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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblky». 3a roibl CBOSH OesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTBI, KYJABTYpPBI, 31IpaBooXpaHeHus u cnopra, Ponp Beaenna Oosee
45 MunnuapaoB TEHre.

Oco6oe BunManue biarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HallPaBJIEHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxa3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa3oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
pOCTy uncIa JitoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IleMy —Ipo(eccHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTaim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOOUMBIE B COBPEMEHHOM MHpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OHM3HECY MIKOJbHHUKOB
06110 BhIIeneHo Oosee 200 rpanToB. J{iis moa/iep KKy TaJaHTIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @oHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexXIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo momomM MIKOJIBHMKAM, ydallMMcs KoJulepked W cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAINWU IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAHUM OyIyIIMX MOKOJEHHH KazaxcTaHueB. [lpu mognepxkke Donna
«XanplK» B IOKHOH cTonuie ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO OOy4YEeHUIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BochkMH obnacteil Kazaxcrana, urto
JIOJKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW I'PAMOTHOCTH H
MPEIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heob6xonumyto momors @oHx «Xalblk» OKa3blBaeT U TeM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICP’KKa B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hame# crpaHe. JKU3HEHHO BaKHYIO TIOMOIL biaroTBopuTeNnbHbIN QOHT «XaIbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HenasHel nangemuun COVID-19. Torna,
B pasrap TsDKenod 0oprObl ¢ KopoHaBUpyCcHOH nHpeknuerd Doun Beiaenui cBbime 11
MUJUTMAPJIOB TEHTe Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TpPOCKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0c000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJIICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIENAET yPOBEHD Pa3BUTHUS TOCY1apCTBA.

I[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos U B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUU W
HAy4HO-UCCIIEA0BATENIbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBa.

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!



Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Editor in chief:
ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of NAS RK, general director of JSC “Institute of fuel, catalysis and electrochemistry named after
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Editorial board:
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Products, University of Mississippi (Oxford, USA) H =35
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TELTAYEV Bagdat Burkhanbayuly, doctor of technical sciences, professor, corresponding
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FAZYLOYV Serik Drakhmetovich, doctor of chemistry, professor, academician of NAS RK, deputy
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Kyrgyzstan, Institute of Chemistry and chemical technology of NAS KR (Bishkek, Kyrgyzstan) H = 4

KHALIKOYV Jurabay Khalikovich, doctor of chemistry, professor, academician of the academy of
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Abstract. The study presents the fundamental technique involved in obtain-
ing seal oil. An in-depth investigation into the chemical composition of artisanal
seal oil and pharmaceutical fish oil has been conducted. The research involved a
robust method of extracting subcutaneous fat from seals to obtain seal oil. Organic
compounds were analyzed using a gas chromatograph, while heavy metal content
was assessed using an inductively coupled plasma emission spectrometer (ICP-
OES) and a mercury analyzer. Lipids were separated using the Bligh-Dyer method
with a binary solvent of chloroform and ethanol in a 2:1 ratio to determine markers
for oxidative deterioration, fractional composition, and fatty acids. The content of
polyunsaturated fatty acids in seal oil varied with the type of seal, gender, fishing
season, and extraction regime. A comparative analysis revealed that the lack of
heating temperature control during the handcraft extraction of oil results in the
loss of beneficial characteristics of numerous compounds. It was also found that
uncontrolled processes result in increased concentrations of heavy metals such as
cadmium, lead, arsenic, and others.

Keywords: Caspian seal, seal oil, fish oil, handicraft industry, chemical
analysis, polyunsaturated fatty acids, heavy metals
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AHHoOTauus. 3epTrey OapbIChIHIA THIFBI3JAFII MaWbIH allyJIbIH HETi3ri
onicremeci yehiHbIIFaH. KonaaH sacanran nToasiblk Maifbl MEH (hapMalieBTUKAIIBIK
OanbIK MaMbIHBIH XUMUSAJIBIK KypaMblHAa TEpEH 3epTTey Kyprizuiai. 3eprreyre
UTOANBIK MalblH aly YIIH UTOANBIKTapbIH Tepi acTBhIHAAFbl MaWbl alyJIbIH
CeHIM1 of1ici KoanaHbU1bl. OpraHUKalIbIK KOCBUIBICTAP Ta3 XpoMaTorpadbIHbIH
KOMETIMEeH TaJAaH/Ibl, aJl ayblp MeTajapIblH KYpaMbl HHIYKTHBTI OailaHbICKaH
IUIa3MaJIbIK ONTUKAJIBIK ASMHCCHSl CIEKTPOMETPI MEH ChIHAIl aHAJIM3aTOPBIHBIH
KeMeriMeH Oaranasfbl. Jlumuarep TOTBIFY JA€rpajalUsiChIHBIH, (PPaKIUSIIBIK
KYPaMBIHBIH OHE Mail KbIIIKbUIIAPbIHBIH MAapKepIIepiH aHbIKTAY YIIiH XJI0podopm
MEH JTaHOJIIBIH €Kik epiTkimriMeH 2:1 kareiHackiHAa Bligh-Dyer omicimen
Oeminai. UTOanbIk MaiibIHAAFbI TOTMKAHBIKIIAFAH Mail KbIIITKBLUTIAPBIHBIH MOJIIIEPI
UTOANBIK TYpiHE, JKbIHBICBIHA, OalbIK ayjay MayChIMbIHA JKOHE SKCTPaKLIUs
pexxumine OaitmanbicThl  e3repai. CanplcThIpMalibl  Taljay KepCETKeHJEH,
Maiiibl KOJIMEH ally Ke31HJe KbI3AbIpYy TeMIlepaTypachlH OakplIayblH O00JIMaybl
KONTereH KOChUIBICTAP/IbIH MaiialIbl KACUETTEpiH XKoranTyra okeneni. Connaii-ak,
0aKbUIaHOANWTHIH MpoLecTep KaJMUil, KOPFACBIH, KYLIOH YKoHE OacKalapbl CHSKTHI
ayblp MeTaJIapIblH KOHLIEHTPALMSCHIHBIH JKOFapblUIaybIHA OKEJIETIHI aHBIKTAJI/bI.

Tyiiin ce3aep: Kacnuii nt6anbibl, NTOANBIK Maiibl, OaJIBIK Maiibl, KOJIOHEP
OHEepKaciOl, XUMHAIBIK TajAay, MOJIMKAHBIKIAFaH Mai KbIIKBUIIAPbI, ayblp
MeTanaap
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AnHoTauusi. MccnenoBaHue MpeACTaBIsSeT OCHOBHYIO — METOJIUKY
MOJYYEHHUs TIOJICHBETO XHUpa. bpl1o mpoBeieHo rTy00Koe n3yueHne XMMUYECKOTr0
coCTaBa PyYHOT'O TIOJIEHBETO XKHpa U (hapMaleBTHUECKOro prIObero xupa. B pam-
KaxX MCCJIEJOBAaHUS HCIOJIB30BAICA HAJCKHBIH METOJ M3BJICUEHUS MOAKOKHOTO
KHUpa TIOJIEHEH A7l MOJMYy4EHHUs TIOJNEHBEro skupa. OpraHuueckue COCTUHEHUs
aHAJIM3UPOBAIMCH C UCIIOJIB30BAHUEM T'a30BOr0 XpoMarorpada, a cogep>kaHue Ta-
JKEJIBIX METAJIJIOB OIPEEIAIOCh C MOMOILBI0 MHIYKTUBHO CBS3aHHOTO IJIa3MEH-
HOro onTHuko-3mMuccuoHHoro crnekrpomerpa (MCII-O3C) u ananuzaropa pTyTH.
Jlunuasl 6bUTH pasnenensl MetonoM buaii-/laiiepa ¢ ucnons3oBaHueM OUHAPHO-
ro pacTBOpUTEIs XJopodopma U 3TaHOJA B COOTHOIIEHUM 2:1 IS ompeneneHus
MapKepOB OKUCIMTENBHOTO pacnajaa, (ppakiMOHHOTO COCTaBa U JKUPHBIX KUCIIOT.
ConeprxaHue MOJMHEHACHIILIEHHBIX )KUPHBIX KUCIIOT B TIOJIEHBEM KHPE BapbHPO-
BAJIOCh B 3aBUCUMOCTH OT THUIA TIOJEHH, TI0JIa, CE30HA JIOBIHM U pEKHUMa U3BJI€UE-
HUs. CpaBHUTEIbHBIN aHAIN3 MOKa3all, YTO OTCYTCTBUE KOHTPOJIS TeMIIepaTyphbl
HarpeBa BO BpeMsl pyYHOT'O U3BJIECUCHHUS Maclla MPUBOIUT K MOTEPE MOJIE3HBIX Xa-
PaKTEPUCTUK MHOXKECTBA coelMHeHUN. Takxke ObUIO yCTaHOBICHO, YTO HEYIIPaB-
JsieMble TPOILECChl MPUBOIAT K YBEITMUEHHUIO KOHLEHTPALMH TSKEJIBIX METAIJIOB,
TaKUX KaK KaJ]MHii, CBUHELl, MBIILIBSIK U IPYyTHE.

KiroueBble c10Ba: KacHHMCKUNA TIOJNEHb, JKUP TIOJIEHS, PBIOUN KU,
KyCTapHas IPOMBIIIJICHHOCTb, XUMUYECKUN aHAJIN3, TOJTMHEHACBIIIICHHBIE )KHUPHbIE
KUCJIOTBI, TSXKEJIbIe METAJUIbI

Introduction

In recent years, the problem of by-catch in the global illicit fishing industry
has been more acute than ever before. In Kazakhstan, special attention is being
paid to a drainless water body, such as the Caspian Sea. Today, sturgeon poaching
and by-catch of seals, as well as deliberate poaching of seals, are among the most
significant threats to the Caspian seal population. Traditionally marine mammals
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are considered to be sources for fur, industrial oil, feed meal, and biologically ac-
tive food additives. Today, on the black market in the cities, such as Atyrau and
Aktau, handicraft seal oil is sold all year, presumably from Caspian seal lard in
0.5 liters, 0.25 liters, and 5-liter plastic containers. Typically, there are no specifics
regarding the production time or the methods of obtaining the product. There are
no labels or manufacturer’s addresses to be found. The lack of such critical infor-
mation raises concerns about the authenticity of sea oil. Furthermore, the use of
artisanal products could be hazardous to one’s health, as the majority of the oils
are obtained at home through melting, pressing, or extraction without regard for
sanitary regulations.

Research in the field of the physicochemical composition of fat-containing
raw materials of marine mammals and their production technology has been ex-
tensively conducted scientific community (Shahidi and et al., 2002; Privezentsev,
2008; Khlebnyy, 2019; Boeva, 2017; Grahl-Nielsen, 2005; Bonilla-Méndez, 2018;
Dannenberger, 2020; Watanabe, 2020). Numerous studies have found that the oils
of marine animals (fish, marine mammals, and invertebrates) are high in polyunsat-
urated fatty acids and antioxidants.

In this article, we present a robust method of extracting the subcutaneous
fat of a seal. The chemical composition of a handcraft Caspian seal’s oil has been
thoroughly investigated. We have also considered pharmaceutical fish oils as a
comparison.

Seal Oil Extraction Technique. Seal oil could be extracted in several ways,
such as evaporation, cold pressing, and using organic solvents (Beaudoin, 1999;
Mukatova, 2008). Before receiving the product, the oil obtaining material was sub-
jected to special processing (washing, cleaning, grinding, crushing, drying, sep-
aration, filtration, etc.). As a raw material, subcutaneous fat obtained from a seal
carcass was utilized. The fat was then subjected to separation to remove impurities,
water, and protein substances in fat separators. Before separation, the fat was heat-
ed to a temperature of 85 °C. The heated fat was mixed with hot freshwater with
a temperature of up to 90 °C in the separator. For enhanced cleaning, a 2—3-fold
separation could be used. After separation, the fat was cooled to 0 °C and a part of
triglycerides was crystallized, which was then separated during filtration. The fat
was filtered to produce a homogeneous liquid product, with the solid portion being
used for technical purposes.

The oil was then placed in a container with a stirrer and heated to a tem-
perature of 3040 °C. After continuous stirring, it was irrigated through a spray
device with a solution of a mixture of sodium bicarbonate and sodium chloride
with a concentration of 2% in a ratio of 1:1, heated to 50-60 °C, respectively, in
an amount of 5-10 % by weight of oil (depending on the content of free fatty acids
in oil) for 2045 minutes, gently stirred, after which the mixer was turned off. The
mixture was precipitated for 1-2 hours and stirred occasionally. The lower layer
was drained after the oil was precipitated, and the oil was washed 2-3 times with
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a hot saline solution of up to 2 % concentration at a temperature of 50-60 °C, and
then at least three times with fresh hot water at a temperature of 70 °C until the
traces of sodium bicarbonate salts disappeared. The oil was precipitated for 20-25
minutes after each washing. The washed oil was heated to 80 °C and then filtered
through a fat separator.

In addition, the oil was brightened with bleaching clay. It was combined
with clay in a 1:0.1-1:0.5 ratio, thoroughly mixed, then precipitated for 1 hour be-
fore centrifugation. The oil was then poured into a clean container. Subsequently, in
aratio of 1:0.2—1:0.5, deodorization with activated carbon is carried out. The oil is
mixed, then precipitated before being centrifuged. The oil was placed into a clean
container. Alternatively, the process of molecular distillation was utilized for de-
odorization and purification from organochlorine pesticides, which required the oil
to flow over the evaporation surface in a thin layer while being vigorously stirred
and heated under vacuum. Molecular distillation was carried out in “triturated film”
devices, in which specific trituration devices ensured a high efficiency of mixing
the oil on the evaporator. The oil had to be transparent, with an acceptable mois-
ture level of up to 0.3 %. Clean bins were used to collect clear oil, which was then
shipped to be encapsulated and packaged in containers. Figure 1 shows a diagram
of the technique for extracting seal oil.
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Figure 1. Diagram of the procedure for extracting seal oil

Materials and methods

Figure 2 shows the three types of oils utilized in the study: fish oil (phar-
macy), seal oil-1 (melted), and seal oil-2 (melted). Seal oil was obtained by the
artisanal method and purchased in the market of Aktau city.
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Figure 2. a) Fish oil in capsules. b) Artisanal seal oil-1 and c¢) Artisanal seal 0il-2

For the analysis a gas chromatograph (7890B, Agilent) with a 5977A MSD,
an HP-5MS column was used. The following parameters were utilized: GC, evap-
orator temperature of 230 °C, split mode - Splitless, column flow of 1.2 ml/min,
initial oven temperature of 50 °C, a heating rate of 10 °C/min, final oven tempera-
ture of 240 the °C, retention time of 3 min.

The content of metals such as Ba, Ca, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni,
Sn, V, Zn in oil was determined on an inductively coupled plasma optical emis-
sion spectrometer (8300, Optima). Mercury was determined on a mercury analyzer
(MAS-50). GOST 26929 “Mineralization for the determination of the content of
toxic elements” was followed when preparing samples for toxic element testing.
GOST 30178 “Method for determination of toxic element” was used to determine
the concentration of toxic elements, such as lead and cadmium. Arsenic was ana-
lyzed according to GOST 26930 on an atomic absorption spectrophotometer (240Z,
Agilent). Meanwhile, GOST 7636 was used to create indicators of hydrolytic and
oxidative deterioration of lipids from fish and seal fat lipid samples. GOST 26593
was used to recalculate peroxide levels per mmol of active oxygen/kg.

The lipids were separated using the Bligh-Dyer method using a binary sol-
vent chloroform ethanol in a 2:1 ratio to determine oxidative deterioration, frac-
tional, and fatty acid composition markers. The fatty acid composition of lipids
was determined on an Agilent chromatograph on a capillary column with an inner
diameter of 0.25 mm, a length of 25 m, and a deposited FFAP phase with prelimi-
nary lipid methylation.

Results and discussions

Blubber of seals comprises (%): 75,0-98,0 oil, 3,0-9,0 moisture, protein
1,5-3,0. The chemical composition of the blubber varies depending on the gender,
age, condition of the seal flesh, and the hunting season [4]. The majority of the fat
in a seal is concentrated in the cover fat, which varies in thickness depending on the
fatness of the seal. Following the birth of offspring, there is intensive use of reserve
fats, the animal is depleted and the layer of cover fat can be as thin as 3.0 cm in
the spring. In autumn, the thickness of cover fat increases to 8.0 cm; the animal’s
fatness is highest in November.
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The oil from high-quality seal blubber is translucent and has a light-yellow
color, a nice taste, and a very weak particular odor that abruptly develops as fat
oxidation progresses (Kizevetter, 1976; Petrova, 2009). The study provides physi-
cochemical indications of fat, fractional composition of lipids in seal cover fat, and
percent of total fractions. Tables 1-4 show the results of the analysis of seal and
fish oil by gas chromatography with mass selective detection (GC MSD). Table 1
lists the chemical components discovered in all samples. Table 2 lists the results
for fish oil and seal oil-1, and Table 3 lists the results for fish oil and seal oil-2.
Meanwhile, the results of seal oil-1 and seal oil-2 samples are shown in Table 4. It
should be noted the highest concentration of organic compounds was found in fish
oil (see Table 5).

Table 1. Chemical composition analysis of all samples (fish oil, seal oil-1 and seal 0il-2).

Percentage of the total mass
*%)
No The title of the substance, Formula Fi;h
(formula) oil Seal Seal
(phar- | oil-1 0il-2
macy)
1 2-Decenal, (E)- C,H,0 0,08 0,86 1,71
2 2,4-Decadienal, (E,E)- Cc H,.O 1,08 30,74 33,40
3 Adrenalone C,H NO, | 0,13 0,30 1,31
4 Pentadecane C H, 1,02 1,94 4,59
1,8(2H,5H)-Naphthalenedione,
> hexahydro-8a-methyl-, cis- CuH,60, 0,28 0,37 218
6 dl-Phenylephrine C,H NO, | 0,02 0,30 0,28
2H-Azepin-2-one, hexahy-
7 dro-1-methyl- CH,NO | 0,08 0,27 0,79
3 Methyl 4,7,10,13-hexadecatet- CHO 0.07 031 0.91
raenoate 17772672
9 Heptadecane C.H,, 4,13 1,14 6,31
10 3,7,11,15-Tetramethyl-2-hexa- CHO 0.48 0.63 3.99
decen-1-ol 207740
Table 2. Chemical composition analysis of oil fish oil and seal oil-1
Percentage of the total
. mass (%)
No The title of the substance, Formula | Fish ofl Soal
B (formula) 1STOT | Seal oil | OS2
(phar- 1 oil
macy) -2

1 Butylated Hydroxytoluene C.H,0 | 26,97 16,13 0
Pentadecane, 2,6,10,14-te-

: tramethyl- CH,, 6,58 31,02 0

3 Methyl 6,9,12,15,18-heneicos- CHO 041 124 0
apentaenoate 22773472

4 Kaur-16-ene C.H 0,64 5,04 0

20032
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Table 3. Chemical composition analysis of oil fish oil and seal oil-2

Percentage of the
total mass (%)
The title of the substance Fish

Ne ’ Formula

(formula) oil | Seal Soe;l‘l
(phar- | oil-1
-2
macy)
7-Methylene-9-oxabicyc-
! lo[6.1.0]non-2-ene C,H,;0 0,35 0 4,55
2 | Methyl 10,12-octadecadiynoate | C,;H, O, | 0,03 0 0,76
1,8(2H,5H)-Naphthalenedione,
3 hexahydro-8a-methyl-, cis- C.H,0, 0,10 0 1,45
Methyl 6,9,12,15-hexadecatet-
4 raenoate €0, 0,02 0 0,75
5 3-Heptadecene C.H,) 0,45 3,49
Octadecanoic acid CH,0, | 0,09 0,91
Hexadecanal C,H,,0 0,18 2,03
] Imidazole, 2-amino-5-[(2-car- CH- 0

boxy)vinyl] N0, 0,04 0,63

Table 4. Chemical composition analysis of seal oil-1 and seal oil- 2

Percentage of the total
mass (%)
No The title of the substance, Formula Fish Seal
) (formula) oil Seal ca
. oil
(phar- | oil-1
-2
macy)
1 2-Pentadecyn-1-ol C . H,O0 0 0,48 | 2,32
2H-Azepin-2-one, hexahy-
2 dro-1-methyl- C.H,;NO 0,42 | 1,40
3 Octadecane, 6-methyl- C,H, 0,27 | 0,48
. C,H-
4 N-dl-Alanylglycine N0, 0 020 | 0.41

Table 5. Chemical composition analysis of fish oil and seal oil- 2

Percentage of the total
mass (%)
No The title of the substance, (for- Formula Fi;h
mula) oil Seal | Seal
(phar- | oil-1 | oil-2
macy)
| 1-(5-Bicyclo [2.2 .1Theptyl)ethyl- C,H N 0 0 031
amine
2 2-(Prop-2-enoyloxy)pentadecane C,H,,0, 0 0 1,01
3 1,2,3-Propanetriol, diacetate CH 0, 0,36 0 0
4 Z.,7-2,5-Pentadecadien-1-ol CH,O0 0 0 2,25
5 Falcarinol C . H,0 0,08 0 0
6 Methylparaben CH,0, 36,15 0 0
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Percentage of the total

mass (%)
No The title of the substance, (for- Formula Fi.sh
mula) oil Seal | Seal
(phar- | oil-1 | oil-2
macy)
7 Dimethoxyamphetamine, 2,5- C, H NO, 0,08 0 0
o | Pt st | o | om o]
9 3-tert-Butyl-4-hydroxyanisole C,H 0, 0,67 0
10 dl-Phenylephrine C,H ,NO, 0 0,29
1 1,4 Benzenei:zlll,yzl)_(l,l dimethy C,H,0, 0 0 .
12 Nonadecane C,H, 0,12 0 0
13 E,Z-2,13-Octadecadien-1-ol C,H,,0 0,39 0 0
14 E.E-1,9,17-Docasatriene C,H,, 0,00 0 0,35
15 8-Heptadecene C.H,, 0,32 0 0
16 E-14-Hexadecenal C,H,0 1,46 0 0
17 Eicosane, 10-methyl- C,H,, 0,19 0 0
18 Tetradecanoic acid, ethyl ester C,H,0, 0,25 0 0
19 2 Pentadecanon;,1 _6,10,14 trimeth C H,0 0.00 Lol .
20 E,E-1,9,17-Docasatriene C,H,, 0,12 0 0
21 9-Nonadecene C H, 0,29 0
22 n-Propyl tetradecanoate C.H,0, 0,32 0
Androstane-11,17-dione,
23 17_3[ é“;ﬁi;ﬁ;gly)gzgme] C,H,NOSi | 000 | 043 | 0
Ba,50)-
24 Hexadecanoic acid, methyl ester C H,0, 0,10 0 0
25 9-Hexadecenoic acid C,H,0, 0 0 16,13
26 n-Hexadecanoic acid C,H,0, 1,21 0 0
27 Ethyl 9-hexadecenoate CH,0, 0,27 0 0
1,3,6,10-Cyclotetradecatetraene,
28 | 3,7,11-trimethyl-14-(1-methyleth- C,H,, 0
yl)-, [S-(E,Z,E,E)]- 0,30 0
29 Hexadecar(lgl:zs I:alj:g,z)ethyl ester, C,H,0, 040 0 .
30 7Z-(13,14 Epgi(z/();e:t;r;dec 11-en-1 C,H,0, o 0
31 | i-Propyl hexadecanoate, (C ;H,0,) C,H,0, 1,18 0
9,10-Secocholes-
32 | ta-5,7,10(19)-triene-3,24,25-triol, C,H,0, 0,08 0 0
(3B,5Z,7E)-
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Percentage of the total
mass (%)
No The title of the substance, (for- Formula Fish
mula) oil Seal | Seal
(phar- | oil-1 | oil-2
macy)
9,12,15-Octadecatrieno-
ic acid, 2-[(trimethylsilyl) .
33 oxy]-1-[[(trimethylsilyl)oxy] CHR0.81, | 009 1 0 0
methyl]ethyl ester, (Z,Z,2)-
34 n-Propyl hexadecanoate C,H,0, 0,38 0 0
35 Vitamin A palmitate C,H,0, 0,20 0 0
36 Oleic Acid CH,0, 5,33 0 0
37 Ethyl Oleate C,,H,,0, 0,48 0 0
1-Monolinoleoylglycerol trimeth- .
38 ylsilyl ether C,H,,0,Si, 0 0,55 0
39 i-Propyl 9-octadecenoate C,H,0, 0,36 0 0
Androstane-11,17-dione,
3-[(trimethylsilyl)oxy]-, .
401 17.0-(phenylmethyl)oxime], CyHNOSI 0 0% 0
(Ba,50)-
Ergosta-5,22-dien-3-ol, acetate,
41 (38.22E)- C,H,0, 0,09 0 0
9,12,15-Octadecatrieno-
ic acid, 2-[(trimethylsilyl) .
42 oxy]-1-[[(trimethylsilyl)oxy] CHL08, | 014 1 0 0
methyl]ethyl ester, (Z,Z,2)-

By looking at the data in Table 1, we can see that although composition
and quantitative chemical content of oils are different, 2-decenal, (E)-(C, H O),
2,4-decadienal, (E, E)-(C,H, O), adrenalone (C,H, NO,), pentadecane (C H,),
1,8 (2H, SH)-naphthalenedione, hexahydro-8a-methyl-, cis- (C, H O,), dl-phen-
ylephrine (C;H ,NO,), 2h-azepin-2-one, hexahydro-1-methyl- (C.H ,NO), meth-
yl 4,7,10,13-hexadecatetraenoate (C H,0,), heptadecane (C _H,,), 3,7,11,15-te-
tramethyl-2-hexadecen-1-ol (C, H, O) were found in all samples.

7-methylene-9-oxabicyclo [6.1.0] non-2-ene (CH ,0), methyl 10,12-oct-
adecadiynoate (C ,H, O,), 1,8 (2H, 5SH) n, hexahydro-8a-methyl-, cis- (C, H O,),
methyl 6,9,12,15-hexadecatetraenoate (C,,H,,O,), 3-heptadecene, (Z)-(C H,),
octadecanoic acid (CH, O,), hexadecanal (C H,,0), imidazole, 2-amino-5-[(2-
carboxy) vinyl] - (C.HN,O,) present in large quantities in fish oil and seal oil-2
(Table 3).

The results of analyzes of samples of fish and seal oil-2 show with except
methyl 10,12-octadecadiynoate (C H, O,), the concentration of other substances
in fish oil is 2 or more times higher than in seal oil 2, 7-methylene-9-oxabicyclo
[6.1.0] non-2-ene (C,H,,0), 1,8 (2H, SH) -naphthalenedione, hexahydro-8a-meth-
yl-, cis-(C H,0O,), methyl 6,9,12,15-hexadecatetracnoate (C, H, O, ), 3-Heptade-

187



Volume 2, Number 459 (2024)

cene, (2)-(C,,H,,), octadecanoic acid (C H,0O,), hexadecanal (C, H,,0), imidaz-
ole, 2-amino-5-[(2-carboxy) vinyl] - (C.H,N,O,). The above substances were not
found in the seal oil-1.

The following substances were not found in fish oil table 4: 2-pentade-
cyn-1-ol (C,;H, O, 2H-azepin-2-one, hexahydro-1-methyl-(C_H,,NO), octadecane,
6-methyl-(C ;H, ), n-dl-alanylglycine (C;H, N,O,).

According to Table 5 the followmg substances were found only in fish
oil: 1,2,3-propanetriol, diacetate (C,H,,0,), falcarinol (C H,,0), methylparaben
(C,H,0,), dimethoxyamphetamine, 2,5- (C, H NO,), 3-tert- butyl—4—hydroxy—
anisole (C, H O,), 1,4-benzenediol, 2-(1,1 dlmethylethyl) -(C,,H,,0,), nonade-
cane (C H 40) E, Z-2,13-octadecadien-1-ol (C H,,0), 8-heptadecene (C
e-14-hexadecenal (C16H300) eicosane, 10-methyl- (C
ethyl ester (C, H,,0,), E, E-1,9,17-docasatriene (C

n -propyl tetradecanoate (C17 ,,0,), hexadecanoic acid, methyl ester (C.H,,0,),
n-hexadecanoic acid (C, H,,0,), ethyl 9-hexadecenoate (C H,,0,), 1,3,6,10-cyclo-
tetradecatetraene, 3,7,11-trimethyl-14-(1-methylethyl)-, [S- (E, Z, E, E)]-(CH,)),
hexadecanoic acid, ethyl ester (C18H3602), Z-(13,14- epoxy) tetradec-11-en
-1-ol acetate (C H,,0,), i-propyl hexadecanoate (C19 0,), 9,10-secocholes-
ta-5,7,10 (19)-triene-3,24,25-triol, (3B, 5Z, 7E)-(C,H,,0,), 9,12,15-octadecatrie-
noic acid, 2- [(trlmethylsﬂyl) oxy]-1-[[(trime thylsilyl) oxy] methyl] ethyl ester,

7713

17 34)
,,H,,), tetradecanoic acid,

,,H,,), 9-nonadecene (C H.,),

Z, Z, Z) -(C,,H,,0,S1,), n-propyl hexadecanoate (C H,,0,), vitamin A palmitate
(C, H 60 0,), oleic a01d (C,(H,,0,), ethyl Oleate (C, H,.0,), i- propyl9 octadecenoate
(C,H,,0,), ergosta-5,22-dien-3-ol, acetate, (3B, 22E)-(C, H,,0,), 9,12,15-octade-

catrienoic acid, 2- [(trlmethylsﬂyl) oxy]-1-[[(trimethylsilyl) oxy] methyl] ethyl es-
ter, (Z,Z,7)-(C,,H,,0,S1,). In the samples of seal oils those substances were absent.

The following substances were found in the seal oil-1: phenol, 3-meth-
yl-5-(1-methylethyl)-methylcarbamate (C,H,NO,), 2-pentadecanone,
6,10,14- trlmethyl (C,(H,0), l-monolinoleoylglycerol  trimethylsilyl — ether
(C,,H,,0,51,), and rostane-11,17-dione, 3- [(trimethylsilyl) oxy]-, 17-[O-(phenyl-
methyl) oxime], (3a, 5a)-(C H,NO,Si). Those substances were absent in fish oil
and seal oil-2.

The following substances were found only in a sample of seal oil-2: 1-
(5- bicyclo [2.2.1] heptyl) ethylamine (C,;H, N), 2- (prop-2-enoyloxy) pentadecane
(CH,,0,), Z, Z-2,5- pentadecadien-1-ol (C15 ,;0), dl-phenylephrine (C;H ,NO,),
E, E-1,9,17-docasatriene (C,,H, ), 9-hexadecenoic acid (C, H, O,).

The indicators of hydrolytic and oxidative reactions are presented in Table
6. As we see, the lipids of all samples meet the requirements for edible fats from
mammals, however, the acid number of samples of seal oil-1 and seal o0il-2 is at the
MPC level.

297743

97713
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Table 6. Indicators of hydrolytic oxidative and long-term lipid spoilage of fish and seal oil samples

L Actual Lipid from Cover Fat
Name of the indi- MPC, no - -

cator more Fish oil Seal Seal

oil-1 oil-2

Peroxide number, 10 1,3 8,5 9,2

mmol of active
oxygen/kg
Acid number, mg 4 0,8 39 4,0
KOH/g

The analysis of the obtained data indicates that in the fish oil sample the
peroxide and acid numbers do not exceed the MPC, however, the acid number in
the samples of seal oil-1 is 3.9, and in the sample of seal oil-2 is at the MPC level.
The results of analyzes for the content of metals are shown in Table 7. It should be
noted that the content of metals in the oil samples did not exceed the MPC level.

Table 7. Content of the metals in the oil, mg/kg

Elements MPC Fish oil Seal oil-1 Seal oil-2
Cd 0,2 Not detected 0,10 0,11
Pb 1,0 0,0726 0,15 0,30
Hg 0,3 Not detected | Not detected | Not detected
As 1,0 Not detected 0,50 0,47
Ba Not detected | Not detected | Not detected
Ca 0,084 0,054 0,077
Co 0,0096 Not detected | Not detected
Cr 0,5 Not detected | Not detected | Not detected
Cu 10 0,029 0,0037 0,0077
Fe 5 0,0033 Not detected 0,00080
Mg 0,0277 0,0631 0,00840
Mn 0,00178 Not detected | Not detected
Mo Not detected | Not detected | Not detected
Ni 0,193 0,00396 Not detected
Sn Not detected | Not detected | Not detected
\% Not detected | Not detected | Not detected
Zn 40 0,00131 Not detected | Not detected

When extracting seal oil by handicraft, some factors are not taken into ac-
count, such as the initial preparation of the material, such as washing, drying, grind-
ing, and so on. Even if some of the foregoing steps are carried out, the question
remains as to under what circumstances all of this occurs? During the extraction
by handicraft, the heating temperature is often not controlled, resulting in the loss
of many compounds’ beneficial characteristics during the process. An uncontrolled
process also leads to increased concentrations of heavy metals such as cadmium,
lead, and arsenic.
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Conclusion

As can be seen from the results of laboratory studies, handicraft seal oil
does not have all the medicinal properties. Therefore, its use for medicinal purpos-
es is not recommended.
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