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ABSTRACT. Against the background of adverse environmental conditions in Ukraine, experts in the field of

medicine, food hygiene note the raising importance of various nutritional factors in increasing the risk of devel-

oping cancer. A number of compounds resulting from protein denaturation during the heat treatment of meat

and fish products can pose a high risk. Such compounds include heterocyclic aromatic amines (HAA) i.e. sub-

stances that, in extremely low concentrations, can carry out mutagenic and carcinogenic effects on the human

body.

Aim of the Research. To analyse studies from available sources of information about the likelihood and con-

ditions of the formation of chemicals hazardous to human health in foods of animal origin during thermal cook-

ing.

Methods and Materials. Review and analysis of scientific publications based on the results of experimental

studies of European, American and Japanese scientists.

Results and Discussion. Studies have established that in the process of thermal cooking of food products of

animal meat, poultry, fish, HAA are formed and accumulate as a result of complex multi-stage chemical reac-

tions with the obligatory participation of amino acids, sugars, creatine and creatinine, which is its cyclic form.

The formation of mutagenic HAA is affected by a number of conditions. For example, the accumulation of het-

erocyclic aromatic amines in fried meat products is most affected by the temperature of the surface of the pan

and the outer layer of meat, the duration of frying, the degree of meat chopping, the presence of breading,

pickling, the addition of onions to the chopped meat.

Conclusions. Taking into account that the diet of more than 40% of the population includes products contain-

ing HAA, the development and justification of safety criteria for meat and fish products concerning the content

of heterocyclic aromatic amines as well as the development of ways to prevent their formation form an urgent

problem.

The following tasks must be solved as priorities:

- to develop and standardize methods for the determination of HAA in various types of food products;

— to conduct studies of the content of HAA in meat and fish products and in culinary products;

- to study the influence of various methods of thermal cooking on the accumulation of HAA in finished prod-
ucts made from meat and fish;

— to study the effect of the raw materials used and production technologies on the accumulation of HAA in
food products;

— to optimize the formulae of meat and fish products and their production technologies in order to minimize
the number of HAA formed in the finished product;

- tojustify the acceptable levels of HAA in food products and to develop safety criteria for meat and fish prod-
ucts concerning the content of HAA on the basis of clinical and laboratory studies.
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Introduction. When studying the influence of
environmental factors on human health, more
attention is paid to the characteristics of his/her
nutrition. With the development of analytical
chemistry in food products, many chemical com-
pounds are determined which are unfavourable
in terms of their safety for humans. These include
both chemical compounds present in food prod-
ucts prior to cooking, and chemicals that accu-
mulate in food products during their cooking.

Since a significant part of the products that are in
the human diet are meat and fish products con-
taining protein components of animal origin, the
special attention is paid to studying the process-
es of biochemical degradation of proteins, as a
result of which heterocyclic aromatic amines are
formed.

Aim of the Research. To analyse studies from
available sources of information about the likeli-
hood and conditions of the formation of chemi-



cals hazardous to human health in food products
of animal origin during thermal cooking.

Methods and Materials. Review and analysis
of scientific publications based on the results of
experimental studies of European, American and
Japanese scientists.

Results and Discussion. A number of com-
pounds resulting from protein denaturation dur-
ing the thermal cooking of meat and fish prod-
ucts can pose a high risk. Such compounds
include heterocyclic aromatic amines (HAA) i.e.
substances that, in extremely low concentra-
tions, can carry out mutagenic and carcinogenic
effects on the human body. Toxicological and
hygienic studies of the HAA are actively conduct-
ed by Russian, American, European and
Japanese scientists. The relevance of this prob-
lem is also recognized in Ukraine.

In vitro studies on microbiological objects
showed HAA mutagenic activity, whereas animal
experiments and epidemiological data confirm
that HAA are carcinogens and contribute to the
development of tumours of the gastrointestinal
tract, liver and pancreas.

Indeed, in the United States for several years,
large-scale studies have been conducted among
the population, confirming the risk of developing
cancer caused by food HAA These data are in
accordance with the findings of scientists from
other countries [1-5, 10].

Considering that the diet of the majority of the
population includes products containing HAA,
scientists direct their efforts to establish the
maximum acceptable levels of HAA in food prod-
ucts and to develop ways to prevent their forma-
tion.

Studies have established that in the process of
thermal cooking of food products of animal
meat, poultry, fish, HAA are formed and accumu-
late as a result of complex multi-stage chemical
reactions with the obligatory participation of
amino acids, sugars, creatine and creatinine,
which is its cyclic form.

Since HAA are present in products in very small
quantities, their identification can be carried out
only by modern and accurate analytical meth-
ods, using high-performance liquid chromato-
graphic methods with ultraviolet, electrochemi-
cal and fluorescence detectors, liquid chro-
matography-mass spectrometry, gas chro-
matography, gas chromatography-mass spec-
trometry, electrophoresis and enzyme-linked
immunosorbent assay [6].
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According to the chemical structure all known
HAA, which are dangerous to humans, are pro-
posed to divide into 5 groups. The first group of
“pyrolytic mutagens” includes pyrido-imidazoles
and pyrido-indoles (Trp-P-1, Trp-P-2, Glu-P-1,
Glu-P-2, Phe-P-1, AaC, MeAaC), which are
formed at cooking temperatures above 300€-C
and are found in trace amounts in finished food
products. HAA of the second and third groups
(“IQ compounds”) H quinolines and quinoxaline
(1Q, MeAQ, Igx, 4-MelQx, MelQx, 7,8-DiMelQx,
4,8-DiMelQx) are separated from traditional beef
broth, from products made of minced beef and
pork fried in traditional way, from products made
of poultry and lamb and fried over charcoals, as
well as from fried and smoked fish products. It
has been established that free amino acids (pro-
line, phenylalanine, serine, glycine, alanine, thre-
onine), creatine (or creatinine), glucose, fruc-
tose take part in their formation. The most typical
representative of the fourth group H of pyridines
H is 2-amino-1-methyl-6-phenylimidazo [4,5 b]
pyridine (PhIP), found in fried meat and other
food products. Creatine (or creatinine), pheny-
lalanine (or leucine), and glucose are considered
as its predecessor. The fifth group, i.e. furopy-
ridines, includes compounds with an incom-
pletely established structure separated from the
products made of minced beef and pork fried in
traditional way, as well as from meat juice
obtained after frying meat products in the tradi-
tional way. In their mutagenic activity, they are
similar to methylimidazofuropyridine (MelFP).

Due to the diversity of the qualitative composi-
tion of raw products and the methods of thermal
cooking, it is almost impossible to predict which
HAA will be formed and accumulate in each par-
ticular case. Existing data show that HAA groups
of quinolones, quinoxaline and pyridine are most
often found. A quantitative assessment of car-
cinogenic HAA in various types of cooked food
products showed that the level of 2-amino-1-
methyl-6-phenylimidazo [4,5 b] pyridine (PhIP)
was the highest (0.56-69.2 ng / g); that 2-amino-
3,8-dimethylimidazo [4,5 f] quinoxaline (MelQx)
was the second largest (0.64-6.44 ng / g), and in
other HAAs H 0.03-2, 50 ng / g [3].

The formation of mutagenic HAA is affected by
a number of conditions. The largest amounts of
mutagenic HAA appear in the crust of fried meat
and fish (and much less frequently in the inner
parts of finished products), as well as in meat
juice, which flows into the pan when frying meat,
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fish, poultry, thus the origin of HAA is associated
with certain methods of thermal cooking of meat
and fish products. Processing factors such as
high temperatures and prolonged thermal cook-
ing contribute to the formation of these com-
pounds. It has been established that the accu-
mulation of heterocyclic aromatic amines in fried
meat products is most affected by the tempera-
ture of the surface of the pan and the outer layer
of meat, the duration of frying, the degree of
meat chopping, the presence of breading, pick-
ling, the addition of onions to the chopped meat.

The greatest number of heterocyclic aromatic
amines is found in fried products such as grilled
meat, barbecue, as well as in portioned meat
fried with a small amount of fat (in the traditional
way), that is, under conditions that allow local
burning (burn).

Comparative studies of various methods of
thermal cooking have shown that frying in the tra-
ditional way, deep frying, and also frying on char-
coal lead to the formation of substances of a
much higher level of mutagenic activity than such
methods as short-term roasting, braising,
microwave irradiation [7-10].

Studies have established that substances that
cause the appearance of HAA (HAA precursors)
are formed and accumulate during autolysis
while meat maturating. These are creatine, free
amino acids and monosaccharides. This was
confirmed by model experiments, during which a
mixture of creatine, glucose and free amino
acids (glycine, alanine) was exposed to high
temperatures. Based on such data, Professor
M. Jagerstad (Sweden) proposed a mechanism
for the formation of HAA in the presence of crea-
tine, hexoses, and free amino acids and showed
that creatine content is a limiting factor in the for-
mation of food mutagens. Further studies by M.
Jaogerstad showed that the cyclic form of crea-
tine, i.e. creatinine, which is formed during the
process of cooking, is reactive. During frying,
various amounts of creatinine were created from
creatine, and it was found that mutagenic activity
was associated with creatinine levels.

It should be noted that not proteins, but free
amino acids, are involved in the reactions of the
formation of mutagenic HAA. It has been proven
that serine, threonine, phenylalanine, alanine,
leucine and tyrosine lead to the appearance of
one of the known food mutagens 2-amino-3,8-
dimethylimidazo [4,5 f] quinoxaline (MelQx), 2-
amino-1 methyl- 6-phenylimidazo [4,5 b] pyri-

dine (PhIP) or 2-amino-trimethylimidazopyridine
(TMIP).

It is concluded that creatine and free amino
acids are the main reagents of mutagen-gener-
ating reactions that occur during meat frying.
Creatine is a necessary part of all these reac-
tions, and what specific compounds are formed
in each case depends on the content of certain
free amino acids in meat and their interaction
with other, as yet unknown, compounds in meat.

Studies show that in natural meat, the ratio of
creatine, free amino acids and monosaccharides
is optimal for the formation of HAA [11-13].

The mechanism of formation of heterocyclic
aromatic amines is currently presented as the
result of the interaction of the products of car-
bonyl-amine reactions (Maillard) and creatinine
(creatine anhydride).

In food industry and public catering 75-85% of
products are the products which have necessar-
ily been cooked with thermal processing. The low
molecular weight nitrogenous substances of
food products undergo significant changes dur-
ing thermal cooking, entering into chemical
interactions with each other (as well as with
reducing sugars, which are normally present in
food products), resulting in the formation of
mutagenic and carcinogenic substances that
pose a potential danger to humans.

Therefore, researchers, chemists, doctors,
technologists, developers and designers are
constantly working to improve and intensify the
methods of thermal cooking of products. At the
same time, it is relevant to create combined
technological processes, which, in addition to
thermal ones, include various methods of pre-
treatment of food raw materials (mechanical,
microbiological, chemical, and the use of
enzyme preparations). Food products that are
new in chemical composition differ from tradi-
tional ones. As recent studies show, essentially
harmless chemicals can have a negative effect
when combined with each other or participate in
the formation of harmful substances. In products
made of meat and fish, heterocyclic aromatic
amines should be included in the group of toxic
substances; therefore, a number of problems
with their identification, establishment of accept-
able levels in food products, development of
technologies, and minimization of the formation
of HAA should be solved.

Against the background of adverse environ-
mental conditions in Ukraine, experts in the field



of medicine, food hygiene note the raising
importance of various nutritional factors in
increasing the risk of developing cancer.
Unfortunately, food heterocyclic aromatic
amines as potential mutagens and carcinogens
in our country have not been studied to date.
There are also no national programs on this sub-
ject, which coordinated full-scale research by
specialists in the field of toxicology, medicine,
food hygiene and food technology. In 2004-
2006, studies were carried out at Kharkiv State
University of Nutrition and Trade to study the
influence of technological factors on the forma-
tion and accumulation of HAA in culinary prod-
ucts made using fermented meat raw materials
and various methods of thermal cooking [14-16].

Conclusions. Ecological analysis of hetero-
cyclic amines is important for maintaining human
health, since all these compounds are powerful
mutagens, and many are carcinogens in experi-
mental animals.

The above facts confirm the relevance of the
development and justification of safety criteria
for meat and fish products concerning the con-
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tent of heterocyclic aromatic amines.

The following tasks must be solved as priori-
ties:

- to develop and standardize methods for the
determination of HAA in various types of food
products;

- to conduct studies of the content of HAA in
meat and fish products and in culinary prod-
ucts;

- to study the influence of various methods of
thermal cooking on the accumulation of HAA
in finished products made from meat and fish;

- to study the effect of the raw materials used
and production technologies on the accumu-
lation of HAA in food products;

- to optimize the formulae of meat and fish
products and their production technologies in
order to minimize the number of HAA formed
in the finished product;

- tojustify the acceptable levels of HAA in food
products and to develop safety criteria for
meat and fish products concerning the con-
tent of HAA on the basis of clinical and labora-
tory studies.
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FETEPOLMKJTIYHI APOMATUYHI AMIHU SIK KPUTEPIA
BE3IMNEYHOCTI M"SICHUX TA PUBHUX NPOAYKTIB
T.0. Wyupka, T.B. Anamuyk, A.€. lNoapyiunsik, A.A. Hemid
Al «HaykoBuii LLEHTP NpeBEHTUBHOI TOKCUKOJIOriT, Xap4yoBoi Ta XiMidHOI 6e3nekun
imeHi akagemika J1.1. Measeas MiHictepcTBa 0xopoHu 340p0B'S Ykpainn», M. Knis, YkpaiHa

Pe3siome. Ha 1ni HecnpusTimBux eKOJI0MYHNX YMOB B YKpaiHi axiBLi B rany3i MEANLMHY, TirieHV XxapyyBaHHS

HaroJsoLWyloTh Ha 3POCTaYOMY 3HAYE€HHI PIBHUX (akTopIB XapyyBaHHS LLOAO MiABULLIEHHSI PU3UKY PO3BUTKY

OHKOJIOrMYHMX 3aXBOPIOBaHb. Psz criosyk, L0 YTBOPIOIOTLCS B Pe3ybTaTi AeHaTypallii 6inkis y npoLeci Tensio-

BOi 0OPOOKM M SICHUX Ta PUBHUX MPOAYKTIB, MOXYTb CTAHOBUTY BUCOKUI pu3uK. [lo Takux criosyk chig BigHe-

CTUY reTepouUKiYHIi apomMaTnyHi amiHy (FAA) — peqyoByHU, SIKi BKPa B HU3bKUX KOHLIEHTPALISIX MOXYTb 34il-

CHIOBATV MyTareHHy Ta KapLEeHOreHHy Ailo Ha OpraHiamM JI0ANHN.

Merta po6oTtu. [poBecTu aHani3 AOCHILXKEHD i3 JOCTYNHWUX AXEPEN iHopmauii Loao AMOBIDHOCTI Ta yMOB

YTBOPEHHS HEOEe3MeYHVX 4151 340PO0B S JIOANHU XIMIYHUX PEYOBUH Y Xap40BUX MPOAYKTax TBAPUHHOMO OX04-

XKEHHS B MPOLIeci TepMi4HOI KyniHapHOi 06pobKu.

Marepiann ta merogn. Orngg Ta aHania HaykoBux rnybsikauii 3a pesynbTatamMy eKCrepuMeHTanbHUX

JOCIIiIKEHb €BPOMNEICHKNX, aMEPUKAHCLKUX Ta SITOHCbKMX BYEHUX.

PeaynbTaTtn. [locninxeHHsMy BCTAHOBJIEHO, LLO B NPOLIEC Tern0Boi KyniHapHOi 06pobKu NpoAayKTiB i3 M'sca

TBaPWH, NTUL, pnbu, FAA yTBOPIOIOTLCS Ta HAKONWYYIOTLCS B PE3Y/bTATi CKIaaHUX 6araToCTyniHYacTyx XiMiy-

HUX peakLivi i3 060B 'I3K0BOIO y4aCTIO aMiHOKMUCIIOT, LiyKpIB, KpeaTuHy i oro UumknidHoi popmm kpeaTuHiHy. Ha

¢dopmyBaHHs MyTareHHux [AA BriamBae psia ymoB. Hanpuknan, Ha HaKoNUYeHHS reTepoLUnKIiYHUX apoMaTtny-

HUX aMiHIB y CMaXeHuX M'siCHUX BUpobax HavbinbLLe Br/MBatTb TeMnepaTypa NoBEepPXHI natTesibHi Ta noBepx-

HEBOIO LWapy M'aca, TPUBaICTb CMaXEHHS, CTyMiHb NoAPIOHEHHS M'SCa, HasiBHICTb NaHipyBaHHS, MapyUHYBaH-

HS, AofaBaHHs 40 noapiGHeHoro m'sca pinyactoi unbyai.

BucHoBku. bepy4u [0 yBaru, L0 paLioH xap4yyBaHHs noHaa 40 % HaceneHHs: BKII0Yae npoayKTH, LLO MICTSTb

[AA, KOHCTaTyeMo, Lo po3po0bKa Ta 0OrPYHTYBAHHSI KPUTEPIIB GE3MEYHOCTI M SICHUX Ta PUOHUX NMPOAYKTIB 3a

BMICTOM reTepoLmKIiNHUX aPOMAaTNHYHUX aMiHIB Ta pO3pobka criocobiB 3anobiraHHs ix yTBOPEeHHs — npobsiema

akTyasbHa.

Sk nepLuo4YeproBi HEOOX|AHO BUPILLIMTY HACTYIHI 3a4a4i:

- PO3pPObUTY Ta CTaHAAPTN3YBATU METOAM BU3HAYEHHS [AA B PI3HWUX BUAAX XapHOBMX NPOAYKTIB;

- MPOBECTY [OCIAXEHHSI BMICTY [AA B M'SICHUX Ta pUOHUX NMPOAYKTax Ta B KYJiHapHIA npoaykuii;

- BUBYUTY BIJINB PIi3HUX CrIOCOOIB TEMI0BOI KyniHapHOi 06pobku Ha HakonnyeHHs1 FAA B roToBii npoaykuii i3
m'sca 1a pubu;

- BUBYUTY BI/IMB CUPOBMHY, LLIO BUKOPUCTOBYETLCS, Ta TEXHOJIOMYHUX MPOLIECIB BUPOOHNLTBA HA HAKOMUYEH-
Hs1 FTAA B xap4oBux NpoaykTax;

- ONTUMI3yBaTV PELIENTYPU M SICHUX Ta PUOHUX BUPOBIB Ta TEXHOJIONIN iX BUPOBOHULITBA 3 METOIO 3BELEHHS [10
MIiHIMYMY KiflbKOCTi yTBOptoBaHuX [AA B roToBivi npoayKuii;

- Ha OCHOBI KJTiHIKO-71a00paTOPHUX AOCIAXEHb 00rPyHTYBaTV A0MYCTUMI PiBHI BMICTY FTAA B poayKTax xapyy-
BaHHSI Ta PO3p0obUTH KpnTEPIi 6Ee3rneYHOCTI M 'ICHOI Ta pubHOI npoaykuii 3a BMicTom AA.
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KnioyoBi cnoBa: rerepouukiiyHi apomatndHi aminy (FAA), M SCHi npogykTv, pubHi NpoayKT, Tensaosa KyJi-
HapHa 06pobka, 6e3neqHiCTb.

FETEPOLMKJTMECKUE APOMATUYECKUE AMUHbI KAK KPUTEPUNA
BE3OIACHOCTU MSICHbIX U PbIBHbBIX MTPOA4YKTOB
T.A. UWyukas, T.B. Agamyyk, A.E. lNogpyuwirsik, A.A. emuny
T «HayyHbIVi LIEeHTD NPEeBEeHTUBHOV TOKCUKOJIOrN, NULLIEBOM 1 XMMMUYeckor 6e30nacHoCTv
nmenn akaaemuka J1.M. Measens
MuHncTepcTBa 3apaBooxpaHeHus YkpaviHbl», r. Kues, YkpaviHa

PE3IOME. Ha ¢oHe HebnaronpusiTHbIX 9KOJ0rM4EeCKmX YC0BUIA B YKkpanHe crneunannctsl B 061acTy Meam-

LMHBI, TUINeHbl NMATAHNS OTMEYaloT BO3PacTaHNe 3Ha4YeHUs Pas/inyHbiX (akTopoB NUTAHUS B MOBbILLEHUN

pycKa pa3BuTvsi OHKOJIOMYECKUX 3aboneBaHnii. Pas coeanmHennii, 006pasyioLumnxcsl B peaysibTare AeHaTypa-

umm 6esikoB B rpoLecce Terns0Bou 06paboTky MSICHbIX U PbIOHbIX MPOAYKTOB, MOTYT NPEACTaB/ISITb BbICOKUIA
puck. K Takum coeuHeHusIM crienyeT OTHECTU reTepounkndeckme apomatmnyieckme amurbl (FAA) — Bele-

CTBa, KOTOPbI€ B KPaVHE HU3KMUX KOHLEHTPAaUusX MOryT OCYLLUECTB/ISATb MyTareHHOE 1 KaHLeporeHHoe Aei-

CTBUE Ha OPraHn3m 4esioBeka.

Lenb paborsl. [lpoBecTv aHan3 NCcnenoBaHwii N3 AOCTYIHbLIX UCTOYHUKOB MH(OPMaLmMM O BEPOSITHOCTYU U

ycnoBusix 00pa30BaHusl OMacHbIX AJ1S 340P0BbS YE10BEKA XUMUYECKMUX BELUECTB B MULLEBbLIX MPOAYKTax

XXMBOTHOIO NPOUCXOXAEHMSI B MPOLIECCE TEPMUYECKOV KYIMHapHOM 06paboTKu.

Marepuansr n metogbsl. O630p ¥ aHaIM3 HayyHbIX NyOaMKauwi 1o pesynbTatam SKCIePUMEHTAIbHbIX

ncenenoBaHvii eBponeviCKuX, aMepukaHCKUX U SIMOHCKUX Y4EHbIX.

PeaynbTatsl. ViccnenoBaHvsiMy yCTaHOBIEHO, YTO B MPOLIECCE TEMI0BOM KYIMHaPHOK 06paboTKy nNpoayKTOB

13 MSICa XWUBOTHbIX, MTULbI, PbiObl, TAA 06pa3yoTCs ¥ HaKanINBaroTCs B PE3Y/IbTATE CI0XHbLIX MHOMOCTYEH-

YaTbiX XMMUYECKMX Peakumii ¢ 0093aTe/bHbIM y4acTMeM aMUHOKUCIOT, Caxapos, KpeaTtnHa v ero Umkanye-

CKOV popMbl kpeaTuHuHa. Ha ¢opmupoBaHne mytareHHbix [AA BavisieT psia ycnosuid. Hanpumep, Ha Hakor-

JIEHNE reTePOLMKIINYECKUX apPOMATUYECKMX aMUHOB B XaPEHbIX MSICHbIX U3AEMSIX HanbOJbLLEE BIINSHUE

MMeIoT TemMrepartypa rnoBepxXHOCTH CKOBOPOAb! M MOBEPXHOCTHOIO CJ1051 Msica, MPOLOIKUTE/IbHOCTb XapKu,

CTeneHb U3MEJIbYEHUS MSICA, HAJINYNE NaHNPOBKY, MapUHOBaHWS, 0OABIEHNE K U3MEIbYEHHOMY MSICY per-

4aToro Jsyka.

BoiBoabl. [IpyHUMAas BO BHUMAHWE, YTO paumoH nutaHusi 6onee 40 % HaceneHus BKIOHAET MPOLYKTHI,

coaepxatume AA, paspaboTka n 060CHOBaHNE KpuTepmneB 6e30NacHOCTU MSICHBIX U PblOHbIX MPOAYKTOB 110

COAEPXaHWUIO reTepoLMKITMYECKUX apoMaTNYECKUX aMUHOB 1 pa3paboTka crnocoboB MpeaoTBPaLLeHus ux

o0bpa3oBaHusi — npobiema akTyasibHasl.

Kak nepBooyepeaHsie HEOOX0AMMO PELUNTL CReAYLLMNe 3a8a4n;

- paspaboTaTtb ¥ CTaHAapPTN3NPOBaTb METOAbI onpesneneHus FAA B pas/iniHbIX BUAAX MALLEBbIX MPOAYKTOB;

- NPOBecTy nccaenoBaHns cogepxanmsi FAA B MSICHbIX M PbIOHbIX MPOAYKTaxX v B KYJMHAPHOM NPOLAYKLNM;

- WU3YYUTb BJINSTHNE Pa3/indHblX CrioCOOO0B TErnI0BO KynnHapHo 06paboTku Ha HakorineHue FAA B roToBoii
npoAyKUMY N3 MsiCa v PbiObl;

—  U3YYUTb BIIUSIHNE UCIIOJIb3YEMOrO Chipbsi Y TEXHOJIOMMYECKUX MPOLECCOB NPOU3BOLACTBA HA HaKorMieHue
[AA B nuLLieBbIX NPOAYKTax;

—  ONTUMM3NPOBATH PELIENTYPbI MSICHBIX Y PbIOHLIX U3AEM Y TEXHONOMMIA NX MPON3BOACTBA C LIE/bIO CBEeAe-
HUSI K MUHUMYMY KOJIn4ecTBa obpasyembix [AA B roToBOM npoaykumm,

— Ha OCHOBE KJIMHNKO-N1abopaTopHbIX NCCAenoBaHnii 000CHOBaTkb AOMyCTUMbIE YPOBHU coaepxanuns TAA B
npoayKTax NUTaHus u paspaboTats KpuTepumn 6€30MacHOCTY MSICHOM M PbIOHOM MPOAYKUMK MO COAepXa-
Huio TAA.

KnioyeBsble cnoBa: retepoumKInIeckme apoMaTnyeckme ammHsl (FAA), MSICHbIE NPOAYKTbI, PbiGHbIE MPOAYK-

Tbl, TENJI0Bas1 KynvMHapHasi 06paboTka, 6€30MacHOCTb.
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