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The object of the study is a two-stage combined transesterifica-
tion of a fat composition to enrich the latter with w-3 polyunsaturated
fatty acids (PUFA). The problem was the need to create a stable fat
system enriched with w-3 PUFA, which is minimally oxidized during
the production process. The rational parameters of the enzymatic
stage of transesterification of fat substrates were substantiated (pro-
cess temperature 65°C, fat substrate composition: refined deodorized
soybean oil: intermediate fat system PMS-MF). The proposed condi-
tions ensure the degree of transesterification of the fat composition
at the level of 74.2% with the formation of 0.6% free fatty acids. The
oxidative stability of the resulting product is maximum at 4°C, when
in 30 days the peroxide value increases to 15.3 mmol %20,/kg with
losses of w-3 PUFA of 5.1%. The results of the research are explained
by the combination of two stages of transesterification: chemical

modification of the fat matrix (product - PMS-MF) and enzymatic
using Lipozyme TL IM, which minimizes hydrolytic and oxidative
processes of labile components. The key distinguishing feature of
the research is the combination of a high degree of enzymatic trans-
esterification (74.2%) with a low level of by-products (0.6% free fatty
acids). This was achieved due to the rational ratio of substrates and
the temperature of enzymatic transesterification, at which w-3 PUFA
are introduced into the fat system. The obtained results open up pros-
pects for the industrial production of health-promoting fat products
with an increased content of w-3 PUFA and specialized food systems.
The technology is effective for fat raw materials with a content of w-3
PUFA of 7+1% and a peroxide value of less than 1 mmol ¥20,/kg.
Keywords: two-step transesterification, w-3 polyunsaturated
fatty acids, Lipozyme TL IM, oxidative stability, fat compositions.
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Biodiesel is a renewable energy source that can replace fossil fu-
els. Used cooking oil is the most relevant biodiesel feedstock because
it is a waste product. The interesterification process for biodiesel
production uses a catalyst that requires separation at the end of the
reaction, making it less effective. A more effective and economical
biodiesel production process using waste raw materials, without the
separation of by-products and catalysts, is needed to overcome this
problem. Organic aromatic compound biocatalysts are environmen-
tally friendly and relatively inexpensive. Compound biocatalysts
eliminate the need for a separation process and any residue left in

the biodiesel can be beneficial, as these substances act as antioxidants
preventing an increase in oxidation number. In this context, curcumin
is an organic aromatic compound with two aromatic groups. There-
fore, this research obtains rational conditions for the interesterifica-
tion reaction of waste cooking oil with curcumin biocatalyst. The
operating conditions included 250 grams of waste cooking oil, the
mass of curcumin biocatalyst was 0.5, 1, 1.5, 2, and 2.5%, 300 rpm
stirring speed, mole ratio of methyl acetate oil was 1:6 and 1:12, reac-
tion temperature 60°C as well as reaction time of 15, 30, 45, 60, 75, 90
and 105 minutes. The results show that the highest crude yield was
obtained at 91.74% in the interesterification reaction of waste cooking
oil with a curcumin biocatalyst concentration of 2.5% at a reaction
time of 105 minutes and the mole ratio of oil:methyl acetate = 1:6. A
density value of 0.884 g/ml and an acid number of 0.224 mg KOH/g
were obtained which met SNI 7182-2015 under these conditions.
In addition, the outcome of the GC-MS analysis shows that the
dominant methyl ester component formed was hexadecanoic acid,
1-methylethyl ester.

Keywords: interesterification, biodiesel, curcumin biocatalyst,
crude yield, methyl ester.
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This study’s object is the processes of antimicrobial treatment of
fleece materials for military-civilian purposes. The issue addressed
is the high vulnerability of fleece materials to bacterial and fungal
contamination in intensive use. This reduces their hygienic charac-
teristics, durability, and safety.

The effectiveness of using the composition of biological
surface-active substances (biosurfactants) with a concentration
of 2.5 g/l has been carried out for the technologies of antimicro-
bial treatment of fleece materials for military-civilian purposes.
The effect of biosurfactant composition on the preservation of
antimicrobial activity against a wide range of microorganisms
(Acinetobacter spp., Enterococcus faecalis, Micrococcus spp.,
Staphylococcus epidermidis, Proteus vulgaris, Aspergillus) was
studied.

The results indicate a decrease in the bacterial load to the level
of 10!-10? CFU/ml and a significant reduction or complete elimina-
tion of fungal contamination (up to 10> CFU/ml). The findings are at-
tributed to the ability of biosurfactant to destroy cellular membranes
of microorganisms, which provides increased biocidal resistance of
the material.

A feature of the results is the achievement of a pronounced
antimicrobial effect while maintaining the physical and mechanical
properties of the fabric. After treatment, a slight increase in bending
stiffness (10-20%) was observed, the wrinkle resistance coefficient
was 44-72%. This ensures the proper level of comfort and functional-
ity of the products.

The practical significance relates to the possibility of imple-
menting the designed technological solutions in the production of
military and civilian clothing, which is operated under conditions
of increased requirements for hygiene, thermal insulation, and
durability, enabling consumer protection from microbial contami-
nation.

Keywords: biosurfactant, fleece products, antimicrobial treat-
ment technologies, military clothing, antimicrobial finishing.
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PO3POBKA BIOTEXHOJIOTTYHO MOJHU®IKOBAHUX YKHPOBUX KOMIIO3UIIIN, 3BATAYEHUX OMETA-3
>KMPHUMH KHCJIOTAMM, METOZIOM JBOCTAJIMHOI IEPEETEPU®IKAIII (c. 6-13)

C. B. CrankeBud, B. C. KanuHa, I. O. Me3eHuesa, O. I1. KononraeBcbkuii, M. C. IloHoMapboBa, A. I1. BexiHcbka, S1. O. CBinosa,
B. €. HoBikoBa, €. B. Bapkaps, SI. M. ToHUapeHKO

OG6'eKTOM JIOCITIZPKEHHS € ABOCTaZiifHa KOMOGiHOBaHa repeeTeprdikariist J)KMPOBOI KOMITO3UIIiT /1T 30aradeHHsT OCTAHHBOI w-3 TIOTiHeHa-
cuyeHUMU XUpHUMH Kucstotamu (ITH)KK). ITpo6Giema mosisiraza B HEOOXiIHOCTI CTBOPEHHS CTabiIbHOI XKMPOBOi CUCTEMH, 36aradyeHol w-3
ITHXK, sixa MiHiIMaJIbHO OKHCJIIOETBCSI B Ipolieci BUpOoOGHUIITBA. OGIPYHTOBAHO paljioHaIbHi MapameTpu (pepMeHTATUBHOI CTafil repeeTe-
pudikarii »kupoBux cybcrpatis (Temmeparypa mporecy 65°C, CkIai )KHPOBOTro cyOCcTpary: padiHOBaHa /1e30/[0pOBaHa COEBA OJIisl: TPOMI>KHA
JKHPOBA CHCTeMa). 3aIIpOIIOHOBaHi YMOBH 3a0e3I1e4yIoTh CTYIiHb Iepeetepudikariii >krpoBoi KoMo3uiil Ha piBHi 74,2% 3 yTBopeHHsM 0,6%
BIJIBHUX )KMPHUX KUCI0T. OKMCITIOBAJIbHA CTA0TbHICT OTPIMAHOTO IIPOAYKTY MaKCUMasbHa IIpu 4°C, ko depes 30 IHiB IepeKHCHe YICII0
3poctae 70 15,3 MMosb ¥20,/Kr 3 Brpatamu w-3 ITHXKK 5,1%. Pe3ysbTaTil JOCIIi/IKEHHS MTOSICHIOIOTHCS ITOEIHAHHSM JIBOX CTa/lill IlepeeTepu-
(ixarii: ximiuHoT Mogudikaril >krpoBoi MaTpuiii (poaykT — PMS-MF) ta ¢pepmeHTaTrBHOI 3 BUKOpUcTaHHIM Lipozyme TL IM, o MiHimizye
TipOJIITUYHI Ta OKMCIIIOBAJIBHI IIPOIecH JIa0iIbHUX KOMIIOHEHTIiB. KJIF040BOIO BiZIMiHHOIO PHCOIO JIOCJI/IKEHHS € TIOEJHAHHS BUCOKOTO CTY-
nieHst pepMeHTaTUBHOI Tepeerepudikariii (74,2%) 3 HU3BKMAM piBHEM IOGIYHUX MPOAYKTIB (0,6% BiIIBHUX KUPHUX KUCIIOT). L[bOro BRazocs
JIOCSITTH 3aB/ISIKM PAI[iOHAJIbHOMY CITiBBi/[HOIIEHHIO CyOCTpaTiB Ta TeMIepartypi ¢pepMeHTaTHBHOI IlepeeTepudikarii, 3a skoi w-3 ITHXXK BBO-
JIATBCSL B XKUPOBY cricteMy. OTprUMaHi pe3y/IbTaTy BiIKPUBAIOTh IIEPCIIEKTUBY /ISl IIPOMHUCJIOBOTO BUPOGHUIITBA 03/J0POBYMX JKUPOBUX ITPO-
JIyKTiB 3i 36ibIIeHNM BMicToM w-3 [THYKK Ta crieriamizoBaHmx XxapuoBux cucteM. TexHosoris epeKTUBHA IJ1s1 )KUPOBOi CHPOBUHU 3 BMICTOM
w-3 ITHXXK 7+1% Ta nepeKUCHUM YHUCIOM MeHIe 1 MMoitb 20,/Kr.

KorrouoBi ciioBa: Bocrajiifina nepeetepudikariisi, w-3 mosiHeHacuueHi >kupHi kucaoty, Lipozyme TL IM, oxuciroBagbHa CTabiIbHICTD,
CKJIa/J] YKUPIB.
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E®EKTUBHUM ITPOIEC BUPOBHUIITBA BIOU3EJIA 3 BIAXOAIB KYJIITHAPHOI OJIIi METOAOM
IHTEPECTEPU®IKAIIII 3 BUKOPUCTAHHAM BIOKATAJII3ATOPA KYPKYMIHY (p. 14-22)

Elvianto Dwi Daryono, I Komang Astana Widi, Yudi Purnomo

Bioguzess - lLie BilHOB/IIOBaHe JKepesIo eHeprii, ske Moke 3aMiHUTH BUKOIIHE ITaJWBO. BifnparpoBaHa KyliHapHa OJlis € HailBaXwIn-
BIIIIOI0 CUPOBUHOIO JIJIs1 BUPOOHUITBA 6iofj13esIsl, OCKIILKYA BOHA € Bifxomom. Ilpomec mepeerepudikariii aysi BUpoOHUIITBA GioAM3es BU-
KOPHCTOBYE KaTasli3aTop, IKUil moTpebye BiiZiIeHHs B KiHIIi peakiiii, 1o po6uTh Horo MeHII eeKTUBHUM. /IS IT00IaHHA 1ii€l mpobsieMu
oTpiGeH G6iblll e(hpeKTUBHUII Ta €EKOHOMIYHUI ITPOoLieC BUPOOHUIITBA 6io/13eIsi 3 BUKOPUCTAHHSIM Bi/[XO/[iB CUPOBUHH, Ge3 Bi/jjijIeHHs T10-
6iYHMX ITPOAYKTIB Ta KaTasizaTopiB. BiokaTasizaTopy Ha OCHOBI OPraHIYHIX aPOMATHYHUX CIIOJIYK € €KOJIOTIYHO YMCTUMU Ta BiZIHOCHO HEZIO-
porumu. CkaagHi 6iokarasizaTopy ycyBaroTh HEOOXiZHICTb IPOLECY PO3/iIeHHs, i OyAb-SKNii 3aJIUILIOK, 110 3aJIUIIAEThCA B Gioau3ei, Moxe
6yTH KOPHUCHUM, OCKIJIBKU Iii PEYOBUHM /Iif0OTh K aHTMOKCUJAHTH, IO 3a1106irafoTh 361/IbIIEHHIO CTYIIEHs OKHUC/IEHHS. Y 1IbOMY KOHTEKCTi
KypKyMiH € OpraHiYHOI0 apOMaTUYHOIO CIIOJIYKOIO 3 /IBOMA aPOMAaTUYHUMU IpyraMu. TaKUM YHHOM, IIe JOCJIi/KeHHs 3a6e3Ieuye parioHab-
Hi yMOBH U1 peakuii nepeetepudikanii BifmpapoBanoi KyriHapHOi o1l 3 6iokarazizaTopom KypkyMiH. Po6oui ymoBY BKJItouany 250 rpamis
BiZIIparboBaHoOl Ky/liHapHOI 0J1ii, Maca Giokararizaropa KypKyMiHy craHoBmia 0,5, 1, 1,5, 2 Ta 2,5%, IIBUAKICTh mepeMilnyBaHHS 300 06/XB,
MOJIbHE CITiBBiJJHOIIEHHSI MeTHJIalleTaTHOI oJil craHoBWIIO 1:6 Ta 1:12, Temmepatypy peaxiii 60°C, a Takox yac peaxkuii 15, 30, 45, 60, 75, 90
Ta 105 XBUJIMH. Pe3ysibTaTyl TIOKa3ajy, 10 HaWBUIIMH BUXif cupoi cupoBUHU - 91,74% - 6yB OTpUMaHUI y peakiiii nepeerepudikarii Biz-
IIpaIbOBAHOI Ky/liHApHOI 0J1i1 3 KOHILIEHTpalieto 6iokaTastizaTopa KypKyMiHy 2,5% 3a 4acy peaxiii 105 XBUJIMH Ta MOJIbHOMY CITiBBi/[HOIIEHHI
ostis:MeTHIIaneTar = 1:6. Bysio oTpuMaHo 3HaueHHs TYCTUHH 0,884 r/Mul Ta KuciaoTHe uncio 0,224 mr KOH/r, 1o Bigmosigae SNI 7182-2015
3a 1ux yMoB. Kpim Toro, pesyspratu anasisy I'’X-MC nokasaiu, 1o JOMiHYIOYUM METUJIOBUM e(hipHUM KOMIIOHEHTOM, IO yTBOPUBCS, OyB
1-meTuneTHn0BU edip rexcaziekaHOBOI KUCIOTH.

Kurrouogi coBa: mepeetepudikaris, 6ioausens, 6iokaranizaTop KypKyMiH, BUXi/l CHPOI AJIMBHOI CHPOBUHM, METHJIOBHI ecTep.
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BU3HAYEHHS E®EKTUBHOCTI 3ACTOCYBAHHSA KOMIIO3UIIIT BIOIIAP B TEXHOJIOTIAX AHTUMIKPOBHOT
OBPOBKH ®JIICOBHUX MATEPIAJIIB BINChbKOBO-ITMBUILHOI'O ITPU3HAYEHHHA (c. 23-34)

0. A. IIapacka, B. B. Heropyii, A. €. Top6aus, T. B. BypaToBchKuit

OG6’€KTOM JIOCJIi/IKEHHS € ITPOIeCH aHTUMIiKpOOHOT 06p06KH (h1icoBMX MaTepiasliB BiliCbKOBO-IIUBiIBHOTO TpU3HaYeHHs. [Ipo6ieMoro, 110
roTpebyBajia BUpPIIIeHHs], € BCOKA BPa3IMBICTh (hJIicOBHX MaTepiasiB /10 6aKkTepiaJbHOro i rpr6KOBOT0 3a0pyAHEHHS B YMOBAX iHTEHCUBHOL
ekcrutyarariii. Ile 3HIKye iX ririeHiqHi XapaKTepUCTHKY, OBrOBIUHICTb Ta G6e3II€YHICTh BUKOPHCTAHHS.

ITpoBezieHO aHasi3 eeKTUBHOCTI 3aCTOCYBaHHS KOMIIO3MILil GiOJIOriYHUX IOBEpXHEBO-aKTUBHUX pedoBUH (GioIIAP) KoHLEHTpalieo
2,5T/7 'y TeXHOJIOTiIX aHTUMIKPOOHOT 06pO6KH (hTiCOBMX MaTepiasiB BiliChKOBO-IIMBITBHOTO MTPU3HAYeHH. [JOCIIi/KEHO BILUIMB KOMITO3HIIiT
6i0ITAP Ha 36epe)KeHHs] aHTUMIKpPOGHOI aKTUBHOCTI ITPOTH IIMPOKOro CIIeKTpa MikpoopraHisMiB (Acinetobacter spp., Enterococcus faecalis,



Micrococcus spp., Staphylococcus epidermidis, Proteus vulgaris, Aspergillus). OTprMaHi pe3y/IbTaTH CBif4aTh PO 3HMKEHHS GaKTepiaIbHOTO
HaBaHTaXeHHs 710 piBHs 10'-102 KYO/MJ1 Ta icTOTHE 3MeHIIeHHs a60 MOBHE YCYHEHHs IPMOKOBOI KoHTaMiHarii (10 10° KYO/mur). OTpumani
pe3y/IBTaTH MOSICHIOIOTHCS 3/1aTHICTIO 6i0IIAP pyifHyBaTH KIITHHHI MeMOpaHH MiKpOOpraHi3MmiB, 1110 3a6e3Ieuye MiBUIIeHy 6ioIuAHy CTiil-
KicTb Marepiany. Oco6IMBICTIO OTPUMAHUX Pe3Y/IbTATiB € JOCATHEHHs BUPA)XXEHOT0 aHTUMiKPOOHOTO edeKTy 3a yMOB 36epexeHHs (hi3nKo-
MeXaHIYHUX BJIACTUBOCTeH TKaHMHU. ITics 0OpoOKM CIIOCTepirajaocs He3HayHe MiIBUIeHHS JKOPCTKOCTI mpu 3ruHi (10-20%), koedirjieHT
HE3MMHAJILHOCT] CTaHOBUB 44-72%. 1e 3a6e3medye HaJe)KHUI piBeHb KOM(OPTY Ta (GYHKI[iOHATBHOCTI BUPOGIB.

ITpakTUYHA I[{HHICTH IOJSTa€ Y MOXKJIMBOCTI BIIPOBA/PKEHHST PO3POOIEHNX TEXHOJIOTIYHUX pillleHb Y BUPOOHUIITBO BifiCHKOBO-ITUBIIb-
HOTO OZIATY, 1[0 eKCILIYaTyIOTh B YMOBAaX ITi/IBUIIEHUX BUMOT JI0 Tiri€HiYHOCTI, TeII0i30sIsLii Ta JOBrOBIYHOCTI, 3a6e3MeYy0YH 3aXUCT CIIO-
’KMBadiB Bi/j MikpoOHOI KOHTaMiHaIlii.

KorrouoBi ciioBa: 6iolIAP, ¢uricoBi BUpo6H, TeXHOJIOT{T aHTUMIKPOGHOT 06pOOKH, BifICBKOBUIA OJSIT, aHTUMIKPOOHA 06pOOKA.



