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Abstract

In this study, 24 samples of smoked fish products were analysed in order to investigate the levels of the potently
carcinogenic PAHs. Salmon and rainbow trout samples were tested with a liquid choromatographic (HPLC) method. In none
of the smoked fish products benzo(a)pyrene, one of the potential carcinogenic PAH compounds limited in food codex
alimentarious was detected. However, benzo(a)antrecene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene,
compounds which could be carcinogenic for humans, were detected in the smoked samples. There is a significant correlation
between the fish fat and the total PAHs level. Consequently the average fat contents of the smoked salmon were significantly
higher than that of the smoked rainbow trout. It was also detected that the total PAH amount variations of the smoked fish
samples were due to the non-homogenous smoke dispersion in the traditional ovens and it was difficult to obtain
homogenous smoked fish products from traditional ovens.

Keywords: Rainbow trout, salmon, polycyclic aromatic hydrocarbons, benzo(a)pyrene.

iki Farkh Fiime Bahkta Ornek Olay incelemesi icin HPLC Prosediir Kullanmiyla Potansiyel Kanserojen
PAH Tespiti: istanbul / Tiirkiye

Ozet

Bu calismada, 24 adet dumanlanmis balikta potansiyel karsinojenik olan PAH’lar incelenmistir. Salmon ve gokkusagi
alabaligi numuneleri likit kromatografi (HPLC) metoduyla analiz edilmistir. Higbir dumanlanmis balik numunesinde gii¢lii
karsinojenik ve gida kodeksinde iist limiti belirtimis bir PAH olan Benzo(a)pyrene’e rastlanmamustir. Ancak yine karsinojenik
potansiyeli bulunan benzo(a)antrecene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, dumanlanmis balik
numunelerinde tespit edilmistir. Balik yag:1 ve toplam PAH miktarlar1 dogru orantilidir. Dumanlanmis salmon baliginin yag
orani dumanlanmig gokkusag:i alabalifindan fazladir. Ayrica dumanlanmis baliklarin toplam PAH miktarlar1 arasinda
farkliliklar da saptanmistir. Bu durum geleneksel firinda dumanlanmis 6rneklerin, dumani homojen bigimde alamamasindan
kaynaklanmaktadir.

Anahtar Kelimeler: Gokkusagi alabaligi, salmon, polisiklik aromatic hidrokarbonlar, benzo(a)pyrene.
Introduction

contaminants of foodstuffs and included various
sources such as contaminated soils, polluted air and

Smoking or smoke-curing as applied to fish is a
method of preservation effected by a combination of
drying and the deposition of naturally produced
chemicals resulting from the thermal breakdown of
wood (Kramlich et al., 1980). Wood smoke contains a
wide range of chemicals such as phenols, aldehydes,
acetic acid and a range of polycyclic hydrocarbons
(Wilson, 1981). Polycyclic aromatic hydrocarbons
(PAHs) are a group of compounds that have been the
subject of much concern in the recent years due to
their toxic potential. They are known as highly stable

water, made of cooking, food processing, pseudo-
curing with smoking flavour agents or wood
generation etc. reported previously (Derache, 1990;
Karl et al., 1996; Garcia Falcon et al., 1999; Simko,
2005; Reinik et al.,, 2007). Polycyclic aromatic
hydrocarbons (PAH) constitute a large class of
organic compounds containing two or more fused
aromatic rings made up of carbon and hydrogen
atoms. Hundreds of individual PAH may be formed
and released during incomplete combustion or
pyrolysis of organic matter, during industrial
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processes and other human activities. PAHs are also
formed in natural processes, such as carbonization. In
food, PAH may be formed during processing and
domestic food preparation, such as smoking, drying,
roasting, baking, frying or grilling. Of the many
hundreds of PAH, the most studied is benzo(a)pyrene,
which is often used as a marker for PAH in ambient
air and food (European Commission, 2002).

Smoke production is based on a process of
incomplete combustion. Gilbert and Knowles (1975)
reported, when wood is completely combusted only
carbon dioxide (CO,), water and ash are produced,
but incomplete combustion via thermal pyrolysis of
higher molecular organic compounds produces
compounds of lower molecular weight, this is the case
with PAHs, which are volatile in the gas phase.

The potentially carcinogenic PAH
benzo(a)pyrene is often used as an indicator of the
presence of PAHs in water and foodstuffs Derache
(1990). It is well known that PAHs are present in
smoke curing, and that they are easily deposited on
and can penetrate the food surface during traditional
smoking. In our country fish and meat is still flavored
using smoke generated by combustion of wood.
Wood smoke contains appreciable amounts of
carcinogenic PAHs, which are the main cause of
concern regarding its toxicity.

The safety of smoked fish has been controlled by
measuring benzo(a)pyrene level, which is one of the
most carcinogenic PAHs. European Commission has
limited the maximum acceptable concentrations of
benzo(a)pyrene at 5 pg kg' for smoked fish and
smoked fishery products, excluding bivalve molluscs.
The Turkish Codex Regulation (2008) has permitted
the maximum acceptable concentrations of
benzo(a)pyrene at 2.0 ug kg™ (wet weight) in smoked
fish. It’s essential that this limit should be controlled
and applied to scientific laboratory analysis for
smoked fish products which is prepared by liquid or
traditional smoking.

The present study was undertaken to examine
the PAH levels in smoked fish on the Turkish market.
By using HPLC with UV detection it was possible to
determine  simultaneously 16  different PAH
components including benzo(a)pyrene.

Materials and Methods
Preparation of Samples

Samples of cold smoked salmon (n=12) (Salmo
salar) and hot smoked rainbow trout (n=12)
(Oncorhynchus mykiss) were obtained from Ugurlu
Seafood Inc, which is one of the leader company in
terms of producing potentially smoked fish in the fish
market, in Istanbul, Turkey. The bones and the skin
of the smoked fish were removed, and the edible parts
of fish were homogenized. The samples were stored at
-20°C until the analysis.

Analysis of PAHSs

Extraction: The whole glassware was rinsed
with acetone before the analysis. Of the homogenate
approximately 5 g was weighed accurately into a 100
ml round-bottomed flask, 5 ml KOH (50%) solution,
75 ml methanol, 1 ml internal standard solution (9, 10
dimethylantracene) and a few boiling chips were
added. The mixture was boiled for 4 hours in
soxhelet. The liquid phases were transferred to a
separation funnel and extracted with 100 ml n-hexane
with rigorous shaking for 3 min. The methanol KOH
phase was drained and discarded. The combined n-
hexane phases were rinsed twice, each time with 50
mL of methanol-water (8:1) and with 50 ml water at
least. The methanol-water phase and water were
drained and discarded. The organic phase was
concentrated in a rotary evaporator (42°C, 19-21 kPa)
to a volume of approximately 10 mL under reduced
pressure. The concentrated extract was dried under
nitrogen steam as defined by Telli-Karakog et al.
(2002).

Silica Gel Column Clean-up: A slurry of 15 g
silica gel in n-hexane was transferred to a glass
column (length 200 mm; diameter: 12 mm) and 1 g
anhydrous sodium sulphate was added on top. The
excess of solvent was allowed to drain to the level of
sodium sulphate, the concentrated sample extract was
transferred to the column and eluated with 1 ml n-
hexane.

Stock Solutions: Stock solutions containing 0.1
mgm L of 9-10 dimethylantrecene were dissolved in
n-hexane were stored at 4°C, in volumetric flask (with
glass stoppers) wrapped in aluminium foil to avoid
possible light degradation. Working standard
solutions were prepared from stock solution.

Chromatographic Conditions: For PAH
compounds analysis, a Hewlett-Packard 1100 HPLC
equipped with an Agilent-1100 fluorescence detector
was used. Injection volume was 10 ul. The mobile
phase (acetonitrile-water) gradient was: 80%
acetonitrile +20% water with a flow rate 1 ml min™
and a wavelength of 270 nm. The external standard
mixture was used for calculation of the PAH
concentrations, considering the recovery rate of the
internal standard.

Fat and moisture Analysis

Each smoked fish samples was homogenized
and analyzed in triplicate. Fat and moisture analysis
of smoked fish fillets were done and reported
previously (AOAC, 1990).
Statistical Analysis

Analysis of variance (ANOVA) was performed
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on PAH concentration data using Statgraphics Plus
3.1 software (Statistical Graphics Corp., USA).The
significant  statistical level was set at P<0.05
(Agikgdz, 1990). Each PAH quantification was the
result of the mean of measurements carried out on
twelve individual smoked mackerel fillets, smoked
rainbow trout fillets and smoked salmon fillets.

Results

The PAH levels of smoked mackerel, rainbow
trout and salmon are shown in Table 1. The minimum,
maximum and mean values of individual compounds
and the total PAHs are given for each species. The
concentration of total PAH varied between 23.83-
79.74 ug kg™

The distribution of average total PAH amount,
average moisture content and average fat content in
the all smoked fish are shown in Figure 1.

As can be seen from Figure 1, the average total
PAH level of smoked rainbow trout (23.83%) was
lower than that of the smoked salmon (79.74%)
because of rainbow trout had low fat content than the

salmon. The average fat content of the smoked
salmon (6.57%) was significantly higher than the
average fat content of smoked rainbow trout (4.76%)
(P<0.05 at 95% confidence level). The levels of the
other carcinogenic compounds determined in this
study, namely  benzo(a)antrecene,  benzo(b)
flouranthene, benzo(k)flouranthene and benzo(g,h,i)
perylene were between 0.44 pg kg t0 9.55 ng kg™

Discussion

As a consequence, the total PAH level of
smoked mackerel and smoked salmon were higher
than that of smoked rainbow trout. Akpan et al.
(1994) reported that strong correlation is found
between fish lipids and PAH compounds. Especially,
the PAH compounds are stored in fatty fish tissue.
When fatty meat is grilled, a large amount of fat drops
onto the coals and, due to the high temperature, PAHs
are formed. As a consequence, smoke carries the
PAHs onto the surface of the meat products. Lower
concentrations of PAHs in sausages can be explained
by shorter grilling time (Reinik et al., 2007). Our

Table 1. PAH-levels in edible part of smoked fish from traditional smoke oven as pg kg

< T

. g, < =8
Fish = g o - < o e, <2 E . =

£ 3 . . £ 2 Z 2 : &5 2 2 F E 2 &G
RT, n=12
Min 047 nd nd nd nd 245 nd 4.56 nd nd nd 045 nd nd nd 197 99
Max 14.00 022 nd nd nd 1995 nd nd nd nd 550 nd nd nd nd 39.67
Mean 494 022 nd nd nd 1031 nd 4.56 nd nd nd 183 nd nd nd 1.97 23.83
S, n=12
Min 224 209 010 nd =nd 857 1.14 034 nd nd 955 016 nd nd 0.10 nd 34.55
Max 27.06 1136 044 nd nd 9206 nd 969 nd nd =nd 510 nd nd 078 nd 14649
Mean 1506 6.00 032 nd nd 3960 1.14 502 nd nd 955 261 nd nd 044 nd 79.74

RT: Rainbow Trout, Salmon: S, nd= not detected

Naphthalene = Naph, Acenaphtylene = Acenaph, Acenaphthene = A, Fluorene = F, Phenanthrene = Phe, Antracene = Ant, Fluoranthene =
Flu, Pyrene = Pyr, Benzo(a)anthracene = BaA, Chrysene = Chr, Benzo(f)fluoranthene = BfF, Benzo(k)fluoranthene = BKF, Benzo(a)pyrene
= BaP, Dibenzo(a,h)anthracene = DahA, Benzo(g,h,i)perylene = BghiP, Indeno(1,2,3-cd)pyrene = IPy.
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Figure 1. Average moisture (%), fat (%) and total PAH amounts in different smoked fishes.

1- Smoked rainbow trout, 2- Smoked salmon.
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results are in agreement with the results obtained by
Akpan et al. (1994) and Reinik et al. (2007). The
content of PAH in the edible parts of smoked fish
depends obviously on the concentration of these
compounds in the wood smoke, smoking temperature
and smoking time.

In this study, the amounts of the low molecular
weight PAHs such as naphthalene, pyrene,
acenaphthene were found higher than the high
molecular weight PAHs such as
benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(g,h,i)perylene in smoked fish samples. In
previous publications it was reported that the PAHs
with higher molecular weight are more carcinogenic
than the lower molecular weight PAHs (Potthast,
1979; Garcia Falcon et al., 1999; Moret et al., 2000).

The carcinogenic PAH levels in smoked fish
largely depend on the smoke generated by combustion
of wood and vary with the fat level of fish. Data
reported in the literature on PAH in smoked foods are
highly variable (Karl et al., 1996; Ova et al., 1998;
Simko, 2005; Reinik et al., 2007; Varlet et al., 2007).
The main reason for such discrepancies is the
differences in the procedures used for smoking. Such
variables include: the type and composition of wood,
type of generator (internal or external), oxygen
accessibility, temperature of smoke generation, and
smoking time, preparation of fish etc. Ova et al.
(1998) reported that the PAH levels were significantly
higher in the fish skins than in the edible parts, the
PAH levels of the edible parts were also higher than
the smoked fish as a whole in the smokehouse.
Besides, they also stated that fish skins act like a
barrier, and without this barrier the edible parts are
directly exposed to smoke. The variation of PAH
contents of smoked fish is directly connect with type
of smoking oven (automatic smoking oven or
traditional smoking oven). Karl et al. (1996) reported
that the average benzo(a)pyrene concentration
determined for the traditional ovens was 1.2 pg kg
and 0.1 pg kg for the modern ovens. In this study,
traditional smoking oven was used. The density of
smoke was regularly controlled with stable
combustion temperature of wood throughout the
smoking process. None of samples were contained
detectable benzo(a)pyrene. This also indicates the
safety of smoked fish.

It seems evident from the results obtained that
benzo(a)pyrene is not present in the smoked fish. In
this study, the amounts of the low molecular weight
PAHs were found higher than the high molecular
weight PAHs in the samples. However as the high
molecular weight PAHs are more carcinogenic at
lower levels the tolerable limits of these compounds
should also be established by food codex regulations.

Generally in Turkey, fish and meat are still
flavoured using smoke generated by combustion of
wood. Wood smoke contains appreciable amounts of
carcinogenic PAHs, which are the main cause of
concern regarding its toxicity. However, this process

is controlled by the manual handling of the smoking
conditions, which depends on the experience of the
personnel.
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