
tion of preferred dishes on visual inspection alone. Howf 70°C and our predictedampylobactesurvival rates of
ever, an experimental design that enabled respondentd886—98%. GiverCampylobacteprevalence rates among
UK retail chicken livers (81%—100% externally, 90% inter
nally [15,37]), our results suggest that contemporary eook
LQJ WUHQGY DUH OHDGLQJ WR-WKH
borne disease.
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Figure 6. 3URSRUWEKRQBGRHQWLI\LQJ ZKLFK FKLEWIPE/WIAYHU GLVKHV

WKH\ SUHIHUUHG DQG ZKLFK WKH\ EHOLHYHG WKHLY XY WREPHYMBBERCRI;FHU DW WKI
SUHIHU DQG DVVRF L D WHmpy®haBtE DVBLDY Y N

VXUYH\ WR GHWHUPLQH SUHIHUHQFHV DQ %ﬂz@%%ﬁﬁaﬂq GFBYIEPRY: Rapgey niversity, Wales.
SUDFWLFHV DPRQJ FKHIV DQG WKH SXE o L Hergesearghdnterasts ¢oays onifgad gecurity and sustainability
LPDJH QXPEHUV FRUUHVSRQG WR WKRVH \aloRgthe sqpply ahainH
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