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KMpaMM, TO 3HI)KEHHS KUPHOCTI € OJHIEI0 13 BUMOT JUIsl CTBOPEHHS AI€ETUYHUX Ta 03J0POBUYUX
eMYJIbCIHHUX TIPOAYKTIB.

OCHOBHUM KOMIIOHEHTOM MalOHE3HMX COYCIB € POCIMHHA OJisl, sIKa € IIHHUM JDKEpeJIoM
HE3aMIHHMX TIOJIHEHACHMUYEHHUX KUPHUX KHCIOT. 3a peKoMeHfamielo I[HCTUTYTy XapuyyBaHHS
cuiBBigHomeHus [THXK cimeiictBa ®-6/®w-3 B KUpOBHX cucTeMax Mae cTaHOBUTH (5-10):1 mns
XapuyBaHHA 3[0pOBHUX JoAed. J[is oTpumaHHS >KMPOBOI OCHOBM MaHOHE3HOTO COYCy 3i
30anmancoBanuM criBBigHOmeHHsIM [THXKK ©-6/w-3 BukopucToByBanmu padiHOBaHI J1€30/10pOBaHi
COHSIIHUKOBY Ta CO€BY oIii, BuUOip SKUX OOYMOBIIEHO IONUTOM CIIOKHMBAa4iB Ta 00’€MOM
BupoOHHITBA. [IIIX0OM pO3paxyHKy OTpPHUMaHO CyMiml 3 BMICTOM pad)iHOBAHOI J1€30/I0pPOBAHOI
COHSIIHUKOBOI omiii 44 % Ta coeBoi 56 %, mo no3Bonmio pocsaruytu croiBBigHomenHs [THXKK
cimeiicTBa ®-6/®w-3 10:1.

Hactynaum etanom 0yno 36araueHHsl MaifOHE3HOT'O COYCY XapuOBUMH BOJOKHAMHU Ta BUOIp
cTaOimizaniiHoOl cucTeMu MJis 3a0e3MEYeHHsS] BHCOKHUX PEOJIOTIYHUX BJIACTHBOCTEH TOTOBOMY
OpOAYKTY. B fKOCTI Xap4yoBHX BOJOKOH OOpaHO KOHIEHTpar TomiHamOypa «Hoteo», xopucHi
BJIACTUBOCTI SIKOTO OOYMOBIIEHI BHCOKMM BMICTOM pE3€pBHHX TOJicaxapuiiB (iHymiHY,
oJiirocaxapuiiB), NEKTMHOBUX pPEYOBHH, BITaMIHIB Ta MIHEPaJbHUX PEUYOBHH, a caMe Kalilo,
KpeMmHito, ¢ocdari, 3amiza i MUHKY. [ JOCATHEHHS JOBTOCTPOKOBOI CTIHKOCTI eMyJbCii i
3anoOiraHHs po3lapyBaHHIO B pPELENTypy BBEACHO cTabimizaliiiny cucreMy «Xamynbscion QNA,
OCHOBHMM KOMITOHEHTOM $5IKO1 € kematuH. [IpoBemeHo onrTuMi3amilo penentypHOro CKIaIy
MallOHE3HOro Coycy Ta OTPUMaHI ONTHUMAaJIbHI MacOBI YAaCTKH KOHIIEHTpATy ToniHamOypa «Hoteo»
Ta cTabimizaniiHol cucteMu «XamyibcioH QNA» 10,06 % Tta 0,42 % BignoBimaHO.

Jns 3abe3neueHHs BUCOKOI O10JIOTIYHOT IIIHHOCTI B pelentypi MailoHe3HOro coycy
3aMiHEHO CyXe 3HEKHPEHE MOJIOKO Ha KOHIEHTPAT CHPOBAaTKOBHX OUIKIB, YUM JOCSTHEHHS
BIJICYTHICTb JIiMiTallii He3aMIHHUX aMiHOKHCIIOT.

Jliss ToKpaileHHsT CEHCOPHHMX IOKAa3HUKIB B PEIEnTypi 3aMiHEHO OITOBY KHCJIOTY Ha
MOJIOYHY Ta I[yKOp Ha (ppyKTO3y, 110 HaJa€ FTOTOBOMY HPOIYKTY IPUEMHUM CMaK Ta 3amax. 3amiHa
IIUX KOMITOHEHTIB B PO3pOOJIeHIl penenTypi A03BOJIsI€ TOTOBHM MPOIYKT 30araTUTH MOMEPEIHBO
aKTUBI30BAaHMMH B CHPHIM cupoBaTili 0i(himoOaKTepisiMU 3a paxyHOK ITiJIBHIICHHS KHUCIOTHOCTI
TOTOBOTO NMPOAYKTY 110 4,6 oa. pH MOIOYHOIO KHUCIOTOIO Ta MPUCYTHICTIO (PPYKTO3H.

B pesynpTaTi BUKOHAaHOI POOOTH OTPHUMAHO PEIENTypd Ta TEXHOJOTisS BUPOOHMIITBA
MaiOHE3HUX CoyciB, 30aradeHux OiOKOpeKTOpaMu. BHUpOOHUITBO pO3pOOICHUX MalOHE3HUX
COYCIB JIO3BOJIUTh OTPUMATH HU3KY MPOAYKTIB JISl 3I0POBOTO Xap4uyBaHHS 1 THM CaMHUM TI030aBUTH
BITYM3HIHUN PUHOK BiJl IMIIOPTHUX IOCTaBOK 30arayeHux COYCIiB.

CEKNISA «XIMISsI, TEXHOAOTI'ISI TA BE3IIEKA XAPYOBHX
ITPOAYKTIB»

THE CALCIUM COMPLEXES WITH METABOLITES AND DEGRADATION
PRODUCTS OF THE LACTIC ACID BACTERIA CELL WALLS

Kapustyan Al, Ph.D., Associate Professor, Cherno NK, Doctor of Engineering, professor
Odessa National Academy of Food Technologies

The deficient and the unbalanced food provoke the emergence of a number of diseases due
to a lack of essential food components. These, in particular, are minor components — biometals (Fe,
Cu, Ca, Mg, Zn, etc.) [1].

The creation of biometals organic compounds is topical, because these complexes are close
to the natural coordination compounds of metals in structure and physiological effect. The use of
organic acids, amino acids and other compounds as a complexing agent is appropriate. These agents
are donors to the formation of different types of chemical bonds [2].
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The biometals complexes getting based on the lactic acid bacteria metabolites and
degradation products of their cell walls is actual. It is known, that lactic acid bacteria produce a
number of organic acids — potential ligands to form chelates with metals. The degradation products
of cell walls — the muramylpeptide series compounds also contain functional groups that can form
covalent, ionic and coordination bonds with metal ions. In addition, the muramylpeptide serie
substances have their own physiological effect. They are powerful immunotropic compounds [3-5].

The most promising sources of metabolites and muramylpeptide series compounds are the
gram-positive lactic acid bacteria, because the significant experience in their cultivation on a large
scale are accumulated. In addition, the cell wall of gram-positive bacteria contain up to 70 %
peptidoglycans.

The purpose of this work is the Ca?* complexes getting with the metabolites and low
molecular weight products of peptidoglycans cell wall degradation of poly-species combination of
lactic acid bacteria.

Materials and methods of the research. The lactic acid bacteria composition, which is the
amount of test cultures Lactobacillus acidophilus, Lactobacillus delbrueckii subsp. Bulgaricus,
Bifidobacterium bifidum, Lactococcus cremoris, Streptococcus termophilus was used for research.

Qualitative and quantitative content of the organic acid in the culture medium of lactic acid
bacteria composition was determined by capillary electrophoresis using a device Capel 105/105M.

The fragmentation of cell wall peptidoglycans of poly-species leaven was carried out using
the enzymatic hydrolysis. As agents hydrolysis where used the tripsyn and lysozyme ratio 1:1.
Hydrolysis constant parameters were 37 °C and pH =7 — 8.

The substrate:enzymes ratio and duration of incubation of the reaction mixture was varied.
The efficiency of hydrolysis was estimated by the accumulation of low molecular weight
immunocompetent peptides with MW<1500 Da and amino acids. Peptides was determined
spectrophotometrically with biuret reagent after deposition of high molecular weight protein by 5 %
solution of trichloroacetic acid. Amino acids were determined by the formalin titration. Calcium
ions were determined by the complexometric method. As a source of Ca®* ions, CaCl, was used.
Upon complexation the salt concentration, pH (3 — 9), the temperature of the reaction medium (20 —
80 °C) were varied.

The results of research. It was established that in the culture medium of lactic acid bacteria
compositions are present a number of organic acids which can participate in the complexes
formation with biometali ons. The identification and quantitative content of the organic acids where
defined: oxalic acid — 1,6 mg/dm?®, citric — 22,1 mg/dm?, acetic — 575,8 mg/dm?®, milk — 236,3
mg/dm?, petrol ynoyi — 1,5 mg/dm®, sorbic — mg/dm?®.

An enzymatic hydrolysis of cell walls of lactic acid bacteria poly-species combination was
carried out. It was determined that the greatest accumulation of low molecular weight peptides
occurs at a ratio of enzyme composition: substrate 1: 100 and incubation duration 120 min. Under
such conditions, the amount of low molecular weight peptides in fermentolizati is 0,96 g/100 cm®,
amino acids — 0,39 g/100 cm®.

In the work the calcium ions complexes with the fermentolysis products of bacterias cell
walls containing the metabolites of lactic acid bacteria where obtained. It is established that the
maximum binding of calcium ions occurs at pH 4 — 5, temperature 55 — 60 °C and is 0.03 mg per
1 cm?® of fermentolysate. The degree of binding calcium ions is significantly reduced in acidic (pH
2 — 3) and alkaline environments (pH 8 — 9), due to the inhibition dissociation of carboxyl groups of
organic acids, amino acids and peptides in an acidic environment, and the lack of cationic amino
groups in a alkaline environment. It significantly reduces the likelihood of chelate bonds formation.

Conclusions. Thus, it is proved that the fermentolysis products of lactic acid bacteria
composition is promising with regard to obtaining the organic complexes of biometals because it
contains a large number of functional groups related to the formation of ionic, covalent and
coordinative bonds, namely, the carboxyl groups of organic acids, amino groups, carboxyl groups
and peptide bonds of peptides and free amino acids. In addition, organic forms of calcium include
low immunotropic peptides can significantly improve the functional significance of the product.
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I''IIOKAHOBMICHI ®YHKIIOHAJIBHI IHI' PEAIEHTHU

Yepuo H.K., a.1.H., npod., Hikitina O.B., k.T.H., O301ina C.O., k.X.H., 101.
Onecbka HAIOHAJILHA aKa/leMisi Xap4y0BHUX TEXHOJIOT il

bera-riokaHu € BelbMH MONIMPEHOIO TPYIOIO MojicaxapuaiB. BoHu MICTAThCS y CKIaii
3epPHOBHX KyNbTYp, BOJOPOCTEH, TpmbiB, ApiXIKIB. IXHS GioJoriusa AaKTUBHICTE €
3araibHOBU3HAHUM (AKTOM, PE3ylbTaTH JAOCHIKEHb MO3UTUBHOTO BIUIMBY Ha CTaH 3JI0POB’S
JIOAMHU MIATBEPKEHO OaraTbma aBTopamu. lIpoTe iMyHOMOJENOI0Yi BIACTUBOCTI MAIOTh JIUILE
OeTa-TJIIoKaHu JPDKIDKIB 1 TpUOIB, MO0 OOYMOBJICHO MPUTAMAHHUM JIMIIE HUM OCOOJHUBOCTSIMH
Oy/I0BM MaKpOMOJIEKYJI: II€ CTOCYETHCS SIK IIEPBUHHOI, TaK 1 HAIMOJIEKYIISIPHOT CTPYKTYD.

Buxoasuu 3 mocuiky, 1o mij 9ac 3aXBOPIOBaHb MA€ MICIe 3HIKEHHS IMYHITETY JIFOJAMHH,
JOLIJIBHUM € CTBOPEHHS (DYHKIIOHAIBbHO-(I310J0T1YHUX IHTPEIieHTIB OaraToBeKTOpHOI Aii, sKi O
SBISUTM COOOF0 KOMOiHaIli0 O10JI0TIYHO aKTHBHHMX PEYOBHH, Cepejl SKUX OeTa-TIoKaH OyB Ou
MIPOBIAHOIO CKJIAJI0BOIO. SIK CUPOBHHY, IO MICTUTh OeTa-TItoOKaH, 0yJa0 00paHo MEUYEPHIIIO.

Meroro pobotu Oyn0 OTpUMAaHHS TJIFOKAHOBMICHMX (YHKIIIOHAJIBLHUX IHTPEIIEHTIB
0araToBeKTOPHOI Jii.

Buxoasuu 3 6iomoaiMepHOro CKiIaay CUPOBHHH, BIIOMOCTEH IIOJI0 HASIBHOCTI 3B’S3KY M1k
CTPYKTYpHUMHU OiomomiMepaMu TMeYepulli, [IOIUIbHUM Oyl0o OTPUMaHHS XITHH-TJIIOKaH-
MEJaHIHOBOTO  KoMIwiekcy. Ile Oynmo  peamizoBaHO TUIIXOM  BWUJIyYeHHS 3  TpuOiB
HU3BKOMOJICKYISIPHUX CIHUPTOPO3YMHHUX KOMIIOHEHTIB, €KCTpakilii BOJOPO3YMHHHUX CIOIYK, a
TAaKOX MOJAJbIIOI 0OpOOKM TBEPAOIO 3AJIMIIKY PO3UMHAMHU KHUCIOTH Ta JIYI'y NpHU MiJBUIIEHIN
Temreparypi. JlOHmiIBHICTh MPOBEACHHS ABOX OCTaHHIX oOmepaliii MpOAMKTOBAHO HEOOXITHICTIO
neBHO1 Mo (iKallii KIITUHHOI CTIHKY Ipu0iB, BUBUILHEHHS aKTUBHUX LIEHTPIB OlomoniMepis, AKI i1
dbopmyroTh. CliJi TAKOK HArOJOCUTH L0 YMOBHU JIY)KHOi 0OpOOKH BIUIMBAIOTH Ha CIiBBiAHOIICHHS
KOMITOHEHTIB y CKJaJi OiOMOJIIMEpHOTO KOMIUIEKCY, a II¢ BiJOMBAETHCS HA IMOCHIICHHS THX YU
IHIIUX QYHKITIOHATBHO-()1310IOTIYHUX BJIACTUBOCTEH 3pa3KiB.

[Ipu oOpaHHI yMOB JUIs OJEpKaHHS TJIFOKAHOBMICHOTO (YHKIIOHAJIBHOTO IHTPETIEHTY
aIaliTOTeHHO1 il BCTAHOBIEHO, IO JONUIBHUM € BUKOPUCTAaHHS PO3YMHY HATPiil T1APOKCHUAY 3
MacoBOIO JIoJiet0 Jyry 5 % mnpu temmneparypi 96...96 °C npotsirom 4,2 rogun. Ha noimto rimrokany
MpUIajae TOJIOBUHA BiI Mack oTpuMaHoro 3paska. Illomo dyHkiioHabHO-(]I31070TTYHIX
BJIACTUBOCTEH, TO HOMYy NMpUTaMaHHa AHTUOKCHUIAHTHA aKTHBHICTh, BIH € TPEOIOTHKOM, 3B’S3Y€E
10HHM CBUHIIIO, (DEHOJI, XOJIEBY KUCIIOTY.

[Ipu migBHIEHHI KOHIEHTpaLii JIy>)KHOTO po3uuHy 10 6,8 % 1 TpuBamocTi 00poOku 10
4 5TOIMH CIOCTEPITAETHCS  MOCUJICHHST EHTEPOCOPOIIMHUX BIIACTUBOCTEH  O10MOJIIMEPHOTO
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