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BO3MOXHOCTHU MACC-CIIEKTPOMETPUYECKOI'O KOHTPOJIA
KAYECTBA MOJIOYHOU IMPOAYKIIMU HA NNIPUMEPE
ITPOMBIIVIEHHBIX MOT'YPTOB C PA3JIMYHBIMU JOBABKAMHM

Macc-cieKTpoMeTpusl SBISETCS YHUKAIBbHBIM MHCTPYMEHTOM [UISi KOHTPOJIS KauecTBa M O€30MacHOCTH MHIIEBBIX
mpoaykToB. B HacTosmiel pabore 00beKTaMu UCCIEIOBAHUS CTAIN 00pa3Ibl "CB&XHUX" U TeX e MPOAYKTOB HCKYC-
CTBEHHO MPOCPOUYeHHBIX ("'YCKOPEHHO (hepMEHTHUPOBAHHBIX") MPOMBIIIICHHO BBITYCKAEMBIX Pa3HBIMU MPOU3BOIU-
TEJSIMA HOTYPTOB € Pa3IMYHBIMU MHUKPOOHMOJIOTMYECKUMHU 3aKBAaCKAMH, MOJIOUHBIM CBIPhEM, (YHKIMOHAJIBHBIMU
MUIIEBEIMA  f00aBKaMH W T.I. KadecTBEHHBIH M KOJWYECTBEHHBIH COCTaBbI 3THX OOpa3loB OLEHUBAINCH
¢ momomreio paspabdoranHoro B MAIl PAH mamorabaputHOro KBaApyMOIBHOIO Ta30BOTO MacC-CIIEKTPOMETpa
MC7-200 ¢ noHHM3aIMeElR IEKTPOHHBIM yaapoM. 3aTeM MPOU3BOAMIACH "HHTEIUIEKTyalbHasA" MaTeMaTnaeckas o0-
paboTKa MOTy4aeMBIX JaHHBIX (METOAOM "TJIaBHBIX KOMITOHEHT" W T.H.). BBIIO MOATBEpXIEHO, YTO C TOMOIIBIO
Macc-CIIEKTPOMETPUIECKOT0 aHAIN3a U ITOCIEAYIOIEH MaTeMaTHYeCKoH OOpaOOTKH MOMyYEHHBIX JAHHBIX C HC-
MIOJIb30BAHUEM METOJ0B MHOI'OMEPHOT'O CTATUCTUYECKOTO aHAIN3a MOXHO JIOCTOBEPHO OLIEHWBATh COCTAaB M Kade-
CTBO 00PA3I0OB PA3IUYHON MOJOYHON NMPOAYKIIMH, BKIIOUAsl UCIIONB3YEMBIE Ul UX yNAaKOBKHM Marepuansl. Kpome
TOro, pa3pabOTaHHbIE HAMH CIIOCOOBI MPEIBAPUTEIBHOrO "YCKOPEHHOTO (pepMeHTHpOBaHUS" aHATM3UPYEMbIX 00-
pa3I0B MOJIOYHON MPOAYKIMH, a TaK)KE HAarpeBa YIMAaKOBKH 3THUX 00pa3IoB Mepes MpoO0ooTOOPOM CYIIECTBEHHO
YBEIMYHMBAIOT YYBCTBUTEIBHOCTh aHann3a. COBOKYIMHOCTh HPEUIOKEHHBIX IMOJXOJOB ITO3BOJSIET HCIONB30BATh
Macc-CIIEKTPOMETPHIO B KaUeCTBE OJHOTO U3 BHICOKO3()(EKTUBHBIX METOIOB KOHTPOJIS COCTaBa M Ka4eCTBA MOJIOY-
HOH NMPOAYKIMH, 00NIaJAI0IEro TAKUMH PEUMYIIIECTBAMH, KaK JOCTYITHOCTH [UISl ITUPOKOT0 MPUMEHEHHS, BBICOKAs

9KCIPECCHOCTh U SKOHOMHYHOCTB, HEBBICOKHE TPEOOBAHUS K KBATM(UKALIUHK OIlepaTopa  T.[.

K. cn.: Macc-crieKTpoMeTpHs, MUIIEBast IPOMBIIUICHHOCTh, MOJIOYHAS TIPOAYKIIHS

BBEJIEHUE

MornouHasi npoayKuus (BKIOYas MaciloXHPOBYIO,
CBIDHYIO,  KHUCJIIOMOJIOYHYO M  T.OI.), Hapsny
C MSCHOM, pacTUTENbHON M MHOM MUIIEBOUM HMPOILYK-
IUEH, SBISICTCS OJHOM W3 BaXKHEHIITNX COCTaBISIO-
IMX [OUTaHus 4venoBeka. [IpowsBoicTBO Mojoka
B Poccum HEyKIIOHHO pacTer W B HAcCTOsIIEe BpeMms
npubmwkaercs K mudpe 32 MIH TOHH B TOH, a ITO-
TpeOJieHre MOJIOKAa M MOJIOYHOW MPOAYKIUH Ha AyIry
Hacenenust B PO cocrasnsier okono 230 nUTPoB B rof.
[Ipu sTOM BenencTBue Bce Oonee MHTEHCHBHOTO Pas-
BUTHSI NTUIIEBBIX TEXHOJIOIUH HE TOJIBKO KOJIMUYECTBO,
HO M KauecTBO MOJIOYHOW NPOAYKLUHUHU B IOCIEIHEE
BpeMsi HAaUMHAET HMETh Bce Oosiee Ba)KHOE 3HAUYCHHE
U1l 00ecTiedeHus] 340pOBOr0 U MOJHOLEHHOrO MHUTa-
HUSl HaceleHHs. JTO MOATBEP)KAAET M TO, YTO €Xe-
TOIHO BO BCEM MHPE NPOUCXOIUT YBEIHUYEHHE KOJH-
YecTBa MCCIICOBAHMN, TIOCBALICHHBIX MOJIOYHBIM
NPONYKTaM M HX BIIMSHHUIO Ha 3/10POBbE YEIOBEKA
(puc. 1). Ilpuyem omHOW W3 HamboJee aKTyaTbHBIX
TE€M STUX MyONWKalui SBIAETCS TO, KaK ymorpeodie-
HUE KHCJIOMOJIOYHBIX MPOLYKTOB BJIUSET HA COCTOS-
HHUE CEpAEYHO-COCYANUCTON CHCTEMbl M KEIyAOYHO-
KHLIEYHOT O TPAKTA YeJIOBeKa.

JlakrobakTepun u OuduIOOAKTEPUN SBIAIOTCS
HanOoliee THUIMHYHBIMU TPENCTABUTENSIMH aHa’poO0-
HBIX MOJIOYHOKHCIIBIX OakTepuii, MpPUCYTCTBYIOIIMX
B COCTaBE HOPMAaJBbHONW MHKPOOHOTHI YEOBEYECKOTr0
opraam3ma [1]. KucmoMmonodnbie mpomyKTsl, IPH U3-
TOTOBJICHUM KOTOPBIX B Ka4eCTBE 3aKBACOK HCIIOJNb-
3yIOTCSI MOJIOYHOKHUCITBIE OAKTEPHH, HE TOJIBKO UMEIOT
MHOKECTBO TIOJIE3HBIX [UISl YEIOBEKa ITHTATEIBHBIX
1 TPO(UIAKTHYECKNX CBOMCTB, HO M CIIOCOOCTBYIOT
MOJUIEPYKAHUIO HEOOXOMMOT0 KOJIMYECTBEHHOTO U BH-
JIOBOTO COCTaBa MHUKPOOHMOTHI YenoBeKka. Bciencreue
3TOrO KUCIOMOJIOYHBIE MPOITYKTHI BXOAAT BO BCE OC-
HOBHBIE PEKOMEH/IAIINU M PYKOBOCTBA I10 37I0POBOMY
NUTAHUIO W 00pa3y JKHW3HHU, TAE WX PEKOMEHIYeTCs
BKJIFOYATh B PallOH B3POCIBIX M JIETeH C IMEPBBIX JIET
KU3HH [2].

OnHaKo BCIEICTBHE Pa3BUTHS TEXHOJIOTHN MPOU3-
BOJICTBA KHMCJIOMOJIOYHBIX ITHIIEBBIX MPOIYKTOB OHH
BKJIIOYAIOT B ce0s, a TakKe B CBOM YIAKOBKH BCE
Oonpliiee  KOJMMYECTBO (DYHKIIMOHAIBHBIX T00aBOK
U TIOCTOPOHHUX BEIIECTB, MMEIONIUX Pa3IMIHOE IIPO-
UCXOXKJCHUE M YPOBEHb TOKCHYHOCTH JUISl 3/10POBBS
gyenoBeka [3]. [losTomy koHTpomo kadectBa U 0e30-
MACHOCTH TIMIIEBBIX IPOAYKTOB B TOCIETHHE TOIBI
yaensiercst Bce OoIpliee BHUMaHHE.
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Puc. 1. Cratuctuka myOIUKaImii B SCopus, MOCBSIICHHBIX UCCIETOBAHUIO KHCIOMOJIOYHBIX IPOTYKTOB

IIpu sTOM B CHIly MHOr0OOpasus U CIOKHOCTH CO-
CTaBa 3THUX HPOILYKTOB, & TAKXKE Pa3BUTHUSA TEXHOJIO-
M MX HPOM3BOACTBA BCE TPYyIHEE CTAHOBUTCA OT-
CII©KMBATh YPOBHHU COZAEPKaHHS B aHAJIM3UPYEMbIX
MPOLYKTaX MHUKPOOHBIX ITaTOEHOB, TSKENBIX MeTaj-
JIOB, Pa3NUYHBIX IHIIEBHIX JT00ABOK, OMOTOKCHHOB,
OCTaTKOB AarpoOXMMHKAaTOB W JPYIHMX MOTEHLIHAIbHO
oracHbIX cocraBistonmx. [loaTomy TpeGyercs paspa-
0oTka Bce Ooree d(PPEKTUBHBIX HHCTPYMEHTOB IS
aHaJIM3a Pa3IMIHBIX MUTIEBBIX MPOAYKTOB [4-8].

s uccnenoBaHusl Ta30BOr0 cocraBa (hepMEHTH-
POBaHHBIX MOJIOUYHBIX IIPOOYKTOB MOXET OBITH
WCIONB30BaH MeTof ra3oBoil xpomatorpaduu (I'X),
KOTOpBIH II03BOJISIET IOMYYUTh PA3IENCHUS] KOMIIO-
HEHTOB CIIOKHBIX cMeceit [9—11]. OnHako nnentudu-
Kalusi OOHapY)XKMBAaeMbIX 3THM METOAOM KOMIIOHEH-
TOB II0 BPEMEHHU MX yAEpXKaHMS HeE SBJIETCS 10CTa-
TOYHO JOCTOBEPHOM, a BpeMs aHalIu3a COCTaBIIAET
10-30 MuH.

Meron ra3oBOM XpOMaTO-Macc-CIIEKTPOMETPUU
('’XMC) nozBonser pa3nensTe U UASHTH(HUINPOBATH
CIIOKHBIE CMeCU. [[aHHBIA METOJ MO3BOJSET OIpene-
JSTh W aHAJIM3MPOBATh COCTAB NPOAYKTOB IMUTAHUS,
a TaKXKe UCCIIEN0BaTh ero Ha 0€30MacHOCTh MUIEBBIX
nmobaBok [12, 13]. Omunako merom I'XMC sBusercs
JNOCTaTOYHO CJIOKHBIM B peaiu3alyH, JIOPOTrOCTOs-
LIIMM M BpeMs3aTpaTHBIM (IpoLenypa aHaJIu3a 3aHU-
maer ot 10 mo 30 mwmH). [lostomy mmst skcmpecc-
JUAarHOCTUKU B PEXHMME PEAJIbHOIO BPEMEHH MOXKET
ObITh peajn30BaH METOJ Ta30BOM Macc-CIIEKTPO-
merpuu ('MC). IIpu 3ToM HHOOPMAITMOHHBIM TIOKa-
3aTesieM KadecTBa IUIIEBBIX MPOAYKTOB CTAHOBUTCS
¢uHTEpHpPUHT (OTIEYaTOK) aHATU3UpyeMoro obpasia
0e3 TMomHOW WACHTU(UKANK COCTABIAIONIUX €ro
KOMITOHEHT. BcnencrBue uero nomydaemasi B pe3yiib-
tare ['MC-aHanmm3a COBOKYMHOCTh MHOTOMEPHBIX
MaHHBIX TpeOyeT MaTeMaTHdecKod o0paboTKH, Iy
KOTOpOM B HacTosiIee BpeMsi Haubosee MUPoKo IpH-
MEHSIOTCSl AUCKPUMUHAHTHBINA aHaJIM3 U METOJ IJIaB-
HBIX KOMITOHEHT [14, 15].

[Tomumo caMoil MOJIOUHOM OPOAYKLMH, KOHTPOJISA
KayecTBa TPeOYIOT TakKe M MaTepHhalibl, HCIOJIb3ye-
MbI€ [TPOM3BOIUTESIMUA 3TOW NPOLYKLUH VI €€ yma-
KoBKH. HoMeHKaTypa Takux MaTepHaloB B HACTOS-

1ee BpeMs BecbMa pazHooOpasHa, ITo TpeOyeT WHAH-
BHUIyaJIBHOTO IT0JIX0/1a K BBIOOPY YIIAKOBKH C Y4E€TOM
ee cBoiicTB. OgHNM M3 Hanboiee pacIpoCTpaHEHHBIX
BUJIOB IUIACTHKA, MCIIOIb3YEMOIO AJISl M3TOTOBJICHUS
OJHOPA30BBIX YHAKOBOK IHILIEBBIX MPOLYKTOB IIHUPO-
KOT'O TOTPEOIIEHUs, SIBIAETCS MONMUITHIeHTepedTanat
(PET). Cpok romHOCTHM YHaKOBOK, HM3TOTOBIEHHBIX
u3 PET, — 1 rog. Takoil BuJ mjacTHUKa 3aIlpeiieHo
rcrnonb3oBaTh NoBTOpHO. Kpome toro, PET nmpomyc-
KaeT B OYTBUIKY YNbTpaUOJIETOBBIE JIYIH U KHCIO-
POA, a HApy)Ky — YIJIEKUCIIOTY, YTO yXyZIIaeT Kade-
CTBO NPOJYKTA U MPUBOIUT K COKPALIEHHUIO CPOKA €ro
XpaHEeHusl.

Lenbro HacTOsIIEel pabOTHI CTAI0 WCCIEAOBaHUE
BO3MOXXHOCTEH TNPUMEHEHHS TIa30BOr0 MAaccC-CIIeK-
TPOMETPUYECKOI0 aHajau3a C IOCIEAYIOIEH WHTeN-
JIEKTyaJhbHOH MaTeMaTH4ecKoil o0paboTKoi momy-
JaeMbIX JaHHBIX AJIS1 OLEHKH KadyecTBa 0OpasLoB pas-
JIMYHOW MPOMBIIUIEHHO BBIIYCKAEMOW MOJIOYHOMH
OPOAYKIMHM Ha MpPUMEPE BBHINYCKAEMBIX pPa3HBIMHU
MPOU3BOAUTEISAMU HOTYPTOB C Pa3IUYHBIMU 100aB-
KaMH W BKycoBbIMH Hamomautensmu (BH), a Taroke
MaTepHajIoB, HCIOIb3YEMbIX AJISl UX YHIAKOBKH.

MATEPHAJIBI U METO/bI

B kauecTBe 00BEKTOB MCCIEAOBAHUS B HACTOSILIECH
pabote ObLTO BBIOpaHO 7 00pa3OB MPOMBIILTIEHHO
MPOU3BOAMMBIX HOTYPTOB € pa3iIMyHBIMH J00OAaBKaMH,
CIIMCOK KOTOPBIX IPUBOJUTCS HUXKE:

obpazer; Ne 1 — ftorypt "Epica”, 6e3 BH, mpons-
Boautens "OpmanHH" (Poccns);

obpazer; Ne 2 — iforypr "Viola", 6e3 BH, npous-
BoauTenb "Buoma" (Poccus);

obpazer Ne 3 — #orypt "Aryma", 6e3 BH, mpous-
BoguTenb AO "BumM-bumis-Jlana" (Poccns);

obpazer Ne 4 — iorypt "Cnoboma", ¢ BH, mpouns-
BoguTennb OAO DDKO (Poccus);

obpazer Ne 5 — #iorypt "OxonuBa", ¢ BH, mpouns-
Bomutenb AO "MockoBCckO—MenbIHCKOE arporpo-
MbiuienHoe mnpeanpusitue” (Kamyxckas o0nacts,
Poccus);
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obpazerr Ne 6 — forypt "Uymo", ¢ BH, mpousso-
mutenb AO "BumM-bumis-Jlana" (Poccns);

obpazenr Ne 7 — itorypr "Aryma", ¢ BH, mpou3sBo-
mutenb AO "BumM-brns-Jlana" (Poccus).

B npouecce aHanmza OT Ka)KIOro U3 BbIILICYIOMSI-
HYTBIX OOpasloB C MOMOINBI0 TPOO03a0OPHBIX yCT-
potict (II3Y), B kauecTBEe KOTOPHIX MBI HCIIOIH30BA-
JW TUIACTHKOBBIE MITPHUIBI o0beMoM 20 mil, oTdupa-
JUCh €ro ucmapeHust (ImyTeM IPOTHIKAHHUS KPBILIKH
TepMETHYHO YIaKOBaHHOTO oOpasma urioi 113V, npu
9TOM KOHEI UIJIbl HE KacaJiCsl IOBEPXHOCTH MPOLYyK-
Ta). 3aTeM OTOOpaHHBIE Ta3000pa3Hbie TPoOs! U3 [13Y
gyepe3 CUCTeMY HpPSMOro BBOIA BBOIOWINCH B Macc-
cnekrpometrp MC7-200 [16, 17].

Janee U3 ocTaBIIMXCS B yIIaKOBKE 00pa3LioB B U3-
meputenbHble eMKkocTH (UE), B kauecTBe KOTOPBIX MBI
ucnonp3oBad 50 MII  ITACTHKOBBIE OJHOPA30BbBIE
CTaKaHYMKH, OTIMBAJIOCH 110 35 MJI MPOAYKTA, KPhILLI-
ku UE 3aBuHuuBanuce, u ynomsanyrtele UE npuBonu-
JUCh B COCTOSIHHE "MpocpodeHHbIX". s sToro oHm
MOJIBEPTajnch '"yCKOpEeHHOMY (pepMeHTHpOBaHHIO"
MyTeM TEPMOCTATHPOBAaHUS B TEUEHHE 3 CYTOK IpH
+40 °C. [locne ucreueHms Cpoka TEPMOCTATUPOBAHUS
3 UE, comepkammx "dhepMmeHTHpOBaHHBIE" TaKuM
crocoboM 00pas3ibl aHAMM3UPYEMOW TPOAYKIIHH,
TaKke OTOMpaCh MPOOBI UCTIAPEHUN U PETHCTPHPO-
BaJINCh MAcC-CIEKTPBI ITHX MPOO.

Kpome Toro, mpoBoaumncs MC-ananu3 BbIIelIeHU
YIIaKOBOK aHaJIN3UpyeMbIXx o0pa3ios. /s sToro yma-
KOBKH OTMBIBJINCh IUCTHJIIMPOBAHHOM BOMOH, 3a-
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TeM, BBICYIINBAINCh, Pa3pe3ajyuch, IOMELIAINChH
B cyxue unctbie E (kaxkgas ymakoBKa B OTJEINBHYIO
UE) u uHKYyOHpOBAIMCH B JKUAKOCTHOM TEPMOCTaTe
mpu +70 °C B Teuenue 5 muH. [anee B [13Y orbupa-
JUCH TIPOOBI MCTIapeHnid 00pa3IoB YIMAKOBOYHBIX Ma-
TepUayoB, coaepxkamuxcs B ynomsnyteix UE, u oro-
OpaHHBIE Ta3000pa3HBIe TPOOBI Yepe3 CHCTEMY Mpsi-
MOI'0 BBOJa BBOAMJIMCH B MacC-CIIEKTPOMETP.

W HakoHer nocie Noixy4eHus] Macc-CIIeKTPOB aHa-
TU3APYeMBIX 00pas3ioB B "cBexxeM" W YCKOpEHHO
"MpOCpOUIEHHOM" COCTOSTHUSIX B JIOMTONTHEHUE K "KITac-
CHUYECKMM'" METOAaM aHajM3a MOJIYYEHHBIX PE3yJbTa-
TOB Uil OOpabOTKM W BH3yaJH3allH TMOTYYEHHBIX
JAHHBIX HaMH ObUI HCIIONB30BaH "METOA TIJIAaBHBIX
kommoHeHT" (PCA). DToT Merox 4acto HMCHONB3YIOT
IUIsl aHa/IKM3a HabOpOB JaHHBIX C OOJBILIUM KOIHUYECT-
BOM II€PEMEHHBIX, ITOCKOJIbKY OH IO3BOJISET COXpa-
HUTbh MAaKCUMaJIbBHOE KOJINYECTBO MHPOpMALH O Mac-
CHBE IaHHBIX, MCIOJIb3Ysl MUHUMAJIbHOE KOJIUYECTBO
nepeMeHHbIX. JIaHHBIM METOA MO3BOJIAET YMEHBLIUTh
YHUCIO IPU3HAKOB, BHIOPaB caMble HM3MEHYMBBIE
U3 HUX, JUI 9ero MPOU3BOAUT IEPeXo] K HOBBIM IIe-
PEMEHHBIM, HAa3bIBAEMBIM 'TJIABHBIMH KOMIIOHEHTA-
mu". Jlng storo, cormacHo PCA, cHadaja Ha OCHOBE
HCXOJHOI'0 MacCHMBa JaHHBIX PACCUUTHIBAETCS '"KOBa-
pHanvoHHasT MaTpuua', OTpakaroIas JIUCIEPCHIO
HCXOTHBIX MHOTOMEPHBIX NaHHBIX. [Ipu 3TOM Kaxknas
OTZENbHAs MO3ULUS B YKa3aHHOW MaTpHIlE OTpa)kaer
CTENEHb KOPPESIIUN MEXAY OTAEIbHBIMU IPU3HAKA-
MU aHAIM3UPYEMBIX 00pa3LOB.

. IHTEHCUBHOCTH ITUKOB (B OTH. €11.), TUCTPUPOBAHHBIX B MacC-CIEKTPax ISt 1I0B "CBEXHUX
Tao6n. MarencusHoc o OTH. €]1.), 3apETHnC oBa acc-CIIEKTpPa; o0pas1oB "cBe "(C

u "yckopenHo mpocpoueHHbIx" (K) fiorypTos

OGpa- MaccoBoe aucio nuka (/la)

e 55 1 56| 57 | 58|59 |60 |61 |64]|67 |69 |70 |71 | 72|73 | 74| 84 | 8 | 88
IK ]2.62| 291|226/ 1.1| 0 |0.32| 0 |0.38|0.54| 1.2 | 2 |1.43/046] O 0 1 109] 0
1C 0.310.28]0.19/0.62| 0 |04 | O |0.18{0.07|{0.05{0.18/0.01|0.13| O 0 (0.01(0.01] O
2K 10.33/0.94|0.39|1.56] 0 |1.12/0.65|0.35{0.01{0.15| 1 |0.227]02| 0 (0.01{0.01|0.3
2C 0.310.46|/ 04|04 | 0 |0.25/0.01{0.08{0.07| 0.2 {0.15] 0.2 |0.07{0.01| O | 0.1 {0.03{0.01
3K ]0.2]0.25/0.25/0.88] 0 {0.46|0.08| 0.1 | 0 ]0.07{0.17]0.05{0.07| O 0 10.06(0.02] O
3C 0.1]0.1]0.05/0.36| 0 |0.38/0.01{0.05| 0 |0.05{0.05/0.01]0.07| O 0 (0.01(0.01] O
4K |2.55|3.62|2.31|3.27|0.91|2.15|4.11|1.19| O 0 |5.41| 0 |3.74{1.35{ 09| 0 ]0.52]1.48
4C 10.22/0.43(0.32{0.69(0.01{0.35/0.33|0.17| 0 0 10.32] 0 {0.09]/0.05{0.01| O |0.06|0.16
5K 10.01{0.01{0.01| O 0 |48.2/0.01|0.01| O 0 |41.1] 0 |122] O 0 0 0 |16.9
5C 03(104]06]| 0 0 10.35/0.05{ 02| O 0 |0.11|] 0 |0.11| O 0 0 0 ]0.01
6K 1.6 125131330725 ({58|1.1(01]07|56]0.61|24|18|09(0.01{0.01/2.35
6C 1.6 123]|14]0.60.05/0.17{0.06{0.14|0.25| 0.4 {0.25]0.13]0.09{0.06(0.03 {0.35(0.11|0.05
7K 1.4 2 1097|097 0 |040.5|0.16/03|0.7|13]0.6032(0.14/0.02| 0.7 |{0.52| 0.2
7C 10250201055 0 |04 04]0.13{0.01]|0.01{0.35{0.01|0.1{0.17|0.02{0.01|0.05| 0.2
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3aTeM Ha OCHOBe '"KOBapHAIIMOHHONW MAaTpPHIIbI"
paccunThIBaeTCs '"'MaTpHIla COOCTBEHHBIX BEKTOpPOB',
KKIBIH CTONOEI KOTOPOW SIBISIETCSA OMHOW M3 KOM-
MOHEHT, HAWJIyYIIUM 00pa30M OIMCHIBAIOLINX HUCXOI-
HBI MaccuB AaHHBIX. [locne dero ompenensercs, Ka-
KH€ U3 3THX KOMIIOHEHT SIBJISIIOTCS "TJIaBHBIMH", T.€.
BHOCST HaWOONbIINA MH(POPMAITMOHHBIA BKJIAJ B OITH-
caHHe aHaJIM3UPYyeMbIX 00bekToB. st aTOrO paccuu-
THIBAIOTCS "COOCTBEHHBIE 3HAUYEHUS KOBAPHUAITMOHHON
MaTpHIbl" U OMpeAensercsl A0J TUCIIEPCHU KaKIoH
KOMIIOHEHTBI 3TOi MaTpuipl. [locime dero orOpacki-
BAIOTCA KOMIIOHEHTBHI ¢ HaWMMEHBIIEH NOJIEH Iucmep-
cur. OcraBisgercs CTOILKO '"TJaBHBIX KOMIIOHEHT",
9T00BI WX o0mas momst aucrnepcuu ("WH(OpMAIMOH-
HBIA Bec") B YIOMSHYTOH '"KOBapHAIIMOHHONH MaTpH-
ne" cocraBisna 80-90%. OrOpolIeHHbIE )Xe JaHHbIE
cuuTatoTcs ManonmH(popMaTuBHEIM mrymom". [lpm
3TOM aJrOpUTM HOPMHUPYET Ka)XIyl0 W3 KOMIIOHEHT,
BXOJISIIIYIO B OIHY W3 "TNIaBHBIX", a 3aTeM moxoOupaer
WX Beca TaKuM 00pa3oM, 4TOOBI MOTydeHHBIE "TIIaB-
Hble KOMIIOHEHTHI' WMENN HauOONBIIYI0 BHIOOpOU-
HYIO IMCIIEPCHUIO M HE KOPPETUPOBAIIN APYT C IPYIOM,
YTO IIOMOraer OOpOThCS ¢ MYJIBTHKOIMHEAPHOCTHIO
B aHAIM3UPYEMOM MaccuBe AaHHBIX. B pesynbrate
aHaJM3a JaHHBIM METOIOM MBI MOXEM BU3YalIU3UPO-
BaTh MOJydEeHHBIC JaHHBIE B "MPOCTPAHCTBE INIABHBIX
KOMITOHEHT" B BHJE TOYEK, KaXkias U3 KOTOPBIX CO-
JEpKUT UHPOPMAIUIO 00 OTAETFHOM MOJOYHOM TIPO-
IOYKT€ — TaK 9TO MOXHO OLI€HHTh COCTaB U KadeCTBO
9TOT0 MPOAYKTa B 3aBHCHMOCTH OT €ro IOJIOKEHHS
Ha rpaduke [18, 19].

B. C. CUBUPLIEB, A. T. KY3bMUH, 0. A. TUTOB, M. 10. 3BAHEBCKA, A. 10. 3AVIIEBA

PE3YJIbTATBI U UX OBCYXXJIEHUE

JlaHHBIE, TIOJIyYEHHbIE B PE3YJbTaTe HKCIIEPUMEH-
TaJbHOTO KCCIIEOBAHMS 110 ONMCAHHOW BBIIIE METO-
ke 7 obOpas3noB "cBexux" W YCKOpEHHO '"Mpocpo-
YEHHBIX" TPOMBIIIICHHO BBIIYCKAEMBIX pa3HBIMHU
MPOU3BOAMUTEISAMU HOTYPTOB C DPa3IUYHBIMU 100aB-
KaMH, TpefcTaBiieHsl B Tabnume. Ha puc. 2, 3 mpen-
CTaBJIEHBI 00pa3Ilbl Macc-CIeKTpoB ioryptoB Ne 1, 2
0 u mocie ux 3akucieHus. Kak BuaHo, B Macc-
CIIEKTpax (hUKCHpPYyeTcsl CYIIECTBEHHOE BO3pacTaHME
(Oomee yem Ha MOPSAIOK) MHTEHCHBHOCTEH 3aperwcT-
PUPOBAaHHBIX IMKOB IIOCIE 3aKUCIIEHHs 00pa3LoB,
a TaKKe OTYETIMBO MPOSBISAETCS CYIIECTBEHHOE pa3-
JMYMEe BUIA COOTBETCTBYIOIIMX MacC-CIEKTPOB (co-
CTaBa XapakKTepHBIX THKOB) JUIA pa3HbIX 00pPasIloB,
9TO TO3BONsIET (hopMUpoOBaTh 0a3zy WX (QUHTEPIIPHH-
TOB.

W3 nmpexncraBieHHbIX B TaOIuIe AaHHBIX BHUIHO,
9TO B OONBIIMHCTBE Ciry4aeB Horyptsl ¢ BH (06pasist
4-7) meMOHCTPUPOBAIH HA COOTBETCTBYIOIIMX MaccC-
crieKTpax OoIblliee KOMTUYECTBO M OONBITYI0 MHTEH-
CHUBHOCTH IHKOB, HeXenu Horyptel 6e3 BH (o6pasmbt
1-3). Uckmirouenue cocraBwim "cpexxue" oOpasnbl 4
u 7, Macc-CHEeKTpbl KOTOPBIX OBUIM CXOIHBI C Macc-
cnektpamu "cBexux" orypros 0e3 BH. Ananornuno,
B OONBIIMHCTBE Cily4aeB OoJsblIee KOJINYECTBO
1 OONBIIYI0 WHTEHCHUBHOCTh MMUKOB B MacC-CIIEKTpax
JEMOHCTPUPOBAIHN "yCKOpeHHO (epMeHTHpOBaHHBIE"
HAOTypTHIL.

Macc-cnekTp obpasua Ne 1
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Puc. 2. O6pa3usr ciektpoB HoryptoB Ne 1.

1C — "cBexue", 1K — yCKOPEHHO 3aKUCIIEHHbIE
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Puc. 3. O6pa3isr cektpoB HoryptoB Ne 2.

2C — "cexue", 2K — yCKOPEHHO 3aKUCIIEHHbIE

[Ipu aTOM, BCe HccaenoBaHHbBIE HAMHU HOTYPTHI €3
BH (o0pa3mer 1-3) Ha Macc-criektpax B "cBexeMm"
BHJIE AEMOHCTPUPOBAIN MaJIO- U CPEAHEUHTEHCUBHBIE
muKe ipu m/z = 55, 56, 57, 58, 60, 64, 69, 70 u 72 [a.
Kpowme Toro, y "cBexxero" obpasma 1 uMencs MamonH-
TEHCUBHBIA MUK TIpu m/z = 67 Jla, a y obpasmna 2 —
MAKA CpeJHed WHTEHCHMBHOCTH mipu m/z = 71
u 84 Ha. Ilpu 3TOM, 1O pe3ynbTaTaM HalllUX HpPEbl-
OyIUX UcClenoBaHui, muku m/z = 58, 60 u 67 Jla
COOTBETCTBOBAJIM, CKOpEE BCETO, NMPUCYTCTBUIO B HC-
clienyeMblx 00pas3lax aleToHa, YKCYCHOW KHCIIOTHI
n wmionpeHa. Torma kak muk npu m/z = 69 /[la,
BO3MOXKHO, OTpPa)KaeT HPUCYTCTBHE B HCCIEAYEMbIX
oOpasuax BBICOKOHEHACHIILIEHHOTO  YIJIEBOAOPOAA
ckBanena (C;oHsg), KoTOpBIit Oraromaps cCBOMM 3HAYH-
TEJbHBIM JHUETHYECKMM IPEUMYILECTBAM IIUPOKO HC-
MOJIb3YETCS B KauecTBE BCIIOMOIAaTEIbHOIO BEIECTBA
B Pa3IMyHbIX (hapMalleBTHUECKUX Mperaparax.

B T0 xe Bpems mpu 3akucieHuu obpasio 1-3
OOJNBIIMHCTBO NMHMKOB HAa UX MAacCC-CIIEKTPaX YBEIHYH-
BaJIO CBOXO MHTEHCUBHOCTH B 1.5—100 pa3. Uckiroue-
HHE€ COCTaBWJIM MUK Tpu m/z = 60 y oOpasma Ne 1,
nuku pu m/z = 55, 57, 69 u 71 [Jla y obpasma 2,
a Tarxoke muku mpu m/z = 60 u 72 Jla y obpasua 3, un-
TEHCUBHOCTb KOTODPBIX MPH 3aKUCICHUM 00pa3LoB
MPaKTUYeCKHu He MeHstack. Kpome Toro, mpu 3akuc-
neann 00pas3noB 1-3 Ha WX Macc-CHeKTpax IOSBIIS-
JUCh JIOTIONIHUTENbHBIE MHKH Tpu m/z = 61 Jla
(y obpasmoB 2 u 3), 67 Ha (y obpasma 2), 85 [a
(y obpasma 1), 71 u 84 [la (y obpasuos 1 u 3), a Taxke

HAVYYHOE ITPUBOPOCTPOEHME, 2023, Tom 33, Ne 4

73 u 88 Jla (y obpasma 2). [lpuuem HambombIiee BO3-
pacTaHre MHTEHCUBHOCTEH IMKOB B MAacc-CIEKTpax Jie-
MOHCTPHPOBAJI [P 3aKUCIIEHUH oopasers 1.

B cBoro ouepenp, OOJBIIMHCTBO HCCIEIOBAHHBIX
Hamu #oryproB ¢ BH (oOpasusr 4, 6 u 7) Ha Mmacc-
creKTpax o0pasIoB B "cBexxeM' BHIIE JEMOHCTPHUPO-
BaJiM CPEIHEHHTEHCUBHBIE ITUKU MPH TEX K€ Macco-
BBIX UHCIIaxX, 9TO U 00pasiisl HoryproB 6e3 BH (m/z =
=55, 56, 57, 58, 60, 64, 70 u 72 [la), a Tarxoke IOMOI-
HUTENbHBIE MUKH TIpu m/z = 61, 73, 85 u 88 Jla. IIpu
3aKMCJICHHMH S3THX O00pa3loB Ha HMX Macc-CIEKTpax
OOJNBIIMHCTBO IHMKOB YBEIMYMBAIO CBOK) HMHTEHCHB-
HOCTb B 2-90 pa3. VckinroueHrne COCTaBHIA UKW NpU
m/z =55, 56, 57, 67 lla y oOpa3na 6 u NHKH TIpH
m/z = 57, 60, 61, 64, 73, 88 Jla y ob6pasna 7 (WHTEH-
CHUBHOCTb KOTOPBIX IIpH 3aKUCIIEHHH IPAKTHYECKU
HE MEHIach), a TaKKe MUKK pu m/z = 67, 84, 85 Jla
y o0pa3ua 6, MHTEHCHBHOCTb KOTOPBIX IIPH 3aKHCIIE-
HUU 00pa3ia yMeHbInanace B 2.5-35 pas.

Kpome Toro, otaenpHOro paccMOTpEHHsI 3aCiIysKu-
BaeT oOpazery 5. B macc-cmekrpax 3Toro obOpasma
B ""cBexeM" BHE MPUCYTCTBOBAJIHM TE K€ IMHKH, YTO
U y OCTaJbHBIX MCCIEIOBAaHHBIX HAaMH HOT'YpTOB
c BH B "cBexxem" BHIIE, 32 NCKITIOYEHUEM ITHKOB MIPH
m/z = 58, 73, 85 u 88 Jla. B To ke Bpems mpu 3aKwc-
JieHnu o0pasla 5 MHTEHCHBHOCTh IIMKOB Ha €ro mMacc-
cnektpe mpu m/z = 60, 70, 72 u 88 [la yBenmumnBa-
nack B 120-1700 pa3, Torga kak MHTEHCUBHOCTb IH-
KoB Tipu m/z = 55, 56, 57, 61 u 64 [la, HaoOopor,
yMeHbLanach B 5—60 pas.
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PC1 (39.4%)

Puc. 4. Pesynprar 00pabOTKH MaccuBa JaHHBIX, MPEACTaBICHHBIX B TaOiwIe, "METOIOM TIIaBHBIX
KOMITOHEHT", T€e nepsas riasHas komnoHeHTa (PC1) onucwiBaer 39.4% aucnepcuu, a BTOpas riias-

Hast kommoneHTta (PC2) omuceiBaer 34% mucnepcum.

Homepa Touek COOTBETCTBYIOT HOMEpaM HCCIIeJOBAHHBIX 00pa3LoB.
Ommunces! gosepurenbHocT: CE K — 95% ns 3akucnennsix oopasnos, CE C — 95% mns cBexux

00pasmoB

MATEMATHYECKAS OBPABOTKA JJAHHBIX

JlaHHbIE MHTEHCHBHOCTEW MHKOB, 3aperUCTPUPO-
BaHHBIX B MAacC-CIIEKTpax HMCCIIENOBAaHHBIX 00pa3LoB,
cofepxalyecst B Tabnuie, ObUTH 00paboTaHbl C HC-
MOJTE30BaHUEM KOMIThIOTEpHOU mporpamMmbl "Origin-
Pro 2023" ¢ momo1upio "MeToAa IJIaBHBIX KOMIOHEHT"
(PCA), B KOTOpPOM JJIs1 OIpENEeNeHns ONTUMAIBHOTO
KOJIMYECTBAa '"TJIaBHBIX KOMIIOHEHT" HCIIOIb30BAJICS
KpuTepuil "kameHucToit oceimu” (Meton Kerrena).

B pesynbTare 65110 OTYUEHO:

PC1=0.66 “Mss* + 0.63 *Mg* + 0.39 “Mnp*,
PC2=0.72 *Msg* — 0.28 *Mgo* — 0.22 *Mgs*,
Mss* = Mss; /(1/n*X;Mss ;) — 1,
Msg* = Msg,; / (1/n* Z;Msg) — 1,

Mes™ = Mgy, / (1/n* ZiMea ) — 1,
Mgo™ = Mg, / (1/n*Z;Mgo ;) — 1,
Myp* =My, /(1/n*Z;Mzp,;) — 1,
Mgy* = Mgq,; / (1/n*Z; Mgy ) — 1,

rie

Mss,i, Msgi, Meai, Mgoi, M72;, Mgs; — MHTEHCHB-
HOCTH TIMKOB, 3apEerHCTPHUPOBAHHBIX Ha MAacC-CIeK-
Tpax i-ro obpasma, mpu m/z = 55, 58, 64, 69, 72
u 84 Jla COOTBETCTBEHHO, a 7 = 7 — 00IIee KoJIH4e-
CTBO aHATM3UPYEMBIX 00pPA3IIOB.

[Ipu sTOM, Kak BUAHO Ha puc. 4, mepBas '"TIaBHAs
komnonenTa" (PC1) u (PC2) obwsacusmu 73.4% wuc-
XOIHBIX TaHHBIX.

HAVYYHOE ITPUBOPOCTPOEHME, 2023, Tom 33, Ne 4
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Puc. 5. CpaBHeHHE CIIEKTPOB, MOITYYEHHBIX JUII MAaTEPHUAJIOB, IPUMEHIBIINXCS IPOM3BOAUTEIIMH
JUIS YIIAaKOBKH Pa3JIMYHBIX MPOMBIIIIIEHHO BBITYCKaEMBIX HOT'YPTOB

Taroke 1Mo CeaTsHO pa3padoTaHHOMN I ATOTO Me-
TOAMKE AHAIM3UPOBAIMCH MACC-CIEKTPbl MaTEpHaJIOB,
MPUMEHSIBILUXCS. NPOU3BOIUTEISIMUA JJIsI W3TOTOBJIE-
HUS YIIAKOBOK HCCIIEIYyEeMBIX 00pa3lioB IPOMBILLIEH-
HOM KHCJIOMOJIOYHOM NPOAYKUMHU. Pe3ynpTaThl 3TOro
aHaiM3a Ha mpuMepe oOpas3moB Ne 2 (HamMeHbIIHE
BbiienieHns) u Ne 6 (HamOoIbIvie BEIICNEHNS) TIPENI-
CTaBJICHBI HA PUC. 5, KOTOPBIA JEMOHCTPUPYET CyIE-
CTBEHHOE pa3Iiiyve IO0JyYEHHbIX MacC-CIEKTPOB.
W3 nony4eHHBIX NaHHBIX BUAHO, YTO MAaCC-CIEKTPHI
ucnapeHuii OONBIIMHCTBA YINAKOBOK, IIOJIyYCHHBIE
[0 NPEATIOXKEHHOW HaMHM MeTOIMKe, ObUIM BechbMa
CXOIHBI MEXIY cO00I U MaJIOMHTEHCHUBHEI (HECMOTPS
Ha TO, YTO, B OTJIMYME OT OCTAJIbHBIX UCCIIEIOBAHHBIX
00pas3IoB, TSt U3TOTOBIIEHUS YIIaKOBKH obOpasiia No 2
BMecto miactuka tuna "PET 01" ncnons3oBasics nina-
ctuk tuma "C/PAP 81"). Ho B 1o ke Bpems macc-
CHEKTPHI HCIApeHW YIMaKOBOK 00pasmoB 3 u 6 me-
MOHCTPHPOBAII TIMKH, 3HAYUTEINBHO OOJBIINE 110 HH-
TEHCUBHOCTH, YEM Y OCTaJIbHBIX HCCIIEAOBaHHBIX 00-
pasmoB, mpu m/z = 60a (y oOpasma 3)
u m/z =53, 54, 55, 56, 67, 69, 70, 83, 84, 85 u 86 Mla
(y obpasma 6), U3 KOTOPHIX HAMOOIBIIMMHA TI0O MHTEH-
CHUBHOCTH OBLITH MUKW mpu m/z = 55, 56 u 57 [a. Ilo-
ClIefIHEee MOXET CIYXHUTb CBHIETEIBLCTBOM TOTO, YTO
TP M3TOTOBJIEHUH YIaKOBOK 00pa3ioB 3 U 6 UCTIONb-
30BaJIHCh TUTACTUKH, XOTS U Toil xe mapku "PET 01",
9TO M Yy OOJIBIIMHCTBA OCTaJbHBIX HCCIIEJOBAHHBIX

HAVYYHOE ITPUBOPOCTPOEHME, 2023, Tom 33, Ne 4

00pasmoB, HO, BO3MOXXKHO, BTOPUYHO TIepepadoTaH-
HbIe, 100 C MCTEKIIUM CPOKOM XpaHEHHs, TH00 M3-
rOTaBJIMBaBIINECS WIN XPAHUBIINECS C HAPYIIEHUSIMHU
TEXHOJIOTMYECKOr'0 periaMeHTa. JTO MOKa3bIBaeT, YTo
HpeAcTaBisgeMas HaMM METOAMKAa MOXET OBITh HC-
M0JIb30BaHA B TOM 4YHCIIE M JIsi KOHTPOJSI KadyecTBa
MaTepHajoB, HCIOIb3YEMbIX PAa3JIMYHBIMU IPOU3BO-
IUTENSIMH A7l M3TOTOBJICHUS YIIAKOBOK pa3HOW IH-
LIEBOU MPOIYKLIHH.

BbIBO/IbI

Takum 06pa3om, IpeACTaBIICHHbBIE PE3yIbTaThl HUC-
cienoBaHui 00pa3IOB WOTYPTOB, a TaKKe MaTepha-
JIOB JUISL MX YIMAKOBKH MOKa3aJik, YTO pPa3paboTaHHbII
HaMH TIOIXO]I, 3aKIF0YAIOIINNcA B 0TOOpe NCapeHui
aHAJM3UPYEMbIX 00pas3loB, PErucTpallMd HX CIEK-
TPOB C IOMOIIbIO I'a30BOT0 KBAIPYMOJIBLHOI'O Macc-
CHEKTPOMETpa C MOCHenyrolIel "HHTeTeKTyalsHOn"
MaTeMaTH4ecKol 00pabOTKOW IONYyYEeHHBIX JaHHBIX
METOZI0M MHOI'OMEPHOI'O CTAaTHCTUYECKOI'0 aHau3a
JAHHBIX, MOXKET OBITh HCIIONbB30BaH B KauecTBE 3(-
(eKTHBHOrO MeToAa KOHTPOJS COCTaBa M KadecTBa
MOJIOYHOW MPOAYKLUMM (BKJIOYas MaTepuajbl, HC-
nojb3yeMble Ajs ee yrmakoBku). [Ipu sTom momnonHu-
TEIbHO Pa3pabOTaHHbIE HAMU METOIUKH IpeaBapu-
TENBHOTO "yCKOPEHHOTO (epMEeHTHpOBaHUS" aHAIN-
3UpyeMbIX 00pa3LoB MOJIOUHON HPOXYKLHH, a TAKKe
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HarpeBa MAaTEpHAJIOB, WCIIOIb3YEMBIX IIPOU3BOIN-
TEINSAMHA TSI YIAKOBKH 3THX 00pasIloB, Tiepen mpodo-
OoTOOpPOM HCIIApPEHHH CYIIECTBEHHO YBEIHMYHBAIOT
qyBCTBUTEILHOCTh aHAJIN3A.

Paboma evinonnena ¢ Hucmumyme ananumuyecko2o
npubopocmpoenusi Poccuiickoii akademuu Hayxk 8 pamxax
eocyoapcmeennozo  3adamus  Munucmepcmea — HayKu
u gvicuteco obpasosanus PO Ne 075-01157-23-00
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POSSIBILITIES OF MASS SPECTROMETRIC QUALITY CONTROL
OF DAIRY PRODUCTS ON THE EXAMPLE OF INDUSTRIAL
YOGHURTS WITH VARIOUS ADDITIVES
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Mass spectrometry is a unique tool for the quality and safety control of food products. In this article, the ob-
jects of study were samples of "fresh" and "acceleratedly fermented" samples of yogurts industrially produced
by different manufacturers (with various microbiological starters, dairy raw materials, functional food additives,
etc.). The qualitative and quantitative composition analysis of the samples was carried out using a small-sized
quadrupole gas mass spectrometer MS7-200 with electron impact ionization developed at the IAP RAS. Then,
the "intelligent" mathematical processing of the obtained data was carried out (using the method of "principal
components", etc.). The work confirmed that mass spectrometric analysis and subsequent mathematical
processing of the obtained data using the methods of multivariate statistical analysis can reliably assess the
composition and quality of samples of various dairy products, including the materials used for their packaging.
In addition, the methods developed by us for preliminary "accelerated fermentation" of the analyzed samples of
dairy products, as well as pre-heating of the package before sampling, significantly increase the sensitivity of
the analysis. The solutions proposed in this work make it possible to use mass spectrometry as one of the most
effective methods for monitoring the composition and quality of dairy products. This method has such advan-
tages as accessibility for wide use, high speed and cost-effectiveness, low requirements for operator qualifica-
tions, etc.

Keywords: mass spectrometry, food industry, dairy products
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INTRODUCTION

Dairy products (including oil and fat, cheese, fer-
mented milk, etc.), along with meat, plant and other
food products, are one of the most important compo-
nents of human nutrition. Milk production in Russia is
growing steadily and is currently approaching the fig-
ure of 32 million tons per year, and per capita con-
sumption of milk and dairy products in the Russian
Federation is about 230 liters per year. At the same
time, due to the increasingly intensive development of
food technologies, not only the quantity but also the
quality of dairy products has recently become increa-
singly important for ensuring the healthy and good
nutrition of the population. This is also confirmed by
the fact that every year around world there is an in-
crease in the number of studies devoted to dairy prod-
ucts and their effect on human health (Fig. 1). Moreo-
ver, one of the most relevant topics in these publica-
tions is how the consumption of fermented milk prod-
ucts affects the state of the cardiovascular system and
the human gastrointestinal tract.

Fig. 1. Statistics of publications in Scopus highlight-
ing the study of fermented milk products
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Lactobacilli and bifidobacteria are the most typical
representatives of anaerobic lactic acid bacteria that
are present in the normal microbiota of the human
body [1]. Fermented milk products, in the production
of which lactic acid bacteria are used as starter cul-
tures, not only have many beneficial nutrients and
preventive properties for humans but also contribute
to maintaining the necessary quantitative and species
composition of the human microbiota. As a result,
fermented milk products are included in all major rec-
ommendations and guidelines for healthy eating of
adults and children from the first years of life [2] and
lifestyle.

However, due to the development of technologies
for production, fermented milk food products, as well
as their packaging, include an increasing number of
functional additives and foreign substances of differ-
ent origins and levels of toxicity to human health [3].
Therefore, increasing attention has been paid to food
quality and safety control in recent years.

At the same time, due to the diversity and com-
plexity of the composition of these products, as well
as the development of technologies for their produc-
tion, it is becoming increasingly difficult to monitor
the levels of microbial pathogens, heavy metals, vari-
ous food additives, biotoxins, residues of agrochemi-
cals, and other potentially dangerous components in
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the analyzed products. Therefore, the development of
increasingly effective tools for the analysis of various
food products is required [4—8].

The gas chromatography (GC) method can be used
to study the gas composition of fermented dairy prod-
ucts; this method makes it possible to separate the
components of complex mixtures [9—11]. However,
the identification of components by their retention
time using this method is not sufficiently reliable, and
the analysis time is 10-30 minutes.

The gas chromatography-mass spectrometry
(GCMS) method allows the separation and identifica-
tion of complex mixtures. This method allows you to
determine and analyze the composition of food prod-
ucts and also examine them for the safety of food ad-
ditives [12, 13]. However, the GCMS method is quite
difficult to implement, expensive, and time-
consuming (the analysis procedure takes from 10 to
30 minutes). Therefore, the gas mass spectrometry
(GMS) method can be implemented for express diag-
nostics in real time. In this case, the fingerprint of the
analyzed sample becomes an indicator of the quality
of food products without complete identification of
their components. As a result, the set of multidimen-
sional data obtained by GMS analysis requires ma-
thematical processing, for which discriminant analysis
and the principal component method are currently
most widely used [14, 15].

In addition to the dairy products themselves, quali-
ty control also requires the materials used by the pro-
ducers of these products for their packaging. The
range of such materials is currently very diverse,
which requires an individual approach to the selection
of packaging, taking into account its properties. One
of the most common types of plastic used to make
single-use consumer food packaging is polyethylene
terephthalate (PET). The shelf life of packages manu-
factured from PET, is 1 year. This type of plastic can-
not be reused. In addition, PET lets ultraviolet rays
and oxygen into the bottle and carbon dioxide out,
which deteriorates the quality of the product and leads
to a reduction in its shelf life.

The purpose of this work was to study the possibil-
ities of using gas mass spectrometric analysis with
subsequent intelligent mathematical processing of the
data obtained to assess the quality of samples of vari-
ous industrially produced dairy products on the exam-
ple of yogurts produced with various additives and
flavoring fillers (FF) by various manufacturers, as
well as the materials used for their packaging.

MATERIALS AND METHODS

As research objects in this work, 7 samples of in-
dustrially produced yogurts with various additives
were selected, the list of them is given below:
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sample No. 1 — Epica yogurt, without FF, pro-
duced by Ehrmann (Russia);

sample No. 2 — Viola yogurt, without FF, pro-
duced by Viola (Russia);

sample No. 3 — Agusha yogurt, without FF, man-
ufactured by Wimm-Bill-Dann JSC (Russia);

sample No. 4 — Sloboda yogurt, with FF, manu-
factured by JSC EFKO (Russia);

sample No. 5 — Ekoniva yogurt, with FF, pro-
duced by Moscow-Medynsky Agro-Industrial Enter-
prise JSC (Kaluga region, Russia);

sample No. 6 — Miracle yogurt, with FF, pro-
duced by Wimm-Bill-Dann JSC (Russia);

sample No. 7 — Agusha yogurt, with FF, produced
by Wimm-Bill-Dann JSC (Russia).

During the analysis, evaporations were collected
from each of the above-mentioned samples using
sampling devices (SSD), in our case — 20 ml plastic
syringes. The sampling was carried out by piercing
the lid of a hermetically sealed sample with a SSD
needle; the end of the needle did not touch the surface
of the product. Then, the selected gaseous samples
from the SSDs were introduced into the MS7-200
mass spectrometer through a direct input system [16,
17].

Next, 35 ml of the product from the samples re-
maining in the packages were poured into measuring
containers (MCs), in our case — 50 ml plastic dispos-
able cups, the lids of the MCs were screwed on, and
the MCs were brought into the “expired” state. To do
this, they were subjected to "accelerated fermentation"
by thermostating for 3 days at +40 °C. When the
thermostating period was over, "fermented" samples
of the analyzed products were taken from MCs, as
well as evaporation samples, and the mass spectra of
these samples were recorded.

In addition, MS analysis of the emissions from the
packages of the analyzed samples was carried out. To
do this, the packages were washed with distilled wa-
ter, then dried, cut, and placed into dry, clean MCs
(each package in a separate MC) and incubated in
a liquid thermostat at +70 °C for 5 minutes. Next,
emission samples of packaging materials contained in
the mentioned MCs were taken in the SSDs, and the
selected gaseous samples were introduced into the
mass spectrometer through a direct input system.

And finally, after obtaining mass spectra of the
analyzed samples in fresh and acceleratedly "expired"
states, we used the principal component method
(PCA) to process and visualize the data obtained in
addition to "classical" methods for analyzing the re-
sults. This method is often used to analyze data sets
with a large number of variables, since it allows you
to retain the maximum amount of information about
the data set using a minimum number of variables.
This method allows you to reduce the number of cha-
racteristics by selecting the most variable of them, for
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which the transition to new variables called "principal
components" is carried out. To do this, according to
PCA, first, on the basis of the original data array,
a "covariance matrix" is calculated, reflecting the dis-
persion of the original multidimensional data. Each
individual position in the specified matrix reflects the
degree of correlation between the individual characte-
ristics of the analyzed samples.

Then, based on the "covariance matrix", the "eigen-
vector matrix" is calculated, each column of which is
one of the components that best describes the original
data array. Then the principal components get deter-
mined, i.e., those of them that make the greatest in-
formational contribution to the description of the ana-
lyzed objects. To do this, the "eigenvalues of the co-
variance matrix" are calculated, and the share of va-
riance of each component of this matrix is determined.
Then the components with the smallest amount of va-
riance get discarded. So many "principal components"
are left so that their total share of variance ("informa-
tion weight") in the mentioned "covariance matrix" is
80-90%. Discarded data is considered uninformative
"noise". The algorithm normalizes each of the compo-
nents included in one of the "principal components",
and then picks their weights up so that the resulting
"principal components" have the largest sample va-
riance and do not correlate with each other, which
helps combat multicollinearity in the analyzed data
array. As a result of the analysis by this method, we
can visualize the obtained data in the "principal com-
ponent space" in the form of points, each of which
contains information about an individual dairy prod-
uct, so that the composition and quality of this product
can be assessed depending on its position on the graph
[18, 19].

Tab. Peak intensities (in relative units) recorded in
the mass spectra for samples of “fresh” (C) and “acce-
leratedly expired” (K) yogurts

RESULTS AND DISCUSSION

The data obtained as a result of an experimental
study of 7 samples of “fresh” and “acceleratedly ex-
pired” yogurts industrially produced by various manu-
facturers with different additives are presented in Tab.
Figs. 2, 3 show samples of mass spectra of yogurts
No. 1, 2 before and after their acidification. As can be
seen, the mass spectra show a significant increase (by
more than an order of magnitude) in the intensities of
the recorded peaks after acidification of the samples,
and a significant difference in the appearance of the
corresponding mass spectra (composition of characte-
ristic peaks) for the samples is clearly visible, which

makes it possible to form a database of their finger-
prints.

Fig. 2. Samples of spectra of yogurt No. 1.
2C — fresh, 2K — acceleratedly acidified

Fig. 3. Samples of spectra of yogurt No. 2.
2C — fresh, 2K — acceleratedly acidified

From the data presented in Tab. it can be seen that
in most cases, yogurts with FF (samples 4—7) showed
a greater number and greater intensity of peaks in the
corresponding mass spectra than yogurts without FF
(samples 1-3). The exception was "fresh" samples 4
and 7, the mass spectra of which were similar to the
mass spectra of "fresh" yogurts without FF. Likewise,
in most cases, a larger number and higher peak inten-
sity in the mass spectra were demonstrated by "accele-
ratedly fermented" yogurts.

All the yogurts without FF (samples 1-3) in their
mass spectra in “fresh” form demonstrated low- and
medium-intensity peaks at m/z = 55, 56, 57, 58, 60,
64, 69, 70, and 72 Da. In addition, "fresh" sample 1
had a low-intensity peak at m/z = 67 Da, and sample 2
had medium-intensity peaks at m/z = 71 and 84 Da.
Moreover, according to the results of our previous
studies, the peaks m/z = 58, 60, and 67 Da most likely
corresponded to the presence of acetone, acetic acid,
and isoprene in the studied samples. Whereas the peak
at m/z = 69 Da may reflect the presence of the highly
unsaturated hydrocarbon squalene (C;oHsp), which,
due to its significant dietary benefits, is widely used as
an excipient in various pharmaceutical preparations.

After acidification of samples 1-3 most of the
peaks in their mass spectra increased their intensity by
1.5-100 times. The exceptions were the peak at m/z =
= 60 for sample No. 1, the peaks at m/z = 55, 57, 69,
and 71 Da for sample 2, as well as peaks at m/z = 60
and 72 Da for sample 3, the intensity of which practi-
cally did not change after acidification of the samples.
In addition, when samples 1-3 were acidified, addi-
tional peaks appeared in their mass spectra at m/z =
=61 Da (for samples 2 and 3), 67 Da (for sample 2),
85 Da (for sample 1), 71 and 84 Da (for samples 1 and
3), and also 73 and 88 Da (sample 2). Sample 1 dem-
onstrated the greatest increase in peak intensities in
the mass spectra upon acidification.

In turn, the majority of yogurts with FF that we
studied (samples 4, 6, and 7) in the mass spectra of the
samples in "fresh" form demonstrated medium-
intensity peaks at the same mass numbers as samples
of yogurts without FF ( m/z = 55, 56, 57, 58, 60, 64,
70, and 72 Da), as well as additional peaks at m/z =
=61, 73, 85, and 88 Da. When these samples were
acidified, most of the peaks in their mass spectra in-
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creased their intensity by 2-90 times. The exceptions
were peaks at m/z = 55, 56, 57, 67 Da for sample 6
and peaks at m/z = 57, 60, 61, 64, 73, 88 Da for sam-
ple 7 (the intensity of which after acidification almost
did not change), as well as peaks at m/z = 67, 84,
85 Da for sample 6, the intensity of which decreased
by 2.5-35 times upon sample acidification.

Finally, sample 5 is worth individual consideration.
The mass spectra of this sample in its "fresh" form
contained the same peaks as the rest of the yogurts
with FF in its "fresh" form, with the exception of
peaks at m/z = 58, 73, 85, and 88 Da. When sample 5
was acidified, the intensity of the peaks in its mass
spectrum at m/z = 60, 70, 72, and 88 Da increased by
120-1700 times, while the intensity of the peaks at
m/z = 55, 56, 57, 61, and 64 Da, on the contrary, de-
creased by 5-60 times.

MATHEMATICAL DATA PROCESSING

Data on the intensities of the peaks recorded in the
mass spectra of the studied samples and contained in
the Tab. were processed using the computer program
OriginPro 2023 and principal component analyses. To
determine the optimal number of principal compo-
nents, the scree plot (Cattell’s method) was used.

The result was:

PC1=0.66 “Mss* + 0.63 *Mg* + 0.39 “Mnp*,
PC2=0.72 *Msg* — 0.28 *Mgo* — 0.22 *Mgs*,
Mss* = Mss,; /(1/n*E;Mss;) — 1,
Msg* = Mss,; / (1/n*E;Msg;) — 1,
Mes™ = Mgy, / (1/n*ZiMea ) — 1,
Meo™ = Meo; / (1/n*E;Meos) — 1,
M7n* =Mz, /(1/n*EiMn,) — 1,
Mgy* = Mgy, / (1/n*Z; Mgy ;) — 1,

where
Mss i, Mss i, Meai, Moo i, M72,;, Msa; — intensities
of peaks on the mass spectra of the i-th sample, at
m/z =55, 58, 64, 69, 72, and 84 Da, respectively, and
n =7 is the total number of analyzed samples.

As can be seen in Fig. 4, the principal components
(PC1) and (PC2) explained 73.4% of the original data.

Fig. 4. The result of PCA processing of the data array
presented in the Tab. where the first principal com-
ponent (PC1) describes 39.4% of the variance, and
the second principal component (PC2) describes 34%
of the variance.

The numbers of points correspond to the numbers of
the studied samples.

Confidence ellipses: CE K — 95% for acidified
samples, CE_C — 95% for fresh samples
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Also, using a specially developed method, the
mass spectra of materials used by manufacturers for
the packaging of the studied samples of industrial
fermented milk products were analyzed. The results of
this analysis using the example of samples No. 2 (the
least emissions) and No. 6 (the largest emissions) are
presented in Fig. 5, which demonstrates a significant
difference in the obtained mass spectra.

Fig. 5. Comparison of spectra obtained for materials
used by manufacturers for packaging various com-
mercially produced yogurts

From the data obtained, it is clear that the mass
spectra of evaporation of most packages, according to
the method we proposed, were very similar to each
other and low-intensity (despite the fact that, unlike
the other samples studied, for the manufacture of the
packaging of sample No. 2, instead of PET 01 plastic,
C/PAP 81 plastic was used). The mass spectra of eva-
poration of packages of samples 3 and 6 showed
peaks that were significantly higher in intensity than
those of the other studied samples, at m/z = 60 Da (for
sample 3) and m/z = 53, 54, 55, 56, 67, 69, 70, 83, 84,
85, and 86 Da (sample 6), of which the highest inten-
sity peaks were at m/z = 55, 56, and 57 Da. The latter
may serve as evidence that in the manufacture of
packages of samples 3 and 6, plastics were used, al-
though of the same make PET 01 as in most of the
other samples studied, but possibly recycled, with an
expired shelf life, or manufactured or stored in viola-
tion of technological regulations. This shows that the
methodology we present can be used, among other
things, to control the quality of materials used by var-
ious manufacturers for the manufacture of packaging
for various food products.

CONCLUSIONS

Thus, the presented results of studies of yogurts as
well as materials for their packaging showed that the
approach we developed, which includes selecting
evaporations of the analyzed samples, recording their
spectra using a gas quadrupole mass spectrometer,
followed by "intelligent" mathematical processing of
the obtained data using multidimensional statistical
data analysis, can be employed as an effective method
for monitoring the composition and quality of dairy
products (including the materials for their packaging).
At the same time, the methods we have additionally
developed for preliminary "accelerated fermentation"
of the analyzed samples of dairy products, as well as
heating the materials used by manufacturers to pack-
age these samples before evaporation sampling, sig-
nificantly increase the sensitivity of the analysis.



