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Pulyeyelic aromalic hydrocarkons in smoked foud prodects and
commerival liguid smoke Davourings

EMNATAT A DOMANLT ) IAN ORAT, TR SAMIR RADBIE,
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Hipaked 1onds [perading ceakow, park, chickan, bl wd el [naelaens wes e Lorzensd Far
rhe pre=ence ol carcnangemc znd non-carciragenle palrewe s areemalss hydrecarkons
[P.AHS). Eighrzen cemniercial liquid snoake faedilangs and Sedsnr ings wers alzo analysel.
Trial FAH conzencralines an smaked mear prodeces anped Eromn 220 'k onoa conked
ham sam7le 12 2% £ ez)kg in gralled pork chops, whide 2Fase in fish producls moped from
-4 ap)ip in smnkel shriomp 19 344 apfkz ic smaked salman. Taral vuncencraans cof 1k
carcincgeme Pally  dbrozalelanthrarene,  benzo|bHlucranchens,  Boneo sl pyrenc,
dibanzu [ . Planibiracane, aod iqdeno|1E -0, of | pyTere] ranoed Teoare ciim-detpclable Gn
sayerz] oucal pood sty 4o 74 awlEg an grillcd pork cheos, acd Moo 93 gpfbg in Troal Te
L& Damlte in =2Tinen  Im Cipeid wpaky Movearines and  acasoiicre., 1ol T4
cercentralion < rar gl froan &7 1 d1-2 prttp, with dbe carcinopsnis PAHy sanging rom
3y 102 ppikg.

Ky wardr: PAH:, smaked meas, liguid smoke Mavnwicgs

Inlroduction

Pulyveyclic areemalic hydrogairbons {PFad sy are produced from che inooomplecs
goambustian ar henogl desmmpnsnen (pyialyssy af arganic matesial. The quentity
and zomposilion of the PAHs produced are closcly relatcd io 1he reacrion
coanditions, lemperiiure and onount &f air and, therefore, may wiry considerably
cToah and Poiclas 1984, Vaetsen of ) 1988), The widespread ocoutcence of FAH:
i the envizciment is well doguenemaed a5 @5 theit bialogicol and carcinorenic
acliviny {Fadeck |90, IARDT 1983, I9R7). The oovvrrenss of FPAHS in ool may
cesitll fromn Their soopipon fecem a0 ocontaminsed environment or tom Tood
prefaration dho and Sandi 1976, Kramers and van Der Heljden [YHE). The
varialion im the PAH quahble in fond produses also depeads on the source aof Lhe
conlaminalion LYacssen ar af. 1958).

The prescnce of benzo[@|pyrene and her carciaageine PAH: 0 Toods s
reczived considerable altention ower the pasc throe decades (Mapa 1988). PAHS
hivve boen deieciad and guantibed in many loods including charcoal-brailed mear,
srvcrkedf grillecd Toails, fos Aod oils, planl materials, soofood, liquid smaokes and
Feverapes (Haenni and Fiscldech 9%, Fretheim 1976, Lo amd Sandi 19498,

ETo whormn vonréspondence il ba adydian!,

MI2-2000 23 210 -nd ) L] Tay or & Frarere Led,
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Thorernrre < &, 1979, Toward ind Famio 1980, log er all 1934). The passible
comrfes of PAH  comsbenation  of  Bocdsowlfs are womeerens amd  iocluede
o nared sails, polluced air aud wacer, mode of copking, foud processing, 1y
of Tyl fooad, waod, manuece, diesel, propane], amoke generation condinpqons, weod
ORISR, 1empReranire of pyratyscs, cndagenows sonrces Sad anazr lipagd conlom
[Thorseinsaon and Thotdarson 196%, Tilgner 1977, Tioremire ¢ o 1979, Toch angd
Poobast 1984, Maga 1988, Yarssen o al, [9RR).

Hislarically, benzo[elpyrene has been used as & meloremee  indicalor
com nowund Tor carcinagenic PAHA (Ebee and Bratzler 19900, Five PAHs {henro [
anthracene, henzo[alpyrenc, benza [b]fworanibens, dibeozo[e Atantbeacens and
indena[1,2, 3., ] pyrene}, however, account for the bulk of all carcinogenic PAHs
in [gend a5 well &5 in oair (Lo angd Sandi 1978, Lee of af. 1930, Fazio and Howard
198%, [ARC 1933, Keamers and Yao Der Heljden DAL

The initial abjecove of 1his slody was o evaloare 3 number of commercial
ermoked pouliry, red meal and fish producis Tor the prosenee of cercinogenic and
non-caccinogenic PAHs, A secomd whijective of 1his sludy was 1o develop a rapid
inncl sensitve liquid chromategraphic procedure 1or the sepacation and quantitation
of PAHS in comuogccinl liquld srmokes,

Malerlals ond mel hewls

ZSammes

All commercial smoked meat products and liquid smnke sCasoneings were
pucchesed from local supermarkets in the mid-Michigan area. Ligud smoke
lavourings were donated by commercial companies.

Reamenis

Cimzthyl solphoside {OME0) was obrained fcom F. T. Baker Chemical Ca.
(Phillipsburg, 0I) Cyclobexansz, L 1Zd-dichloro-1,2,2,-trifluorosthane {TCTFE],
hexgne, methanol, ethanod, dichloromethane (DOMY and ocstonitrikz (HPLC
rrade] were purchased from B.ML Sciene (Gibbstown, ™). Florisil wos obiained
from Fisher Sgewcfic (Fair Lo, N1 Silica gd (70-230 meshy and aloming
(k- 210 inesh ASTM) weee purchated from Siprsa Chemicnl Co, {50 Louis, MO,

Stingfurily

Simngyn PAHs were sclecied for deeoninaiion o oods based on dhekr
eecurrence and carcinogeniciry, and available methodology {able 1. Belference
PAH:s were purchased from Supelco, Inc., Supeleo Park (Eeliefoniz, PA), whik the
inbernal srandard triphenylens was eblained from Sipma Chemicil Co. Stamdard
PAH solutions were storerd at 4°C in glass vtuls wrapped in aluminium foil 10 aveid
possible lipht depradation of some PAHs. Chromatapraphic columns wer: also
wrapped in alominom fodl 1o aveid exposure Lo direct sunlight. Conceotration of
food and [iguid smoke solvent exicacts was performed by rolary eyaporalivn under
reduced pressure al 35°C. Further voncentreafion of the extrasts 1o Iess than 2 ml
wis ascomplished wsing a sfow streans of nitregen,
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Tahle 1, Allwreviaiors and  caginogenleity ol pulyeycl-s aroaaic
lpdrocarkons (FaH",

MIPALD pame Alimrsaation ﬂnmlmgtnlml;‘b
Faghihialens H h
Becnaphehslens spPL T

Acer Aphingiy AP 1
Flunrcne Fl. 1
Fheranchrenc Phen 1
Anihraone L *
Fluwacgnchens F

Furses Hy -
Berplajanihrazenes Bak +
Chresene Lh +

Henra & Aunraniheres 1ILF +
Larep] 1 Euccanlhens OkT - =}
Berpzotalpyerene BaP + + +
Labenza|a, dlanthricems= DHufrA + + +
Cecxof b flperylens ERLT -+ +]
Icddened |, 13 £, d| pyTac= Lead Ty +

—_— —

*Adapled Mrom Todb £0d Podthast A 1534) and CARC T19E]. | 387).

"+ ¥+, vory carcinagenic; + + . carcinagendc: b, somowhal
caramogenic; —, nol clidinegenic; = deokerlane 7. inadequals
infcamaricn.

Anoferfral merfhedy

Extrovrion pad purificatian of PAHs in seoked foode.  Tatraction of PAlls from
Fogeds and subsequent clean-up af the eateeees were caroiod oot as deserihed by Joc
¢r erd, (1G0T and Fazio {(I9ET).

Extraeyion qf PAH s in liquid smakes,  The exicaction anst ¢lean-up progesdure was
agapled from that of Black er el (1979). Twenty five grams ol ipaid Secke wege
saponihod fac 3 h wish 92 KOH and 109 o) meihanot i 2 round hetiom boiling
fTask cquipped with a Friedreich condonzer, When the flask was gooled, the contenis
were Rltered inoe a separatory lunnel 1through an cthawgl-rinsed glass wool pad. The
fiazk was rimsed with $30 mul eyelohexane and 103 ml 30% methanol io woter {«fv}
anid ashled o vhe separaior fennel through the gloss wool pod, The conlents wete
shaket vigorously far 2 min. After separation of the lavets, the agusons [ayer wis
cirpsted Tor 2 min with a fresh aliquot of eyclohexane (250 mlk and 80% methanol
(106 ]y, Again, tht ogucous layer wos separated ond extragied wih [resh
cycloliexane (0O mly ond 30% methanel (S0 ml). The <ombined cyclobexane
culragts were washed with three (100 mlb) oliguets of warm wager (42707, dried gl
anhydrovs sodiom sulphate, and then coocentrated to approsimpdely 15 ml i a
rotaey evaporatar.

Somple cleon-up. The concentrated estragt was parificd by Florisil colomn
chromatoprophy, A gloss colimn (14-5 » 150 mn) was plogged with glass wool and
packed with 102 Jdeactivited Flonsil (28 wader), 2-32 r anhydrows Moa50y and
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1 g sabd. Tlee colapn was prewashed with 75 m| af hexane. The ecoceniraled
eyelohexane exiract was applicd oo dhe oop e che Flosiil colemn and euled wsipe
A sequenial falvent sysem. The first Tracsion was elwced wich 30l of hexane, Lhe
cocond with 100 m] of 30% DCM in hexane (w1, the Chird Toaction witle 108 ml
of 0% DCM in hexane, and the foutth with B0 ml of 707 DCM o hexaoe.
Fracrions 2, 3 and 4 were combined, and colary evaporated Lo ocar drymess woder
redocerd pressure b 35 2, The resiu o veas dassolved imoscetitrile, fluered tieogh
A diler (poce siee 05 pim, Millipere Corgacation, Bedlord, MAY and  then
concen | riled wsing 3 slow stream al nitrnzen for HPLC analysis. [hering (he elocin
presess, the cabumm wias oogiieed aecasionally wilh an whravioler light {254,
165 pnd oo Jogale the (Quonescent BPAH Maclion. Complece clucien of (he FAH:
Trarm the ¢olarn was checked By sonicating the Flaesil packing maderial wich 389 ml
af W% DCM o in hexane, Alicring, concentraning. and analvsing By hich
perfprmange  liguid chromalography (HELC) The Brst froction was  pl=o
concetlrated and anadysed by HPELC 1o check the absence of PAHS of interest.

Owenditciing of PAHs in edracts. PAHS in Lhe extracis itom the smoked boods
and liguid smokes were znalysed by HPLC. The HPLC cyvelem concisied of & model
UEK universal injestor, solvent delivery system (model 501}, Nuorescence élector
{racede] dN1AC] with 5 2354 nm exciiation filker agd 375 nmoenizsion Gier, and &
variable wavalenpih delector sed at 254 am (Waters Associaces, Ine. Milford, MaL
The HPLC sysrem, solvent programme and peak intepration parameters were
conteolled by s baseline RIO chromatooraph workstacion (Dynamic Solotians,
Millipore Corp.}l. Samples were analysed using a Supeloosil TC-PAH coleran
{23 cm 46 mm o.d., Supelen, Inc.).

PAHs were scparared ar ambient temperamure using a2 pradient elulion
peogramms wilth o Bow rate of 1 mllmio. Fhe initial mobile phase was 0%
aceronitrite in distilled water 5 mind, which wis chen gradieotly changed 1o LO0%
acelenitrile io 15 min, held i1 LOG%o For [5 min, then deceeased to 6% acetonitrile
wver 10 cmin, andd el ol b0 Boar 15 nin, Twenly pl ol the surnple exiricts or 1he
standard zoluticn were maecled. The standard salution was imestod after cvery
Feaugil saygde cxicas,

Reecaveries of PASs

To evaluate the acouracy and reliakility of the clean-up proceduce developesl
For liquid smokes, cyclohexane was spiked with a misture ol standard PAHS 10 give
indivichizel PAH corceniradions canging From 340 5 ug PAH] cyclohesane andgd was
gpplitd ta the Forisi column,

figentel smeke procédune. Recoveries of PAHs in the ligquid smokes weee
decarrnined 0 viaplicale by spikoeng e spmples with o miktore of clandard FAHs,
sufficient dn produce levels equivalenr to 5 up FAHTER bickory liquid <moke
5eas5oning.

Smoked food procedure. Recoverics of PAHS in ihe smoked Foods wers
detzemined iR teiplicate by spiking tmaked culmon or durkey breast with 4 hirglune
of PAHs sufiicient to produce concenirations eguivalent to 302 4z FAHXE.
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The sderpifeation af 1he PAH s was delerpuned By coom pagimg e fe1ewl poong nirres
of LY aud Aoorescenee peaks in [he snple chrarmaagrams with rhoge of Kiown
FAH standards,

Hesnlts and dlscnssion

The Muacescent detection lmitg for each TAH i rhe scandard soliion ranged
Eram @1 pgllz fer A fo D3 gelke foe TXBaRA (rable 210 Waloes far eliravioler
detecricen rawged Team 11-02 pefke for BAF 10 d-20 ppfke Tor A The detectian limacs
depend  on the coppouad  apd on e decciors wsed  {MIOSEH  LERE).
Chronarograms for the PAH siandard mrgxowre (-4 ng of cach PAH) and the
[ernal standatd {oaphenylengd amalned b Nogrescenc amd uloraviolen decegrion
arg chown in figwee 1 Foor PANH compounds, N, APL, AF and FL, dld nar aprpear
in the Nuorescense chrormatogram e they de non uaresee ar @ exsianivn
waveleirglh near 375 nem (Faciao V9B Thus, only ihe UY Shiormatagrams were used
for calvulating the concemtaataons of these fowr [YaHs in the Jood produces and
ligquid smokes. Thew FPAEHS, however, are pol incleded o the 1ol PAH
concentralions becawse Chey ace nol cegardsd as cacomogemae [gable 13 The
coeentealgons o thee 12 e PAalds wie caleulaesgd Teoema bec the ulnavioler and
Mucrcsae aee EE[HIARES .

Perzenr cpomvencs of PAHs for the twa extracocn procedares are presented in
lables 2 and 1. Eagh recovery walue seprescnrs the awverape of  triplicade
deresminations. For dlc smoked meat anelytical procedurs, the averame recovertes
ragped From B0 * 6-7 ta 112% *+ E-2 wath a mean cocthcicnt of wariation (C)
al %1% For ulravioler detection, and frooy 75% + 3-5 to 93 £ -2, with a mean
LV pf 5-8%¢ for dluoccscencs detestion fable 2b For the liquid smoke analytical

Tanle 2. Pares o recovery of polvcyclle amimanc pdrncarkans add=d 1a smakel mean praduos.

Dreleciian mzchaod ™

Uleravicdse Fluorecrmes

ALl compounds” “ian = 5D L] Slon £ 50 L
e A 40 51 nil

ATL gatl-q 18 1

e Hi+5-7 A-4 4l

FL -3 1-3 %1

The [ & 5-7 57 A h-d
A Iz td-1 7-3 Wz b k-1
¥ WL % 3-3 -3 15+ 1% -4
T *ix 35 28 A5 xa-n 4.1
Ban 0+ 4-& i1 G+ 4. 5.
Ch '3 4 Y L7 HG x 25 AN |
I 101+ 2.5 1.4 Bf + 5% 14
Ioxr i g} ] 373 E-1
IaF QE & R o:n Al = B2 M-x
DhcRA 1M + -5 3] il =45 B
Bzl R &30 i1 35+ 4| 4-1
1Py 100+ -5 15 A+ 25 R |

“LZ delarminativn wilh Andresgepee argl UV delaitian,

*Whlues reprianl avcrape OF Ihcee del&nmbinatio:s.

" Abbroiadian desipticn, o bk 1,

ER: Siarclen] dzviadivm, OV, CoeMueicnl af voiacioe, ad. ool Ze2leeied.
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ligure 1. Ligqoid roranoprams Foe PAH sandards npecied on 85-0lnmi, 04 1L BYY. 254 en: (8],
Mucsemmee, 335 nife, 1, M 2, A2°L; 3, AL 4, 1L, 5, Phen; A 7, T H Py, 9, el s amEasd; 11,

kBaa; 1] Lhi LD, BAF; 13, BeF; 14, T L4, DBaka; LE, BediP; 17, LFEY.

Tubly 3. Procenl cevovery of palycvclic areenatic hydoocacliens alded 1o figuid smede Mavecarices.

L T A L

LHCTpvIoRr FhLarse e

FAH coukandst Mean 245D ¥l Yy 2 A T
M GEd u.g 11-h ol

Apl Gl x4 E-1 rd

LY T2 R 02 cd

L WK 2 - =l

Phean W x=4d.3 a1 £+ 30 .7
A F x5 %32 1+ /Y LR
T oo = 74 T o= 74 T4
Py e = 72 A 1ot 41 1-2
Bumk 91 x32 a4 LU B Ll
L] gL 1 4- q-2 amxE Tl k-7
TEF oL y-p -3 iz 3-¥ £-F
B&F a1 + 5t a1-B Ga+ 2.5 2.4
BeF 76 = 90 11-E hhx 9-E 11-%
[IAoAA g = 74 -5 ty ® 141 23
Hphre 0 = 5.0 LEY| Glx |4 1-5
Fea Py W= 4.0 110 BE = 51 LX)

'L determinalion wilh Moarescence arsl UY deicolion.

"Walyms Tepresene aveiheay ul
"Akbrevialion descriplion . ae=

ihrat AMCrinnaLica.
lahblz 1.

BN Slandand decigliond CV: caclFCiEnt &7 wape o o ol déepled]
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Procedure, the average recoveries 1anged [rom 86%e = 70 o 1I06% & 7-2 wih g
seezpey OV el T3% Jor elimtvioler detection, i Troom 63%0 & 1630 PIIT & (09,
wille 3 mean ©V 0% for Neorescence (able 3 The [ow coefficients of vamaoen
of Lthe inexn walue For the 1w eXEacion procedoures indicas 1har te repearsbility
of the procedurss ic very oo0d. 10 general. e averdge recovery for the lipid
sinake miethod was [ower thian ot (o7 the smoked food analvoical melhad, For the
Tiquld simoke procedore, a recovery study anealvlng crelohevane spiked with
siandatd FaHs ndicared rhat masr af the losg acontred daring the eolumn clean.
g The Inses of certiin PAHS can be aceonced for Ty rhe ictoversible adsor poion
aof same PAH: opta the Flarisil cohimm o by photareactinn of BaP as cited by
Tawronce and Thofcas [193d], and observed earlier by Insco {1'944) and Sawicki;
af al. {1%R%). Hloaweeer, tphe recoveries im this sindy weee greater than those of
Lawsenre and 1darveas (| 984Y, due peossilly 1o 1he micsdified clean-up procedore
applzed 10 ele Floresil calumn.

PAH comeanr af sadnet foaar

The sranked Mpod products analysed io this sucvey wore pucchased from local
cupermarkets it the mid-Michipan arca. & total of 62 samples were analysed and
includsd ponltry (curkey and chicken}, red meat {pork and beef} and fich proclucs,

AT cortenl of smoked paadiry produers, Foorteen tuckey satples aond ezt
chicken samples producad by eleven commercial processors were  zoalysed
{tuble da). The valuss shown are the average of doplicats analvses per prodoc,
Some of products weee processed with liguid smoke Bovouarings and athers with
natwral smoke fwocdd smcke.

For 1be srgbked wirkey prodocls, the soneencratinns oF 1he individual PAH:
ranged lroms non-deleclable n mosc of the samples ta 3-5 wpfke For Phen in wood.-
amnked wusage. The ol PAH coneencracion ranged from 2-8 ppfkg in breact
procecssed with liguid smpke 1o 9-6 ppfkp for wood-smoked sawsape. [n all 1he
samples, Phen and Py were the major compouonds present, The soncentrations of
PAHs with known carcipogenicity, i.e. BaA, BSY, BoP, DBakA, ad [edPy,
rangzd From non-detectable in hguwd simoke-processed braast smnples oo 1-9 ppfke
it wodcl-smoked browst samples. The perceilage vaniribbtians of the carcinogenis
eatnpownds 10 the ool PAR concensiatians in rhig siimgles processed with liguid
srroke were O, 503, and 12-5% Tor Breasl, sausies and bacon, respectively. The
carresponding valwes Nor the wood-smoked prodocis wore 32,2 19-00 115 apd
L7 3% For brepse, sposagy, sawesdpe (diffcren] proeossor) and bavon, respectively,
Wil eespuygr oo Bral*, 37% ol the samples had po irace of the compound, while the
remidining szmples kad concentrations of ~=20-34 up'kp. These resules Endizate thal
producis pracessed with patural weond smoke {breasl, ssuzaps ond bacent had
higher total FAH and carcinopgnic FAH cuntents than Lthose processed waly [ieguid
smwky flavorerings {Lable da),

The coneerrations of indivadual PALs in che smoked ¢hichen prodees canged
Froam non-deteciable i shiced breast {ligwid smoke oveunng added) ta &1 pglke
fot Pleen in barbeeusd wings. Toral PAH eoncepirainns ranged fronn 4-5 gelka o
sliced breast proccssed with Liguid smoke 10 33 -4 wgfkg in barbecued wings., The
conecnlrgtign of the carcinogenic PAH: [(Baos, BAF, BeP, DHa?A, and led Py
ranped from oen-detectable for sliced breast {ligquid smoke flavouring) te 5-5 pglk
in barbecwed wings. BaP was not detected in the sliced breast {liquid smoke added)
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Taldz 40, PAIL concendrations i s=leced commerzial smoked poulery mzrkey and chickect producs.

Cuncentralian ol PAHs {ugfch™"
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Twal Talzl"
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Twrkep
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sansage? 1K =3 | -1k 1-4 18] |'1 0] [REE| Q-1 LR | g a-1 Bl 7
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"Mrerage of duplicale analyses of 1wo sacples per Sont=-nénicl pressetsar (REmg T pilicr:y,
F Ahbcevialinn descriplzan, re= cahbe |-

TLiquid smoke Mavouring added.

' Wapd-smoked.

Y Carcinegenic.

rd: ned dalacied.

0Ly

B 13 BeRon
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EPARy in smoked foods A

bt Wiy preseal i those samples thist were wood-smaoked or barbecued. The percent
contributions of the carcinegonic ecompeunds ta the total PAH concentrations were
% -5 aml 13-57c for sauwsope, barbecued wings and barbecucd chicken,
respectively, These data indicate that wood-smoked and barbecoed produsts have
ihe hipghcs! concentracizns oot ooly of neal PAaHs Buc alsa af e carsinowenic
compounds. While ng details of 1he barbecuing pragess appeared on the packaaes,
it is well calablisled chat barheowing of meats will sesolc ag e Torpaaiaen of
signifecanlt guantitics of PAYG. For esaonple, Lijmsky amd Tiess (1967) anld
Daremire et ol (1% repored (hae chajcoal Broiling of meacs porcsents an e i
situation, in that 1he amount of fat ocipinally present inthe meat, the closeness of
the meat to the heat source, and 1he expasuce time of the meat 10 1he heat can all
conicibute to PAEL formadion. Those investigaters also concluded that o minimize
the production of caccioogens such af BaF, the method of prepacation shoold
avoid comact of 1he meat wilh the cooking James, cook for 4 longer time al Tower
termnp=raluces, &nd wee meal with a minimum of Fal. The data obtaiosd in this study
for luckey and chicken breast prodocls agres with choses repered by Fazio (19871
Tar the same produces. In all ilbe samples, Plien and Py were Lhe major compoonds.
These data can be explained by the results of Mapa {[986) who repocied thot Phen
wncd Py wers the principal FAHS ino condenssd mesquoite and hickory wood smokzs.

Siwwoked cuckey and chicken products ware also seoeened For che presence of the
fuur nun-carcinepenic PAHs (M, AYL, AF and FL) which were dedected only by
LY absorinon able ab). Maphihalete was nol peesent in sy ol the tuckey and
Chicken prodwets, The woncentrations of AFL, AF and FL varied [tom non-
detectable m some turkey aud chicken products to a3 ngh as 3628 pyf ke Clurkey
sausage) and 220 peikg {(barhbecuesd chicken) for APL. The nan-carcinogenic

Ta4le 4b. Conczrueadions nd LY.delezed pefveyclic amomasic hydiazastrens in
cummercal smaksd paulicy (lurkey and chekeng praducs.

Conceniralians of nen-caccinopmmic PAH « pgfkz ™"

Emoked praoduees w AL ar FL Tial PATls

Tlark
RArcasl® nd il n 3 [ [u}
HrensL? na | 25N ETL| =
Sauzazr” el nd nid 174 I7E
Sausaze” ed Iaf 14 20 a7
Sausags' nd nG el nd nd
Dacon' nd nd nd 1 1
Dacon” cd z | ] q

Chicken
Sausapr? | 3 i ml E
Ediceil Puguse™ i anl id nd na
Roaliccned wirg: rd 1T LR 2 a7
Harhegtusl chlgken rel 20 45 L} 2nk

" Abhreviated descriprion, sce Lxhle= 1.

'.-‘.'-'eragr: 1 dupl:caie analyses ol reo samples per cammearcial pres=s2ar
IMeear derarmaniacions).

“Licuid smoke Muvewring added.

AW oalsmched.

el mer dalacmed
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campoends weee pol datectable (v 15%e of the (urkey apd chicken smnples,
Heowever, 3% af the sainples had ¢oncentrations of = 10 pefkg, while 43% ol the
sarmples ol eongewrations ranging from 57 to 437 uefkz. These dana also reveal
thai samples processed with Tpoepd smmoke have smaller copeerntration: of tlwse
compaunds  than  sacmples  provesied  wilh wood  amake (aabde a0 Liared
information is available abowr e presenee of these four non-carcinogeanie FATS
in smoked Foods, Maga (1988) ceported thar the presence of N aod APL may be
due to conlamination af the peoducts £om air. Kushwahe of af. (11855 evaloared
ihe PAH composition of varipus commercial charcoal briquets (coal, womd} and
detecled different levels of M, APL and F, as well as other PAH compoonds. The
smoks soyurce can dramatically influenge otk the PAH level and che tepe of
compounds present [ (he smoke and suhsoquently theier depositiomn on the surface
of smaked foods {hdaga L9

PAH condent gf smaked red et prodeors,  Sixtesn smoked pork end <ix smaked
besl cumiples obtained from eleven commercial processors wers analysed [table 5g).
The values presented are the averape of duplicate analyses of Wwo samples per
product,

The concentrations ol ilividuad PAHs i ke purk sunples raonged froen non-
derccrable i seveial sapaples o BT pe/ke Tof Phew i che sowsage samples. Tonal
FPAH concenlrations ranged Ffrom 2-6 gpfke in cooked ham Qiquid smoke
Oavouring added)y 1o 29-8 pg'kg and 297 pefkp in grilled proak chops and sansage
{and-smoked], resnectively. The cnmbined concentrations of the Ave carcinoaenic
FAH: ranped from nen-detectable (o7 ecoked ham samples to 7-d pgfkg for pork
chops and &8 pp'kg for sausape. The cancentrations in ihe bacan, sliced and whaole
ham samples werc greater than those reported by Fazio {198T). The greator
concentration of PAH: detecied in the prilled pork chops again can be cxplained
by the findings of Lijinsky and Bass (V26T who observed & corrclalion beoween the
Fat cantedr angd tle gecumuiaios of Ko in grilied mear, They eotized that the
Tat drippings fall 0w the boy goals aod aec pyrolrzed, produemg Baor aod ocher
PAHS which are guhsesquently deposhed onte the swrface of the mear, The
nerceniage comribiions af {he hve ¢aieinogenic componnds to 1the tolal PAH
canecnTALanE in the sarmples processed wirh ligaid smaoke ware 0% Tor conked Jam
andd 4-4% For bacon. Corresponding wahees for the prodocts proccsscd with natural
wiood smoke were 7-60 Tor hacon, 17-9% for 1he whoale smoked hams, 22-9%%e for
sausape, 13- 1% Tor slieed smoked hem, 24T for grilled pock chops and 31-8%
Tor anHher sawsipe sample. BoP wis n delected in 1he coaked ham processed
with Liquid smoke. The concentrativn: of Bal detected i this survey were smaller
than thase repocted by Dotemnire ef of, {1979 for park erilled over chaceoal (3548
to 300 ugfked, while the 5P cancenlraliens in 1he haonm semples were sioilar 1o
thiose reported by Linfas @ of, (1979, Again, 1the results almained (ogr rhe pork
sacnplas jrdleated Meal tinge sanples prodwced by natoral wond smoke had groaler
coneentratlans of ielal and garemcegeeie PAHsS (han samples proccs:ed wich Joguid
senokes.

Tl gpicendraons af ipdoidual PAFS 0 smnked beal prodocts ranged Frean
nni-detecealble for some PAY 10 2-8 pefkg Tor Py in breakfast beel. Total PAH
concentiations ranged from 3«6 pgfke for sausape processed with 2 hgoid smake
flavouring Lo M-Apgikg for natorally-smoked  savpsage. Toe combired
concentracions ol the five carcinogenic compounds canged feom 06 epf ke in Liguid
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Tabl= fa. PAH ccnoeniralivns in seleclad comoezrial sreaksd red meal ¢pork and be=fd products.

——

Comiwniralion of PAH: [egfkurt "

Taual Todal”
Smoted pridogs Thim A F Ty LR [*h EeF' BLF Eap? HEsRA ¢ 1EghiP irdPrt FaHs FPAH ivar.]
o
Bacart n-d i1-2 1-z -3 nd 0-% il o-5 -2 nd a-% nd 3-1 0-x
Bacan? -5 iy 1A 2.0p -1 {4 ned nd L) nd r«d nd F-1 -7
Hnwsyzed i1-4 q-1 J-i 0-8 01 0% dq-4 -4 -4 -1 0-3 g1 E-Z -z
Gagsape? i h-4 1-3 q4k 4-0 |5 q-2 nd 2+ nd 4-4 o2 13.1 -2
Unoked ham® 0-5 1 o4 3 nd o2 rd -1 nl nd ol nd 6 nd
Liritlnd park chopx 57 |5 4t 1R 16 15 a-4 L) 2:5 33 a-3 o | 13-3 Td
‘%hale ham* 1l 1% ETh| OO ol ml od el L1 0-5 1 nd C R I3
hizvil Fvm®! 0-: nd 16 I-] a9 [LI) nd a1 -1 a-c LT nd b5 I-5
Ttenf
Sausags' 0-4 05 -4 | & rd 10 1-% 01 -1 a-1 ml ud 3] LI
Emngigr’ I |3 1-c I-% T n 1-3 a- -t 1-1 -1 [Th| n-g 14-4 4-3
L-2 1-% 1] i-H -9 nd 11 -3 -4 1 -4 id a7 -4

Breakfast hir?

"l".'l'ﬂ-i!.’.‘.‘ﬂl' duplizate aAlyzes o Dwd sainples pr cormirerical pragstan (fonr FimainAnansg.
B ARG wjon decrpipfion, s 1ahle |,

* Liquid sirake Cavanirjny odd=d.

Y rrd-smnked.

"Larcinageni:z.

nd: nal d=zcled.

_-,-pm;uf AYCUE W SR

LI



Downloaded by [North Carolina State University] at 02:30 06 November 2012

414 E A G et ol

Takl= 'b. Corcencralioes of UY-diiecicd polyecyclic arumalis h=drocarbens in
commercial smoked ced mead qadazts [pak and beall),

Canciolzazion of non-carcinozenic l".n'..H:.I,q_l;.ll:g]"'

Smaked praducs M ATL Al' [L Tooal Falls

Puri:
Taon’ ol ud nd 1 i
Baun? il 1R 3 3 26
Sausnge? rd 1% L2D o) (L]
SRusade L A%k . | 2121
tipghml A" l nd g r u
Tock chaps nd TR [T} 7 bhLT |
Whpe ham? n 21 i | uz
Hlived Jansd rd 149 z I 22

doel
Sanzaget rd nd & 3 1M
Sansage? od 1zad 1% s 1
lrpakfas heafd od 11 11 rd 20

" Abbrevloticn descopiico, see rabe 1o

Y mverage ol duplsme gnalyes of owa samples per commencal processr
hour decarminacions).

"Liquisl smake Oavoucing a:hled.

* Wandamuoked.

nd: ol detaticd.

smoked-Mavoured sausage o 4-2 ppf/ky in wood-smoked sausage. The percend
vontributicns of the carcinogenic compdéands to the iolal PAH concentracion wers
1970, 29 2% anl 24-7% for the lwuid smoked-Aavoured sausage, nalurally
sokes] saucage and breakfust beef, respeclively, The cesults for breakfast beef
Aerce wirh those of Joe ¢ af, (148d) who 1eporicd bl the carcinogens, Bad, DOF,
Bal*, and Py, were gresent in more rthan 3% of (e break Gase beel products
analysed. Thae resulis alio show lhal sawsape processed with lquid sppoke hac
smaller BaP concentracions ihan thase in sausage and breakiase beel poogessed wacly
woad-smoks.

Smoked red meat prluct: were also screened for che preserce of W, APL, AP
and FL (table 5b). ™ wes noc detested in many of the products. However, the
concencrations of APL. AF and FL wuried from non-detectable in pork 2nd beef
samples 1o a large APL concomlrislion in pork chops 2835 wp'kEp). The
noncaccinogenk:  compounds  were detected o 55 of the samples  with
voncenitations ranging from 3 10 26 pglkx, while 4450 of Lhe samples had
consenbiations wanging fraen 32 10 2854 pfks. Again, Lhe cesults indicate Ltha
samples provessed wath iguid siooke (bacon, ham and sausaeed hoves smaller tonal
nnn-carcinogenic PAH concepitations than thnse samnles processed wigle svoingd
smoke {tahle 5B,

PAH condend qf sefed 1ol praodicts. The conceniration of PAH: in sighicen
fsh producis including teout, shrimp, becong, =almon, oystecs, whitehsh and siscos
chubs obiained from seveo dilferent commercial processiing are presented in
iable va. The wveloes are the averaps of duplicace analyses ©f two samples por
prodect, except bor salmon and oyeiers, where foor samples wers analysed in
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PAH: i smekeg fowols 515

ThUl=0n. FAH concenriaticns il selo:isd comai:al seked D5 poosdiens.

Concenl-aions of PAH: [aglte;

Cumpoim<ds® Ticw®  Shrimpt  Herring' Salnan™  Opalory' Whicehsh® 5 sus chols"
Fhen | q-1 LE- 1 11-3 1B o | i
A -} ud |-? 1% -4 1-0 1.2
I 1-4 1-2 15-K -1 1%-k 2-4d Rl |
[-":. -1 ik q-7 4.1 111l L-a b-X
Dant cd (191 15 1.3 9.1 E-7 |1
h a-1 i1 “-H -0 1-K -5 a4
ThEH a1 nul i3 -4 1-1 ol el
RyE rd il I | 12 i1 a-& -1
Hapk* rd nd -y 1.4 1.0 -4 rd
Dal-aM -1 11 1-7 L-4 Q-1 1-1 i
Bah P o-r il-1 1-% 1.3 1-1 k-4 1-0
ey cd i1 Iy L-2 q-K -3 nd
Toal PALLS 11-£ 4.3 55-1 LT -9 -2 ELEY
Tonal carcinopera:

PaH: 01 a-1 T-1 If-1 1d-& q-1 -5

* Abbredialion descripeion. s2e 1able 1.

"'."l.Tr:ra,;: af duplicale analyses of cwa samples per comanerkcal processer (Coar delerminacinaisk.
" Average e duplicale analyras of Mour sampdes per commerica] peecesser (=izhl delerminatinssp.
" arcinogenic.

ni: nal detecled.

dupthsne, PAHSs were Faund in all che samples, 1he conecnwrations ranping (rom
non-deteciable for some individwal PAHS in crown, shrimp, snd siscos chabs, 1o
241 palkp for Py in smoked ; salmon. The greatest tedal PAH comoentralions weee
found in salmon and oysiers {36-6 ppfkp ancd 6%-% gl kg, respeclivels], while Lthe
smiallesl concentralivn was detected io shrimp ¢9° 3 gglkxd. The wide varealion in
FAH concentrations can be dicecily celaced wx Ohe smoking corulicions {alanoski
of af. LB6E).

The combioed <oncenirations ol the fve cercinggenic PALls ronged Fron
-2 pglikg For toonl and shrimp, e 161 and 34-9 eetkg Tur salmon aod oesters,
respectivily, The smoked ovster dati agree with thes ceporied by Fazia {1980,
while the PALD concentrations (or sulmon werg somewhat greatgr. The pesconiage
contribanons of the fieg careinowepic vaompounds (@ the tatal PAIT conccnoragicons
in the smoked Bshe somples weee 107, 222, 13-2, 1396, 20-3, 14-3 and 5-8% for
teout, sheamgs, berrng, calmon, aysoer, wlucebfish and siseos, respectavely,

The reselts in this awevey 2re gencrally smaller than those reported by Larsson
{E921) who guantitated the PAH contents in Bwedish commerciafly smaokesl fish as
inthuenced by wood source, Fish smoked with elder hacl w preater 10tal FAH
cuncentralion (439 pefkgl than samples smoked with sprucefpnsper (271 pelkzh
The levels of Bol in the treul and salmon samples are guite similar 10 those
teported by Donn and Fee (1979, Howevse, they ame considecably smoaller Lhan
Lthose teported for skrimp amd ovsters, Cuar resulls for Bol* werg also smaller than
vilues ceerd by Malanoski ef of. (I1%6E), e 43 rfkg for gsinokad whicehzle and
64 pplkg For smoked whiting. The wariation in reporied valpes of FAHs insmoked
fish maw well be celared v the method af smokang, For example, Sreinig (1970)
reporied (hay direcr smoking of fish proaduced Bab concentrarions erealer (han
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Taale iE. Cancenitaiions of UW-lelrcied polyoclic aromadic hydracatheons in
cumnicrilal smokeidl Buih poou n.

Copeniganons ol non-garcicorzaic PSS pplk g

Bkl prexliers M AR AR FL. Teaal PAR:
Trang el 1 k| rd 137
Shehtps kil 40 LY 11 14
Harning ni: gr (] 24l MK
Salman ™ ira o' 111 15]3
TIyscer; il L} oy A 1%
‘Whaehsh el LE E Nl 1 1Kl
Laneas JSule ) 12X T8l 350 7w

* Abbrevizton deseriplian, sez Lzble 1.

¥ Average af duplicare analv=ses af lea sampies per commercial processor
(Iear dererminacimns).

“Liguid smake Navouriog added.

40k pad smaked.

nd: eac deieced.

Luglke Incormpadizon o indlrecn smoking where levels were sansistengly amidler
ihan | pofke.

Fash produers weee also sereened Ton 1he presenee ol the fnor nop-carginogenic
PAHs, =, APL, AP and FL {table 0b}. Wapbthalene wes nol present in any of Lhe
samples. Howeyer, AFL, AP and FL were dereciod in all the fish sammples (with ane
exception, FL in crood), with APL concenlralions as low as L0 upfke in ovster, and
as high ac 1800 agfky in siscos chubs, The total non-carcinegsnic compaunds
ruged from 88 gglkg for sheimp samplzs o 2790 ppfkg for siscos chobe,

[ general, hsh prodects had highet congemranions ¢f monesarcinogenis:
compewnds han fhe snwked poufory and ded meat poducts,

PAR vandanr of i seckey

Elever: feqeid smake Navooriogs from theee dilferemn conmmecgial campamics
and lowr liquid smoke seasonings purchased at sopermarkers, were sueveyed Too the
presence of PAHs {lable Ta). Individeal FAN concentrations ranged fcom nan-
deteciable in szveral zamples to as high as 17-9 pgike Py in sample 3 from
Company CF With cesped 1o total PAE s, Company A sample 1) had the smollest
auantily (63 pylkgl, while Company B (sapple 4) had the greatest cone2alcation
(437 sglkad The vaal coucentranons of e fve cargimoeenie PAH: ranged from
0-3 perke (Company A, sanple 1) o W22 park e (Company O, sapple 2} Liguid
stapke selsonings {meganie and bickoeyd had opet only swaller oral Pal
conseattearions, Tl absa bad smaller concentrations of the carsinagenic PAHs
compated 10 the hguid saerke Javourings. Thore was soime variatinn in ooral TPAH
and carcinopenic PAH concencealions in liquid smoke fypes produced by the same
conipany, oo Company A vared (rom 63 0o 353 pofkg Tar total PAHs and Trom
0-1taN 2 palko for todal carcinogenic compounds. Smokes from Companies B and
C also had 3 wide tange of concentraticns.

Liquid smokes vary in FAH profile and content a5 a consequence of Lhe tepe
of wood psed, the procedure osed to prodloce the liguid smokes, and the
lemperatiute osed (Lcaodt 19633, Liguid smokes produced by Company A had
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Table 74, Pelyeyctiz acomaric hydrocareans i selecied comnesicol hgo-d sisake Cavaerings 04 sensofings.

Concenlraaions ol FAILS |a2)kg)

— T — -

Company A Company B Campany ©

—_— _— —_ M [asquize™ [ickary*
Curmposund”® I 2 k- 1 | 1 ] d | p ] LASIHTID, =CaLTinE
Fhin -0 P 32 12 -t 17 L T iy 41 T in 2-d
A 1-0 -9 n-2 20 IF-7 -4 1 R il-1 n-1 n-1 il-h -3
F J-E 5-B 2- -] 21 4-4 1-% -4 2-h -0 1-1 a5 |-4
Py 1-1 2-1 q-5 Ia-7 Rl ) -4 .0 | 2.q 5.1 E-2 174 - 2-H
Haa*® [ 5] |-% I-5 n-3 1-2 md -5 i-T 10 E-2 1-2 -7 0-x
i:h il-4 12 q-4 -2 - n-% -1 - iz 1-1 Q- il-4 LR
B&FE 4] 1-4 |12 -1 1-4 1-= 1-1 I 1-% [-3 £l-1 4-3 -2
BkF -0 -3 b3 L-n 0-5 1-4 a-r a-1 L7 -1 -3 0-4 n-2
Buak* = i | rd I 3.1 i-& ra 20 g7 1-4 1-% a-1 -1
DhakA” a1 15 ny 1-3 -1 J1-1 [-1 n-a -0 1 14 ol nd
OpAiT a-9 |6 05 1-E -3 04 nil 0 & nd Gy atr a-% -1
el Pye® ny ml 03 kT ni a-1 n-r ok ml 1-1 -1 n:5 Ml
Toial PaH4 f-1 A 22-0 353 H4-n -] 17-T  41-T 12  2T0 M3 14:8 Ed
Tual carannpinig FaHe £l-1 -7 2-2 d:3 &1 ] h-] A -k In-a T-1 |-R {7

" abhreviaian deeripelon, soable 1,

B Erara lir liqud wmoke s=asoping ars the avarage of Eaploars 2sulyss ol Teo sampls per b gonse (Fean delsreirfiansk.
“Larcinager.ic.

Dala Far Camcpanias A, O and £ ar= average of duplicoe analyses of cach samplc.

nd: ool delected.

Sp0al PAYILT M) SEFRS

Ly
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Tahlz T, Candeizoarigas of AV-deicrad polyesely orcmali edrocs s wn sekezied cacmerical liquid smake lasausngs nnd seasmyings.

Conpzmraclons of PAHS upikal

Company A Cam peny 11 Crenpany C

- sasyuile’ ||i|:|-c-:|r:|"'
Cormpound® L 2 k] q L a ] £ L c ] SpAMINNE rasaning
el md nil nd ml nd nd mt sl nul il nd nd ol
APL L7 L L&) [0 L3R4 La2g (1] M4 2 D 1K1 iyl Ve T3
ar 7 142 L4 12 qi 11 mn =HE | 2% 1 Il ] 11
TL nd ] | L 4 L) ] 11E 1 % 2 ¥ 2
Todal FAEl- 24 L] L1HE S3E0 7o 1384 i1 GElG 1214 JEIF Jarg 1nr 1

“Abbrevialior degriplson ., a0z 12ble 1.

*fara Tee Tigaid smols seabioings are i averaps ol <uplicare gualyas 07 oag samples e namd daame $5onne dEEeEminLishilihh.

Ma1a lar Cerpanic 4, B and £ are rhe aeerage 4 dupllzaee anelyses af rach <ample.
nd: mal deremed.

HlE

13 Aleagdy P



Downloaded by [North Carolina State University] at 02:30 06 November 2012

PAR: ik setaked fonds 519

wvwrage total amd carcinogenic PAH concentrations of I L eand 40D pgik,
respeclively, Corcesponding «alues Eor liquid smiokes praduced by Company B were
232 ol T-4 pefkg, rospectively, while 1those frem Company © haeld total and
varcinogenic PAID concentrlions of 277 and 7-1 pg/ke, respectively. Mesguite
seasoming  had  appooxwoakely  dowble the wdal oand  cacioogemis  PAITL
concentcalions of Mckory seasoning, BuP contents were moch smaller than 1hewe
reported by Potthast (1979 for 12 commercial Tiywid smoks products, rhe Jatger
coscentrations rangimg from less thaw 0007 pzfl w0 2600 wgfl. Henniog {14
detected wp 1 20 fkg of Bk io smoke-lavoured seasonings, while While er o,
(1971) cepuried tranuve somounts oF some dhees and Four-ring PAH compoends in
Wirge of seven comniercial By smokes. Henming {1576 alsa reporied dhat 1he
meaximim dose of hguid smeke seasoning wsed Tor smoking Tual mioducis was
Yofkg meat producy and four har reason, the FAH coneeol of food producy
rercecegsed switle liewid smioke Javourings or seasonings was Below 1he cscablizhed
Gergman standard of 1 pplke.

The conceniralinns af Lhe Bowr non-carcinpeenic PAHs (M, APL, AP and FL)
in Lhe liquid sipekes are presenced iamorable Yhe APL, AP and FL were presem in
almnse 8l the samples with conesnirelions as low a5 & pefkp for FL (Company C,
sample 1} and as high as 3224 ggfko Tar APE (Company B, sample d}. The total
nancarcinopenic concentrations ranged from M ppike (Company A, sample 1) to
6524 pol ke (Campzny B, sample 42 Potthasi {1979 ideneified 25 PAH comprnds
in smnkes condeznsacze =nd the major PAH in smoke was Phen and closely related
compounds. Mapa (1986 compared the PAH composition of mesquoice and hickory
wood smokess 2nd reported thae the former bad 31 compounds (1250 mpf% ey while
hickory smoke Rad X2 compounsds (655 mu'kzk

Conclusions

Fecnlts of Lhis [imited survey cevesled the press=oce of PAH:e in all of che
smoked foods analvsed. Smoked meat products (urkey, chicken, pock and beel’)
precessed with lgueid smoke Navourines had smaller concentcalione af 10%al PAY [y
and 1oial carcinopenic PAH: comparsd 1o Lthose processed with nalural wood
smoke. Carcinogenic PAHs were not detected in 10% of che sainples, 29% had ks
than U pgfkg, while 1the remaindec of the sumples hiad concentrations 2resder than
I pifke- Witle respest 10 BeP, 31%0 ol the sarnples had ne deeciable guantities,
whlle A2%0 of (he samples cormained Jess than | ppf/Eg. O 1he oiher Tiagd, the
cemait|eg sagiples, eysier, sabigon, pork choeps, ssusage, pork sausace and
barkecued wings, had concendrsiions of 3-9, 2-0, 2-50 1-3 and 1-8 porfkp,
cespeeciively. These resulie concur with these ol Malanoskd ef aof. {1568) who
reporced BuP concentrations ol Jess than | gpfkg in 20 samples out of 8 assortel
Foodstulfs wpalysed. Eleven oul of 60 samples hod ODoP concentrations ap &
Tk including barbecued pork (405 pefkgl, barbecued beel (205 pfkg), smuked
whitefish (d-3 ppfhgl. and sboked wiiting (69 upfke). Toth and Blaas (1972a) also
cepovted thad ol 100al guantity of pelentially harmiul PAHS i1 smoked mead was
fLve 10 pen cimes the amount oF BaP detecied, Wilh seme exceplivns, our values fac
txial carcinogen PAH: wpcked mest were 14 1o 1405 thines the simuonnl of Bl
detected, However, 1he wacal caccungenic PAH cancetiranions were based o (e
suinl of the concentralinns of only Ave carcinogeric FAHS The PAN i af
Howard e of. (1966}, Tolh and Blaas {15720} and Jor er af. (1934} revoaled the
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presence af F and Py in ac least 5% of Lthe sarmoples analysed, while the carcinogens,
BeA, BET, BaP, DBafia and Ied Py, were found in 30-E7% of the samples tested,

N iz appareotl from this limited survey that major dilfecences in PAH
concentrations exist betwesn vnoked products and these may be ascobed o the
many variables involved in Lhe smoking proecess, including the ype of gengrur,
tempereture of combustion, degres of smoking, time of peepdradion, and Fac
content of the producis (Drwedt 19633, Furthecmocz, il shoald be peinted aul thit
many PAH: are not classifel a5 carcinopzoic, simply because of luck of adequate
Lessdcolapical diadi.

In con¢lusion, results of s sucvey panerally indicate senmlar values 1w rhose
published by I7axio (19271, However, because of the caccinogenic nawire of PAHS,
Figmicd smokes thonld be fariher seraened for (he prasence of chese gampoansds as
should by menl procducts procegsed with gose smakes.
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