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Abstract

This paper presents methods of reduction of polcyaromatic hydrocarbons (PAHS) in
grilled or smoked meat and fishery products. Usiagwords such as "smoking", "grilling",
"processing", "roasting", "barbecue”, "curing", duetion”, "decrease”, "polycyclic aromatic
hydrocarbon", "benzo(a)pyrene”, "removal”, 119%rehces were collected from databases.
After sorting, only 37 appeared to be relevanh®tbpic of the review. These 37 papers were

coded with one or two keywords representing methmfd®AHs reduction using R-based

1



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Qualitative Data Analysis library. The results sleothat PAHs reduction strategies can be
applied either before (or during) grilling or smogi (barrier methods) or after grilling or
smoking (removal methods). Before grilling or smmaki use of marinade, preheating of
products, appropriate fuel (poor in lignin), filteollection system of juice and fat (to avoid
them dripping into embers) are the main strategibch can be applied. After grilling or
smoking, the methods consist of washing the suréd@amoked or grilled products with hot
water (60 °C) or storing smoked products packea iltw density or high density
polyethylene. A flowchart regrouping methods whichn be used individually or in

combination for PAHs reduction in smoked meat asldefry products is suggested.

Keywords: systematic review, benzo(a)pyrene, PAHs remdual] safety

1. Introduction
Polycyclic aromatic hydrocarbons (PAHS) are envinental pollutants which are also found
in processed food after heat treatment such asimgas grilling and smoking (SCF, 2002;
WHO, 2006). Since PAHs are recognized to be cagan@ to humans, several studies have
been carried out to investigate its presence i fand feed (Yebra-Pimentel et al., 2012;
Essumang et al., 2013; Yebra-Pimentel et al., 26H3ano et al., 2016; Rozentale et al.,
2018; Ingenbleek et al., 2019). Scientific Comnaitten Food (SCF) of European commission
selected, based on their genotoxicity and carcimiegyg, sixteen PAHs as priority to be
investigated in food (SCF, 2002). According to Eheopean Food Safety Authority (EFSA),
four polycyclic aromatic hydrocarbons [PAH4: ber@pfrene (BaP), benz(a)anthracene
(BaA), benzo(b)fluoranthene (BbF) and chrysene (§JH#Re the suitable indicators to be
used for PAHs occurrence and toxicity in food (EF2808). Among these PAH4, BaP was
classified in group 1 (carcinogenic to human) drelthree others were classified in group 2B
(possibly carcinogenic to humans) by the IntermetioAgency for Research on Cancer

(IARC) (WHO/IARC, 2012). In 2006, European Commassset maximum limits of 5 pg/kg
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and 30 pg/kg for BaP and sum of PAH4, respectivialgmoked meat and fish. These limits
were then revised and the new limits are, sinceéeBaper ¥, 2014, 2 pg/kg and 12 pg/kg for
BaP and sum of PAH4, respectively, in smoked medtfish (EC regulation No. 1881/2006).
Traditional methods of grilling and smoking leadR&Hs contamination of processed food,
including smoked shrimp and fish (Akpambang et2009; Kpoclou et al., 2014; Ingenbleek
et al., 2019) and grilled or smoked meat (Essunetrad., 2012; Viegas et al., 2012; Duedahl-
Olesen et al., 2015). During traditional food snmgkithe product is laid on mesh tray or even
hung on support directly above burning wood or cbak (Berkel et al., 2004; Kpoclou et al.,
2014; Assogba et al., 2019). Also, various fudle(toconut shell and husk), wood species
(such asAcacia auriculiformis Mangifera indicd and smoking equipments (like Chorkor and
barrel kilns) can be used during traditional smgkof fishery products (Essumang et al.,
2013; Kpoclou et al.,2014; Assogba et al., 201%esE kinds of fuels were reported to be
factors enhancing PAHs formation (Codex Alimentari2009; Kpoclou et al., 2014). In
shrimp traditionally smoked using acacia wood ar@harkor kiln in Benin, Kpoclou et al.
(2014) reported very high levels of BaP and PAH4{ad 100 pug/kg and 400 ug/kg for BaP
and PAH4, respectively), far above the EU maximumit$. Elevated levels of BaP were also
reported in commercial samples of smoked fish ct#lé from Benin and Nigeria markets,
exceeding 15 times (Akpambang et al., 2009) antin38s (Ingenbleek et al., 2019) the EU
threshold of 2 pg/kg. The presence of PAHs in eplilbor smoked meat and fishery products
was also reported by several authors (Perell6. e2@D9; Martorell et al., 2012; Viegas et al.,
2012; Fasano et al., 2016; Rey-Salgueiro et al.72Bozentale et al., 2018; Ingenbleek et al.,
2019; Mastanjevi et al., 2020). Because of the high toxicity ofsdae&ompounds (including
genotoxicity and carcinogenicity), several studiese carried out on population consuming
such PAHs contaminated food, including meat anbefig products (Llobet et al., 2006;

EFSA, 2008; Marti-Cid et al., 2008; Domingo and Bla@015; Iko Afé et al., 2020).
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The formation of polycyclic aromatic hydrocarbomsfood could be influenced by several
factors. Codex Alimentarius (2009) enumerated teth@se factors which are: fat content of
the food and what happens to it during procesding; (woods and other plant material and
others); smoking method (direct or indirect); smaeneration process in relation to the
temperature of pyrolysis and to airflow in the caske a smoke generator (friction,
smouldering, thermostated plates); distance betweefood and the heat source; position of
the food in relation to the heat source; duratibrsrmoking; temperature during smoking;
design of the smoking chamber and the equipmend dise smoke/air mixture (which
influences the smoke density in the smoking chajnbd#eanliness and maintenance of
equipment.

Several studies (Roseiro et al., 2011; Skaljad.ef814; Skaljac et al., 2018) reported that
modifying traditional smoking techniques enable reduce PAHs formation. Among
innovation associated to smoking equipment, we Isdnthe presence of a ventilator (to
ensure homogeneity of heat or to maintain temperatusmoking chamber), of trolleys (for
hanging product), or of devices to collect fat @nelvent it from falling into embers (Stumpe-
Viksna et al., 2008; Roseiro et al., 2011; Essumetngl., 2014; Lee et al., 2016; Skaljac et
al., 2018, Bomfeh et al., 2019). The use of indissnoking technique and the presence of a
filter have also been recorded (Codex Alimentara@$)9; Bomfeh et al., 2019).

This literature review presents several methodsl usereduce PAHs in smoked or grilled

meat and fishery products for future re-engineeahngaditional methods.

2. Methodology
2.1. Inclusion criteria
Only original papers published after 2000, based reduction of polycyclic aromatic

hydrocarbons in meat and fishery products, werertakto consideration.
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2.2. Search strategy
Scientific papers were searched on online databsigels as AGORA (Access to Global
Online Research in Agriculture), Science Direct &wogle Scholar on July 2018, using
specific terms individually or in combination usiBgolean tools (or, and, not). These terms
were “smoking”, “grilling”, “processing”, “roastiig “barbecue”, “curing”, “reduction”,
“decrease”, “polycyclic aromatic hydrocarbon”, “lzega)pyrene”, “removal’. All references
collected were recorded in an excel file and da@piceferences were removed. A selection of

relevant references related to the topic of intevess performed based first on the titles,

secondly on the abstracts and finally on the &xt of the paper.

2.3. Software used
Microsoft excel 2013 was used to record refererioegluplicate removal and for graphic
realisation. EndNote software (version X3) was usgdexport references from web and
manage them into a database. After assigning oheamkeywords to selected papers, which
expressed methods of PAHs reduction, the packadmsBd Qualitative Data Analysis
(RQDA) was used from R Studio (Version 1.1.456, &0for qualitative analysis. All

keywords were gathered in different clusters fat pbnstruction.

3. Results and discussion

3.1. Selection of relevant papers
A total of 1191 papers were found using the keywargntioned above, and after duplicate
removal, title, abstract and full text screeninglyo37 were selected to write this review
(Figure 1). The geographical location of the stadiéthese 37 papers showed that the PAH
reduction in grilled or smoked meat or fish is arlwide concern. Among the 37
publications, 18 were from European countries a@dviére conducted in both Africa and
Asia, two continents regrouping developing and eingr countries in which grilling or

smoking processing is still traditionally carriegto
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124 3.2. Network analysis of the 37 selected publicatis

125 In figure 2, the methods of PAHs reduction are espnted by nodes connected among them
126 by arrows forming a network. This network is comgub®f 11 methods of PAHs reduction
127 divided in two groups called clusters. The firgister includes 9 methods of PAHs reduction
128 applicable before or during processing while theoad cluster includes 3 methods of PAHs
129 reduction applicable after processing (packagingraf product, use of lactic acid bacteria
130 and washing of contaminated product with hot watamong which the use of lactic acid

131 Dbacteria is applicable either before or after pssoey.

132 3.3. Reduction strategies of PAHs applicable befornd during grilling or smoking

133 3.3.1. Typeof fuel used

134 Several authors reported that the use of certgestyof woods to generate smoke during
135 grilling or smoking may lead to the production obra PAHSs. It was also reported that fuel
136 containing high amount of lignin produces largeoamnts of PAHs during its burning (Codex
137 Alimentarius, 2009). Moreover, soft wood containgrenlignin than hard wood (Essumang et
138 al., 2013). Table 1 presents the lignin contergarhe tree species. Two plant trees have less
139 than 10% of lignin $esbania sesbaand Eucalyptus camaldulengjsten plant trees have
140 lignin content between 10% and less than 20% amdhifee others have lignin content above
141 20% (Table 1). Species such @ssbania sesba(b.7% lignin), Eucalyptus camaldulensis
142 (7.9% lignin),Azadirachta indicg9.7% to 13.2% lignin), oMangifera indica (10.4% lignin)
143 could potentially produce lower amounts of PAHs witeey are used for grilling or smoking.
144  According to Kpoclou et al. (2014), acacia wodktdcia auriculiformi$ produced higher
145 amounts of PAHs (BaP and sum of PAH4) than mang® wood Mangifera indicd during
146 smoking of shrimp in both Chorkor and barrel kilRAHs levels (wet weight) recorded in

147 shrimp smoked in Chorkor were 107 pg/kg (BaP) &8 18g/kg (sum of PAH4) when acacia
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wood was used (Table 2a) and 67 pg/kg and 258 pfgkgBaP and sum of PAH4,
respectively, when mango tree was used (Kpoclal e2014).

Essumang et al. (2013) reported that the use @freage bagasse for fish smoking enables to
reduce the BaP and PAH4 levels in smoked fish (ex@tksardine, tuna) compared to acacia
wood and mangroves (Table 2a).

Similar studies conducted by Stumpe-Viksna et28l08) also tested several species of woods
(apple, alder, alder + juniper, spruce, maple, hatem, aspen, bird-cherry, rowantree and
also charcoal) for pork smoking. The PAHs conceiuing in smoked pork ranged between 6
and 35 pg/kg for BaP (Table 2a) and between 484aridug/kg for the sum of 15 PAHSs
(Table 2a) (Stumpe-Viksna et al., 2008). The low®aP concentration recorded in the
smoked pork were 6 pg/kg, 9 ng/kg and 9 pg/kg fiplese maple and alder respectively
(Stumpe-Viksna et al., 2008). In the same way, Rbk@lesen et al. (2010) explored the use
of alder for fish smoking and concluded that itutesd in the production of high amounts of
PAHs comparatively to the use of beech wood (datahown).

Other studies carried out about wood species usethdustrial smoking process were
reported by Hitzel et al. (2013) and Malarut anchiffaai (2018). Hitzel et al. (2013) tested
beech, oak, spruce, poplar, alder, hickory as a®lmixed woods with addition of spices
(Table 2b). These authors found out that poplardvomuld be used to limit PAHs formation
(Table 2b). Malarut and Vangnai (2018) reported Badd PAH4 concentrations ranging
between 0.4 and 0.5 pg/kg; and between 1.1 anddlKg (Table 2b) respectively, in sausage
smoked using beech, neefzédirachta indicg copper podCassia siamea earleaf acacia
(Acacia auriculiformi$ and eucalyptusHucalyptus camaldulengisAlso, in this study, the
PAH levels recorded in sausages smoked using tinesevood types were below the EU
maximum limits of 2 pg/kg and 12 ug/kg, for BaP @odn of PAH4 respectively. These low

PAH levels reported by Hitzel et al. (2013) and &tat and Vangnai (2018) using different
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woods seem more related to the industrial smolkéegrtique used than to the wood species

used.

3.3.2. Improvement of process during meat or fish grilling or smoking and effect on
PAHs reduction

Use of casingGomes et al. (2013) and Ledesma et al. (20153rexpnted the use of casing
as a barrier against PAHs deposition and to prepgradlysis of melt fat. The use of hog or
collagen casing resulted in significant reduction RAHs formation during Portuguese
“chouricd (a dry-cured fermented sausage) production (Goeted., 2013) (Table 3a). In
the same way, Ledesma et al. (2015) also foundléeels of BaP whenchorizd (Spanish
smoked meat) was stuffed into natural casing (frmg intestine) or into collagen casing
(Table 3a). The use of different types of casingbéed to reach levels of BaP and PAH4
below the EU maximal limits of 2 ug/kg and 12 pg(kable 3a).
Treatment of fuel before smoking(data not shown). Other technique to control foramaof
PAHSs is to apply physical or chemical treatmentshi fuel before its use. Chaemsai et al.
(2016) experimented the use of pre-heated (650°&)gnove charcoal. None of individual
PAH4 were detected in samples of smoke generated fmangrove charcoal burnt in a
furnace. The mangrove charcoal was produced acwptdithree carbonisation temperatures
(500, 750 and 1000°C) and pre-heated at 650°C fombites, 20 minutes and 5 hours before
their use (Chaemsai et al., 2016). Chaemsai €2@16) suggested that for PAHs reduction, it
IS necessary to let charcoal fully glow before tgtgrgrilling. In the same way, Lee et al.
(2016) suggested that for charcoal-grilling, mdwtudd be laid on tray 12 minutes after flame
was generated. With the use of this strategy astutito the prevention of meat juice
dripping into embers, Lee et al (2016) showed radomf the sum of PAH4 of 89% (from

21.8 to 2.4 pug/kg) in grilled meat.
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Use of a filter. Essumang et al. (2014) showed that the use otachhfilters (activated or
not) in modified traditional kilns enabled to demse PAHs amounts (compared to controls
without filters) in fish smoked using acacia, fdn {Table 3a) or sugarcane bagasse and
mangroves (data not shown). All samples of fish lsdousing these charcoal filters were
compliant with EU regulation regarding BaP concatndn. Parker et al. (2017) also
developed filters composed of zeolite, which, wkiegy were pre-treated before use allowed
to reduce PAHs deposit on smoked food (data notvsholn the same way, Babet al.
(2018) also reported very low concentration of PilsHsmoked carp when zeolite and other
filters (gravel or granular activated carbon) wased during smoking (Table 3a). Activated
carbon has been previously used to eliminate PABI® ffish oil samples using adsorbent
extraction as decontamination treatment (Yebra-Rigiet al., 2014).

Use of wrapping technique Another way to decrease PAHs deposition on grittezht is to
create a barrier between the products and the smaleerding to Farhadian et al. (2011),
when meat was wrapped in aluminium foil or ban@aeaés, the BaP level in grilled meat was
very low (Table 3a), and below the EU maximal limoft2 pug/kg. Similarly, Eldaly et al.
(2016a), also observed the same low BaP levelsléTa#) when beef and mutton were
wrapped in aluminium foil before charcoal grillisgmpared to control without wrapping.
Preheating before smoking.n the study of Farhadian et al. (2011), BaP wadetettable
(below 0.03 pg/kg) in grilled beef or chicken whemarinated meat was preheated in
microwave (180 °C; 40-60 seconds) or steam pretda °C; 2-4 minutes) before grilling
(Table 3b).

Use of non-conventional apparatusRecently, Oz and Yuzer (2016) investigated PAHS
content in beef steak when it was cooked on wirstane barbecue. PAHs concentration was
low in all barbecue samples no matter the cookypg in term of BaP (between undetectable

(<0.07 pg/kg) and 0.3 pg/kg) and sum of PAH4 (betwendetectable and 1.3 pug/kg) (Table
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3b). In addition, Park et al. (2017) also repotieat the use of infrared, electric grill or grill
pan to grill pork belly lead to undetectable Baels (<0.05 pg/kg) (Table 3b).

Cold smoking, use of liquid smoke and other smokerpduction methods. Another way of
PAHSs reduction is to use liquid smoke for fish having or to perform cold smoking which
requires low temperature (18-25°C) (Codex Alimentgr2009). According to Hattula et al.
(2001), the use of liquid smoke flavouring as d@erahtive to traditional flue gas smoking to
smoke trout fillet Oncorhynchus mykis®nabled to reduce PAHs contamination of the final
product (data not shown). To apply this method) figas firstly soaked into brine solution
(210 g of salt per litre), then cold smoked bypiiig them 10-120 seconds in a water
solution containing 10 to 12.5% of liquid smokethe same way, Hitzel et al. (2012) showed
very low concentrations of BaP (0.3 pg/kg) and sainPAH4 (2.5 pg/kg) in dry-smoked
fermented sausage after cold smoking (Table 3bhinfPann et al. (2013) also explored
different smoke production methods during smokedchémted sausage production, such as
smouldering smoke, steam smoke, friction smoketandh smoke. All meat samples were

compliant with EU maximal limits of BaP (2 pg/kg)daPAH4 (12 pg/kg) (Table 3b).
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3.3.3. Useof marinade to decrease PAHs
Use of fruit juice, spices, herbs and teaRecently, several studies highlighted the use of
some fruit juice, spices, herbs and tea to red#dtls formation in smoked or grilled meat by
soaking meat before processing (Eldaly et al., BQBsnaga et al., 2016; Park et al., 2017,
Wang et al., 2017; Lu et al., 2018). Marinating trfea 60 minutes in juice aZanthoxylum
acanthopodiunresulted in a 2.6 times reduction (Table 4) of ldneel of BaP in charcoal-
grilled duck meat (787 ug/kg for non-marinated @88 pg/kg for marinated meat) (Sinaga et
al., 2016). However, the level of BaP was stillwbigh and far above the EU maximal limit
of BaP.
Farhadian et al. (2012) also reported reductioBa®® (70%) when beef samples were soaked
in different acidic marinades (lemon juice) (TaB)ewith BaP levels below the EU maximal
limit (2 pg/kg). The addition of oil or/and alkab marinade (water, sugar, oyster sauce, salt,
garlic powder, black pepper powder) applied to kdicbefore grilling resulted in an increase
of sums of PAH4 and PAH16 compared to the contrithoaut marinade (Table 4)
(Wongmaneepratip and Vangnai, 2017).
Use of beer and teaViegas et al. (2014) experimented the use ofethlué#ferent beers
(Pilsner beer, non-alcoholic pilsner beer and blbekr) to marinate pork before grilling.
Only black beer resulted in levels of BaP (1.1 @y/lower than 2 ug/kg in grilled pork
(Table 4). Apart from beer, marinade with greendewnhite tea or yellow tea also resulted in
undetectable levels of BaP (Table 4) and PAH8 (PAH&enzolk]fluoranthene (BKF),
benzo[ghi]perylene (BgP), dibenz[a,h]lanthraceneADIndeno[1,2,3-cd]pyrene (IcP)) (data
not shown) in charcoal-grilled chicken wings (Waetaal., 2018). Other teas like Yerba mate
tea or green tea used in different proportions5%20.5% and 1%) to marinate pork belly
before grilling enabled to reduce BaP levels (1219%24.5% for green tea and 18.7% to

31.5% for yerba mate tea) in charcoal-grilled poeky pork (Park et al., 2017). However, the

11
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BaP levels recorded in marinated charcoal-grilleckbelly (Table 4) were still exceeding
the EU maximal limit of 2 pug/kg.

Use of pomace and potato juiceGarcia-Lomillo et al. (2017) showed that the wade
marinade composed of red wine pomace seasoning §3We¥fore barbecue grilling beef
meat leads to a significant (p<0.05) increase ofi®Aontents, compared to the control (BaP
of non-marinated barbecued beef: 0.2 pg/kg; Bamafinated barbecued beef: 0.3 pg/kg)
(Table 4) (Garcia-Lomillo et al., 2017). The BaRels of samples collected before and after
barbecue grilling (Garcia-Lomillo et al., 2017) welbelow EU maximal limit of BaP (2
Hg/kg).

Use of Lactic acid bacteria (LAB) Bartkiene et al. (2017) used lactic acid bactériaB)
such asPediococcus acidilacticiKTUO05-7), Pediococcus pentosace&TU05-9) and
Lactobacillus sakefKTUO05-6) to decrease PAHs content in sausagepblyeng them before
and after smoking by using sterilised potatoesejias substrate. According to the authors,
significant decrease of PAHs (BaP and sum of PAH4mMoked sausages treated with LAB

before and after smoking was recorded (Table 4).

3.4. Methods applied after grilling or smoking forPAHs removal from processed meat
or fishery products

3.4.1 .Packaging system and ultraviolet (UV) application
Kuzmicz and Ciemniak (2018) reported that when smolachts were stored in different

types of plastic bags [Polyethylene terephthalBteT(), High-density polyethylene (HDPE),
Low density polyethylene (LDPE), Polypropylene (P@xo-degradable (FO)], PAHs levels
highly decreased and all packed samples (storedoah temperature (22 £ 2 °C) and at
cooling temperature (between+4°C and +6°C)) wemapdiant to EU regulation (data not
shown). The reduction of BaP level (below 2 pghkgs also reported when LDPE film was

used to pack roasted duck and smoked sausage @)atdden and Chen, 2005; Semanova et

12
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al., 2016). According to Chen and Chen (2005), parkoasted duck meat into LDPE
package at 25°C enabled to reduce 73% of BaP laftet 24 hours storage (Table 5).
Moreover, the same authors reported that the it of UV (2-3 hours) to LDPE film also
contributes to PAHSs reduction (13.5%-29.2%) and rgri®AHs affected by this method, BaP
was the most sensitive to UV (data not shown). Harelimited relevant information is
available about the impact of the use of UV on feafety in food industry.

3.4.2. Washing of smoked products (data not shown)

Another method of PAHs removal from smoked fistoisvash smoked fish with hot distilled
water (60°C, 2-3 minutes) (Mahugija and Njale, 201Brom eight smoked samples of
Synodontis victoriaavith BaP levels ranging between 390 and 1550 pggkgen showed
undetectable BaP levels (<0.1 pg/kg) after hot matashing (Mahugija and Njale, 2018).
However, these authors did not discuss organolepacacteristics of washed smoked fish, as
one can expect that washing smoked product wiltedese its taste and aroma. Moreover, the
shelf life of washed smoked fish is short and fertstudies should focus on storage and

preservation of the washed smoked fish.

3.5. Perspective for future process re-engineering

Among the reduction methods of PAHs in smoked diedrproducts, some methods (Figure
3) can be used individually or in combination tcm&ase PAHs levels in food. After basic
cleaning operations, the raw meat, fish or shrirap be preheated either in microwave, or
steam cooked aiming to reduce the exposure tinggnioke during grilling or smoking. The
crucial step is the quality of fuel (charcoal oragd to be used for smoke production. The use
of dry wood having low lignin content is recommedd8&moking can be performed by using
a direct or an indirect technique. In the direchteque, the smoke is generated in the same
chamber in which the food is processed, contrarfhéoindirect process where the smoke is

being developed in a chamber, separate from wheréobd is smoked (Codex Alimentarius,
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2009). In both techniques, the smoking equipmeatishhave a filter composed of charcoal
or activated charcoal (Esumang et al., 2014) olitee@arker et al., 2017; Babet al., 2018)
or luffa sponge (vegetable filter) (Ndiaye et &014; Bomfeh et al., 2019). Moreover, the
smoking equipment should have a fat collectionesystvhich enable to avoid fat dripping
into embers during smoking or grilling. Additionglbefore laying the raw material on mesh
tray, the smoking equipment should firstly be hedte about 12 minutes from the moment
the flames appear as suggested by Lee et al. (20h6)smoked product can eventually be
washed using hot water (for immediate consumptanjirectly packed in LDPE of HDPE
packaging (if the legislation of the country allowte& use of polyethylene). Even thought,
some strategies mentioned above could not be apfoligoroduction of high quantity of food,
or might affect sensory characteristics, they carekplored for a future re-engineering of

traditional grilling or smoking process.
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4. Conclusions
This literature review provides relevant informatitor PAHs reduction or removal from
grilled or smoked meat and fishery products. Madnng preheating, use of filter and system
of fat collection, wrapping of product are someht@ques which can be applied before
smoking or grilling while washing the end produatth warm water or packing in LDPE or
HDPE are some methods which can be applied afteregsing for PAHs reduction. The
application of these techniques suggests, in sases¢ additional production cost. The big
challenge is the technical and financial feasikgit of these techniques in developing

countries at low and medium scale.

15



359
360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

Acknowledgments
This study was fully funded by PRD-QUALISANI (2015ARES-CCD (Académie de

Recherche et d’Enseignement Supérieur, Commis&da Goopération au développement).

16



383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

References

Akpambang, V. O. E., Purcaro, G., Lajide, L., AmdoA., Conte, L. S., Moret, S., 2009.
Determination of polycyclic aromatic hydrocarboriBAHs) in commonly consumed
Nigerian smoked/grilled fish and meat. Food Ad@ibntam. A 26, 1096-1103.

Assogba, M. F., Anihouvi, D. G. H., ko Afé, O. HKKpoclou, Y. E., Mahillon, J., Scippo, M.-
L., Hounhouigan, D. J., Anihouvi, V. B., 2019. Pessing methods, preservation
practices and quality attributes of smoked and sdakied fishes consumed in Benin.
Cogent Food and Agric. 5, 1-13.

Babi, J., Kartalow, B.D., Skaljac, S., Vidako%j S., Ljubojevé, D., Petrow, J.M.,
Cirkovi¢, M.A., Teodorow, V., 2018. Reduction of polycyclic aromatic hydadoons in

common carp meat smoked in traditional conditiéimd Addit. Contam. B 11, 208-213.

Bartkiene, E., Bartkevics, V., Mozuriene, E., Kriewgciute, V., Novoslavskij, A., Santini,
A., Rozentale, I., Juodeikiene, G., Cizeikiene, BD17. The impact of lactic acid
bacteria with antimicrobial properties on biodegamh of polycyclic aromatic
hydrocarbons and biogenic amines in cold smoke# pausages. Food Control 71,
285-292.

Berkel, B.M-V., Boogaard, B.V.D., Heijnen, C., 200Breservation of fish and meat,
Agrodok-series 12. Agromisa Foundation, WageningeaNetherlands.

Bomfeh, K., Jacxens, L., Amoa-Awua, W.K., Tandoh,Afoakwa, E.O., Gamarro, E.G.,
Ouadi, Y.D., Meulenaer, B.D., 2019. Reducing pobtfy aromatic hydrocarbon
(PAH) contamination in smoked fish in the Globalu8o a case study of an improved
kiln in Ghana. J. Sci. Food Agric. 99, 5417-5423.

Codex Alimentarius. 2009. Code of practice fortb@uction of Contamination of food with
polycyclic Aromatic hydrocarbons (PAH) from Smokiagd direct drying processes.

Codex Alimentarius Commission/Recommended inteonaticode of practice

17



408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

(CAC/RCP 68-2009), first edition. Available at:

http://www.fao.org/input/download/standards/1125¥RC 068e.pdf.

Chaemsai, S., Kunanopparat, T., Srichumpuang, dph&fratana, M., Tangduangdee, C.,
Siriwattanayotin, S., 2016. Reduction of the poblwyaromatic hydrocarbon (PAH)
content of charcoal smoke during grilling by chalcgreparation using high
carbonization and a pre-heating step. Food Addiht@mn. A 33, 385-390.

Chen, J., Chen, S., 2005. Removal of polycyclicmatic hydrocarbons by low density
polyethylene from liquid model and roasted meabd=Ghem. 90, 461-4609.

Domingo, J.L., Nadal, M., 2015. Human dietary expes to polycyclic aromatic
hydrocarbons: A review of the scientific literatuF@od Chem. Toxicol. 86, 144-153.

Duedahl-Olesen, L., Christensen, J.H., Hojgard,@yanby, K., Timm-Heinrich, M., 2010.
Influence of smoking parameters on the concentratid polycyclic aromatic
hydrocarbons (PAHS) in Danish smoked fish. Foodiddibntam. A 27, 1294-1305.

Duedahl-Olesen, L., Aaslyng, M., Meinert, L., Cheissen, T., Jensen, A.H., Binderup, M.-

L., 2015. Polycyclic aromatic hydrocarbons (PAH) Dranish barbecued meat. Food
Control 57, 169-176.
[EC] European Commission, 2006. Regulation No 138026 of 19 December 2006 setting
maximum levels for certain contaminants in foodstudff. J. Eur. Union L 364, 1-40
[EFSA] European Food Safety Authority, 2008. Pobly Aromatic Hydrocarbons in food:
Scientific opinion of the panel on contaminantsha food chain. Eur. Food Saf. Auth. J.
724,1-114.

Eldaly, E.A., Hafez, A.-E.E., Darwish, W.S., El-HahR.M.A., Elmalt, D.F., 2016a. Effect

of Heat Treatments on Polycyclic Aromatic Hydroeard Formation in Meat.

Zagazig Vet. J. 44, 263-272.

18



432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

Eldaly, E.A., Hussein, M.A., EI-Gaml, A.M.A., El-frey, D.E., Mishref, M.A., 2016b.
Polycyclic Aromatic Hydrocarbons (PAHS) in Charcdatilled Meat (Kebab) and
Kofta and the Effect of Marinating on their ExistenZagazig Vet. J. 44, 40-47.

Essumang, D.K., Dodoo, D.K., Adjei, J.K., 2012. yRgtlic aromatic hydrocarbon (PAH)
contamination in smoke-cured fish products. J. F6othpos. Anal. 27, 128-113.

Essumang, D.K., Dodoo, D.K., Adjei, J.K., 2013. &€ff of smoke generation sources and
smoke curing duration on the levels of polycyclioraatic hydrocarbon (PAH) in
different suites of fish. Food Chem. Toxicol. 58;%4.

Essumang, D.K., Dodoo, D.K., Adjei, J.K., 2014.dgtive reduction of PAH contamination
in smoke cured fish products using charcoal filtera modified traditional kiln. Food
Control 35, 85-93.

Farhadian, A., Jinap, S., Hanifah, H.N., Zaidug.|.2011. Effects of meat preheating and
wrapping on the levels of polycyclic aromatic hyclkdoons in charcoal-grilled meat.
Food Chem. 124, 141-146.

Farhadian, A., Jinap, S., Faridah, A., Zaidul, MS$.2012. Effects of marinating on the
formation of polycyclic aromatic hydrocarbons (befadpyrene, benzo[b]fluoranthene
and fluoranthene) in grilled beef meat. Food Cdriz8) 420-425.

Fasano, E., Yebra-Pimentel, I., Martinez-Carballq, Simal-Gandara, J., 2016. Profiling,
distribution and levels of carcinogenic polycydimmatic hydrocarbons in traditional
smoked plant and animal foods. Food Control 59; 581

Garcia-Lomillo, J., Viegas, O., Gonzalez-SanJosel..MFerreira, I.M.P.L.V.O., 2017.
Influence of red wine pomace seasoning and higlyemyatmosphere storage on

carcinogens formation in barbecued beef pattieatdei. 125, 10-15.

19



455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

Gomes, A., Santos, C., Almeida, J., Elias, M., Rosd..C., 2013. Effect of fat content,
casing type and smoking procedures on PAHs cont#nortuguese traditional dry
fermented sausages. Food Chem. Toxicol. 58, 369-374

Hattula, T., Elfving, K., Mroueh, U.-M., Luoma, T2001. Use of Liquid Smoke Flavouring
as an Alternative to Traditional Flue Gas Smokinig Rainbow Trout Fillets
(Oncorhynchus mykisd_ebensm.-Wiss. u.-Technol 34, 521-525.

Hitzel, A., P6himann, M., Schwagele, F., Speer, Xra, W., 2012. Polycyclic Aromatic
Hydrocarbons (PAH) and Phenolic Substances in Gotbked Sausages Depending
on Smoking Conditions Using Smouldering Smoke.obdRes. 1, 45-59.

Hitzel, A., Péhlmann, M., Schwagele, F., Speer, Kra, W., 2013. Polycyclic aromatic
hydrocarbons (PAH) and phenolic substances in preatucts smoked with different
types of wood and smoking spices. Food Chem. 1539.982.

Iko Afé, O.H., Saegerman, C., Kpoclou, Y.E., AnikpuV.B., Douny, C., Igout, A,
Mabhillon, J., Hounhouigan, D.J., Scippo, M.-L., B02Polycyclic aromatic
hydrocarbons contamination of traditionally grillpdrk marketed in South Benin and
health risk assessment for the Beninese consurmed Addit. Contam. A (in press).

Ingenbleek, L., Veyrand, B., Adegboye, A., HossBIE., Koné, A.Z., Oyedele, A.D., Kisito,
C.S.K.J., Dembélé, Y.K., Eyangoh, S., Verger, Peblanc, J.-C., Durand, S.,
Venisseau, A., Marchand, P., Bizec, B.L., 2019y®ydlic aromatic hydrocarbons in
foods from the first regional total diet study iml&Saharan Africa: contamination
profile and occurrence data. Food Control 103, 133-

Kpoclou, E.Y., Anihouvi, V.B., Azokpota, P., Sounman M.M., Douny, C., Brose, F.,
Hounhouigan, D.J., Scippo, M.-L., 2014. Effect oélfand kiln type on the polycyclic
aromatic hydrocarbon (PAH) levels in smoked shrim@Beninese food condiment.

Food Addit. Contam. A 31, 1212-1218.

20



480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

Kuzmicz, K., Ciemniak, A., 2018. Assessing contambratiof smoked spratsSprattus
sprattug with polycyclic aromatic hydrocarbons (PAHs) aoldanges in its level
during storage in various types of packaging. Jifén. Sci. Health Part B 53, 1-11.

Ledesma, E., Rendueles, M., Diaz, M., 2015. Chariaetion of natural and synthetic casings
and mechanism of BaP penetration in smoked mealupts. Food Control 51, 195-
205.

Lee, J.-G., Kim, S.-Y., Moon, J.-S., Kim, S.-H.,i€p D.-H., Yoon, H.-J., 2016. Effects of
grilling procedures on levels of polycyclic aronsatiydrocarbons in grilled meats.
Food Chem. 199, 632-638.

Llobet, J.M., Falco, G., Bocio, A., Domingo, J.2006. Exposure to Polycyclic Aromatic
Hydrocarbons through Consumption of Edible Maripe&es in Catalonia, Spain. J.
Food Prot. 69, 2493-2499.

Lu, F., Kuhnle, G.K., Cheng, Q., 2018. The effettommon spices and meat type on the
formation of heterocyclic amines and polycyclicraadic hydrocarbons in deep-fried
meatballs. Food Control 92, 399-411.

Mahugija, J.A.M., Njale, E., 2018. Effects of wasli on the polycyclic aromatic

hydrocarbons (PAHSs) contents in smoked fish. Foodt®I| 93, 139-143.

Malarut, J.-a., Vangnai, K., 2018. Influence of wotypes on quality and carcinogenic
polycyclic aromatic hydrocarbons (PAHs) of smokadsages. Food Control 85, 98-
106.

Marti-Cid, R., Llobet, J.M., Castell, V., Domingd,L., 2008. Evolution of the dietary
exposure to polycyclic aromatic hydrocarbons in altatia, Spain. Food Chem.

Toxicol. 46, 3163-3171.

21



503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

Martorell, 1., Nieto, A., Nadal, M., Perell6, G.,até, R.M., Domingo, J.L., 2012. Human
exposure to polycyclic aromatic hydrocarbons (PAt#shg data from a duplicate diet
study in Catalonia, Spain. Food Chem. Toxicol.&M)3-4108.

Mastanjeut, K.M., Kartalovi, B.D., VraneSe, J.M., Novakov, N.J., Habschied, K.J., 2020.
Polycyclic aromatic hydrocarbons in traditionalipsked Slavonska kobasicdood
Addit. Contam. B (in press).

Min, S., Patra, J.K., Shin, H.-S., 2017. Factorfuencing inhibition of eight polycyclic
aromatic hydrocarbons in heated meat model systend Chem. 239, 993-1000.

Ndiaye, O., Sodoke Komivi, B. and Diei-Ouadi, YO12. Guide for developing and using the
FAO-Thiaroye processing technique (FTT-Thiaroyente, FAO.

Oz, F., Yuzer, M.O., 2016. The effects of cookingwire and stone barbecue at different
cooking levels on the formation of heterocyclic raatic amines and polycyclic
aromatic hydrocarbons in beef steak. Food Chem. 2®86.

Park, K.-C., Pyo, H., Kim, W., Yoon, K.S., 2017.f&fts of cooking methods and tea
marinades on the formation of benzo[a]pyrene ifiegiipork belly (Samgyeopsal).
Meat Sci. 129, 1-8.

Parker, J.K., Lignou, S., Shankland, K., Kurwie, 8riffiths, H.D., Baines, D.A., 2017.
Development of a Zeolite Filter for Removing Polgly Aromatic Hydrocarbons
from Smoke and Smoked Ingredients whilst Retairiiveg Smoky Flavor. Journal of
Agricultural and Food Chem. 66, 2449-2458.

Perelld, G., Marti-Cid, R., Castell, V., LlobetM], Domingo, J.L., 2009. Concentrations of
polybrominated diphenyl ethers, hexachlorobenzema golycyclic aromatic
hydrocarbons in various foodstuffs before and afterking. Food Chem. Toxicol. 47,

709-715.

22



527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

o47

548

549

550

551

Pohimann, M., Hitzel, A., Schwagele, F., Speer, Xra, W., 2013. Influence of different
smoke generation methods on the contents of pdigcyromatic hydrocarbons
(PAH) and phenolic substances in Frankfurter-typesages. Food Control 34, 347-
355.

Rey-Salgueiro, L., Martinez-Carballo, E., Cid, 8imal-Gandara, J., 2017. Determination of
kinetic bioconcentration in mussels after shorimteaxposure to polycyclic aromatic
hydrocarbons. Heliyon 3, e00231.

Roseiro, L.C., Gomes, A., Santos, C., 2011. Infbeenf processing in the prevalence of
polycyclic aromatic hydrocarbons in a Portuguesalitional meat product. Food
Chem. Toxicol. 49, 1340-1345.

Rozentale, I., Zacs, D., Bartkiene, E., BartkeVi¢s,2018. Polycyclic aromatic hydrocarbons
in traditionally smoked meat products from the BaBtates. Food Addit. Contam. B
11, 138-145.

Sankar Ganesh, P., Gajalakshmi, S., Abbasi, SOB9.2Vermicomposting of the leaf litter of
acacia Acacia auriculiformi3. Possible roles of reactor geometry, polyphenats]
lignin. Bioresour. Technol. 100, 1819-1827.

[SCF] Scientific Committee on Food, 2002. Opinidrthee Scientific Committee on Food on

the risks to human health of polycyclic aromatiditocarbons in food expressed on 4

December 2002, available at: http://ec.europa.ed/fe/sc/scf/outl53 en.pdf

Semanova, J., Sklarsova, B., Simon, P., Simka2@.6. Elimination of polycyclic aromatic
hydrocarbons from smoked sausages by migrationpolgethylene packaging. Food
Chem. 201, 1-6.

Sinaga, K., Legowo, A.M., Supriatna, E., Pramond.Y2016. Reduction of benzo(a)pyrene
in charcoal grilled duck meat by marinating with daliman gZanthoxylum

acanthopodiumbDC) fruit juice. J. Indonesian Trop. Anim. Agri¢l, 204-208.

23



552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

Skaljac, S., Petrovic, L., Tasic, T., Ikonic, Rokdnovic, M., Tomovic, V., zinic, N.D., Sojic,
B., Tjapkin, A., Skrbic, B., 2014. Influence of skmag in traditional and industrial
conditions on polycyclic aromatic hydrocarbons eomtin dry fermented sausages
(Petrovska klobasa) from Serbia. Food Control 20, 18.

Skaljac, S., Jokanovic, M., Tomovic, V., Ivic, Masic, T., Ikonic, P., Sojic, B., Dzinic, N.,
Petrovic, L., 2018. Influence of smoking in tradital and industrial conditions on
colour and content of polycyclic aromatic hydroeard in dry fermented sausage
“Petrovska klobasaLWT - Food Sci. Technol. 87, 158-162.

Stumpe-Viksna, |., Bartkevics, V., Kukare, A., Maaws, A., 2008. Polycyclic aromatic
hydrocarbons in meat smoked with different typesvobd. Food Chem. 110, 794-
797.

Viegas, O., Novo, P., Pinto, E., Pinho, O., FeaelrM.P.L.V.O., 2012. Effect of charcoal
types and grilling conditions on formation of heiyclic aromatic amines (HAs) and
polycyclic aromatic hydrocarbons (PAHs) in grilleduscle foods. Food Chem.
Toxicol. 50, 2128-2134.

Viegas, O., Yebra-Pimentel, |, Martinez-Carballg,, Simal-Gandara, J., Ferreira,
[.M.P.L.V.O., 2014. Effect of Beer Marinades on ation of Polycyclic Aromatic
Hydrocarbons in Charcoal-Grilled Pork. J. AgricoBdChem. 62, 2638-2643.

Wang, C., Xie, Y., Qi, J., Yu, Y., Bai, Y., Dai, .i, C., Xu, X., Zhou, G., 2018. Effect of
Tea Marinades on the formation of polycyclic aramdtydrocarbons in charcoal-
grilled chicken wings. Food Control 93, 325-333.

WHO, 2006. Evaluation of certain food contaminargscty-fourth report of the Joint
FAO/WHO Expert Committee on Food Additives. WHO fieical Report Series 930.

Rome, Italy.

24



576

S77

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594
595
596
597
598
599
600
601
602
603

WHO/IARC (World Health Organization/ InternationAlgency for Research on Cancer),
2012. International Agency for Research on Cancendgraphs on the evaluation of

carcinogenic risks to humans. 100 F. Lyon, avadadtl https://monographs.iarc.fr/wp-

content/uploads/2018/06/monol100F.pdf.

Wongmaneepratip, W., Vangnai, K., 2017. Effectsodftypes and pH on carcinogenic
polycyclic aromatic hydrocarbons (PAHSs) in grilledicken. Food Control 79, 119-
125.

Yao, S., Wu, G., Xing, M., Zhou, S., Pu, J., 20D@etermination of lignin content iAcacia
sppusing near-infrared reflectance spectroscopy. Bssurces 5, 556-562.

Yebra-Pimentel, |., Fernandez-Gonzalez, R., Mazti@arballo, E., Simal-Gandara, J., 2012.
Searching ingredients polluted by polycyclic araméiydrocarbons in feeds due to
atmospheric or pyrolytic sources. Food Chem. 18332051.

Yebra-Pimentel, 1., Martinez-Carballo, E., Regueith, Simal-Gandara, J., 2013. The
potential of solvent-minimized extraction methodsthe determination of polycyclic
aromatic hydrocarbons in fish oils. Food Chem. 1Z®86-1043.

Yebra-Pimentel, |., Fernandez-Gonzalez, R., Mazti@arballo, E., Simal-Gandara, J., 2014.
Optimization of purification processes to removdypyclic aromatic hydrocarbons

(PAHS) in polluted raw fish oils. Sci. Total Enuro470-471, 917-924.

25



604
605
606
607

608
609

610
611

612

613

614

615

616

617

Publications collected from databases (n=1191)

\ 4

Removal of duplicates (n=411)

A 4

Publications after duplicates removal 78()

Articles not eligible based on title (n=663

~—"

\ 4

\ 4
Publications screened based on abstracts (n=11})

Articles not eligible based on abstragts

\4

A 4

Remaining articles (n=52)

A 4

Articles excluded after full reading (n=15)

\4

Publications retained after full reading and included in thisevey

26

Figure 1. Flow chart of references selection to write thigee. Number “n” in brackets

corresponds to the number of papers selected htstage



618

Cluster2

Methods applicable after processing

|

® '®
. Use of lactic acidbacteria (LAB) Washing of contaminated product with PAHs using hot water
Package (HDPE, LDPE, application of UV) (n=1) (n=2)
(n=3)
Wrapping of product before procesglg"" inium foil or b | ‘ Smoke filtersﬂ(zeolite, activated or
(n=2) ‘ non-acitvated charcoal)
‘ (n=3)
Cold srlr:iokfe, use of Ilq;n.d ?mc&e, tkype of smoke L | y Preheating'%f Taw material
{smou e(:;u:g;)steam, Kicson smaketc) . Wy ‘ / (steam or(microwave preheating)
~ \ / 3 b
' ~- ‘ / -~ e
Marinade (tea, food ingredients; beer) A ) / g __—Preheating of charcoal before processing
(n=6) R0 : [ i - (n=1)
| @
) S ~e P : | p o Type of fiel (wood species, lignin content, charcoal)
Casing (hog, natural, collagen and synthietic) S N ) \ / - T (n=14)

Methods applicable before/during processing

Clusterl

619

620 Figure 2. R-based Qualitative Data Analysis plot showinghmds of PAHSs reduction collected from the 37 papslected for this review.
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636 Table 1. Lignin content of some wood species commonly usedmoke meat and fishery

637

products

Scientific name as

mentioned by the authors

Common name

Lignin content (%) References

Beech 12.5
Eucalyptus camaldulensis Eucalyptus 7.9 Malarut and Vangnai (2018)
Cassia siamea Copper pod 14.4
Azadirachta indica Neem 9.7-13.2
Malarut and Vangnai (2018)
Earleaf acacia or
Acacia auriculiformis 13.7-14.7 Sankar Ganesh et al. (2009)
pencil tree
Acacia melanoxylon - 19.7
Acacia crassicarpa - 21.2-23.1 Yao et al. (2010)
Acacia mangium - 20.4-21.9
Acacia cincinnata - 18.7-22.2
Cajanus cajan Pigeon pea 14
Calliandra calothyrus Red calliandra 11.4
Quick stick
Gliricidia sepium 11.1
Mexican lilac Sankar Ganesh et al. (2009)
Mangifera indica Mango 104
Large leaf
Flemingia macrophylla 19.3
flemingia
Sesbania sesban Common sesbhan 6.7

638
639

640

- . data not presented in the cited paper
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642

643

Table 2 PAHSs levels in smoked products using differenb@egpecies or charcoal according to traditionallsngp(a) and industrial smoking

(b)
(@)

Smoked or Smoking BaP Total PAHs  Reference and number (n)
Type of fuel PAH4 (ug/kg)
grilled product equipment (na/kg) (na/kg) of collected samples
Acacia auriculiformis 107.0+44.8 394.2+165.2
Shrimp Chorkor kiln -
Mangifera indica 67.4+329 257.8+134.1 Kpoclou et al. (2014)
Acacia auriculiformis Barrel kiln 91.8+21.03 481.7+£62.6 n=24
Shrimp -
Mangifera indica 67.1+20.2 280.5+107.4
Sardine 16.6 40.7 1143.3
Cigar minnows 0.5 50.7 873.2 Essumang et al. (2013)*
Acacia Chorkor kiln
Tuna 5.9 22.9 620.7 n=120
Mackerel 41.3 452 12801
Sardine 1.4 17.5 670.6
Essumang et al. (2013)*
Sugarcane bagasse Cigar minnows  Chorkor kiln 3 57.5 547.1
n =120
Tuna 0.6 24.7 515.1
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Mackerel 1.3 169.4 942.3
Sardine 1.6 43.0 859.7
Cigar minnows 2.9 6.8 676.2 Essumang et al. (2013)*
Mangroves
Tuna 0.6 35.3 667.1 n=120
Mackerel 15.2 225.8 994.0
Apple 6.0 47.9
Alder 9.4 75.3
Alder + Juniper 204 192.7
Spruce 32.3 470.9
Maple 9.3 113 Stumpe-Viksna et al.
Home-made
Hazel Pork 31 343.7 (2008)
smoking kiln
Plum 30.6 324.7 n =30
Aspen 35.1 307.1
Bird-cherry 17.3 126.4
Rowantree 20.1 183.9
Commercial charcoal 10.01 80
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645

646

(b)
Smoked or grilled Smoking BaP Total PAHs  Reference and number (n)
Type of fuel PAH4 (ug/kg)
product equipment (na/kg) (na/kg) of collected samples
Beech 0.7+£0.1 43+0.5 104+14
Oak A T1900 0.5+0.0 3.2+£0.3 7.3+£0.6
Spruce smoking 0.6+0.1 3.3x04 7.4+0.8
Poplar chamber witha 0.4 £0.03 2.8+0.2 6.2+0.9
Frankfurter-type
Alder smouldering 0.8£0.2 4.7+05 10.9+£0.7
sausages (Mix of Hitzel et al. (2013)
Hickory smoke generator 0.5 £ 0.1 2.7%+0.3 6.3x1.1
beef meat and n=>51
Beech (RZ 325), 06+0.1 4.8 +£0.7 10.9+0.8
pork)
Oak Fessmann 0.2 +0.03 28+0.2 92+1.6
Spruce (Winnenden, 0.5+0.04 3.4+£0.2 8.1+£0.8
Poplar Germany), 0.3+£0.02 2.4+ 0.1 58+04
Alder 0.6 £0.01 44+0.2 10.6 £0.3
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648

649

650

651

652

653

Hickory 0.3+0.02 2.6 £0.03 6.9+0.01

Beech 0.5+0.03 1.5+0.04 34+2.8
Combined

Azadirachtaindica 0.4+0.03 1.1+0.04 34.1+0.5
Chambers CS

Cassia siamea 0.5+0.1 1.5+0.1 33.7x3.4 Malarut and Vangnai
350 (Kerres

Acacia Sausage (Pork) (2018)
Smoke-air, 0.4+0.01 1.2+0.2 24.4+£3.6

auriculiformis n=15
Backnang,

Eucalyptus
Germany) 0.4+0.1 1.3+0.2 33.3+0.4

camaldulensis

*. data of this author were presented in dry weight data not presented in the cited paper; BaBnzo(a)pyrene; PAH4: benzo(a)pyrene,

benz(a)anthracene, benzo(b)fluoranthene and cley3etal PAH: total polycyclic aromatic hydrocarlscemalysed in the cited paper.

33



654

655

656
657

658

Table 3. PAHs levels in grilled or smoked fish and mead anoducts (a) using of casing, filter or wrappteghnique or (b) by preheating the

raw material before smoking, using non-conventi@pgdaratus or using different smoke generation ousth

(@)

Use of casing, use of filter and Smoked or BaP PAH4 Total PAHs Reference and number (n) of

wrapping technique grilled product  (ung/kg) (ng/kg) (ng/kg) collected samples

Use of casing

Hog casing + indirect smoking 0.3 6.4 -

Hog casing + direct smoking Chourico 0.3 7.3 - Gomes et al. (2013)

Collagen casing + indirect smoking  (Pork) 0.1 4.2 - n=32

Collagen casing + direct smoking 0.2 4.8 -

Natural casing ) 1.7+0.2 - - Ledesma et al. (2015)
Chorizo(Pork)

Collagen casing <LOD - - n=16

Type of filter

Control 0.6 2.8 185.3

Zeolite Commoncarp <LOD (0.6) 0.9 52.4 Babi et al. (2018)

Gravel fish <LOD 1 66.3 n =44

Granular activated Carbon <LOD <LOD 54.3
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660

661

662

Sardine 4.3 688.7
Control
Cigar minnow 2.5 632.7
Locally activated charcoal (Soaking in g5/dine <LOD (0.1) - 434.1 Essumang et al. (2014)*
phosphoric acid and heating in n=120
furnace (600 °C, 6h)) Cigar minnow 0.5 454.8
_ . Sardine <LOD - 326.9
Commercial activated charcoal _ _
Cigar minnow <LOD - 284.5
Type of wrapping technique
o o . Chicken and
Wrapping in aluminium foll <LOD (0.03) - - .
beef Farhadian et al. (2011)
Wrapping in Banana leaves Chicken 15+0.1 - n=16
Wrapping in Banana leaves Beef 05+0.1 -
Without wrapping Beef 05+0.3 6.83
Wrapping in aluminium foll Beef 0.10.1 - 1.3
_ _ Eldaly et al. (2016a)
Without wrapping Mutton 0.03 +£0.02 26.8
Wrapping in aluminium foll Mutton <LOD 6.3
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664

(b)

Preheating before smoking, use of non-

Smoked or BaP PAH4 Total PAHs  Reference and number
conventional apparatus and use of
grilled product (ng/kg) (ng/kg) (ng/kg) (n) of collected samples
different smoke generation methods
Preheating before smoking
Marinated beef Farhadian et al. (2011)
Steam preheating or microwave preheating <LOD (0.03) - -
and chicken n=16
Use of non-conventional apparatus
Barbecue with wire <LOD (0.07)-0.3 <LOD-09 - Oz and Yuzer. (2016)
beef steak
Barbecue with stone <LOD-0.3 <LOD-1.3 - n=32
Park et al. (2017)
Infrared-ray, electric grill or grill pan Pork bell <LOD (0.05) - -
n=15
Use of different smoke generation methods
Hitzel et al. (2012)
Cold smoking using smouldering smoke Mini salamis .3 £©0.2 25+0.7 59+1.7

n=36
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Smouldering 1.9+£0.7 0.3+0.1 48+1.7
Frankfurter-type

Steam 0.1+0.1 0.9+0.7 2114 Pohimann et al. (2013)
sausage
Friction 0.03+0.01 0.3+0.1 0.7+0.2 n=63
Touch smoke 0.1 £0.02 1.6+0.3 3.5+£0.8
665 *: data of this author were presented in dry weightOD: below limit of detection; - : data not presedtin the cited paper; BaP :

666 benzo(a)pyrene; PAH4: benzo(a)pyrene, benz(a)arehea benzo(b)fluoranthene and chrysene; Total P#dtal polycyclic aromatic
667 hydrocarbons analysed in the cited paper.
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668 Table 4 PAHSs levels in grilled or smoked meat productsinzded before processing

Reference and

Product to be grilled or _ _ _ BaP PAH4 Total PAHs

Marinade ingredients number (n) of
smoked (ng/kg) (ng/kg) (Lg/kg)

collected samples

Non-marinated kebab (beef) - 9.2+57 ] 119.8 £54.2

Yoghurt salt, turmeric,
Marinated kebab mustard, curry powder, <LOD - 57.9 Eldaly et al. (2016b)

cardamom, vinegar and onion n =60
Non-marinated kofta (beef) - 26 £ 16 - 59.2 £16.9

Yoghurt, salt, turmeric,
Marinated kofta mustard, curry powder, <LOD 30.2

cardamom, vinegar and onion
Non-marinated duck meat - 787 Sinaga et al. (2016)

' Juice ofZanthoxylum n=24

Marinated duck meat _ 295 - -

acanthopodium

_ o 45+0.4
Non-marinated beef Beef without marinating - - .
Farhadian et al. (2012)
_ _ _ Sugar, water, onion, turmeric, n=112

Beef marinated with basic _

lemon grass, salt, garlic, 1.2 £+0.04 - -

(B) marinade

coriander and cinnamon
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Beef marinated with basic-

(B)+lemon juice 1.7£0.1 - -
lemon
Beef marinated with basic- . o 14+0.2
_ (B)+Oil+lemon juice - -
oil-lemon
Beef marinated with basic- _ o
. _ (B)+Oil+tamarind juice 1.6+0.1 - -
oil-Tamarind
_ _ _ Water, sugar, oyster sauce,
Chicken marinated with )
_ salt, garlic powder, black <LOD 26.3+3.9 190.1 +22.9
control marinade
pepper powder
Chicken marinated with Control marinade (CM)+
_ . ' <LOD 140.4 +20.2 457.6 £46.9 .
palm oil marinade palm oil Wongmaneepratip and
Chicken marinated with _ Vangnai (2017)
) ) CM+Sunflower oil <LOD 133.3+26.3 376.6+415
sunflower oil marinade n=28
Chicken marinated with acid Palm oil marinade +citric
. . <LOD 163.1+13.6 534.9+51.1
marinade acid
Chicken marinated with base Palm oil marinade +Sodium
_ _ <LOD 146.3+26.5 683.2+119.6
marinade bicarbonate
Non-marinated pork )
Non-marinated 27+0.8 - - _
(control) Viegas et al. (2014)
Pork marinated with pilsner n =32
- 2.17+0.8 - -

beer (PB)
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Pork marinated with non-

alcoholic PB

Pork marinated with black

beer

20+0.2

11+£0.1

Chicken wing marinated
with distilled water (control)
Chicken wing marinated
with green tea

Chicken wing marinated
with white tea

Chicken wing marinated
with yellow tea

Chicken wing marinated
with oolong tea
Chicken wing marinated
with dark tea

Chicken wing marinated

with black tea

Distilled water

3.7+0.6

<LOD

<LOD

<LOD

3.1+04

3.6 +0.7

Wang et al. (2018)
n=40

Non-marinated pork belly

(Control)

Pork belly marinated with

Non-marinated

8.0+0.03

6.1+0.1

Park et al. (2017)
n=15
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green tea

Pork belly marinated with

- 55+0.1 -
yerba mate
Non-marinated beef,
- 0.2+£0.04 9.7+0.9
(Control, 0 day)
Beef marinated with red wine
pomace seasoning (RWPS) (0 - 0.34 £ 0.05 16.6+04 Garcia-Lomillo et al.
day) (2017)
Non-marinated beef, n =32
- 0.2+£0.03 16 +0.9
(Control, 9 days)
Beef marinated with RWPS
- 0.2+0.04 8.8+0.8
(9 days)
Non-marinated pork sausage
- 0.08 £0.01 0.4 -
(Control)
Pork sausage marinated with Before cold smoking 0.04 £0.004 0.2 -
potatoes juice containing ) _
_ . After cold smoking 0.03 £ 0.002 0.3 - Bartkiene et al. (2017)
Lactobacillus sakei 07
n=
Pork sausage marinated with Before cold smoking 0.04 +£0.01 0.3 -
potatoes juice containing )
_ o After cold smoking 0.03 +£0.003 0.3 -
Pediococcus acidilactici
Pork sausage marinated with Before cold smoking 0.03+0.01 0.3 -
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potatoes juice containing )
_ After cold smoking 0.04 £ 0.003 0.3 -
Pediococcus pentosaceus

669

670 PAH4: benzo(a)pyrene, benz(a)anthracene, benzogpdththene and chrysene; Total PAH: total polycyaliomatic hydrocarbons analysed in
671 the cited paper.
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672 Table 5.Benzo(a)pyrene content(ug/kg) of roasted and smaokeat products packed in low

Roasted duck skin Smoked sausage
Time (hour)
stored at 25°C stored at 15°C
0 3.5 3.9
LDPE 3 - 1.1
24 0.9 -
Reference Chen and Chen (2005)  Semanova et al. (2016)

673 densitypolyethylene (LDPE), according to storage time.

674 - :data not presented in the cited paper; LDPEv Hensity polyethylene
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Highlights

Evidence of PAHs reduction in meat and fishery products was proven in literature
Preheating or wrapping of meat products or use of casing before grilling enables to
reduce PAHs contamination

The presence of filters on smoking equipment enables to decrease PAHS amount in
smoked fish

Application of marinade to meat before grilling or smoking can lead to PAHSs
reduction in the processed food

To pack smoked fish or meat in low density polyethylene bags can reduce PAHs
levels
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