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INFLUENCE OF SMOKING PROCESS ON POLYCYCLIC
AROMATIC HYDROCARBONS’ CONTENT
IN MEAT PRODUCTS

Marta Ciecierska, Mieczys aw Obiedgki
Warsaw University of Life Sciences — SGGW

Abstract. The PAHs content in four groups of meat produatsistrially and traditionally
smoked was determined. Methodology applied for gshaly included fat's extraction,
PAHs isolation using GPC and consequently qualigagjuantitative compound’s deter-
mination by HPLC-FLD/DAD. Mostly traditional methaaf smoking affected the higher
total PAHs contamination. For all products smoksthg both methods it was proved that
internal parts had a significantly lower total PAttstamination as well as each individ-
ual PAH content than exteriors of the same produotsspectively of smoking method
applied, benso[a]pyrene’s content was much lowan tmaximum tolerable limit of
5 g-kg?, which was set for smoked meat products in Conumigtegulation (EC) No.
208/2005.
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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) comprise targest class of chemical
compounds, containing two or more fused aromatiggimade up of carbon and hydro-
gen atoms, known to be genotoxic agents [SCF..220®AHs are formed in incom-
plete combustion processes which occur whenevedwaal or oil are burnt. Owing to
their mode of formation, PAHs are almost ubiquitgushe environment and therefore
enter to our food chain, especially via the air aaill[Falco et al. 2003, Lage Yusty and
Cortizo Davifia 2005, Simko 2002, Tfouni et al. 208&zquez Troche et al. 2000].
However, these contaminants are widespread in foffdsnot only as a result of the
environmental pollution but also as a consequericeome thermal treatments, which
are used in the preparation and manufacturing oflSqGuillen et al. 1997, Philips
1999]. Processing procedures, such as smokingaglryoasting, baking or frying are
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recognized as a major source of food contamindiipRAHs [Codex... 2005, Moret et
al. 2005, SCF... 2002, Yurchenko and Mdélder 2005].

The preservation of food (such as meat and fislklymis) by curing it with wood
smoke has been used since antiquity. As the geémeraftwood smoke is an example of
incomplete combustion, undoubtedly PAHs are geadrffodex... 2005, Philips 1999,
SCF 2002]. Originally the purpose was to preselneefood, partly by drying and partly
by adding anti-microbiological constituents suctphsnols from the smoke to the food.
At the present time smoking is mainly used to aghithe characteristic taste and ap-
pearance of smoked food with preservation playingreor role. However, smoking has
an influence on the shelf life of food because senmlay inhibit growth of some micro-
organisms depending on the contents of some compltike phenols in the smoked
food.

According to the Commission Recommendation 2005A08[Official... 2005 a]
further analyses of 15 genotoxic PAHSs in foodelisby The Scientific Committee on
Food, are necessary, especially in these kindoadstuffs, for which the maximum
tolerable limit of benzo[a]pyrene has been set om@ission Regulation (EC) No.
208/2005 [Official... 2005 b]. One of the groupsfobd, for which contamination of
benzo[a]pyrene and others genotoxic PAHs shouldnbeitored, are smoked meat
products.

It is thought that PAHs contamination of smokedd®aan be significantly reduced
by replacing conventional (traditional) direct srmak (with smoke developed in the
smoking chamber, traditionally in smokehouses) viiitthirect smoking. The latter is
obtained by an external smoke generator, whicipadern industrialized kilns, is oper-
ated automatically under carefulontrolled conditions, and smoke can be washed
from particles before coming into contact with thed.

Therefore, according to the Commission Recommendathe objective of this re-
search was to conduct studies on 15 PAHs contaimmat meat products smoked both
in industrial and traditional way and to determihe effect of smoking process on
PAHSs content in these products.

MATERIAL AND METHODS

Material

The material investigated compromise of four grogismeat products: hams,
cooked cured loins, raw cured loins and medium-gdosausages. Production of these
goods was conducted in one of the Warsaw surrogndiieat processing plant under
GMP (good manufacturing practice). The materiaétafor the research came from the
same three productive charges.

For the purpose of examining the influence of smgkprocess on PAHs content,
three batches of meat products were smoked appiyimdern and traditional smoking
technology. However, the traditional (conventiorsat)oking was also conducted at the
same meat processing plant.
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Method of smoking process

Industrial method of smoking included drying of neaurface and smoking in in-
dustrial smoking chamber with an external smokeegsor (Lutetia). This process of
thermal treatment was conducted in the followindeor light drying of meats’ surface
(150 min, 50-60°C), hot smoking (30 min, 65-70°@yl ateaming until the temperature
of 68-72°C in centre of these products was readhatth the exception of raw cured
loins). Finally they were cooled by using coldtaitemperature below 10°C.

Traditional method of smoking was conducted in giestl smoking kilns following
pattern of old smoking chambers with internal smgkeerator and furnace. A trolley
with meat products was introduced on tracks andguie heat of intensive burning of
wooden balks, and simultaneously by the small déomissf smoke these products were
dried. After this stage the fire was extinguished ghe wood sawdust were glowing
generating dense smoke under conditions of sme#isscof oxygen. Total time of dry-
ing and smoking process in the traditional chamibas 3 hours and 45 minutes for
hams, cooked cured loins, raw cured loins and aBduurs for medium-ground sau-
sages. After that time smoked products were steamgdthe temperature of 68-72°C
in centre of these goods was reached (with thepgixceof raw cured loins). Subse-
quently they were chilled to temperature below 10°C

Finally, smoked meat products from traditional asdlvas industrial smoking cham-
ber werechilled in temperature of 4°C for 24 hours.

Determination of PAHs

The determinations of PAHs in smoked meat prodwete performed. In order to
examine PAHSs diffusion from products’ exteriorstieir interiors, from every investi-
gated assortment two representative samples wéeeted for the study. The first ones
were external parts of smoked meat products (aaserrdnd about 0.5 cm layer below
the surface), whereas the other ones were intpartd of the same goods. In case of all
assortments three samples were taken to the detsion of PAHs content.

10-15 g of meat products previously ground in nggatder (with meshes’ diameter
0.3 mm) were homogenized with anhydrous sodiumateilf10-20 g). Next, after add-
ing 100 cni hexane/acetone mixture (60/40, v/v), the sample semicated for 30 min-
utes and organic phase was filtered off solid ngessd The glassware and filter were
washed two times with 20 ¢hhexane/acetone mixture (60/40, v/v) and combinit w
filtrate, which was subsequently evaporated alntosiryness (few drops) and redis-
solved in cyclohexane.

Further clean-up of cyclohexane extract was comdlcising column for gel per-
meation chromatography — Bio-Beads S-X3 330 x 10 rhront of the cyclohexane
extract was injected on the column. Chromatogrageiparation was performed by
isocratic method using mixture cyclohexane/ethgtare (50/50, v/v) as mobile phase
with flow 0.8 ml/min. The first fraction (0-15 cincontaining coloring materials and
lipids was discarded, while the second containiddH® (successive 7 cthwas col-
lected and concentrated under gentle stream afgatr for further analysis.

Collected fraction of PAHs, after evaporation aissdlving in acetonitrile (1 cfj
was analyzed by HPLC, Shimadzu, consisted of ligthidomatograph LC-10ATVP,
diode array detector SPD-M10AVP, fluorescence detdRF-10A XL, degasser DGU-
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-14A, auto injector SIL-10ADVP and system controlCL-10AVP, working under
dedicated software LabSolution 2.1. Chromatograptmalysis was conducted using
Baker's reversed phase chromatographic column BABEGRD PAH-16 Plus 250 x
3 mm, 5 um. Column temperature was@@ndgradient method of acetonitrile/water,
70/30 (A) and acetonitrile (B) with constant flow mobile phase 0.5 ml/min was ap-
plied. For the PAHs determination following deteatiparameters was used: diode
array detector DAD — 254 nm; fluorescence dete&iod (Ex/Em) — 270/420 nm,
270/500 nm, 270/470 nm. Qualitative-quantitativéedmination was carried out using
external standard method.

In this paper for 15 investigated compounds follugvabbreviations were assigned:
Cyclopenta[c,d]pyrene — C[c,d]p, Benzo[a]anthracen®[a]a, Chrysene — Chr, 5-
-Metylchrysene — 5-MChr, Benzol[j]fluoranthene —]B[Benzo[b]fluoranthene — BJ[b]f,
Benzo[K]fluoranthene — B[k]f, Benzo[a]pyrene — Bja]Dibenzo[a,h]anthracene —
D[a,h]a, Dibenzo[a,l]pyrene — D[a,l]p, Benzo[g,pglylene — B[g,h,i]p, Indenolc,d]
pyrene — I[c,d]p, Dibenzo[a,e]pyrene — D[a,e]p, &ibo[a,i]pyrene — D[a,i]p, Dibenzo
[a,h]pyrene — D[a,h]p.

Statistical analysis

The experimental design was intended to deternfiadrfluence of smoking proc-
ess on PAHs content in meat products. The obtaiesdts were statistically analyzed
using Statgraphics Plus 4.1 sofware. To estimagesibnificance of the differences
between the means of total and individual PAHs eanin traditionally and industrially
smoked meat products as well as internal and exdtgrarts of the same one good,
t-test was used, at significance levet 0.05. The experiment was carried out in three
replications.

RESULTS AND DISCUSSION

Mean values of PAHs content in the investigatedtrpeaducts smoked in modern
smoke chamber and traditionally are presented tieBal and 2. For every group of
meat products, PAHs contamination levels for exteamd internal parts are presented.
In Table 3 statistical analysis of smoking methoeffect on the content of particular
individual PAH in every meat products (test LSD)slsown. Moreover, analogically
statistical analysis of smoking method'’s influemeethe total content of PAHs in these
goods (test LSD) is presented in Table 4.

In case of hams, which were smoked using industigthod, out of 15 investigated
PAHSs, 14 compounds were detected in external pads7 in internal ones. The sum of
PAHs (15 PAHS) in exterior of these goods was equal4d2 pg-kg, whereas in
interior 2.78 pg-kd was determined. Benzo[a]pyrene’s content was atléivel of
0.37 pug-kd in external parts and 0.28 pgkim the deeper ones. In hams, for which
traditional method of smoking was applied, 12 PAi#se determined in external parts
and 8 ones in interior. PAHs contamination of th@seduct's exterior was about
23.59 pg-kg. For internal parts 3.26 ugkgf 15 PAHs was found. Content of
benzo[a]pyrene was equal to 0.43 pd-ky external parts, but for interior 0.27 pgkg
was determined (Table 1, 2).
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Table 1. Mean content of 15 PAHSs in meat produwddsstrially smoked, g-kg™*
Tabel? 1. rednia zawarto 15 WWA w produktach msnych wdzonych metod przemys ow,
gkg

Medium-ground
sausages

. Raw cured loins
Cooked cured loins

Hams — Szynki Pol dwice parzone R°| dwice Kie basy rednio
nieparzone :
rozdrobnione
PAHs — WWA
external internal external internal external internal external internal
part part part part part part part part
cz cz cz cz cz cz cz cz
zewntrzna rodkowa zewntrzna rodkowa zewntrzna rodkowa zewntrzna rodkowa
Cyclopenta[c,d]pyrene 1.62¢ 053 0.07 nd. n.d. n.d. 11.3%* 7.07"
Cyklopenta[c,d]piren +0.25 +0,15 +0.04 n.w. n.w. n.w. +0.47 +0.42
Benzo[a]anthracene 8.88? 0.412 6.48* 0.38* 2.56° 0.27 8.782 1.292
Benzo[a]antracen +0.78 +0.01 +0.45 +0.00 +0.36 +0.09 +0.20 +0.02
Chrysene 6.29° 0.56° 4.467 0.487 2.08? 0.352 6.63° 0.55°
Chryzen +046  +0.02 +040 006 006 014 +052  +0.05
5-Metylchrysene 1724 0.28* 2738 0.3¢° 1157 0.26° 2.08* 0.36*
5-metylchryzen +014  +000 +028 000 021 002 +005  +0.03
Benzo[jlfluoranthene 0.31 n.d. 0.31 n.d. n.d. n.d. 1.20 n.d.
BenzofjJfluoranten +0.09 n.w. +0.05 n.w. n.w. n.w. +0.17 n.w.
Benzo[b]fluoranthene 0.91® 0.46° 0.71% 0.33* 113 0.27 1.19° 0.68°
Benzo[b]fluoranten +005 +003  +0.02 001 020 001 +013  +0.12
Benzol[K]fluoranthene 0.90* 0.26° 0.65° 0.28° 0.26% 0.25° 1.18° 0.27°
Benzo[k]fluoranten +0.11 +0.01 +0.02 +0.00 +0.01 +0.01 +0.03 +0.01
Benzo[a]pyrene 0.37 0.287 0.30%° 0.28° 0.3%° 0.28° 0.89" 0.327
Benzo[a]piren +0.01 +0.00 +0.01 +0.00 +0.01 +0.01 +0.05 +0.01
Dibenzo[a,h]anthracene 0.49 nd. 0.48" 0.427 0.46 nd. 0.61 nd.
Dibenzo[a,h]antracen +0.02 n.w. +0.00 +0.01 +0.00 n.w. +0.02 n.w.
Dibenzo[a,l]pyrene 0.52 n.d. 0.43 n.d. 0.47 n.d. 0.68 n.d.
Dibenzo[a,lJpiren +0.02 n.w. +0.00 n.w. +0.01 n.w. +0.06 n.w.
Benzo[g,h,iJperylene 0.63 n.d. 047° 0.44% 0.51 0.48" 0.70 nd.
Benzo[g,h,i]perylen +0.00 n.w. +0.01 +0.00 +0.01 +0.01 +0.01 n.w.
Indeno[c,d]pyrene n.d. n.d. n.d. n.d. n.d. n.d. 0.97 n.d.
Indeno[c,d]piren n.w. n.w. n.w. n.w. n.w. n.w. +0.07 n.w.
Dibenzo[a,e]pyrene 0.55 n.d. 0.48° 0.43° 0.47° 0.44° 0.72% 0.50°®
Dibenzo[a,e]piren +0.02 n.w. +0.03 +0.00 +0.00 +0.00 +0.14 +0.01
Dibenzo[a,iJpyrene 0.58 n.d. n.d. n.d. n.d. n.d. 0.61 n.d.
Dibenzo[a,i]piren +0.02 n.w. n.w. n.w. n.w. n.w. +0.03 n.w.
Dibenzo[a,h]pyrene 0.65 n.d. n.d. n.d. n.d. n.d. 0.69 n.d.
Dibenzo[a,h]piren +0.03 n.w. n.w. n.w. n.w. n.w. +0.03 n.w.
15 PAHs 24.43° 2.78°  1754° 3.34° 9.4F° 25¢°  3827°  1108°
15 WWA +1.65 +0.18 +1.11 +0.06 +0.16 +0.27 +0.65 +0.56

n.d. — not detected.

Al, al; B2, b2; C3, c3; D4, d4 — the same small caital letters by the same number (within onenffour compari-
sons) in indices of two mean values denote steailyi significant difference between means at0.05 level.

n.w. — nie wykryto.

Al, al; B2, b2; C3, c3; D4, d4 — ta sama ma a wialka litera przy tej samej cyfrze (w ramach jegoe czterech po-
réwna ) w indeksach dwéch wartoi rednich oznaczajstatystycznie istotnré nic mi dzy rednimi na poziomie = 0,05.
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Table 2. Mean content of 15 PAHSs in meat produeiitionally smoked, g-kg*
Tabela 2. rednia zawarto 15 WWA w produktach msnych wdzonych metod tradycyjn,

gkgt

Raw cured loins Medium-ground

. Cooked cured loins X sausages
Hams — Szynki ] Pol dwice . .
Pol dwice parzone . Kie basy rednio
nieparzone :
rozdrobnione
PAHs — WWA
external internal external internal external internal external internal
part part part part part part part part
cz cz cz cz cz cz cz cz
zewntrzna rodkowa zewntrzna rodkowa zewntrzna rodkowa zewntrzna rodkowa
Cyclopenta[c,d]pyrene 3.26% 0.49* 1.27 nd. nd.. n.d. 12.17" 7.78"*
Cyklopenta[c,d]piren +0.25 +0.06 +0.21 n.w. n.w. n.w. + 257 +0.34
Benzo[a]anthracene 6.742 0.40 9.25* 0.22* 2.65°! 0.3 5.86% 1.51"
Benzo[a]antracen +0.39 +0.05 +0.22 +0.00 +0.10 +0.04 +0.13 +0.02
Chrysene 6.20° 0.68° 9.172 0.422 3.352 0.4 5.07° 0.57°
Chryzen +0.69 +0.08 +0.81 +0.01 +0.16 +0.06 +0.34 +0.03
5-Metylchrysene 1.28* 0.28* 2.98% 0.31° 0.81%° 0.29° 1.39* 0.38*
5-metylchryzen +0.19 +0.01 +0.13 +0.00 +0.04 +0.02 +0.02 +0.01
Benzol[j]fluoranthene 0.59 n.d. 0.43 n.d. 0.31 n.d. 0.83 n.d.
Benzol[j]fluoranten +0.24 n.w. +0.04 n.w. +0.02 n.w. +0.07 n.w.
Benzo[b]fluoranthene 1.50°° 0.46% 0.87* 0.2¢* 0.55 n.d. 0.72% 0.61™
Benzo[b]fluoranten +0.10 +0.03 +0.02 +0.00 +0.05 n.w. +0.03 +0.02
Benzo[K]fluoranthene 1.15° 0.24% 1.17% 0.24° 0.53 n.d. 0.89% 0.28°
Benzo[k]fluoranten +0.04 +0.00 +0.05 +0.00 +0.04 n.w. +0.02 +0.00
Benzo[a]pyrene 0.4F" 0.27" 0.37°¢ 0.29° 0.34 n.d. 0.40" 0.31"
Benzo[a]piren +0.02 +0.00 +0.01 +0.00 +0.00 n.w. +0.02 +0.01
Dibenzo[a,h]anthracene 0.53 nd. 0.497 0.467 0.52 nd. 0.47 n.d.
Dibenzo[a,h]antracen +0.01 n.w. +0.00 +0.01 +0.00 n.w. +0.01 n.w.
Dibenzo[a,l]pyrene 0.58 n.d. 0.50°% 0.46° 0.51 n.d. 0.45 n.d.
Dibenzo[a,l]piren +0.00 n.w. +0.01 +0.00 +0.00 n.w. +0.01 n.w.
Benzo[g,h,iJperylene 0.72 n.d. 0.79° 0.48° 0.6%* 0.494 0.61" 0.48®
Benzo[g,h,i]perylen +0.04 n.w. +0.03 +0.01 +0.00 +0.01 +0.02 +0.00
Indeno[c,d]pyrene n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Indeno[c,d]piren n.w. n.w. n.w. n.w. n.w. n.w. n.w. n.w.
Dibenzo[a,e]pyrene 0.6 0.448 0.49°  0.45% 0.51 n.d. 0.63° 0.53°
Dibenzo[a,e]piren +0.01 +0.00 +0.01 +0.00 +0.00 n.w. +0.03 +0.01
Dibenzo[a,i]pyrene n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Dibenzo[a,i]piren n.w. n.w. n.w. n.w. n.w. n.w. n.w. n.w.
Dibenzo[a,h]pyrene n.d. n.d. n.d. n.d. n.d. n.d. 0.64 n.d.
Dibenzo[a,h]piren n.w. n.w. n.w. n.w. n.w. n.w. +0.00 n.w.
15 PAHs 23.56° 3.26°  27.69° 361° 1076°  152° 30.11° 12.458°
15 WWA +0.75 +0.11 +0.50 +0.01 +0.26 +0.12 +2.40 +0.36

n.d. — not detected.

E1, el; F2, f2; G3, g3; H4, h4 — the same small capital letters by the same number (within onenffour compari-
sons) in indices of two mean values denote steailyi significant difference between means at0.05 level.

n.w. — nie wykryto.

El, el; F2, f2; G3, g3; H4, h4 — ta sama ma a wiaka litera przy tej samej cyfrze (w ramach jegoe czterech po-
réwna ) w indeksach dwéch wartoi rednich oznaczajstatystycznie istotnré nic mi dzy rednimi na poziomie = 0,05.
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Table 3. Statistical analysis of influence of srmgkimethod on particular PAH content in investi-
gated meat products (test LSD)

Tabela 3. Analiza statystyczna wp ywu metodydmenia na zawarto poszczegélnych WWA
w badanych produktach nsinych (test NIR)

Method of smoking (1 — industrial, 2 — traditional)
Metoda wdzenia (1 — przemys owa, 2 — tradycyjna)

Product
part of a . s o 2 o ol a
Produkt  product | T Sl=|6 =5 2T < 5 = %’ o= <
cz S|/ ol s g 28 2 g S
produktu 0 L
Hams external 1 2 1 2 1 1 1 1 1 1 1 -1 2 2
Szynki zewn trzna
2| 1|2 1/2 2l 2| 2| 2 2 2 201
internal 1 1 1 1 -1 2 1 - - - =1 - -
rodkowa
2 |2 2|2 2 1/2 2
Cooked external 1 1 1 1 1 1 1 1 1 1 1 -1 - -
cured loins zewn trzna
Pol dwice 2 2| 2|2 20 2] 2| 2 2 2 2 2
parzone internal 2 |1 |1 -2 2|11 1 1 - 1| - -
rodkowa
1|2 2 1 1| 2| 2 2 2 2
Raw cured external -1 1 2 1 1 1 1 1 1 1 -1 - -
loins zewn trzna
Pol dwice 2 2 1| 2| 2| 2| 2 2 2 2 2
nieparzone jnternal -1 |1 |1 -2 12 |2 - -1 -2 - -
rodkowa
2 |2 |2 1) 1| 1 2 1
Medium-  external 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
-ground zewn trzna
sausages 2 i) 1 21 1{ 1} 1, 21 1 1 1 1 1| 1| 1
Kiebasy jpternal |1 (1 |1 |1 | -1 |1 1| - - 1 - 1 - -
rednio rodkowa
rozdrob- 2 2|2 2 2 2 2 2 2
nione

C[c,d]p — Cyclopentalc,d]pyrene, B[a]a — Benzo[#ff@acene, Chr — Chrysene, 5-MChr — 5-Metylchry-
sene, BJj]f — BenzoljJfluoranthene, B[b]f — Benzdflboranthene, B[k]f — Benzo[k]fluoranthene, Blalp
Benzo[a]pyrene, D[a,h]a — Dibenzo[a,h]anthraceng,[p — Dibenzo[a,lJpyrene, B[g,h,i]p — Benzo[d]h,
perylene, I[c,d]p — Indenolc,d]pyrene, D[a,e]p -b&izo[a,e]pyrene, D[a,i]p — Dibenzo[a,i]pyrene, Blp —
Dibenzo[a,h]pyrene.

C[c,d]p — cyklopenta[c,d]piren, B[a]a — benzo[ajasen, Chr — chryzen, 5-MChr — 5-metylchryzen,
B[jIf — benzo[jlfluoranten, B[b]f — benzo[b]fluorden, B[k]f — benzo[k]fluoranten, B[a]p — benzo[akm,
D[a,h]a — dibenzo[a,h]antracen, D[a,l]p — dibenzfjaen, B[g,h,i]p — benzo[g,h,i]perylen, I[c,d}p indeno
[c,d]piren, D[a,e]p — dibenzo[a,e]piren, D[a,iJenzola,i]piren, D[a,h]p — dibenzo[a,h]piren.

In a research conducted by Jira [2004] dealing WittiHs contamination of smoked
hams, following mean concentrations of particul&HB was found: 0.13 pg-Kgfor
B[a]p, 0.61 pg-kg for B[a]a, 0.02 pg-k{ for D[a,h]a and 0.21 pg-Kgof B[b]f's con-
tent. In this paper similar amounts of mentionedHBAvere observed in internal parts
of the investigated hams. Moreover, for smoked hdradevel of 16 PAHs (EPA list)
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Table 4. Statistical analysis of influence of snmgkimethod on total PAHs content in investigated
meat products (test LSD)

Tabela 4. Analiza statystyczna wp ywu metodydmenia na sumarycznzawarto WWA

w badanych produktach nsinych (test NIR)

Raw cured loins Medium-ground

Hams Cooked cured loins . sausages
Method f . Pol dwice . .
i Ki Szynki Pol dwice parzone nieparzone Kie basy rednio
Of smoking P rozdrobnione
Metoda
w dzenia external partinternal partexternal partinternal partexternal partinternal partexternal partinternal part
cz cz cz cz cz cz cz cz

zewntrzna rodkowa zewntrzna rodkowa zewntrzna rodkowa zewntrzna rodkowa

1 — industrial 1 1 1 1 1 2 2 1
1 — przemys owa
2 — traditional 2 2 2 2 2 1 1 2

2 —tradycyjna

was determined by Jankowski [2004]. The mean contérthese compounds, which
was also assessed by Jira, was as follows: 0.6&/igf B[a]p, 1.44 pg-k{ of B[a]a,
0.12 ug-kg of D[a,h]a and 0.32 pg-Kgof B[b]f's concentration. Benzo[a]pyrene con-
tent’'s analysis in smoked hams was also investighyeKazerouni et al. [2001], who
stated the mean value of this compound at the E\@13 pg-kg.

For hams smoked in industrial as well as in trad#i way, it was shown, that exte-
riors of products mentioned above had statisticsilipificant higher total PAHs content
and also contents of each individual PAH than ikparts of these goods (Tables 1, 2).

In case of 12 analysed compounds, statistical fiigmice of differences in mean
content of particular PAHs in exterior of hams degfiag on smoking method was
proved. For 8 PAHSs, significant higher amounts fefse compounds were found in
hams traditionally smoked. Though industrial metlubdsmoking affected the higher
content of 4 PAHs — BJ[a]a, 5-MChr, D[a,i]p, D[a,h)hen it comes to internal parts,
the type of smoking process diversifies contenbofy 3 compounds — Chr, B[K]f,
D[a,e]p (Table 3).

However, statistical analysis, dealing with inflaerof smoking process on the sum
of 15 PAHSs in hams, did not reveal a significarftedlence between industrial and tradi-
tional smoking when it comes to external parts. tBe contrary, interiors of hams
smoked in traditional way showed statistically gigant higher 15 PAHs content than
industrially treated ones (Table 4).

In exteriors of cooked cured loins, among all iniggged PAHs, 12 compounds
were determined both in traditionally and industyismoked ones. 15 PAHs con-
tamination of external parts of these products shdeily smoked was 17.54 pg-kg
while for the same parts smoked in traditional way.69 pg-kg was found.
Benzo[a]pyrene’s content was estimated as equél j0gBkg’ in these loins, for which
industrial smoking method was applied, and 0.37kgit-for traditional treatment
(Table 1, 2). In internal parts of these goods ssddk modern (industrial) way 9 PAHs
were assessed, whereas for interiors smoked coomelty, apart from the same com-
pounds, additional D[a,l]p were found. The sum 5fPIAHs in deeper part’s of cooked
loins industrially smoked was equal to 3.34 pg:kgowever by using traditional proc-
ess was at the level of 3.61 ug*kgontent of benzo[a]pyrene in interiors of thessam
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products was equal to 0.28 ug'ip industrially smoked parts and 0.29 pgtkg con-
ventional ones (Table 1, 2).

Statistical comparison between external and integpaats’ contamination showed
that cooked cured loin’s interiors both industsiadind traditionally treated had signifi-
cantly lower 15 PAHs content as well as the contdnevery PAH than these meat
products’ exteriors, which had undergone respelgtitiee first and the second type of
processing (Table 1, 2).

For 10 of 12 detected compounds, which were fouméxternal parts of cooked
cured loins, it was confirmed that traditional samgksignificantly increased particular
PAHSs content. In case of interiors, 6 compoundsevassessed at the higher level by
using conventional method of smoking, while concatigns of 3 PAHs — B[a]a, B[b]f,
B[K]f — were significantly higher for industriallyeated ones (Table 3).

Moreover, for both parts of cooked cured loinswés statistically confirmed that
conventional smoking process influenced signifigahigher summary of PAHs con-
tent (Table 4).

Among all products under investigation raw cureithdp either traditionally or in-
dustrially smoked presented the lowest 15 PAHsamdntExternal parts of these as-
sortment smoked industrially and traditionally sleow 15 PAHs contamination as
equal respectively 9.42 pgkand 10.70 pg-ky(Table 1, 2). When it comes to indus-
trial treatment 10 PAHs were determined, howevewveational process caused forma-
tion of 11 PAHSs. In exteriors of raw cured loinglirstrially smoked 0.32 pg-Kgof
benzo[a]pyrene’s content was determined, and Og3Kgil for the same parts but tradi-
tionally treated. For internal parts of these gosi®ked in modern way 2.59 ug-kof

15 PAHs was shown. On the other hand, total com@ion by PAHs was equal
1.52 pg-kd for conventional method of smoking. In interiorstivése products industri-
ally processed 8 PAHs were assessed, and 0.28 haf-kgnzo[a]pyrene’s content was
determined. However, in conventionally treated omely 4 compounds were detected,
without that one, which played a role of PAHS’ icatior — B[a]p.

The same group of meat products (smoked raw coiad)lwas also investigated by
Jankowski [2004]. The mean B[a]p’s contaminationswstated at the level of
0.59 ug-kg. However, taking into consideration the standagdiation of the result
mentioned above (0.33 ugKyg it can be noticed that results of B[a]p’s comtes
vealed in this paper were very similar.

For raw cured loins smoked using both methodsai statistically proved that ex-
ternal parts were characterized by a significaghéi 15 PAHs contamination and
also particular compounds’ content than internaispaf these goods (Table 1, 2).

Similarly to cooked cured loins, in case of 9 PAldend in exteriors of raw cured
loins significantly higher content was assessedréatitional smoking process (Table 3).
Conversely, for internal parts of these assortnfiemt compounds were determined at
the significantly higher level when industrial methof processing was used (B[b]f,
B[K]f, B[a]p, D[a, €]p).

These results were also proved by statistical aiglgoncerning the relation be-
tween smoking method and 15 PAHs contamination of both external and interna
parts of raw cured loins. Therefore external pan®ked in traditional way revealed
significantly higher PAHs content than industriales. On the contrary, for interiors of
these goods industrial method caused significahigjher contamination by the ana-
lysed compounds (Table 4).
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For medium-ground sausages, the research showed tta PAHs of exteriors in-
dustrially smoked was equal to 38.27 pgtkgvhereas for traditional method it was
about 30.11 pg-KY In these parts of sausages industrially procedSe®AHs were
assessed, but in case of traditional process 1Beof. Mean content of B[a]p was de-
termined at the level of 0.89 pgképr sausages industrially smoked and 0.40 pif-kg
for conventional method. Meanwhile for interiorssafusages smoked in industrial way,
8 PAHs were detected, and benzo[a]pyrene’s coatethie level of 0.32 pg-Kg In case
of the same parts but traditionally processed 9 pmmds were detected and
0.31 ug-kd of benzo[a]pyrene’s content was determined. The sfirthe analysed
compounds in internal parts of sausages was equall05 pg-kg with industrial
method applied, while using traditional smokingateed 12.45 ug-k§(Table 1, 2).

Garcia Falcon et al. [1996] in a research concertianzo[a]pyrene’s content in
sausages traditionally smoked determined its mesment as equal 0.02 pgkgin
case of cocktail sausages B[a]p was even not @etebbowever, for frankfurter style
sausages the maximum content of B[a]p was equallQu@-kg'. Analysis of smoked
raw sausages was also conducted by Jira [2004lovio mean content of a few
PAHs were determined: 0.12 pgkeof B[a]p, 0.27 pg-kg of B[a]a, 0.023 pg-kg of
D[a,h]a and 0.23 of B[b]f's content. Furthermoridies dealing with sausages’ PAHs
contamination were also performed by Jankowski 4200he research revealed that for
medium-ground sausages industrially smoked (Podiskadype) the mean content of
PAHs detected also by Jira, was as follows: 0.3@&gi'gof B[a]p, 2.20 pg-kg of B[a]a,
0.15 ug-kg of D[a,h]a and 0.98 pg-Kgof B[b]f's content. Therefore, the results re-
ported by Jankowski [2004] were very similar to theults of this paper for interiors of
medium-ground sausages industrially smoked.

In comparison to the other investigated produais,shusages the least significant
difference was observed between external and atgarts’ total contamination in both
smoking methods. With regard to a small diametesugh meat products, these results
confirmed that diffusion of PAHs to the internalrigaof such goods is considerable.
Moreover, for each of smoking methods it was praoed exteriors of these assortment
had statistically significant higher content of lkedndividual PAH than internal parts
(Tables 1, 2).

On the basis of statistical analysis, it was stétadindustrial method of smoking sig-
nificantly increased PAHSs content in external paftsausages. It was observed in case of
14 analysed compounds (Table 3) and also for tiredul5 PAHs (Table 4). Conversely
in internal parts, for none of PAHs industrial siimgksignificantly affected higher content
of these compounds. Otherwise, for sausage’s ingeitiwas shown that traditional smok-
ing led to a significantly higher content of invigated contaminants (Table 4).

For two methods of smoking, in all meat productdarrinvestigation, B[a]p’s con-
tent did not exceed the maximum tolerable limibqgig-kg" according to the Commis-
sion Regulation (EC) No. 208/2005 [Official... 206b However, the data reported in
the literature on PAHs in smoked foods are higtdyiable. The main reason for such
discrepancies is the differences in the proceduses for smoking. The type and com-
position of wood and herbs used to smoke foodsptiskrect or indirect smoking, the
type of generator used, the accessibility of oxydemperature and smoking time all
contribute to its inconsistencies [SCF... 2002]rlkead Leinemann [1996] in their re-
search compared PAHs content in smoked fisheryyatsdrom modern smoking kilns
with external smoke generation with products froaditional smoking kilns where the
smoke was generated in direct contact with the yrbdrhe average benzo[a]pyrene
concentration determined for the traditional kilvess 1.2 ug-kg and 0.1 pg-kg for the
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modern kilns. These results are confirmed also ibyk& [2002], who stated that tech-
nologically correct smoking process contaminatexipcts only with small concentra-
tions of PAHSs.

CONCLUSIONS

1. Traditional method of smoking affected the higbentamination PAHs than in-
dustrial proceess. It was statistically confirmeddooked cured loins (both internal and
external parts), for internal parts of hams and iomehround sausages and also for
exteriors of raw cured loins.

2. Industrial smoking process influenced higher BAidntent only in case of interi-
ors of raw cured loins and exteriors of medium-gibgausages.

3. For all products smoked using both methods & weoved that interiors had a
significantly lower PAHs contamination as well ack individual PAH content than
exteriors of the same products.

4. Irrespectively of the smoking method appliednZmgalpyrene’s content was
much lower than maximum tolerable limit of 5 pg*kgvhich was set for smoked meat
products in Commission Regulation (EC) No. 208/20Derefore industrial and even
traditional smoking of meat is a safe process.
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WP YW METODY W DZENIA NA ZAWARTO
WIELOPIER CIENIOWYCHW GLOWODOROW AROMATYCZNYCH
W PRODUKTACH Ml SNYCH

StreszczenieW pracy badano zawartoWWA w czterech grupach produktéw rehych

w dzonych metod przemys ow oraz tradycyjn. Metodyka bada obejmowa a ekstrak-
cj tuszczu, izolacj WWA z zastosowaniem techniki chromatograBlowej oraz jako-
ciowe i ilo ciowe oznaczenie zwikéw z uyciem chromatografii cieczowej z selektyw-
nymi detektorami (HPLC—FLD/DAD). Tradycyjna metodadzenia wp yn a na wy szy
poziom skaenia przez WWA wikszo ci analizowanych prébek. W wypadku wszystkich
produktéw wdzonych w sposéb zaréwno tradycyjny, jak i przemysy zaobserwowano,

i cakowita zawarto sumy WWA oraz zawarto poszczegélnych WWA w czci
rodkowej produktéw by a istotnie statystycznie szia w poréwnaniu z czci ze-
wn trzn tego samego asortymentu. Niezale od zastosowanej metody deenia, za-
warto  benzo[a]pirenu by a istotnie miza od dopuszczalnego maksymalnego limitu
5 g-kg?, ustanowionego w Rozpormzeniu Komisji UE nr 208/2005 dla grupy produk-
téw mi snych wdzonych.

S owa kluczowe:wielopier cieniowe w glowodory aromatyczne (WWA), proces dze-
nia, produkty misne
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