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STUDY OF HEAVY METAL AND RADIONUCLIDE CONTENT IN MEAT RAW MATERIALS
DEPENDING ON THE TYPE OF THERMAL PROCESSING

Annotation: The article presents the results of the assessment of heavy metal and radionuclide
content in lamb depending on the type of thermal processing. The object of the study was lamb muscle tissue
subjected to boiling, frying, and stewing under conditions typical for culinary practice. The concentrations of
lead (Pb), cadmium (Cd), arsenic (As), as well as radionuclides cesium-137 (Cs-137) and strontium-90 (Sr-
90), were determined using instrumental analytical methods after acid digestion and radiometric
measurements. It was established that the initial content of toxic and radioactive elements in raw lamb did not
exceed the maximum permissible concentrations regulated by sanitary and hygienic standards. The results
showed that thermal processing significantly affects the redistribution and relative concentration of
contaminants in the finished product. Boiling resulted in a pronounced decrease in heavy metal content (Pb
by 58.6%, Cd by 56.7%, As by 18.2%) and radionuclide activity (Cs-137 by 69.8%, Sr-90 by 40.0%) due to
their partial migration into the cooking broth. Frying led to a relative increase in the concentration of several
elements, particularly Pb and Sr-90, as a result of moisture loss and product mass reduction, while stewing
demonstrated intermediate effects. The obtained results confirm the necessity of considering the method of
thermal processing when assessing lamb food safety and substantiate boiling as the most preferable method
for minimizing toxic and radioactive element intake.

Key words: lamb; heavy metals; food safety; thermal processing; culinary processing.

Introduction

Lamb is a widely consumed type of meat raw material characterized by high nutritional and
biological value and serving as a source of complete proteins, essential amino acids, B-group
vitamins, and mineral elements. At the same time, as a product of animal origin, lamb is capable of
accumulating environmental contaminants, including heavy metals that enter the animal body
through feed, water, and soil [1].

Lead, cadmium, and arsenic are among the major toxic elements, characterized by high
toxicity, the ability to bioaccumulate, and long biological half-lives in the human body [2]. Even at
levels not exceeding sanitary and hygienic standards, chronic dietary intake of heavy metals may
adversely affect the functions of internal organs, which necessitates continuous monitoring of their
content in meat raw materials and products [3].

In the Republic of Kazakhstan, lamb occupies a significant place in the structure of meat
consumption and is traditionally included in the daily diet of the population. Sheep breeding is widely
developed in various regions of the country, including areas characterized by heterogeneous
environmental conditions, such as proximity to mining enterprises, metallurgical industries, and
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territories with a history of radiation exposure. Under these conditions, meat raw materials, including
lamb, may serve as an indicator of environmental contamination and a potential source of toxic and
radioactive substances entering the human body through food chains.

Despite the importance of lamb in national nutrition, systematic studies evaluating the content
of heavy metals and radionuclides in lamb produced in Kazakhstan, as well as the influence of
culinary processing methods on their levels, remain limited. This circumstance determines the
relevance of the present study, aimed at substantiating safe technological and culinary approaches
to lamb processing under the conditions of environmentally heterogeneous regions of the Republic
of Kazakhstan.

The relevance of this problem increases under conditions of intensified anthropogenic
pressure, the intensification of livestock production, and the expansion of the geographical supply of
meat raw materials. The level of heavy metal contamination in lamb may vary significantly depending
on the region of production, animal husbandry conditions, and feed quality. This requires studying
not only the initial levels of toxic elements but also the factors influencing their concentrations during
technological and culinary processing [4].

According to data from FAO/WHO and EFSA, thermal processing does not destroy heavy
metals; however, it may alter their distribution between product phases and their relative
concentrations due to moisture loss and changes in product mass [5-7]. Therefore, when assessing
the food safety of meat products, it is necessary to consider the effects of the method, temperature,
and duration of thermal processing.

Despite its practical importance, data on the influence of various thermal processing methods
on heavy metal content in lamb remain limited and fragmented. This necessitates comprehensive
studies aimed at comparing boiling, frying, and stewing in terms of changes in the levels of toxic
elements.

Boiling is considered the most preferable culinary processing method for food raw materials
under conditions of increased environmental contamination with radioactive substances. During
boiling, a significant proportion of radionuclides transfers into the broth, making its consumption
undesirable. To obtain a safer broth, the product should be boiled in water for 10 minutes, after which
the water is discarded and boiling is continued in a fresh portion of water. Such broth may be used
for food purposes, for example, in the preparation of first courses. Before cooking, meat should be
soaked in cold water for two hours after cutting it into small pieces, then refilled with cold water and
boiled at low intensity for 10 minutes; the water is then drained, and cooking is continued in a new
portion of water until done. It should be noted that frying meat and fish leads to dehydration and the
formation of a crust on the surface, which hinders the removal of radionuclides and other harmful
substances. Therefore, when there is a potential risk of food contamination with radioisotopes, boiled
meat and fish dishes should be preferred.

The aim of this study is to investigate the content of heavy metals in lamb depending on the
type of thermal processing and to assess the obtained results from the standpoint of food safety.

Materials and Methods

The object of the study was meat raw material-lamb (muscle tissue) obtained from clinically
healthy animals approved for slaughter in accordance with veterinary and sanitary requirements.
Samples of chilled lamb without visible signs of spoilage, mechanical damage, or foreign inclusions
were used. To reduce variability in chemical composition, samples were taken from the same
anatomical part of the carcass.

Before thermal processing, the meat was trimmed of connective tissue and excess fat and
then cut into pieces of equal mass and thickness. Part of the samples was used to determine the
initial content of heavy metals (control), while the remaining samples were subjected to thermal
processing.

The following thermal processing methods were applied:

e boiling — treatment in potable water at 95-100°C until culinary readiness;

» frying — treatment in a pan without water addition at a surface temperature of 160-180°C;

e stewing — thermal treatment at moderate temperature with the addition of a small amount
of water followed by simmering.

Processing times were selected to reflect conditions typical of household and technological
culinary practice. After thermal processing, samples were cooled to room temperature, mass
changes were recorded, and the samples were prepared for analysis.
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The samples were homogenized, after which weighed portions were subjected to acid
digestion until a clear solution suitable for analytical determination was obtained. Chemically
resistant laboratory glassware pretreated with acids and rinsed with deionized water was used.

The contents of lead (Pb), cadmium (Cd), and arsenic (As) were determined using atomic
absorption spectrometry (AAS) and/or inductively coupled plasma mass spectrometry (ICP-MS).
Calibration was performed using standard solutions. Analytical quality control included blank
experiments, analysis of reference materials, and replicate determinations. Results were expressed
in mg/kg of raw matter [8-9].

For the quantitative determination of radionuclides, particularly cesium-137 (Cs-137), food
raw material samples were prepared in accordance with GOST 32161-2013, which includes
preliminary sample preparation for measurements, activity registration, and assessment of
compliance with radiation safety requirements. The selected samples were homogenized and
standardized by mass, after which counting samples were prepared to measure the specific activity
of Cs-137 using highly sensitive radiometric instruments in accordance with the methodology
described in the subsection “Measurement of activity (specific activity) of cesium Cs-137 in counting
samples.” The reliability of the results was ensured through quality control protocols, and content
calculations were performed in accordance with the procedures established by the standard [10].

Assessment of the Effect of Thermal Processing. To assess the effect of thermal processing,
the contents of heavy metals in raw (control) and thermally processed samples were compared,
taking into account changes in product mass, which allowed evaluation of relative changes in
element concentrations. The obtained values were compared with regulatory maximum permissible
concentrations of heavy metals in meat and meat products.

Statistical analysis was performed using methods of variation statistics. For each parameter,
the mean value and standard deviation were calculated. The significance of differences between
control and processed samples was assessed using parametric statistical tests at a significance
level of p <0.05.

Results

The conducted studies showed that the initial content of heavy metals in raw lamb was within
the limits of current sanitary and hygienic standards. Among the analyzed elements, lead exhibited
the highest values, whereas cadmium and arsenic were detected at lower levels. These data indicate
the absence of pronounced contamination of the meat raw material and allow its use as a
representative object for assessing the effect of thermal processing.

Analysis of the experimental data demonstrated that boiling lamb is the most effective method
for reducing the content of both heavy metals and radionuclides. After boiling, the concentration of
lead decreased from 0.29 to 0.12 mg/kg, cadmium from 0.03 to 0.013 mg/kg, arsenic to 0.054 mg/kg,
and the contents of Cs-137 and Sr-90 decreased by more than 2—3 times, which is due to their partial
transfer into the aqueous phase (Table 1).

Table 1 — Changes in heavy metal content in lamb during thermal processing

The toxic Average value before Content after heat treatment, mg/kg

element treatment, mg/kg Boiling (1.5 h) Frying (15 min) Stewing (2.5 h)
Pb 0.29 0.12+0.04 0.32+0.09 0.1840.05
Cd 0.03 0.013+0.004 0.021+0.006 0.02+0.006
As 0.066 0.054+0.022 0.050+40.020 0.035+0.012

Frying was accompanied by a relative increase in the content of lead (up to 0.32 mg/kg) and
Sr-90 (up to 0.084 mg/kg), which is associated with moisture loss and the concentration of elements
in the product (Table 2). Stewing was characterized by intermediate values of the indicators and
provided a moderate reduction in the content of most toxic elements compared with the initial raw
material.

Table 2 — Changes in the content of radionuclides in mutton during its heat treatment

Radionuclide Average value before Content after heat treatment, Bg/kg
treatment, Bg/kg Boiling (1.5 h) Frying (15 min) Stewing (2.5 h)
Cs-137 3.564 1.075 1.343 1.488
Sr-90 0.02 0.012 0.084 0.014
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A comparative analysis of the results showed that boiling is the most favorable method of
thermal processing in terms of reducing the content of heavy metals in lamb, whereas frying and
roasting contribute to a relative increase in their concentrations. Stewing occupies an intermediate
position and is characterized by more stable indicators.

The obtained results confirm that the choice of thermal processing method for lamb can have
a significant impact on the level of heavy metals in the finished product and should be taken into
account when assessing food safety and developing recommendations for rational nutrition.

The observed changes in heavy metal concentrations after thermal processing are
predominantly redistributive in nature and do not indicate additional contamination of the product.
The increase in concentrations noted during frying and roasting is due to the concentration effect
resulting from dehydration of muscle tissue, which is consistent with the results of similar studies
conducted on beef, lamb, and poultry meat [11-13].

The reduction in Cs-137 and Sr-90 contents during boiling and stewing is associated with
their high solubility and ability to migrate into the liquid phase. Similar patterns have been described
in studies devoted to the radiation safety of meat products subjected to culinary processing [14,15].

Thus, thermal processing does not eliminate heavy metals as a class of contaminants but
significantly affects their quantitative distribution in the product. The obtained data confirm the
necessity of a comprehensive approach to assessing the food safety of meat raw materials, including
analysis of both the initial level of contamination and the influence of technological factors. The
results of the study are of practical significance for the development of recommendations on the
rational culinary processing of lamb under conditions of environmentally heterogeneous regions.

Conclusion

The conducted study demonstrated that the initial contents of lead (0.29 mg/kg), cadmium
(0.03 mg/kg), arsenic (0.066 mg/kg), cesium-137 (3.564 Bg/kg), and strontium-90 (0.02 Bg/kg) in
raw lamb did not exceed the established sanitary and hygienic standards.

It was quantitatively established that boiling is the most effective thermal processing method
for reducing contaminant levels: lead content decreased by 58.6%, cadmium by 56.7%, arsenic by
18.2%, cesium-137 by 69.8%, and strontium-90 by 40.0% compared with raw meat. Frying resulted
in a relative increase in the concentrations of lead (up to 0.32 mg/kg) and strontium-90 (up to 0.084
Bqg/kg), primarily due to dehydration and concentration effects. Stewing showed intermediate values,
providing partial reduction of toxic and radioactive elements while maintaining more stable indicators.

The obtained results confirm that changes in contaminant levels during thermal processing
are redistributive in nature and are determined by mass loss and migration of elements into the liquid
phase. From the standpoint of food safety, boiling should be recommended as the preferable culinary
processing method for lamb, especially for populations residing in environmentally unfavorable
regions. The findings may be applied in the development of practical recommendations for public
catering establishments and household nutrition.
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TEPMUANDBIK ©HOEY TYPIHE BAUNAHbBICTbI ET LUKKI3ATbIHOAFbI AYbIP METANOAP
MEH PAOVWOHYKNUATEPOIH K¥YPAMbIH 3EPTTEY

Makanada kol emiHiH mepmusiniblK eHOey mypiHe 6alnaHbicmbl KypaMmbiHOarbl aybip Memarndap
mMeH paduoHyknudmepldiH MesnwepiHe baranay Hemuxernepi YCbiHblIFaH. 3epmmey HbiCaHbl pemiHoe
acra3obik maxipubede KeHiHeH KondaHblnamblH xardalnapda KaliHamy, Kybipy xoHe bykmbipy adicmepimeH
eHOernzeH Kol emiHiH 6ynwbikem miHi anbiHObI. KopracbkiH (Pb), kadmul (Cd), mbiwbsk (As), coHOal-aK
uesul-137 (Cs-137) xoHe cmpoHyult-90 (Sr-90) paduoHyknudmepiHiH KoHUeHmpauusicbl KbIWKbIIObIK
bIOblipamydaH KeliH acranmsik-aHanumukanbik adicmep MeH paduoMempusifibliK esnueyrnep apKbliibi
aHbikmandbl. 3epmmey Homuxenepi 6olblHWa WUKi KoU emiHOeai yrbl xeHe paduoakmusmi
anemeHmmepdiH 6acmankbl Mesnwepi caHumapussblK-auaueHasblK HOPMallapMeH peariaMeHmmernzeH
wekmi xon 6epinemiH KoHUeHmMpauusnapdaH acrnaraHbl aHbliKmanobl. Hemuxenep mepmusinbiK eHoey
OalibiH eHimOeai nacmaywbl 3ammapibiH Kalima 6esiHyiHe XoHe canbiCmbipMarbl KOHUeHmMpayusiCbiHbIH
e3zepyiHe eneyni eacep ememiHiH kepcemmi. KaliHamy ke3iHOe aybip memarndapobiH (Pb — 58,6%-ra, Cd —
56,7%-ra, As — 18,2%-ra) xxeHe paduoHyknudmepdiH benceHdinieiHiH (Cs-137 — 69,8%-ra, Sr-90 — 40,0%-ra)
atimaprnbikmat memeHdOeyi 6alkandbi, byn onapOsiH 6ip 6erieiHiH coprnara emyimeH myciHOipinedi. Kybipy
blnFanobiH XoFarlybl MEH 6HIM MaccacbiHbIH a3arobiHa balinaHbicmbl Kelibip anemeHmmepOoiH, acipece Pb meH
Sr-90-HbIH canbicmbipMaribl KOHUEHMPayUsiCbIHbIH apmybiHa arnbin Kendi, an OyKkmbipy aparbiKk acep
Kepcemmi. AnbiHFaH Homuxxernep Kol emiHiH maramObiK KayincizdiciH 6aranay ke3iH0e mepmusifibiK eHOey
a0iciH eckepy KaxemmiziH pacmalidbl XaHe yIibl opi paduoakmuemi ariemeHmmepdiH maram apKbliibl MycyiH
asalimy myprbicbiHaH KaliHamy o0iCiHIH eH Konalisbl eKeHiH Heai3deloi.

TytiH ce30ep: Kol emi; aybip Memasndap; maramoOblK Kayinci3oik; mepMusifibiK 6HOey; KyUuHapbIK
eHley.
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WCCNEQOBAHUE COOEPXAHUA TAXENbLIX METANNOB U PAOVNOHYKNNUAOB B MAACHOM CbIPbE
B 3ABUCMMOCTU OT BUOA TEPMUYECKOU OBPABOTKU
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B cmambe npedcmasnieHbl pe3ynbmambl OUEHKU CcoOepxaHusi MsDKEnbIX Memasnnos u
paduoHyknudoe 8 bapaHuUHe 8 3agucumocmu om guda mepmudeckol obpabomku. O6bekmom uccriedo8aHusi
crlyXuna MblleyHasi mkaHb 6apaHuHbl, Mo08epeHymasi 8apKe, Xapke U MyWweHUKo 8 YCrI08UsIX, MUMUYHbIX
0ona KynuHapHolU npakmuku. KoHueHmpauuu ceuHua (Pb), kadmusi (Cd), mbiwbsika (As), a makxke
paduoHyknudoe ue3us-137 (Cs-137) u cmpoHuus-90 (Sr-90) onpedensinu ¢ UCMO/Ib308aHUEM
UHCMpYyMeHmMasibHO-aHanumu4eckux Memodoe rnocse KUC/I0mHO20 passioxXeHus npob u paduomMempuyeckux
usmepeHul. YcmaHoereHo, 4mo ucxoOHoe CoOepKaHUe MOKCUYHbIX U paduoakmu8HbIX 35IEMEHMO8 8 CbipoU
bapaHuHe He npesbiwano npedenbHO AOrMyCMUMbIX KOHUeHmpauyul, pearnaMeHmupo8aHHbIX caHumapHo-
aueueHu4deckumu Hopmamu. [lonyyeHHbie pe3ynbmamel foKa3anu, 4mo mepmudeckas obpabomka
oKasbigaem CyuwecmeeHHoe 6JusiHue Ha rnepepacripedenieHUe U OMHOCUMENbHYK KOHUEeHmMpauuro
KOHmMamMuHaHmos 8 2omoeom npodykme. Bapka npugoduna K 8bipaXeHHOMY CHUXEHUI codepxaHus
msikénbix memarnnios (Pb — Ha 58,6%, Cd — Ha 56,7%, As — Ha 18,2%) u akmusHocmu paduoHyknudos (Cs-
137 — Ha 69,8%, Sr-90 — Ha 40,0%) ecriedcmeue ux yacmu4yHoU muepayuu 8 bynboH. Kapka obycnosnusarna
OMHOCUMEsbHOE ygeudeHue KOHUeHmpayuu psida anemeHmos, npexoe eceeo Pb u Sr-90, 3a c4ém nomepu
enazu U yMeHbWeHUs Macchl npodykma, moeda Kak myweHue Xxapakmepu3o8asiochb MpoMexXymoyHbIMU
agbgpekmamu. [lonydeHHble OaHHble rnodmeepxdaom Heobxodumocmb yyéma criocoba mepmudecKkol
obpabomku npu oueHke nuuesol besornacHocmu 6apaHUHbI U 0BOCHO8bIBAOM B8apKy Kak Hauborsnee
npednoymumersibHbil Memod ¢ MOYKU 3PEHUS MUHUMU3aUuuU rnocmyrieHusi MOKCUYHbIX U paduoakmueHbIX
anemeHmMos ¢ nuwed.

Knroyeenie cnoea: bGapaHuHa;, mspKenble Memasnbl; nuwesas be3onacHOCMb; MepMu4vyeckasi
obpabomka; eapka.
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XblJIKbl ETI ®YHKUMOHANAbIK TAMAKTAHYAbIH KEJNELIEN 30P KOMMOHEHTI
PETIHAE: FblJIbIMU LLONTY

AHOamna: byn makana xbinikbl emiH Opmaribik A3usi XanbiKmapbIHbiH Me0eHUemiHOe KyHObI XoHe
dacmypni maram Ke3i pemiHOe Kapacmbipbirl, OHbIH epeKwe maramMObIK apmbIKWbIIbIKMapbiH Kepcemeoi.
MakanaHbiH Heeidai MakKcambl - XbliIKbl emiHe KambiCmbl Hezidai 3epmmeynepdi fblfibiIMU mypfbida wWorny
JKacar, OHbIH repcriekmusarnbiK 3epmmey barfbimmapbiH aHbikmay. Cublp, WOWKa XoHe KyCc emiMmeH
canbicmbipraHOa XblfiKbl emiH0e Mal MeH xonecmepuH Mesnuwepi 20%-fa MeMeH, an KaHbiknaraH maul
KblWKblnOapbl mMeH memipdiH OeHeeli xorfapbi, 6yn OHbl natdanbl banama eHiM pemiHOe Kapacmeblpyra
MyMKiHOIK 6epedi. [JeeeHmeH, Xbinkbl emi maramObiK 6HiIM pemiHde carbicmbipMalibl mypde wekmeysi
3epmmernzeH. ©3z2epmeri knumam xardaliblH0a asblK-mysik KayinciddigiH kammamacbl3 emy YWiH XbiKbl
emiH odaH api 3epmmey Kaxemminiei HeeidderneeH. Makanada xblrKbl emiH eHOeyOiH apmypni adicmepi,
COHbIH iWiHOe hepMeHmayusi MeH mepmusinblK 6HOey, xaHa eHimOepdi a3iprey, coHOal-aK MasnlbiH achl
MeH cakmay wapmmapbi cusikmbl ¢hakmoprapdbiH em canacblHa acepi markbinaHadbl. CoHbIMEH Kamap,
apmyprii 0em meH duemarnbiK Kaxemminikmepdi KaHarammaHObipa anamsbiH XaHa eHiMOepli (Wyxbikmap,
KOHcepsinep, xapmbinal 0Oymbindep) oa3ipneydiH uHHoBauyusnblKk macindepi Kapacmbipbinadbl. XbiiKbi
emiHiH mexHOonoausnsIK curnammamanapbl 3epmmenir, OHbIH mamak eHepkacibiHOe muimOi natdanaHy
Xondapbl marsKblnaHaosbl.

Tylin ce3dep: XbifiKbl emi, eHOey, hu3uKarbIK-XUMUSTIbIK Kepcemkiwmep, yHKUUOHaOb! eHiM,
maram.

Kipicne

Kasipri Tanga xahaHablk asblK-TYNiK KayincisgiriH kamTamachbl3 eTy, xXanblk geHcaynblfblH
cakTay xaHe (PyHKUMOHaN4bIK TaFaM eHiMaepiH JamMbITy Macenenepi esekTinikke ne. Ocbl KOHTEKCTE
Ganamanbl xaHe O8CTypni emec eT TypriepiHe, COHbIH iWiHAE XbIfKbl €TiHe AereH fbibiMy api
©HAIPICTIK KbI3bIFyLWbINbIK apThbin OTbIP.

Kbifkbl  eTiHiH - TaFamgblk  wWwukisaT ke3i peTiHgeri OpTanblk A3us  XanblKTapblHbIH
MOAEHNETIHAE TEPEH Tapuxu Tamblpnapra ne. CoHbIMEH KaTap, XblfKbl €TiH 6onaluarbl 30p asblk-
TYNiK eHIMi peTiHae 3epTTey KaXeTTiNiri kentereH foinbiMyu eHbekTepae HerisgenreH [1-9].

Kbinkbl  €Ti XeHin  CiHiMainiriMmeH, TonblKKkaHAbl  aKybl3dblH  KOFapbl  MerfLepiMeH,
NonuMKaHbIKNaraH Mawn KblLKbINgapbiHbIH 60NybIMEH XaHe yneciMai aMUHKbILWKbINAbIK KypaMbIMeH
epekweneHeni. Xbinkbl €TiH TypakTbl TYTbIHY MOMNUKaHbIKNaFaH Man KblWKbINOaAPbIHbIH Tafram
paumMoHbIHa TyCyiHe, coHAaun-ak cay agampapga nunuaTik NpodunbAin XakcapyblHa XoHe Temip
AeHreniHiH, apTyblHa biknan eTyi MyMkiH [10].

Kbinkpl eTiHiH, du3nka-xumMuanbIK Kypambl MacenenepiHe apHanfaH bGipkatap 3epTTeynep
XyprisinreH [11-18].

Lowka, cublp XeHe KyC eTiMEH canbICTbipFfaH4a XblKbl €TiHIH, KypamblHOA Manh MeH
xonectepuH wmenwepi TemMeH (20%-fa) adbikTanFaH [19]. XKbinkbl eTiHAE KaHblknaraH MaMn
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