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toxic compounds,

Jood safety per emphasises the second area of food processing, in particular, house-

holds and popularised grilling processes, where there are no other
possibilities of control of the threat level and awareness of people who
prepare food and consumers is insufficient. The paper presents the most
often occurring hazardous compounds, the most important regulations
and admissible limits of consumption, as well as principles of thermal
processing in a safe manner, and possibilities of limiting the levels of
those substances in products.

Introduction

There are not many food raw materials, which are consumed in a natural form, without
processing (fruit, some vegetables, honey and milk in agri-tourism), while the rest is sub-
jected to various mechanical operations and thermal processing. All those treatments take
place because of two reasons: firstly, they change physical and sensory properties of raw
materials and secondly, eliminate pathogenic micro-organisms, ensuring health safety to con-
sumers.

As long as mechanical processing (cleaning, washing, removal of inedible parts, frag-
menting, mixing etc.) is usually carried out in the temperature of the surrounding and changes
only physical properties of the product, not causing any threats to consumers’ health, thermal
processing carried out usually in temperatures exceeding 100°C causes various changes in
the heated product, not only textural and sensory, but also chemical leading to formation of

I The paper was written as a part of a defined purpose subsidy for scientific research SGTiR 217906/E-
7165/2017.
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new substances, that are a threat to health. These may be only thermal processes, as drying

of loose and leaf products, in particular non-membrane, microwave and infrared heating,

roasting (e.g. of coffee), cooking, smoking, frying, baking, or grilling, they may be also as-
sociated with mechanical processing as pressure agglomeration, conditioning or extrusion.

Their positive effect is elimination of microbiological threats.

The most dangerous compounds, thermally induced in products include:- polycyclic
aromatic hydrocarbon, including benzo(a)pyrene, - heterocyclic aromatic amina (HCA),
3-monochloropropanodiol (3-MCPD) and glycide esters of fatty acids, - acrylamide.

Analysis of chemical threats generated in thermal processes should make us consider that
this is not the only source of carcinogenic threat. Carcinogenic substances are common in a
natural environment and may get to food from soil (Fismes et al., 2002 ), atmosphere (Abdel-
Shafy and Mansour, 2016; Harrison et al., 2018) and contaminated water.

Then, these compounds may be transformed by intestinal microorganisms also danger-
ous for human health.

The paper presents a current state of knowledge:

— on contaminations and chemical threats generated only as a result of thermal food pro-
cessing, on legal regulations that determine admissible norms of daily consumption of
hazardous substances,

— on the methods of lowering their hazardous nature without going into details of toxicolo-
gical aspects of a mechanism of their formation and biochemical transformation.

A common feature of those compounds is a carcinogenic threat but each of them usually
has also mutagenic and genotoxic impact. For majority of them, legislature provided admis-
sible levels of content in products or admissible levels of daily consumption which are sys-
tematically tightened. These processes are investigated since the 1980°s and their rate is
clearly increasing.

Figure 1 presents number of publications in the world in 1997-2017 concerning only
PAH (Sun et al., 2019). It shows that their number exceeded 1100 but increased from 11 in
1997 to 127 in 2017. It should be emphasised that in Poland still there are not many people
who pay attention to threats which may occur during the process, which not always results
from the lack of knowledge but often from ignoring the health threat (Zachara et al., 2017).
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Figure 1. Number of publications on PAH in 1997-2017 (Sun et al., 2019)
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Despite clear, proved health threats, there is still scarce knowledge and awareness on the
scope of these threats and on possibilities of their reduction, significant during processes
where temperature of processing exceeds 120°C. Frying, particularly grilling, that is per-
formed improperly, may constitute a health hazard.

Polycyclic aromatic hydrocarbons

PAHs are formed during thermal processing of food products, especially of meat prod-
ucts, in the wide range of temperatures from 125°C to 900°C, in conditions of incomplete
combustion of organic materials (Min et al., 2018).

Production of PAHs in products clearly depends on parameters and conditions in which
thermal processing is carried out, but the higher the temperature and the longer is the process,
the higher is PAH content (Zachara et al., 2017). The raw material and process type, heat
sources and heat exchange type, distribution of products towards a heat source are very im-
portant, as well as the fat content in meat (Kamal et al., 2018; Wang et al., 2018).

According to WHO as much as 99% of PAH in a human body results from consumption
of thermally processed food (meat products, fish and sea fruit, grains, leguminous, fats, veg-
etables, nuts and stimulants), 0.9% of compounds get to the body with breathed air and only
0.1-0.3% with drinking water. The biggest number of PAHs are brought to a diet by grain

products, processed meat and vegetable oils (Kubiak, 2013).

In 2002 Scientific Commission on Food EU (SCF 2002) determined a list of various
PAHs in in vivo tests as carcinogenic and genotoxic, among which benzo(a)piren was treated
as an indicator of the threat level and in 2006 an admissible content of BaP in selected groups
of products was defined (Resolution of the Commission (EC) No. 1881/2006). As a result of
further research, it was concluded that the content of other PAHs often exceeds the level of
benzo(a)pyrene and may occur also in products where benzo(a)pyrene is absent, thus it can-
not be used as an indicator. In 2008, EFSA suggested the use of the total content of four the
most important PAHS as an indicator. They included benzo(a)pyrene, benzo(b)fluoranthene
and chrysene (EFSA, 2008). In 2011, next to benzo(a)pyrene a new indicator was introduced
and e.g. for smoked products the following limits were determined (Resolution of the Com-
mission of the EU no. 835 of 2011):

— meat and meat products and fish meat and fisheries products (BaP and PAH4 respectively
in ug-kg™"): - to 31 August 2014 there was 5.0 and 30.0 and since 1 September 2014 there

is 2.0 and 12.0
— smoked sprat loosed and preserved — respectively 5.0 ug-kg! and 30 ug-kg’!, and
— processed food based on grains and food for babies and small children - respectively 1.0

pg-kg!and for PAH4 also 1.0 pg-kg'.

Analysis of the available research results of the meat grilling process brings a conclusion
that despite differences resulting mainly from properties of raw materials (meat type and fat
content) and conditions of processing — discrepancies in the obtained levels of BaP content
are not high and do not exceed 5 pg kg! of meat while excessive baking and burning always
results in a sudden raise in BaP. For example, in one of such research, the following results
were obtained for poultry meat (Ciemniak 2007):

— meat from thigh - average done from 0.15 to 0.46 ug kg'!,
— very well-done meat ...0.73 ug-kg!,
— ina very burned skin ...> 138.0 pg-kg™.
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From the point of view of a consumer, awareness of the existing threat is very important
(Jakobsen et al., 2018; Gong 2018) and knowledge on the methods of limitation of PAH level
in the processes of thermal processing of products, which may be achieved by replacement
of the high — temperature processes with other, such as stewing, cooking, steaming, — replac-
ing a carbon grill with an electric one (heated from the top would be the best) or a gas one,
- avoiding cooking directly over the flame, without smoke from heat, — avoiding combustions
of the dripping fat e.g. by using trays selecting meat with a lower fat content, — avoiding too
high temperatures and shortening the processing time (thinner meat slices), - avoiding chem-
ical or pitchy tinder. The studies also say that various treatments, such as e.g. marinating
meat for 30 minutes in vegetable sand seasonings and even in dark beer (Viegas et al., 2014)
may lower the PAH level even by half.

Heterocyclic aromatic amines (HAA)

HAA are formed during thermal processing in high-protein food in the presence of free
amino acids including keratins (Gibis, 2016). Presence of HAAs is mainly reported on the
surface of grilled or fried products of animal origin i.e. in meat and fish (Lu et al., 2018)
which means that they mainly are produced in the conditions of direct preparation of food.
The results show that HAAs show mutagenic potency which favours formation of cancer in
intestines and breasts. Presently, we know over twenty five various amines, among which
three are considered as the most frequent, i.e. MelQx (2-amino-3,8-dimetyloimidazo [4,5-
flquinoxaline,), PhIP (2-amino-1-metylo-6-fenyloimidazo[4,5-b]pirydyne) i IQ (2-amino-3-
metyloimidazo [4,5-f|quinoline). In the process of frying and baking of various species of
meat, it was concluded that the total HAA concentration is within 1-500 ng-g™" ®¢ rarely ex-
ceeds 100 ng-g"' (Nowak and Libudzisz, 2008). The studies also show that daily consumption
of HAA does not exceed 17 ng-g"! of the body weight. To reduce the risk of HAA formation,
various recommendations are found in the literature, partially similar to those provided for
PAH, such as: - before grilling, cook meat in an oven or over gas, which will reduce discharge
of juices during grilling, - perform the processes in a possibly lowest temperature and short
time, avoiding superficial burning, - fry meat along with vegetables that contain active sub-
stances, that block formation of HAA, - marinate meat for at least 20 minutes before grilling
with various vegetables, seasonings and herbs, such as: onion, garlic, red pepper, ginger,
curcuma, rosemary, pepper, marjoram, sage, with olive oil, wine vinegar, beer and wine.
Studies on the impact of natural anti-oxidants on reduction of HAA concentration proved that
catechins, flavonoids, vitamin E and other bioactive substances reduced concentration of
some HAAs even by 97% (Majcherczyk and Surdéwka, 2015; Meurillon and Engel, 2016;
Mejborn et al., 2016). It was also concluded that fibre may combine with HAA, thus it is
recommended to eat together with grilled meat products that include food fibre.

3-Monochloropropano-1,2-diol (3-MCPD) and glycidol esters of fatty acids

3-Monochloropropano-1,2-diol (3-MCPD) found in 1978 is one of several chloropro-
panols, which may form in food during thermal processing. It is produced during oil refine-
ment (especially the palm oil) and during acidic hydrolysis of plant protein (acid-HVP) and
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this it is also present in many products, which contain HVP, inter alia, in soya sauces, bouil-
lon cubes, instant soups, RTE foods, frozen meals etc.

Progress showed that these compounds are also present in products that do not contain
HVP such as processed cheese and grilled cheese, smoked meat and fish, anchovies in oil
and grain products, bread, cookies or instant coffee (Baer et al., 2010).

The EFSA (European Food Safety Authority 2013) report includes results of 1235 anal-
yses collected in EU countries from the studies carried out in 2009-2011. It was proved that
the highest number of 3-MPCD was in (on average in pg-kg!) margarine and similar prod-
ucts — 1500 plant fats and refined oils — 530, while baked grain products — 33 and smoked
fish — 39.

Pursuant to EU document (Recommendation of the Commission from 10 September
2014) 3-MCPD was recognised as a potentially carcinogenic process contamination for
which daily acceptable intake at the level of 2 ug-kg™! body mass daily was determined. Ex-
cept of 3-MCPD, glicyde esters of fatty acids occur which were found not only in meat and
fat products (sausages, oils) but also in French fries, toasts, cookies, crackers, roasted coffee,
etc. (Tomar et al. 2010). Presently, applicable admissible limits of 3-MCPD and glicyde es-
ters content are defined in the Resolution of the Commission (EU) 2018/290 as of 26 Febru-
ary 2018 and are: a/ for 3-MCPD - in hydrolysed plant proteins and soya sauce 20 pg-kg™,
b/ for glicyde esters:

—  in oils and plant fats designed for consumers 1000 pg-kg™!,

— in oils and plant fats designed for children and in grain products processed for infants
and small children 500 pg-kg!,

— in preparation for initial feeding of infants in powder 75 and in liquid 10 pg-kg™'.

For whom since 1 July 2019, this limit will be reduced respectively to 50 and 6.00 ug-kg.

In 2016 the presence of 3-MCPD in paper products which are in contact with food (e.g.
Coffee filters, tea bags, milk and juices cardboard containers and paper cups) and its pene-
tration to products were investigated (Becalski et al., 2016). It was found out that 3-MCPD
was present in majority of them e.g. in tea bags in the amount of a few ng-g™!. In industrial
conditions several possibilities of efficient reduction of 3-MCPD content was developed,
while in the conditions of thermal processing of products shortly before consumption, there
are the following methods of reduction of 3-MCPD and its esters: reduction of the product
processing temperature, particularly at its low moisture content, reduction of the processing
time, reduction of the salt content, adding herbs and seasonings or deactivation of enzymes
(lipases and esterases) (Crews, 2012; Baer et al., 2010; Kowalska et al., 2015).

Acrylamide

Acrylamide has a form of white crystalline substance. It has been present in many indus-
trial products (paints, packaging, glues, and cosmetics), it is also used in drinking water fil-
tration systems, it occurs also in cigarette smoke. Only as late as in 2002 it was concluded
that acrylamide also appears in many food products. It is formed in reactions which take place
between free amino acids, mainly asparagine, and reducing sugars in the temperature above
120°C thus during such processes as frying, baking and roasting of carbohydrate products.
Acrylamide is a neurotoxic compound but is also recognised as a potentially carcinogenic
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substance and although there is scarce knowledge on threshold limits of its daily consump-
tion, indicators for particular types of food, which should not be exceeded were established
(Recommendation of the Commission as of 8 November 2013). Therefore, e.g. Indicators for
selected products are (in pg kg of product): French fries — 500, potato crisps — 1000, fresh
wheat bread — 80, biscuits and waffles — 500, gingerbread — 1000, roasted coffee — 450,
instant coffee — 900 and grain coffee — 2000.

Although, there are publications that indicate carcinogenic activity, it has not been clearly
determined what is its daily admissible consumption. According to the WHO report (quoting
Mojska and Gielecinska, 2012) based on the research on animals, the risk of a single cancer
incidence per 10 000 people is caused by continuous consumption of acrylamide at the level
of 0.14 ug-kg! of the body weight daily. In other research, it was concluded that systematic
intake of 1 microgram of acrylamide per kg/ of body weight daily is caused by many various
sources (Freisling et al.,2013) - potential frequencies of cancer incidence:

— 4,5 person per 1000 (by the U.S. EPA),
— 0.7 per 1000 (by the WHO),
— 10 persons per 1000 (by Stockholm University).
So far, only maximum content of acrylamide in drinking water is defined by law, it is 0.1
pgin 1 litre (Resolution of the Minister of Health as of 29. 03.2007 r.)

According to the EFSA report, the research carried out in EU countries in 2007-2009
(EFSA 2011), the average content of acrylamide was within 37 pg-kg™! in bread to 1504 pg
kg'lin coffee substitute but the highest reported content for 4804 ug-kg! in potato crisps. It
was assumed that daily consumption according to age groups is (in pg kg' of body weight):
for adults 0.31-1.1; for youth (aged 11-17) - from 0.7 to 2.05; for children (3-10 years) from
1.2t02.4.

The monitoring research that was carried out, show that exposure of the Polish population
to acrylamide that comes from food, is 0.43 pg-kg! m.c daily.

The following factors influence the reduction of the acrylamide level in food: raw mate-
rials: free asparagine and reducing sugars content and applied additives (e.g. in grain products
ammonium carbonate raises the level of acrylamide in comparison to the sodium carbonate),
technological ones: possibly the lowest temperature (within 120-180°C), short time of ther-
mal processing, low water content (below 30%), avoiding excessive burning of the final prod-
uct.

Conclusion

Thermal processing of food has been used for ages without awareness of possible side
effects. Now, we know that practically all components of food are degraded in raised tem-
peratures. Size and character of those changes and their impact on health depends on the type
and properties of the heated product, process type, temperature value and processing time.

Detailed and extensive research, carried out in recent years, provide information on even
newer degradation products, which may have a hazardous impact on health and constitute
threat, mainly with carcinogenic nature. However, confirmation of the level of their harmful-
ness requires laborious and time-consuming laboratory and clinical research.
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New data obtained as a result of the research that was carried out show that admissible
thresholds of the content of these substances in food are constantly reduced and simultane-
ously new methods of limitation of threats are searched for, all the more that many of them
occur not only in food but also in exhaust gases, cigarette smoke, cosmetics and even are
produced as a result of metabolic rates. Each of the described compounds includes a clear
impact on the condition of our health, thus we should remember about their generation in
high-temperature processes and possible methods of their reduction in the product (Lu et.al.,
2018). According to the review — a lot depends on the consumer’s awareness and we should
remember about those threats, because they decide on our health and longevity. Regardless,
the described threats, thermal processing, especially grilling brings also other threats, among
which we mat list: production of nitrosamines in cured meat under the influence of high
temperature, furan , acrolein production as a result of combustion and fat smoking on a grill
or a frying pan (Stevens et al., 2008; Moghe et al., 2015), or e.g. recently investigated migra-
tion of aluminium from foil to grilled products in high temperatures, which requires separate
analysis.
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ZAGROZENIA CHEMICZNE POWSTAJACE
W ZYWNOSCI TRADYCYJNEJ OBRABIANEJ TERMICZNIE
I MOZLIWOSCI ICH OGRANICZANIA

Streszczenie. Celem opracowania jest przeglad aktualnej wiedzy o zagrozeniach dla zdrowia
powstajacych w wyniku niektérych procesow termicznej obrobki produktéw spozywcezych. Zaleznie
od rodzaju i wlasciwosci surowcow oraz warunkoéw prowadzenia procesow moga podczas nich powsta-
wac substancje rakotwodrcze, mutagenne i genotoksyczne, ktore traktowane sg jako zanieczyszczenie
procesowe. Powstaja one zarowno w skali zaktadow przemystowych, gdzie ich zawarto$¢ jest obowiaz-
kowo kontrolowana i ograniczana, jak tez w warunkach produkcji potraw w zaktadach gastro-
nomicznych oraz gospodarstwach domowych. W pracy nacisk jest potozony na ten drugi obszar przet-
worstwa, zwlaszcza na gospodarstwa domowe i upowszechnione procesy grillowania, gdzie nie ma
zadnych mozliwosci kontroli poziomu zagrozen, a §wiadomo$¢ 0s6b zarowno przygotowujacych po-
trawy, jak i konsumentow jest niedostateczna. Przedstawiono tutaj najczesciej wystgpujace szkodliwe
zwiazki, najwazniejsze regulacje prawne i dopuszczalne limity spozycia, a takze zasady prowadzenia
procesow obrobki termicznej w sposob bezpieczny dla zdrowia, takze mozliwosci ograniczania
poziomu tych substancji w produktach.

Stowa kluczowe: zywno$¢, obrobka termiczna, zwiazki toksyczne, bezpieczenstwo zywnosci
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