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FRI-LCR-1- BFT(R)-03

SENSORY EVALUATION AND RHEOLOGICAL BEHAVOIR OF
YOGURTS PREPARED FROM GOAT MILK*

Assoc. Prof. Cristina Popovici, PhD
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Renata Brinza, Young Scientist
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Abstract: Goat milk production is a dynamic and growing industry that is fundamental to the wellbeing of
hundreds of millions of people worldwide and is an important part of the economy in many countries. The aim of the
present paper is scientific development of new technologies for goat milk yogurt with improved sensory and rheological
properties. Set-yoghurts produced from goat and cow milk were examined fresh and after cold storage for sensory
quality and rheological properties, in accordance with the ISO (Official Methods of Analysis of AOAC International).
Rheological investigations consisted of the determination of apparent viscosity and drawings of flow curves. In
comparison to cow milk yoghurt, goat milk yoghurt had a better consistency, and was more acceptable sensorialy. The
apparent viscosity of goat milk yoghurt was more and its flow curve was characterized by a smaller hysteresis loop
area than these of yoghurts from cow milk. The reported results on sensory evaluation and rheological behavoir of goat
milk yoghurt could guide industry to develop new goat dairy products with improved quality.

Keywords: sensory attributes, rheology, goat milk, youghurt, health benefits.
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SAT-LB-P-2-BFT(R)-01

INFLUENCE OF SPIRULINA AND KELP ALGAE ON THE DEGREE OF
INCREASE IN DOUGH VOLUME

Assoc. Prof. Denka Zlateva, PhD
Department of Commaodity Science
Univesity of Economics - Varna
Phone: 0882009696

E-mail: zlateva@ue-varna.bg

Mimi Petrova, PhD candidate
Department of Commaodity Science
Univesity of Economics - Varna
Phone: 0882009696

E-mail: m.petrova@ue-varna.bg

Abstract: Bread is a product of high consumption in Bulgaria. Various additives are used to improve bread
quality, and in recent years addition of seaweed is a common practice. Most authors pay attention to the nutritional
value of algae-enriched bread. There are not many studies revealing algae influence on the properties of semi-finished
products (and in particular, the yeast dough).

The purpose of the present study is to investigate the influence of 4% Spirulina platensis and Kelp algae added
to bread recipe on the degree of increase in yeast dough volume during the fermentation.

It was found that both the duration of the fermentation and sample composition influence the dough volume.
After 3 hours of fermentation, an increase in the volume was observed in the control sample - 3.0 times, in the Kelp-
enriched dough - 3.4 times. Tthe most significant being the increase in the Spirulina plantesis-enriched sample - 3.6
times. At 4 hours duration of the fermentation, in all the samples tested volumes decreased, the most pronounced in
Spirulina plantesis enriched sample - 0.7 times, and the least significant in the sample with Kelp - 0.2 times. However,
the volume of the enriched samples remains higher than that of the control sample.

Keywords: Kelp, Spirulina platensis, algae, bread, dough volume

BBBEJEHUE

XJ0BT € IPOIYKT ChC CPABHUTEIHO BHCOKA M TOCTOSIHHA KOHCYMaIlUsl KakTo B bwirapus,
TakKa M B IPYT'H CTpaHH 1Mo cBeTa. Ha chBpeMeHHUS eTan OCHOBHA LeJl IPU HETOBOTO NMPOU3BOJICTBO
€ MOBHINABaHE HA XpaHUTEITHATa [EHHOCT W MOA0OpsBaHe Ha KadecTBOTO My. llIupoko 3acThrena
NpakTHKa B MHOTO CTPaHH B CBETA € TOBA Jla C€ MOCTHTa MOCPEJICTBOM 00oraTsaBaHeToO Ha Xjsiba ¢
MOPCKH BOJIOPACIIH.

FonemMuaAT WHTEpPEC KbM XPAaHUTEIHUTE MPOAYKTH, OOOTaTeHH C BOJOpACIH, JHYH OT
MHOTOOpoitHuTe MyOnukanmu Ha peauna asropu (Cornish, M. & Garbary, D. (2010), Harnedy, P. &
FitzGerald, R. (2011), Holdt, S. & Kraan, S. (2011), Hafting, J., Craigie, J., Stengel, D., Loureiro,
R., Buschmann, H., Yarish, C., Edwards, M. & Critchley, A. (2015), Tiwari B, & Troy, D. (2015),
Fleurence, J. & Levine, I. (2016)).

Menezes u cphaBropu (2015) usciensat BausHEETO Ha 3eiaeHu Bogopcau Cladophora spp. u
Ulva spp. (mo6aBenu B kommuectBo 2,5; 5,0 m 7,5% chnpsMo macara Ha OpaimrHOTO) BBPXY
XpaHUTEIHAaTa [EHHOCT W KaJIOpHiHATa CTOMHOCT Ha muieHndYeH xius0. Te ycraHoBsBat, d4e
N00aBsIHETO HA MakpoairaiHa Onomaca BOIM 10 yBeJIHUYaBaHE HA ChIABPKAHUETO HA MPOTEHUHH IO
konnvectBo 16 - 18% wu na ¢pudpu ot 1 10 2% .

Burcu A. u xosnektuB (2016) cu mocTaBsT 3a 1€ Ja MOBHINAT XpaHUTEIHATA IIEHHOCT Ha
xJ1510a, MPUTOTBEH OT OsU10 OpamrHo, Karo W3MOJ3BAT IIEHHHTE KOMIIOHEHTH, KOHTO ChIbpKar
Bojopaciute Spirulina platensis. B mpoy4uBaHeTo cu KbM OpaIrrHOTO 3a MPUTOTBSHE Ha MIICHUYECH
xns106 Te nodasar 10% Spirulina platensis. Pesynratute oT mpoBeJeHOTO HM3CJEIBaHE COYAT, 4e
n00aBsTHETO HA BOJOPACIMTE BOIHM JI0 MOBUINIABAHE HA MPOTEUHOBOTO ChabpxkaHue or 7.40% 1o
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11.63%. OcBeH TOBa aBTOPUTE M3THKBAT, ue obOorarsBaHeTo Ha Xisiba cbe S. platensis Bomu 1o
MOBHUIIIABAHE HA KOJMYESCTBATa Ha KW, Marde3ui 1 »Kesi30 CboTBEeTHO J0 721.2; 336.6 u 41.12
PpM B cpaBHEHUE C KOHTpOJIHAaTa npoda Xisfd, KOHTO chbabpika 261.7 ppm kamuui, 196 ppm
MarHe3ui u 8.72 ppm xenszo.

B cBoe m3cnenBane Garcia-Casal u cpaBTopu (2009) oboratsiBar miieHnueH Xisio ¢ kadsisu,
3eJIeHU U YepBEHH BOJOPACHH, choTBeTHO Sargassum, Ulva u Porphyra. Te cturatr g0 u3Boja, 4ye
Hal-e()eKTUBHU 32 TIOBHINIABAHE HA AHTUOKCHJIAHTHATA aKTUBHOCT, ChIABPKAHUETO HA MOIU(EHOIN
1 JKeJSI30 B XJ1s10a ca kadsiBUTE BOIOpACIH.

Cnopen Podkorytova (2004) u Sukhoveeva (2006) uepBeHHTE BOIOpACId CHIIO ca ICHCH
pecypc, KOHTO MOKe J1a HAMEpH MPHIIOKEHHE B XJICOOMPOU3BOICTBOTO, Thil KATO ca MHOTO OOratu
Ha BUTAMHUHH OT B-KOMIUIeKca W Ha TMOJNMHEHACUTEHU MACTHH KHCEIMHH — apaxuoHOBA H
CHKO3aIeHTaCHOBA.

Ycranoseno e (Velasco-Gonzalez, 2013), ye mobaBsHeTo Ha 2% BojoOpaciau Sargassum B
npaxooOpa3Ha (opMa KbM OpaIIHOTO BOJAHM JIO YBEJIWYaBaHE JTOOWBa Ha MOKBP INIYTCH U MOXE Jia
ObJIe U3MOJI3BAHO 32 OI00psABaHE Ha XJIeOOMEKapHUTE CBOMCTBA Ha cllabu OpariHa.

OT Taka mpeacTaBeHusi 0030p CTaBa SICHO, Y€ MOBEYETO aBTOPU HACOYBAT BHUMAHHUETO CH
KbM BBH3MOXXKHOCTTa 3a IIOBHUIIABAHEC HA XpaHUTEIIHATa W OWOJIOTMYHA IICHHOCT Ha XJsi0a
MoCpeNICTBOM Jo0aBka Ha Bojopaciu. He ca MHOro u3cieBaHHATa, Pa3KpPHUBAILIM BIMSHUETO MM
BBPXY CBOMCTBATa HA TECTCHHUTE MOIyPadpuKaTh (M B YACTHOCT — HA MassHOTO TECTO MPH JBY(ha3eH
METOJl Ha MPHUTOTBSAHE Ha XJis10a). YBelnyaBaHeTO Ha 00eMa Ha TECTOTO € B MPsKa 3aBUCUMOCT OT
razoo0pasyBailiata ¥ razo3aabpikaliara My crnocooHoct. OTAENEeHUST M0 BpeMe Ha aJIkOXOJIHATa
(dbepMeHTanus BBIJICPOJICH TMOKCH]T IIPEIN3BUKBA pa3I’bBaHe Ha MIIYTCHOBHUTE IIUITH U TOBA BOJIH JI0
yBelmM4aBaHe Ha obOema Ha QepMeHTHpamoTo Tecrto. llpm yBenmnueHumero Ha obema
JOMBIHUTEITHOTO OIbBAaHE HAa MPOTCHHOBHUTE IIMITU CE OTPa3siBa IMOJOXKHUTEIHO BbPXY CTPYKTypara
Ha TECTOTO W IIYIUIMBOCTTa HA TOTOBUS MPOAYKT - Xisiba. ETo 3amo e Hanwie Bpb3Ka MEXIY
CTEIICHTA Ha YBEJIMYCHHUE Ha 0O0eMa Ha TECTOTO 110 BpeMe Ha (pepMEHTAIIMS U KQueCTBOTO Ha XJisi0a.

Ilenta Ha HacTosmaTa pa3paboTkKa € Ja ce MPOydYd BIMSHUETO Ha Bojopaciau Spirulina
platensis u Kelp, no6aBenu B xoimuectBO 4% crpssMo Macata Ha OpamIHOTO, BbPXY CTEMEHTa Ha
yBeIM4YeHne Ha 00eMa Ha MassHOTO TECTO O BpeMe Ha (pepMeHTaIHsl.

MATEPHUAJIM U METOAU

Onuren maTepuan

3a 1enuTe Ha eKCIIEpUMEHTAIHUTE U3CIIEIBAaHUS TECTOTO CE€ 3aMECBa OT MIIEHUYHO OpalrHo
tun 500, KOeTo ce XapaKTepu3upa CbC CIEIHUTE CTOWHOCTH M0 IMO—BaXHHUTE KauyeCTBEHU
nokasarenu: Biara — 12,81%; ceabppxkanue Ha MOKbp mryTeH — 27,07%; oTmyckaHe Ha riIyTeHa — 6
mm; TUTpyeMa KucelnuHHocT - 2°H; nuacratmyHa axkTUBHOCT — 282 mg Mairosa;
BOZOIIOTTbIaeMoct — 58 ¢cm*/100 g Gpamxo.

[Ipobure MassHO TecTO ce MPUTOTBAT IPHU CHOTHOLIEHHWE Ha OpamHo M Boma 1:1. 3a
3aMecBaHe Ha MpoOUTe ce W3MOoJ3Ba MuTeiiHa Boja, 3arpsAra Ao Temneparypa 32 °C. Kvm Taka
IPUrOTBEHATa CMecC ce 100aBst onpezeneHo KoundecTBo npecyBana mMas (900 g na 100 kg Gpanino).
®depMmeHTanmATa nNpoTrya npu temmneparypa 32°C 3a Bpeme 4 yaca. 3a LeTUTEe HA HacTosILATa
pa3paboTKa ca MPUTOTBEHU M U3CJIEBAHU NPOOU MasHO TECTO, KAaKTO CJIeBa: KOHTPOJIHA Mpobda —
npuroTBeHa camo ot OpamrHo Tunm 500, Boja M mpecyBaHa Mas; a ChIIO M O0OTaTeHu MpoOH, B
CbCTaBa Ha KOUTO OCBEH MOCOYEHHUTE CYpPOBHHHM, Ca BKIIOUYEHU CHOTBTHO 3€JIEHM MHUKPOBOAOPACIIH
Spirulina plantesis u xadsBu maxpoBomopaciu Kelp B kommuectBo 4% cmpsiMo Macara Ha
OpalHoTo.

Meton

CreneHTa Ha yBeJTMYEHHUE Ha 00€Ma Ha MassHOTO TECTO CE OIpeJesisi KaTO OTHOIIEHUE MEXIY
obema Ha TectoTo cien (epmenrtanus (V) m obema my mpeau ¢epmentanus (Vo). 3a nenta
bepMeHTanKATa HAa TECTOTO Ce IMpoBekaa B rpaayupan cva (Vangelov, A., 1993). Ilpocneassar ce
IIPOMEHHUTE, KOUTO HACTHIIBAT B CTENEHTa Ha YBIMYEHHUET Ha oOeMa MasHOTO TECTO IpHu
MPOABIDKUTENHOCT Ha pepMeHTanusiTa 2, 3 u 4 h.
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N3JI0)KEHHUE
Pesynrarure, monydeHH MpH U3CiIeBaHE Ha CTENICHTA HAa yBEJIIMYEHHE Ha 00eMa Ha MastHOTO
TECTO, ca MpeAcTaBeH: Ha ¢ur. 1.

MpogbAKMTENHOCT Ha
depmenTaymara, h

1 2 3 4
CreneH Ha yBe/iMueHUe Ha o6ema B nbTH, V/Vo
EMpoba cbe Spirulina plantensis H Mpoba c Kelp B KoHTpoaHa npoba

@wur. 1. Crenen Ha yBennyeHre Ha 06eMa Ha MasHOTO TECTO TI0 BpeMe Ha (pepMEHTAIUS [IPH U3IIO0I3BAHETO
Ha 100aBku ot Bogopacau Spirulina platensis u Kelp

YcraHoBu ce, Ye BBPXy oOeMa Ha TPOOMTE OKa3Ba BIIMSHUE KAKTO IPOIB/DKUATEIIHOCTTA Ha
(depmeHTanysTa, Taka U chcraBa UM. Clies; XOMOTeHM3MpaHe Ha CYpOBHHHTE BCHUUKU IMPOOM TECTO MMAaT
enHaKbB 06eM — 250 cm?’. [Tpu koHTpONHATa Tpoba, MpuroTBeHa 6e3 Jo0aBka Ha BOIOPACIH (CaMo C Mas),
cren epMeHTaIMsi B TIPOIb/DKeHHe Ha 2 h Tectoto yBenmuaBa obema cu 1,5 metw. Tlpu 3 m 4-yacosa
(dbepMeHTaIMs Te3W CTOMHOCTH ca choTBeTHO 3,0 M 2.5 mptu. [lpu BcHuku w3cienaBaHd TpoOW Haid-
3HAYUTETHO YBEJIMUCHHUE Ha 00eMa Ce YCTAHOBSIBA HA TPETHS Yac Ha (hepMEHTAIsITa - TIPe3 TO3U MEPUOTT Ce
W3BBPIIBA AKTHBHO ITHIIKYBAaHE Ha JIPOJKIICBUTE KJICTKH, CBBP3aHO C aKTHBEH juxareiieH mporec. C 1o-
HATATHIIHOTO YBEIMYaBAHE HA IMPOIBDKUTEITHOCTTA Ha (pepMEHTAIATa 00EMBT Ha TECTOTO TMOCTEIEHHO
HamaisiBa. Jlo romsma creneH ra3oo0pa3syBaHETO B TECTOTO M MHTEH3MBHOCTTA HAa IPOTHYaHE Ha
(bepMeHTaIysITa 3aBUCAT OT MACTaTHYHATa aKTUBHOCT Ha OparmHoTo. Hammumero Ha akTMBHA amumiiasa €
HEOOXOZMMO YCJIOBHE 3a MEPMAaHEHTHOTO oOpa3yBaHe Ha (epMEHTHpalld 3axapd B TECTOTO, T. K.
cobctBenuTe 3axapu B OparHoTo (0,6 — 1,8% Ha c.B.) ocurypsiBat enBa okoiio 30% oT ra3o00pazyBaHETo.
JlnactaTnyHata aKTMBHOCT HAa W3IOJI3BAHOTO OpalllHO € B HOpMAIHM rpaHuim — 282 mg manroza/10 g
OpamHo. ToBa ToBOpM 3a HAIMYMETO HA JOCTAaTHYHO AKTUBHH AMIJIONMTHYHHA CH3UMH B TecToTo. Te
OCHTYpSIBAaT MOCTENEHHO pasrpakiaHe Ha HUILIECTETO IO MATO3a, KOATO B MOCIECTBUE MO/ JEHCTBHE Ha
MaiTazara ce pasrpakia 10 IJIF0K03a, KOSTO IPOKAUTe (EpPMEHTHPAT J0 THIOB AJIKOXON M BBITIEPONICH
JIMOKCH/T M TI0 TO3W HAUMH Ce YBEIM4aBa 00eMa Ha TECTOTO 10 BpeMe Ha (pepMeHTalIus.

BrumrouBarero Ha BOZOpaciM B pelienTypaTa Ha MasHOTO TECTO TOZ00psBa Ta3zoo0pasyBamiara U
ra3o3ajIbpykallara My CllocOOHOCT. YKa3aHHe 3a TOBA € M0-BUCOKATa CTEIEH, B KOSTO Ce YBEJIMYaBa 00eMbT
Ha 00oTaTeHUTe MPOOU B CpaBHEHUE C KOHTPOJTHATA.

Koraro kbM CypoBHHHTE MO pelLENTypaTa JOIBIHUTEIHO ce€ NPUOaBAT ONpENETICHUTE KOTMYECTBA
Bozopaci - Spirulina plantesis u Kelp B mpaxooOpasna ¢opma ce HaOmOaBa IO-MHTEH3UBHO
razoobpasyBane. [Ipu oOoratenuTe mpoOM ce OTYMTa W MMO-I00pa razo3ambpkaiia crocodHocT. Cren
JByJacoBa (pepMeHTaIIHsI TOTyYeHUTE CTOWHOCTH ca OJM3KHM, HO BCE TIaK MO-BHCOKU B CPABHEHHE C TE3U TIPH
KOHTpOJIHATA Ipo0da.

[Tpn mo-ronsiMa MpOIBDKUATENHOCT Ha (epMeHTanmsITa (3 Jaca) 00eMbT Ha OOOraTHUTE TIPOOU Ce
yBeM4aBa ocezaeMo. Haii-rosisim peeT ce o1Oens3Ba pu odorareHata che Spirulina plantesis mpo6a mastHo
Tecto — 3,6 ITBTH, T0KaTo npobara, odorareHa ¢ Kelp, yermuasa odbema cu 3,4 meth. [lomydenute pesynratu
ce 00sicHsBAT C (haKTa, Ye aKBAKYITYPUTE ChIbPKAT IICHHH OMOJIOTMYHO aKTUBHH BEILECTBA - BUTAMHHH,
MHHEpaIM ¥ CBOOOJIHN aMWHOKHCEIMHH, KOUTO CITY)KaT KaTO XPaHWUTEJIeH CYOCTpaT 3a IPOXKIUTE U TOBA
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MOpaKIa CTUMYJMpall eeKT MO OTHOLICHHE Ha Ta3000pasyBaHeTo. EKcrepuMeHTaHWTE pe3ynraTd
CBUJICTEJICTBAT U 32 3a3[PaBsiBaHE HA TITyTEHOBHS CKEJIET, PECTIEKTUBHO — 32 TIO-TIPOABDKUTEITHO U MO-I00pO
3a/IbpIKaHe Ha OTJICIICHHM 110 BpeMe Ha (pepMeHTaIsTa BHITIEPO/ICH JUOKCHUL,.

B kpas Ha ce3psBaHero Ha Tectoto (ciex 4 h) mpw BCHUKM W3CiIENBaHM NpoOW ce HabmoaBa
HamasieHre Ha ooema. [Ipu mpobara, oborarena ¢ kadsisu Bogopaciu Kelp ce Habmonsa crian ot 0,2 mbTH,
JOKaTo IMPH TECTOTO, MPUroTBeHO che Spirulina plantesis, e namume cram ¢ 0,9 meTH cpsmMo obema,
OT4eTeH mpu TpryacoBa (epmeHTamms. HenpekbcHATOTO 00pasyBaHe Ha BBIVIEPOJACH MOKCHI BBHB
(hepMEHTHPAIIIOTO TECTO MOCTEIICHHO TOBHUINIABA HAIITAHETO B Ta30BHTE Mexypuera. HacThliBa MOMEHT,
KOraTo TOBa HAJIsATaHe MPEBHINABA 3APABHHATA HA OCNTHYHUTE IWITH, Ta3bT 3alloyBa Jid NPEMHHABA TIPE3
CTCHHUTE Ha WIYIUIATE W W3IMTAa OT TECTOTO, B PE3YJITaT HAa KOETO OOEMBT Ha TecToTo chana. [lpaBu
BIICYATJICHUE, Y€ CJICeJ JBy4YacoBa M TpudyacoBa (epmeHTarmss o0eMbT Ha mpodarta cbe Spirulina
plantesis e mo-BUCOK OT TO3M Ha TECTOTO ¢ jobOaBka Ha Bojopaciu Kelp, HO mpu yerupuvacosa
MPOABDKUTEITHOCT Ha (pepMEHTAIIMATA Ta3U TCHICHIIMS HE Ce MPOsABsABa. BeposiTHO B cilydas ToBa
ce IBDKM Ha 3a3/ipaBsBaHe Ha TJIYTCHOBHTE IWIH, OnarojapeHne Ha ¢akra, 4de KadsBUTe
BOJIOPACIIA ChIBPIKAT BEIICCTBA, KOMTO HMMAT CIIOCOOHOCTTAa Ja MOAM(UIMPAT PEOJOTUUHUTE
CBOWCTBA Ha MPOJYKTHTE U J1a (OpMUPAT yCTOWYMBA IPOCTPAHCTBEHA CTPYKTYpA.

HesaBucumMo OT ycTaHOBEHHs Criajl, 00EMBT Ha 00OraTeHUTe MPOOM OCTaBa IMO-BUCOK OT TO3M Ha
KOHTpOJIHATa TIPo0a MpU BCSKA €HA MPOIBIDKUTEIIHOCT Ha (epMeHTarmsTa. [IpaBu BlieyaTiiMHUE, 4e
TEMITBT HA CHIDKCHHE HAa oOeMa INpH pasIudHuTe npobu e paznmyeH. [Ipu mpobure, oborarteHu ¢
Spirulina plantesis, Toit e mo-sicio u3pasen. Criopen He u Hoseney (1992) ysenudenuero Ha obema 1o
BpeMe Ha (epMEHTAIMs 3aBUCH OCHOBHO OT TOBA JI0 KaKBa CTEIICH M3THHABAT MPOTCHHOBUTE IIHITH,
Npe/IH J1a ce CKbCarT.

U3BOIMN

[MoyyeHUTE EKCIIEPUMEHTATIHN pPE3yJATaTH IIO0Ka3BaT, uYe BJAaraHero Ha 100aBKa OT
Bomopaciu Spirulina plantesis u Kelp B xomuyectBo 4% crpssMo Macara Ha OpaIIHOTO IIPH
3aMeCBaHE Ha MAasHOTO TECTO BOAM 0 MO-CHIIECTBEHO yBEIMYaBaHE Ha oOeMa Ha TECTOTO IO
BpeMme Ha (epmenrarus. Cien 3 h GpepmenTarust npu BCHUkU MpoOH ce HaOIII01aBa yBEIMUCHUE HA
obema: mpu KOHTpojHarta mpoda — 3,0 meTH, npu Tectoto, oborateHo ¢ Kelp — 3,4 mbrH, a Haii-
3HAYUTEIHO € YBEIMYEHHETO MpHu mpodarta, oborarena cbe Spirulina plantesis — 3,6 metu. C
yBEJIMYaBaHE Ha TPOIBIDKATEIHOCTTA Ha (epMeHTanusTa 10 4 4aca, MPH BCHYKH HU3CICIBAHH
npoOu ce oTyTa craja Ha obema, KaTo Hall-sICHO U3pa3eH e Toil mpu mpodata cbe Spirulina plantesis
— 0,7 mbTH, a Hail-He3HaunTeNeH npH npobdara ¢ Bogopaciau Kelp — 0,2 meT. HesaBrcumo ot ToBa,
00eMbT Ha oOoraTeHuTe MPOOH OCTaBa MO-BUCOK OT TO3U Ha KOHTpoJHATa mpoba. ToBa OT CBOs
CTpaHa TOBOPH 3a MO-MHTEH3WBHO MPOTHYAaHE HA (pepMEeHTAmuUsITa U 3a 00pa3yBaHe Ha IMO-TOJEMH
KOITMYECTBA BBIVICPOACH IUOKCHI B oboratenure mnpodu. Kato ce wuma mnpensunm, ue
JOIBIHATEITHOTO OMTbBAaHE HA MPOTCHHOBUTE IMITA HA TECTOTO MO BpeMe Ha (pepMEHTalms ce
OTpassiBa OJArompHATHO BBPXY CTPYKTYPHHUTE CBOWCTBa M MIYIUIMBOCTTA Ha XyieOHAaTa CpeauHa,
MOXe J1a ce 00001, Ye MoCcpeCTBOM BKIIFOUYBaHETO Ha Bozopaciu Spirulina plantesis u Kelp B
pelenTypara ce mocTira noo0psBaHe Ha Ka4eCTBOTO Ha XJisi0a.
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Abstract: This study represents a continuation of the optimization approach for short-term design of “green”
products portfolio of three echelon “green” supply chain (GSC) of the production complex from the dairy industry. The
approach takes into consideration three main subjects - products manufacturing, SC management and environmental
impact. The latter involves environmental impact assessments of wastes produced along the chain and released in air
and water. They are evaluated in terms of costs such as the best trade-off between environmental and economic
performance of the designed green products portfolio to be achieved. The approach is extended by including additional
environmental impact assessments for the CO, emissions produced during transportation of raw material and products
when fleets with different payload capacity and fuel engines are used. The latter aims to show how this factor influences
designing the optimal environmental dairy products portfolio and they can be used in the decision-making process.

Key words: GSC management, Products’ portfolio design, Environmental impact assessments, CO, emissions,
Transportation fleets, Optimization

INTRODUCTION

The production of milk and dairy products occupies a significant share of the European
Union's economy (European Commission, 2016). However, their realization is related to the release
of significant quantities of pollutants into the environment. One of the most effective ways to
increase their sustainability is by applying the Life Cycle Analysis principles in the optimal design
of so called “green” supply chains. It includes optimization of all activities along the chains from
the supply of raw materials through the products production to the end users and the transport of
raw materials and products, while meeting the environmental (Djekic, I. et al., 2014; Sharma, V., et
al., 2015; Palmieri, et al., 2017) and/or economic (Jouzdani et al., 2013; Glover et al., 2014; Chen et
al., 2014) requirements. However, the most of developed approaches consider different aspects of
dairy GSCs in terms of environmental impact and economic performance where some level of
trade-off is satisfied and they are focused on the impact only of the CO, emissions produced during
transportation (Validi, S., et al., 2014).

Recently, Kirilova and Vaklieva-Bancheva, (2017) have developed an optimization approach
for production portfolio design of a GSC for curd production. It involves a broader objective
function including, along with environmental impact assessments of CO, impact associated to the
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energy consumed and generated during transportation, and assessments for each production task
accounting for associated wastewater (including these from the used raw material). The
optimization criterion is defined in terms of money such as to find the best tradeoff between the
total profit of the dairy complex and the costs incurred for the environmental impact due to its
operation.

The aim of the present study is an extention of the approach of Kirilova and Vaklieva-
Bancheva, (2017) by including additional environmental impact assessments for the CO, emissions
produced during transportation of raw material and products when fleets with different payload
capacity and fuel engines are used. The latter aims to show how this factor influences designing the
optimal environmental dairy products portfolio and they can be used in the decision-making
process.

EXPOSITION

1. General formulation of the optimization problem

The approach of Kirilova and Vaklieva-Bancheva, (2017) is outlined below. It has been
developed to plan the activities in three eshelon SC including milk suppliers, dairies and markets to
satisfy, in a short term, a certain consumer demand for a group of products. As a result of its
implementation the optimal green production portfolio of the production complex, satisfying trade-
off between environmental and economic objectives is found. The approach includes three
interconnected models for: (i) description of the products production; (ii) SC design; and (iii)
description of the SC environmental impact. The latter is assessed in terms of two areas:

1). Wastewater generated at each processing task of the dairy production, including these
related to the raw material used;

2). CO, emissions related to: the energy consumption by the dairies and the transport of raw
material and products between suppliers, dairies and markets.

> Needed data

In order to develop the mathematical models three groups of data should be known:

- raw material and products data - the composition of used raw material and target products.

- SC data — data for the production system; markets' demands; capacities of the milk
suppliers; selling prices of milk and products; production costs, distances between milk suppliers,
dairies and markets; transportation costs; fleets' capacities.

- environmental impact data - related to the environmental impact of pollutants obtained
from the implementation of the SC activities with respect to two areas of impact - air and water. For
assessments indicators as BODs for the wastewater and CO, for the air emissions of pollutants are
used.

» Control variables
- Binary variables to structure SC;
- Continuous variables to transfer the raw material from suppliers to the dairies and products
form the dairies to the markets.
- Continuous variables for key compound concentration in the used raw materials.

» Mathematical models
SC mathematical description

- Material balance equations for the subsystems suppliers-dairies and dairies-markets — they
prevent from accumulation of raw materials in the suppliers and products in the dairies;

- Equations for determination of the quantities of raw materials required from each dairy to
produce the planned quantities of products.

Dairy production modeling

It includes dependencies for the composition of used raw materials and products, as well as
an equation for the target product yield as a function of the composition of the key compound. The
model also provides a connection between the production tasks using size factors calculated.
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Environmental impact modeling

The environmental impact model includes dependencies for the two type of pollutants:

e BOD:s associated with wastewater produced during realization of the production tasks and
pre-processing of used raw materials. It depends on concentration of the key compound of the raw
materials used.

e CO, related to the energy consumed during the dairy production for the raw materials
processing.

e CO, associated with the fuel combustion during the transport of raw materials and
products. It depends on the payload capacity and the type of the used fleets as well as the distances
in km.

CO,, emitted from the fleets to transport 1 kg standardized whole milk and 1 kg curd/km is:

MCO. —2.TC0; k9CO, | 1pep. _oTC0; [_kgcCO, 0
? vCm ' | km.kgmilk 2 " vCp ' | km.kgcurd

where TCO, is the amount of CO, emissions produced by fuel combustion, [kg CO,/ km].

TMCO, and TPCO, easy can be calculated based on data about the energy content of 1 liter fuel

[MWh/I], the CO, emissions produced by fuel combustion [kg CO/MWh] and the fuel
consumption [I/km], and the payload capacity of the fleet used - VCm [kg] and VCp [Kg].

» Constraints
- for realization of the production portfolio in the time hosizon;
- for the capacity of suppliers of raw materials;
- for the capacity of the markets for realization of planned quantities of products;
- for the environmental impact costs that have to be paid for treatment of the pollutants.

» Optimization criteria
A single-objective optimization criterion is used F, ., [BGN]. It represents the difference

between the production profit and all costs including the environmental ones, as follows:
I:Profit = I:R - (FP_Cost + I:M_Cost + I:T_Cost + FBOD_Cost + I:(:OZ_E_Cost_'_ FCOZ_T_Cost)' (2)
where F, is the revenue from the sale of the products at the markets; F, . is the total

production costs for the dairy complex; F,, is the total costs incurred by the dairy complex for

_Cost

purchasing the necessary quantities of milk from suppliers for the products production; F; ., is
the total costs for the transportation of the milk and products between milk supply centers, dairies
and markets; Fgo, o IS the total BODs costs paid for treatment of the wastewater generated
during production of the products; F., ¢ . IS the total CO, emissions costs associated with the
energy consumed by pasteurization process; F., 1 ¢, IS the total CO, costs associated with

emissions of pollutants generated during milk and product transportation.
The latter term of the optimization criterion (2) (the rest terms are given in detail in Kirilova
and Vaklieva-Bancheva, 2017) is:

| S P M

Feo, 1 cost = 2 TCO,COSE -[TMCOZ -3'Y,,-SDis;, +TPCO, - > " X, .- MDisi,mj 3)
i=1 s=1 p=1 m=1

where TCO, cost is the cost for CO, due to the transportation of milk and products, [BGN/kg

COy]. sDis;, and MDis;,, are the distances between supply centers, dairies and markets, [km]

TMCO, and TPCO, are calculated using Eq. (1). i€l..l, s€l..S, pel..P, mel..M are data

sets about the dairies, suppliers, products and markets.
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A detailed description of the represenetd above optimization approach with the included
models for: i) describing the products production; ii) planning the activities in SC; iii) describing
the environmental impact of SC are given in detail in Kirilova and Vaklieva-Bancheva, (2017).

2. Case study

In order to found how the fleets used (with different payload capacity and fuel engines)
influences the optimal environmental dairy products portfolio design, the represented above
approach of Kirilova and Vaklieva-Bancheva, (2017) is implemented on a real case study
comprising production complex for production of two types of curd in one technology over the time
horizon of one month. SC includes two milk suppliers, two dairies for the products production and
two markets for the realization of the produced products. All data needed for the optimal
environmental dairy products portfolio design are given in detail in Kirilova and Vaklieva-
Bancheva, (2017). Here, only data needed for determination of the environmental impact
assessments for the CO, emissions produced during transportation of raw material and products
using fleets with different payload capacity and fuel engines are given.

In Table 1, the distances between supply centers, dairies and markets are presented. In Table
2, data about the energy content of 1 liter fuel [MWh/I], the CO, emissions produced by fuel
combustion [kg CO,/MWh] and the fuel consumption [I/km], and the payload capacity of the fleets
used - VCmI[kg] and VCplkg] are listed (https://autoline.info;http://lautomarket.ru/en/;
https://www.mercedes-benz.com/en/mercedes-benz/vehicles/trucks/fuel-comparison-tests-in-
europe/; http://www.cngas.co.uk/cngvehicles.php).

The latter are needed for calculation of the CO, emissions generated during transportation of
raw material and products TMCO, and TPCO,, using different type of fleets.

Taking into account the data given in Table 1, Table 2 and data about the CO, cost due to
transportation which is 1 BGN/kg CO,, the environmental costs related with transportation of raw
material and products using different type of fleets can be obtained.

Table 1. Distances between suppliers, dairies and markets in SC.

Distance, [km]
Supplier1 | Supplier 2 Market 1 Market 2
Dairy 1 41 36 226 92
Dairy 2 31 61 238 89
Table 2. Data about the fleets.
Type of fleet | Type of Payload Energy of fuel CO, amount, Fuel consumption,
fuel capacity, [I] | combustion, [kg CO,/MWh] | [I/100km] or
or [kg] [MWh/I] [kWh/100km]
Milk tanker Gasoline | 2500 0.008056 249 32.2
truck Diesel 2000 0.0095833 267 23
Refrigenerator | Diesel 4000 0.0095833 267 23
truck Electro 3575 - 0.46 88
LPG 1500 0.00702778 227 14
Gasoline | 1000 0.008056 249 11

RESULTS AND DISCUSSIONS

Eight optimization problems for all possible combinations of the fleets data used for
transportation of raw material and products are formulated and solved using GAMS optimization
software. The obtained results for the optimal green products portfolios are given in Table 3. One
can see that Product 1 is only produced in the Dairy 1, while Product 2 is produced in both dairies.
The latter is produced in 20 times greater quantity in Dairy 1 than in Dairy 2. Moreover, the two
dairies supply the necessary quantities of raw material only from Supplier 2. Form the data listed in
Table 3, it also can be seen that the optimal green products portfolios differ only in the values of the
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provided by the suppliers’ quantities of milk for Dairy 2 and the quantities of the Product 2

produced in the Dairy 2 respectively.

Table 3. Results for optimal production portfolios obtained at eight combination of fleets used for

transport of raw material and products.

Optimal “green” product portfolio

Optimal “green” product portfolio

Combination 1
Milk tanker - diesel and refrigenerator truck - diesel
(VCm=2000 I; VCp=4000 kg)

Combination 2
Milk tanker - diesel and refrigenerator truck -
gasoline (VCm=2000 I; VCp=1000 kg)

Market 2 Supplier 2 Market 2 Supplier 2
dairyl.productl 7704 | dairyl 165881 | dairyl.productl 7704 | dairyl 165881
dairyl.product2 34591 | dairy2 6568 | dairyl.product2 34591 | dairy2 861
dairy2.product2 1649 dairy2.product2 216

Combination 3 Combination 4
Milk tanker - diesel and refrigenerator truck -LPG Milk tanker - diesel and refrigenerator truck -
(VCm=2000 I; VCp=1500 kg) electro (VCm=2000 I; VCp=3575 kg)

Market 2 Supplier 2 Market 2 Supplier2
dairyl.productl 7704 | dairyl 165881 | dairyl.productl 7704 | dairyl 165881
dairyl.product2 34591 | dairy2 6427 | dairyl.product2 34591 | dairy2 9326
dairy2.product2 1613 dairy2.product2 2341

Combination 5
Milk tanker - gasoline and refrigenerator truck -
diesel (VCm=2500 I; VCp=4000 kg)

Combination 6
Milk tanker - gasoline and refrigenerator truck -
gasoline (VCm=2500 I; VCp=1000 kg)

Market2 Supplier2
dairyl.productl 7704 | dairyl 165881
dairyl.product2 34591 | dairy2 11314
dairy2.product2 2840

Market 2 Supplier 2
dairyl.productl 7704 | dairyl 165881
dairyl.product2 34591 | dairy?2 5200
dairy2.product2 1305

Combination 7
Milk tanker - gasoline and refrigenerator truck -
LPG (VCm=2500 I; VCp=1500 kg)

Combination 8
Milk tanker - gasoline and refrigenerator truck -
electro (VCm=2500 I; VCp=3575 kg)

Market 2 Supplier 2
dairyl.productl 7704 | dairyl 165881
dairyl.product2 34591 | dairy2 11162
dairy2.product2 2802

Market 2 Supplier 1 Supplier 2
dairyl.productl 7704 | dairyl 165881
dairyl.product2 34591 | dairy2 3175 11619

dairy2.product2 3714

In Fig. 1 all costs values, corresponding to the eights optimal green products portfolios are shown.

90000
80000
70000 BF P Cost
60000 BF M Cost
:8 888 F T Cost
30000 BF BOD_ Cost
20000 BF CO2 T Cost
10000 i F_CO2_E_Cost

0 il d L Pl Pl

1 2 3 4 5 6 7 8

Fig.1. Costs values for the eight combinations of
the fleets.

Fig. 1 shows that the costs of purchasing raw
material and the production costs have the
largest share in the total costs and the
environmental costs and transport costs are
significantly lower than the rest ones.

One can see in Fig. 2 that combinations 2
(milk tanker with diesel fuel and refrigenerator
truck with gasoline fuel) results in the highest
environmental costs, while combination 8 (milk
tanker with gasoline fuel and refrigenerator
truck with electro engine) corresponds to the
lowest. The latter leads to the highest optimal
green production portfolio, respectively (see Fig.
3).
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Fig. 2. Environmental transportation costs Fig. 3. Optimal “green” production profits
values for the eight combinations of the fleets. for the eight combinations of the fleets.

CONCLUSIONS

The study represents an implementation of the approach of Kirilova and Vaklieva-Bancheva,
(2017) for optimal green production portfolio design of dairy supply chain for eight combinations of
fleets with different payload capacity and fuel engines. The obtained results have shown that the
combination of milk tanker with diesel fuel and refrigenerator truck with gasoline fuel leads to the
optimal green production portfolio with the greatest environmental impact.
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Abstract: Rheological properties of dough are very important indices for product development in terms of
product quality and process efficiency. There are several ways to evaluate the rheological behaviors of the dough, one
of them is using farinographc and extensographic.The aim of this research was to examine the impact of agronomic
bio-fortification on the rheological properties of flour obtained from wheat variety Radika. In this research are
included 7 samples obtained by adding high quality chelate fertilizers at different stages of wheat growth: Fe soil (1),
Fe soil + foliar (2), Fe foliar (3), Control (4), Zn soil (5) , Zn soil + foliar (6) and Zn foliar (7). From farinograph data
for water absorption it is concluded that all variants have approximate values with minimal differences compared with
variant 4. According to the data obtained for the level of softness, it is concluded that the dough for all variants are
with medium quality. According to the qualitative number, all variants fall into the quality level B2, with exception of
variant 5 which belongs to quality level C1. The results obtained from the extensigraf have shown that variant 1,2 and
7 has higher value of extensibility of the dough compared to variant 4, while variant 5,6 and 3 have lower values.The
greatest resistance is measured in variant 2, and the lowest value for variant 5. Higher values were found in variants
1, 6 and 7, but variant 3 has a lower energy value compared to variant 4. Highest value the ratio (esistance /
exstensibility) was measured in variant 1 and 3, and the lowest in variant 5. Higher values were found in variants 6
and 7 compared to variant 4. From the farinographc analysis it can be concluded that the application of iron and zinc
chelating fertilizers did not have a significant effect on the technological quality of the flour. From extensographic
analysis is ascertained influence from application of iron soil, iron soil + foliar and zinc foliar wherein for variants 1,2
and 7 are obtained flour with higher extensibility, resistance and energy.

Keywords: bio-fortification, rheological, farinograph and extensigraf

INTRODUCTION

In recent years there have been significant changes in terms of the desire of food consumers
to buy and consume healthier foods, higher quality foods, with lower prices and more exotic foods.
Individual food producers must respond quickly to consumer demands in order to remain
competitive in the food industry. The plant food provides a range of nutrients essential for human
consumption, yet, in most parts of the world, the main raw materials derived from agricultural crops
are often deficient in terms of some nutrients such as zinc and iron.

Biofortification is the process by which the concentration of micronutrients as zinc, iron,
manganese, etc increases, in agricultural products, especially the cereals. The genetic
biofortification uses specially grown cultures that will be able to accumulate (absorb) more zinc
and other micronutrient elements from the soil in the nutrient parts of the grains (Ryan, E., 2010).
Agronomic biofortification involves the use of fertilizers with higher concentrations of zinc and
other micronutrients. It also provides a short-term and efficient approach that will provide an
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increase in the concentration of Zn / Fe in the soil and wheat grains, using Zn / Fe fertilizer or NPK
fertilizer enriched with Zn or Fe (Cakmak, 1 ., 2008).

However, accepting biofortificated crops on one hand from the consumers and on the other
hand the producers in the milling and bakery industry is another issue that needs to be paid special
attention. Taking into account that in the Republic of Macedonia no research was conducted in the
field of biofortification, the purpose of this research is to investigate the influence of zinc and iron
chelating fertilizers on the rheological properties of flour obtained from the wheat variety Radika.

MATERIAL AND METHODS

Material

Plant material

The variant of the type “Radika” soft wheat (Triticum aestivum), was used as a plant material
in this research.

Location and setting experiment

On the lands belonging to the Agricultural Institute in Skopje (Macedonia), in the testing
economy “Dolno Lisiche”, during the production year 2012/2013, a test was placed according to the
method of accidental bloc system, with 7 variants, three time repeated, while the testing parcel
being of 30 m? size. The distance between the variants and the repeating procedures was 50 cm. The
procession of the parcel was a standard one by bringing the plowed layer in condition of normal
sowing. The sowing was conducted manually with 600-650 life-able grain/m?.

Application of fertilizer

The following variants are included in the test of this research:

e Fe application in soil (variant 1)

Fe application in soil and foliar (variant 2)
Fe foliar application (variant 3)

Control — without fertilizing (variant 4)

Zn application in soil (variant 5)

Zn application in soil and foliar (variant 6)

e Zn foliar application (variant 7)

Basic characteristics of the fertilizers

Yara Vera Amidas is a highly qualitative granular fertilizer which contains nitrogen and
sulfur. The nitrogen is mostly available in the form of urea. The sulfur is available in the form of
sulfate and is totally water-soluble. The ratio between the nitrogen and sulfur is from 7 towards
1.Nutrichem folifer-Fe EDTA chelate product, which is used for a foliar nutrition of the plants.Yara
Vita Rexolin is a product for prevention of a shortage of zinc formulated in the form of EDTA
chelate. Containing 15% and 148 grams of zinc per kilogram a product can be used for soil or foliar
application.

Period of application of fertilizer

The nutrition of the wheat is conducted in the following stages of development:

1. Germination stage-fertilizing with NPK(9:15:15) 200 (kg/h) soil at the variants 1,2,3,4,5,6
and 7. Fe EDTA 10 (kg/h) soil apllication with the variants 1 and 2. Zn EDTA 20 (kg/h) soil
apllication with the variants 5 and 6.

2.Tillering stage- applied Yara Vera Amidas 160 (kg/h) soil at the variants 1,2,3,4,5,6 and7.

3. Booting stage- Yara Vera Amidas 100 (kg/h) soil at the variants 1,2,3,4,5,6 and 7.

4. Booting stage- Fe EDTA 1 (kg/h) foliar at the variants 2 and 3. Zn EDTA 1kg/h(0.1%)
foliar at the variants 6 and 7

5. Heading and flowering- Fe EDTA 1(kg/h) foliar at the variants 2 and 3.Zn EDTA
1kg/h(0.1%) foliar at the variants 6 and 7

6. Flowering Fe EDTA 1 (kg/h) foliar at the variants 2 and 3. Zn EDTA 1kg/h(0.1%) foliar at
the variants 6 and 7

The foliar fertilizing was conducted by a dorsal sprinkler, with 3 liters of solution (mixture)
with the variants 2 and 3 at the early morning hours.
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Methods

The grinding of wheat from each variant is performed with a laboratory mill from the
BRABENDER company.

Determination of the rheological properties of the biofortificated dough is carried out with
the pharynograph and extensograph from the company BRABENDER.

-pharographic analysis with the method AACC 54-21 (American Association for Cereal
Chemistry - AACC 1995) the following parameters were examined:

- water absorption%, degree of softening (Fj), quality number and quality group.

- Extensographic analysis with the method AACC 54-10 (American Association for of Cereal
Chemistry - AACC 1995) and the measured parameters were:

extensibility (mm), resistance (Ej), relative number and energy (cm?)

All parameters are measured after 45, 90 and 135 min of the rest time. Grinding and testing
of the flour is carried out in the farinological laboratory of “Zito Luks AD" - Skopje.

RESULTS AND DISCUSSION

Farinological studies of the quality properties of flour

The physico-chemical properties of food (rheological properties, physical properties,
stability, taste) determine the quality of food and are an important factor for the consumer when
coosing the product. The most important factors are the production conditions and the raw materials
used for production (Nakov, G., 2018).The quality of the flour is tested by physical and chemical
methods. The physical characteristics of the dough have a major influence on the quality of ready-
made bakery products. The determination of the quality of the flour with the farinograph is based on
the registration of a change in the physical properties of the dough during a particular mixing time,
which depends mainly on gluten. It is actually a dynamometer that measures the resistance of the
dough that produces the dough on the mixer blades when it is absorbed in the container. From the
obtained farinographic curved graphs for wheat flour, are obtained data related to the absorption
capacity, the degree of softening the dough during the filling, and also the quality number and the
quality group (Wheat and Flour Testing Methods, 2004).

Table 1. Determination of the physical properties of wheat flour with Farinograph

Farinograph data 1 2 3 4 5 6 7
Water absorption % 654 645 645 647 65 64.2 64.9
Level of softness (Fj) 80 100 95 110 115 90 95
Qualitative number 544 48,6 496 488 434 533 52
Qualitative level B, B, B, B, C: B, B,

An important technological feature for the baking industry is the degree of softening the
dough, expressed in Farinoghraphic units (in Fj). If the degree of softening is greater, the flour, i.e.
the dough is harder to tolerate fermentation and vice versa. It is considered that the 75 Fj softening
grade flour is of good quality, from 75 to 125 Fj with medium and over 125 Fj of poor quality. The
more value is lower, the dough has better quality.

The technological quality of the flour, based on farinograph is evaluated in three quality
groups. To quality group A belong strong flours with optimal baking ability; to quality group B
belong middle flours with good baking characteristics, while to quality group C belong weak flours,
ie. with poorer quality and lower absorption power (Albrecht, T., 2010).

From the results obtained for water absorption it is concluded that all variant have
approximate values with minimal differences with regard to variant 4. The degree of softening the
dough for all varieties is within the limits of 80 to 115 Fj accordingly, and this dough belongs to the
dough group with medium quality. As for the quality number variants 1, 2, 3, 4, 6 and 7, it belongs
to the quality group B2, while the flour of variant 5 belongs to the quality group C1.
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With the extensograph, are examined the physical properties of the dough and its reaction to
resting and mechanical processing i.e. are measured the extensibility and the resistance. The
obtained results complement the image of the flour quality obtained with the examination of the
Farinograph (Zezelj, M., 2005; Kalugerski, G., 2006).

Table 2. Determination of the physical properties of wheat flour with an extensograph.

Extensigraf data 1 2 3 4 5 6 7
Extensibility (mm) 181 170 130 161 152 150 170
Resistance (Ej) 100 140 100 80 65 95 100

Value the ratio (esistance/ 0.5 0.8 0.8 0.5 0.4 06 0.6
exstensibility)
Energy (cm?). 36 45 24 26 21 28 36

From the results presented in Table 2, it is noted that the varieties 1, 2 and 7 have higher
spreadability of the dough compared to variant 4, while variant 5, 6 and 3 have lower values.

The highest resistance and energy were measured in variant 2, and the lowest value for
variant 5. In the other variants, higher values were found in relation to variant 4, with the exception
of variant 3 having a lower energy value compared to variant 4.

As for the ratio, the highest values were measured in variant 2 and 3, and the lowest in
variant 5. For variants 6 and 7, higher values have been found, compared with variant 4.

CONCLUSION

Rheological methods are used to determine the technological quality of wheat and the
quality of wheat flour, which is the basic raw material of the mill and bakery industry. The results
of these tests have a direct relationship to the quality of the product.

On the basis of the obtained results of the research for determining the effects of agronomic
bio-fortification, it can be concluded that the application of zinc and iron chelating fertilizers does
not have a significant effect on the examined Farinographic parameters.

From extensographic analysis is ascertained influence from application of iron soil, iron soil
+ foliar and zinc foliar wherein for variants 1,2 and 7 are obtained flour with higher extensibility,
resistance and energy.
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Abstract: The tasks were considered, which are related to the working bodies for the artificial food products
movement according to the specified movement law and their positioning in the intermediate positions of the kinematic
cycle. The actuators dynamics characteristics and control system of power part of positional electro-pneumatic
actuators were researched. The methods of mathematical and computer modeling, and methods of solving ordinary
differential equations and partial differential equations and method of correlation analysis were used. In the obtained
results of modeling the kinematic load and the pressure of the working position pneumatic actuator, clearly observed
that the inertial component increases in 4 stages (braking), during the narrowing the exhaust section of the working
cylinder of the positional pneumatic actuator. The results of mathematical modeling for positional pneumatic actuators
with the condition of changing the section of the exhaust hole allowed to track all the kinematic characteristics of the
actuator. The obtained results allow to assign to the working body the law of motion, approximated to the optimal on
the speed of action, not exceeding at the same time the maximum permissible dynamic influences for a moving artificial
product.

Keywords: functional, module, packing, electro-pneumatic actuator, accuracy.

INTRODUCTION

In recent years, a rather complicated process of optimal control of actuators of technological
equipment for food production has been studied by many authors (Krivts 1., Krejnin G., 2006). The
authors took the various assumptions in order to simplify the mathematical description of the work
of tracking and positional actuators (Janiszowski K., Kuczynski M. 2007). For a long time, this
approach was justified, but over time, the productivity of mechatronic functional modules as part of
technological equipment has increased significantly. In this connection, many control models of
positional actuators with rational kinematic and dynamic parameters have become unacceptable for
practical use (Virvalo T., 2016). Therefore, modulation of the moving process of artificial products
by pusher on the basis of a position pneumatic actuator taking into account the real boundary
conditions, as well as dynamic processes in the pneumocylinder, is relevant.

The main ways of packing artificial products in polymer films are revealed: the placement of
the product in a pre-made package and fastening it with clips; the placement of the product in the
sleeve, which is formed from roll packaging material; the placement of the product between two
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films and the formation of a package with four seams; the wrapping of the product with a polymeric
film (Gavva O., 2017).

The analysis of the existing equipment for the packaging of artificial and small artificial
foods, showed the priority of using polymeric packaging materials for a number of economic,
environmental and protective parameters (Richard E., Hurmuzlu Y., 2015). There are modules with
linear displacement actuators in the composition of the collision mechanisms in the studied
packaging machines (PMs), the most common mechatronic functional modules (MFMs) feeding the
food product to the packaging area. The main ways of packing artificial products in polymer films
are: placing the product in a pre-made package and fastening it with clips; placement of the product
in the sleeve, formed from roll packaging material; placement of the product between two films and
the formation of a package with four seams; wrapping the product with a polymeric film (Kinyckyi
Y., 2008).

The tasks of the study

The tasks of the following studies are:

- the modeling of piston movement law of the pneumocylinder with an initial difference in air
pressure, approximating to the optimal speed. In this case, the loads movement on the fixed flat is
considered a collision mechanism with a positional pneumatic actuator.

- using the mathematical modeling to study the cases of smoothing the acceleration function
at the moment of disengagement of the driving force, which allows to change smoothly the working
parameters of the positional pneumatic actuator.

- the creation of the simulation model of the positional actuator, with taking into account the
cases of functions smoothing of the of the analogue of speed and analogue of acceleration.

- the description of the method of choosing the initial movement stage (in the coordinate x),
with taking into account the possible reduction of the actuating mechanism productivity.

EXPOSITION

Materials

The materials were chosen the positional actuators of packaging machines. The aim of the
study was chosen the dynamics of electro-pneumatic positional actuators. The analysis of the
working bodies motion laws of the initial kinematic link of the collision mechanisms was carried
out for the technological schemes of the MFM movement of artificial products and the group (layer)
of artificial products into the formed sleeve of the packaging material.

MFM formation characteristics of artificial products packaging

The operations of forming the artificial products packaging are connected to the work of the
MFM elements according to the laws of motion, which determine the required productivity of the
packaging machine. As an researched positional actuator, for the given layout of Fig. 1, MFM was
chosen on the basis on pneumo actuator of positional type.

2 4 5

Fig. 1. General scheme of the technological module for the packaging of food products:
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1—functional mechatronic module (FMM) supply of packaging material; 2 - functional
device for formation of transverse joints and cutting off finished packages; 3 - FMM movement of
products into the sleeve; 4 - FMM forming a longitudinal seam; 5 - FMM withdrawal of finished
packages; x - coordinate of movement of a piston (m); V - speed of movement of a piston (m /s);
Q(x) - acceleration of movement of the piston; P; - pressure in the piston chamber of the
pneumocylinder (Pa); P, - pressure in the ventricular chamber of the pneumocylinder (Pa); t -time
movement (sec).

Methods of mathematical and computer modeling, methods of solving ordinary differential
equations and differential equations in partial derivatives were used to study the dynamics of
compressed air in the cavities of the pneumocylinder. In the study of the layout of MFM packaging
machines, the theory of automated control of electropneumatic position drives is used.

Thus the resultant of all resistance forces at I, Il and Il stages of the kinematic links
movement:
P(x):Ppak+(mpak+mn)jé+mpnkgf+pa(Fl—F2) (1)

The resultant of all resistance forces at stage 1V:
P(x)=P,, +mi+p,(F-F) @)

Mpak - 1S the mass of the product; mpac =0.5 kg; P4, P2 - is pressure of the piston and stomach
cavity(Pa), F1, - is square of the piston pneumocycline (m?); f = 0.3 coefficient of friction; pa -
atmospheric pressure; Pps - is the dynamic load of the pneumocylinder(N); g=9.81 (m/sec?) - free
fall acceleration; m, . is the mass of the piston.

Consider the law of movement of the leading link as a part of the mechatronic FD. It
requires:

-to find the time T (on) of load movement in the optimal speed of the two-stage mode to set
the required value of x (Ik) of load movement at the first stage I in a four-stage mode;

-to determine the equations on the basis of the obtained value x(Ik), describing the kinematic
parameters of the moving load at first stage in the four-stage mode, and also the final conditions for
this stage;

-to consider the load movement as a three-stage and to determine the shutdown time of the
driving force and the total time of movement. In this case, the final coordinates for the stages | and
111 of the three-stage mode of motion coincide with the final coordinates for stages | and IV of the
four-stage mode of movement;

-to determine the equations describing the load movement at Il and IV stages, and then at 111
stage for a four-stage mode of motion.

This sequence of tasks is connected with determining the initial and final coordinates of the
load movement for each stage and with the searching for integration constants.

The time To, of the load movement at optimal speed in two-step mode is determined by the
method.

25
T 3
- e 0

where S is value of load movement (piston stroke); f is the coefficient of friction between the
bearing surface of the load and the displacement flat.
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Fig. 2 shows the graphs of the dependence of kinematic parameters from the time of
movement of an artificial product in the implemented mode and the pressure change in the working
cavities of the pneumocylinder (the power part of the position actuator).

a) b)
107 . 4
2 5.333] - - - - \M -
6,335 1 1 1 L - . I r..l:lno---.. ...... '-."c ----- smaem|
L Ad s Emsamsmsmememt s shes momm e 1 "..“ 1“"
- |
Y/ 520, o Se Yy |
X0 e LN ! VNP W SPSPRP p - ’i N Py S I———
_s Say 1 \ P1.10 4 N ?
2L R B i 5 = ~ l‘
-5 . ] P2.10 .
P210 o o b == P . Il c
- o 083 0.167 028 0.333 0417 [ v " 5
""10 3 = .‘J
) o ! i’ 2
Dx X — -
Y o st
2 0333 —
— - 466H : ! ! ! !
o 0.33 0.367 4 0333 0.467 [H]
1.33 ]
= 1335
- 8333 3
-3
-3

-1r
o t 08

t

Fig. 2. Results of simulation of the kinematic load and pressure of the working position
pneumatic drive with the power part: 1 - change of coordinate of movement; 2 - change of speed; 3
- change of acceleration; 4 - change in pressure in the piston chamber; 5 - change in pressure in the
vent chamber of the pneumocylinder; diameter of the piston 25 mm; rod diameter 12 mm;

a) pipeline diameter 10 mm:; effective cross-sectional area f ® 1 =7.854x10-5 m? ;
b) pipeline diameter 6 mm:; effective cross-sectional area f¢; =2.827x10-5 m?;

CONCLUSION

The output link movement of the experimental MFM, the pneumo-cylinder rod of the electro-
pneumatic positional actuator are implemented and mathematically described. The conditions of the
initial difference of air pressure are taken into account. The mathematical description of the rod
movement law, which is optimal for the speed of action, is obtained. In the obtained results, it is
clearly observed that when the exhaust section of the working cylinder of the positional pneumatic
actuator is narrowed, the value of the inertial component at stage 4 (deceleration) increases. In
addition, given the complexity of the working environment, - compressed air - it is necessary to
apply the additional parameters: viscous friction coefficients of the working kinematic pair of
piston-rod, resistance coefficients in the exhaust section in the implementation of the fourth stage of
motion.

The movement of products on a fixed reference flat by a mechanism of collision with an
electro-pneumatic positional pneumatic actuator with consideration of the control system is
researched.

The proposed analytical dependences allow:

- to set the working body the law of translational motion, approximating to the optimal speed,
without exceeding the maximum permissible dynamic load for the moving load,;

- to move the artificial product from the initial position to the final in the shortest possible
time for the pneumatic actuator;

- to analyze the existing structures of operating actuators with pneumatic actuators.
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Abstract: Honey is a sweet natural product, which is produced by bees generally from the nectar of flowers and
sweet deposits from plants. It is a complex mixture that contains nutrients and bioactive compounds such as
carbohydrates (primarily fructose and glucose), enzymes, proteins, amino acids, organic acids, minerals, vitamins,
aromatic substances, polyphenols, pigments, beeswax, and pollen that contribute to its color, smell and flavor. The
composition and quality of honey is variable and it depends mainly on the botanical source of nectar from which it is
obtained, but also depend on the geographic location, seasonal and climatic conditions, processing type and storage.
Due to its special composition, honey is a functional food, which is consumed for its effects on human health, with
antibacterial, antioxidant, anti-inflammatory and antimicrobial properties, as well as wound and sunburn healing
effects. Honey is used in pure form after little or minimal processing as liquid, crystals or other types. The uses of honey
as food include flavourant and sweetener in honey cookies, dairy products and fruit juices, as well as industrial
production of beverages by mixing with alcohol. In this review, the physical properties and nutritive chemical
composition thoroughly reviewed to underscore the quality of honey.

Keywords: Honey, Quality, Nutritive chemical composition, Physical properties.

INTRODUCTION

Honey is one of the most widely sought products due to its unique properties, which are
attributed to the influence of the different groups of substances it contains (Buba, F., Gidado, A. &
Shugaba, A., 2013).The bees collect the sweet juices from various honey plants, process them in
their digestive systems, and then store them in wax honeycombs, which are collected by beekeepers
(Jovanovi¢, N 2015).

Codex Alimentarius Commission defined honey as the natural sweet substance, produced by
honeybees from the nectar of plants or from secretions of living parts of plants, or excretions of
plant-sucking insects on the living parts of plants, which the bees collect, transform by combining
with specific substances of their own, deposit, dehydrate, store and leave in honeycombs to ripen
and mature. The EU definition states that honey is only honey according to the definition when it is
produced by Apis mellifera honeybees (Buba, F., Gidado, A. & Shugaba, A., 2013; Bradbear, M.,
2009).

Honey may be categorised according to its origin (blossom honey, honeydew honey,
monofloral honey, multifloral honey), the way it has been harvested and processed (comb honey,
strained honey, chunk honey, extracted honey, pressed honey, crystallised or granulated honey,
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creamed honey), and its intended use (table honey, industrial or bakers’ honey) (Bradbear, M.,
2009; Alvarez-Suarez, M.J., Gasparrini, M., Forbes-Hernandez, Y.T., Mazzoni, L. & Giampieri, F.,
2014,

Honey is a supersaturated solution of sugars mainly comprised of D-fructose, D-glucose,
sucrose, maltose and higher sugars (~80% of solid mass). A wide range of minor constituents is also
present in honey such as alkaloids, flavonoids/isoflavones, glycosides, phenolics, peptides/proteins,
certain enzymes (invertase, amylase and glucose oxidase), carotenoid-like substances, organic
acids, Maillard reaction products, vitamins, and minerals (Aurongzeb, M. & Azim, M. K., 2011;
Manyi-Loh, E.C., Clarke, M.A. & Ndip, N.R., 2011; do Nascimento, S. A., Marchini, C.L. , de
Carvalho, L. A. C., Aragjo, D. F.D., de Olinda, A.R. & da Silveira A.T., 2015; Mannina, L.,
Sobolev, A.P., Di Lorenzo, A., Vista, S., Tenore, G.C. & Daglia, M., 2015).

The physicochemical properties of honey are an important indicator of the quality and origin
of honey. The physicochemical characteristics of honey depend on the flowers used by the
honeybees, as well as regional, beekeeping practices and environmental climatic variations. The
physical properties and chemical composition of honey from different sources have been carried out
by many researchers. The major quality criteria of interest are moisture content, sucrose content and
reducing sugars content, pH value, electrical conductivity, ash content, free acidity, diastase activity
and hydroxymethyl furfural (HMF) content (Ahmed, M., Khiati, B., Meslem A., Aissat, S. &
Djebli, N., 2014; Jovanovi¢, N., 2015; Ajibola, A., 2015; Bogdanov, S., Ruoff, K. & Oddo, L.,
2004).

EXPOSITION

Chemical composition

The composition of honey varies from floral source to origin. Natural honey contains more
than 300 bioactive substances, but it is mainly composed of water and sugars, primarily fructose
and glucose, which accounts for 95-99% of honey dry matter, and about 4-5% of fructo-
oligosaccharides (Ajibola, A., 2015). Besides fructose (38%) and glucose (31%), other identified
sugars include maltose, sucrose, maltulose, turanose, isomaltose, laminaribiose, nigerose, kojibiose,
gentiobiose and oligosaccharides (Ajibola, A., 2015; Ahmed, M., Khiati, B., Meslem A., Aissat, S.
& Djebli, N., 2018).

According to Janevski, S., 2007, the composition of honey includes: 76% sugars (34%
glucose, 40.5% fructose, 1.9% sucrose) and 5.5% other carbohydrates. Acacia and chestnut honey
have a very high fructose content, rapeseed honey is distinguished with a higher proportion of
glucose. The fructose/glucose ratio in various honey samples was the subject of studies conducted
by a large number of researchers (Vahci¢, N. & Matkovi¢, D., 2009). Primorac et al. (2009), found
slightly higher fructose content (32.4%) than glucose (31.0%) in samples of honeydew honey from
Croatia, while in Macedonia higher glucose content (36.8%) than fructose (33.6%) was found in the
Macedonian samples. Ahmed et al. (2014) established that the content of glucose and fructose in
four honey samples from different parts of western Algeria ranges from 21.45-28.26 g/100 g and
25.20-37.64 g/100 g, respectively.

Water is the second most important ingredient of honey and its content may vary from 15 to
23%. Water content influences some characteristics of honey (viscosity, specific weight, maturity,
flavor and crystallization, specific gravity), and depends on the climatic conditions, the bee variety,
the bee colony strength, the humidity and the air temperature in the hive, the processing and storage
conditions, as well as the botanical origin of honey (Vah¢i¢, N. & Matkovi¢, D., 2009; do
Nascimento, S. A., Marchini, C.L. , de Carvalho, L. A. C., Aragjo, D. F.D., de Olinda, A.R. & da
Silveira A.T., 2015; Markovi¢, M., 2014). The quantity of water in the honey is not constant due to
its hygroscopicity and it changes during storage depending on the humidity of the air. It can be said
that the water content in honey is an important parameter in determining its quality and its
durability because it determines its stability and microbiological spoilage resistance during storage
(Vah¢i¢ N. & Matkovi¢ D., 2009). The higher the water content, the greater the chance of
fermentation (Jovanovi¢, 2015).
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Honey contains a number of acids which include amino acids (0.05-0.1%) and organic acids
(0.57%, range: 0.17-1.17%). Honey contains different free amino acids including: lysine, proline
and tryptophan. The major amino acid in honey is proline (50-85%), and accepted as a criterion for
the maturity of honey (Bogdanov, S., Ruoff, K. & Oddo, L., 2004; Janiszewska, K., Aniotowska,
M. & Nowakowski, P., 2012). Primorac et al. (2009) determined the proline content within the
range of 512.9 to 877.5 mg/kg in honeydew honey originating in Macedonia, while in Croatian
honeydew honey samples significantly lower content of proline was found (261.7-749.7 mg / kg).

Batini¢, K. & Palini¢, D. (2014), quoting the findings of several scientists, stated that proteins
and amino acids in honey can be of animal origin (from bees) and from plant origin (from pollen).
According to some scientists, most of the protein in honey is derived from salivary glands with
which bees process nectar and honeydew and turn them into honey, while according to the rest, the
majority of proteins originate from protein-rich pollen (10 — 35%). Another possible source of
protein is the nectar containing a minimum amount of protein (Markovi¢, M., 2014; Vah¢i¢, N. &
Matkovi¢, D., 2009; Mendesevi¢, N., 2014). The protein content in honey ranges from 0-1.7%, and
honeydew honey contains more protein than nectar honey. During longer storage or heating, the
amino acids condense with sugars creating yellow and brown products, leading to darkening of the
honey (Batini¢, K. & Palini¢, D., 2014).

Organic acids are other important group of compounds in honey. In honey the main acid is
gluconic acid, which is found together with the respective glucono-lactone in a variable
equilibrium. Other acids that have been identified in honey include acetic, butyric, citric, formic,
lactic, maleic, malic, oxalic, and succinic acids (Ball, W. D., 2007; Bogdanov, S., Ruoff, K. &
Oddo, L., 2004; Ahmed, M., Khiati, B., Meslem A., Aissat, S. & Djebli, N., 2018). The organic
acids are responsible for the acidity of honey and contribute largely to its characteristic taste
(Aurongzeb, M. & Azim, M.K., 2011). Honey is deceptively acidic, as the high sugar content tends
to mask the acidity in the taste. The average pH of honey is 3.9 (with a typical range of 3.4 to 6.1)
(Ball, 2007; Manyi-Loh et al., 2011). These values prevent the development of microorganisms that
require neutral or basic pH values, significantly limiting the spectrum of potentially contaminating
microorganisms (do Nascimento, S. A., Marchini, C.L. , de Carvalho, L. A. C., Aratjo, D. F.D., de
Olinda, A.R. & da Silveira A.T., 2015). Darker types of honey are usually more acidic, and the
storage of honey increases its acidity. Acacia, chestnut and meadow honey are characterized by a
low concentration of organic acids, while dark honey is characterized by higher acidity (Vah¢ié, N.
& Matkovi¢, D., 2009).

Honey contains different quantities of minerals ranging from 0.02 g/100 g to 1.03 g/100 ¢
(Popov-Ralji¢, J., Arsi¢, N., Zlatkovi¢, B., Basarin, B., Mladenovi¢, M., Lali¢i¢-Petronijevié, J.,
Ivokov, M. & Popov, V., 2015), that varies depending on the particular botanical origin,
pedoclimatic conditions and extraction technique (Hernandez, O.M., Fraga, G.M.J.M, Jiménez,
I.A., Jiménez, F. & Arias, J.J., 2005). The dominant element in honey is K, comprising
approximately one-third of total mineral content. The blossom honey has lower mineral content
than honeydew honey. Macro mineral elements, such as K, Ca, and Na, as well as trace minerals,
such as Fe, Cu, Zn, and Mg, play a critical role in biological systems. In the literature there are
reports of a correlation between dark honey color and the contents of Fe, Cu, Mg and other mineral
substances (Aurongzeb, M. & Azim, M. K., 2011; Popov-Ralji¢, J., Arsi¢, N., Zlatkovi¢, B.,
Basarin, B., Mladenovi¢, M., Lali¢i¢-Petronijevi¢, J., Ivokov, M. & Popov, V., 2015). Vitamins C,
B1 (thiamine) and B2 complex like riboflavin, nicotinic acid, B6, and panthothenic acid are also
found in honey (Aurongzeb, M. & Azim, M. K., 2011; Ajibola, A., 2015; Ahmed, M., Khiati, B.,
Meslem A., Aissat, S. & Djebli, N., 2018)

One of the characteristics that differentiate honey from other sweeteners is the presence of
enzymes. Honey naturally contains small amounts of enzymes that are introduced into honey by the
bees during various phases of the honey manufacturing process
(https://www.honey.com/files/general/refguide.pdf, Batini¢c, K. & Palinic, D., 2014). The
predominant enzymes in honey are diastase (amylase),which digest starch to maltose and is
relatively stable to heat and storage; invertase (saccharase or a-glucosidase), which catalyses the
conversion of sucrose to glucose and fructose; and glucose oxidase, which regulate the production
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of hydrogen peroxide H,0,. The invertase also catalyses many other sugar conversions and is
mainly responsible for the sugar patterns of honey. Other enzymes such as catalase and acid
phosphatase, are generally present in lesser amounts. While enzyme type is fairly uniform across
honey varieties the amount of enzyme present can vary widely. Enzymes play an important role in
honey and contribute to its functional properties (Buba, F., Gidado, A. & Shugaba, A., 2013;
https://www.honey.com/files/general/refguide.pdf; Batini¢, K. & Palini¢, D., 2014).

Because polyphenols are present in all plants, they are also found in honey. Honey contains
complex mixtures of polyphenols depending on the climate, region, soil, pollution levels, storage
and many other factors. These differences are possible because certain polyphenols are specific to
particular plants and hence are found only in honey produced by bees from those plants (Predescu,
C., Papuc, C. & Nicorescu, P., 2015). Polyphenols in honey are mainly flavonoids (e.g. quercetin,
luteolin, kaempferol, apigenin, chrysin, galangin), phenolic acids and phenolic acid derivatives.
These are compounds known to have antioxidant properties (Tomas-Barberan, F.A., Martos, I.,
Ferreres, F., Radovic, B.S. & Anklam, E., 2001; Singh, P. M., Chourasia, R. H., Agarwal, M.,
Malhotra, A., Sharma ,M., Sharma, D. & Khan S., 2012). The content of flavonoids is 0.5% in
pollen, 10% in propolis and = 6 mg/kg in honey (Pyrzynska, K. & Biesaga, M., 2009). According to
Jovanovié, N., 2015 the the content of flavonoids in honey ranging between 60 and 460 mg/100 g.

Some types of honey contain very small quantities of bitter substances. These include
glycosides, alkaloids, polyphenols, and terpenoids. According to Bradbear, N., 2009 several types
of plants (Agave spp., Datura sp., Euphorbia sp., Senecio sp.) produce a bitter taste when used for
honey.

Hydroxymethylfurfural (HMF) is a chemical compound, a breakdown product of of simple
sugars (such as fructose) that is formed slowly and naturally during the storage of honey, and much
more quickly when honey is heated (Bradbear, N., 2009). Several factors influence the levels of
HMF, such as temperature and time of heating, storage conditions, pH and type of honey, thus it
provides an indication of overheating and storage in poor conditions (Ahmed, S., Sulaiman, A.S.,
Baig, A. A, Ibrahim, M., Liaqat, S., Fatima, S., Jabeen, S., Shamim, N. & Othman, H. N., 2014).
Many studies confirmed that the content of HMF increases with heating and storage (Batini¢, K. &
Palini¢, D., 2014; Vah¢i¢, N. & Matkovi¢, D. 2009). When honey is subjected to high temperatures,
inadequate storage conditions or addition of invert sugar, the HMF content increases and it is one of
the most common degrading products in honey, indicating its aging (do Nascimento, S. A,
Marchini, C.L. , de Carvalho, L. A. C., Aratjo, D. F.D., de Olinda, A.R. & da Silveira A.T., 2015).
A disproportionately high content (more than 100 mg/kg) can be indicative of honey falsification
(Batini¢, K. & Palini¢, D., 2014; Vah¢i¢, N. & Matkovié, D., 2009).

Physical characteristics

The chemical composition of honey affects several of its physical characteristics
(crystallization, viscosity, hygroscopicity, electrical conductivity, optical properties, surface tension,
color) (Ball, W.D., 2007; Batini¢, K. & Palini¢, D., 2014). The physical appearance of honey varies
with the methods of extraction, processing, packaging and preservation (Ajibola, A., 2015).

Freshly extracted honey is a viscous liquid food, and its viscosity depends on the various
honey constituents. Hence, the viscosity is greatly influenced by the composition of honey, mainly
its water content (Ajibola, A., 2015). In contact with the air, honey absorbs water, a phenomenon
known as hygroscopicity. The water content absorbed depends on the relative humidity of the air.
The hygroscopicity of honey is conditioned by the large amount of sugar. This process can increase
the amount of water in the surface layer of the honey that can affect its quality during storage
(fermentation) (Bartulovi¢, M., 2015). Honey will absorb moisture from air at a relative humidity of
about 60%. Another factor affecting the physical appearance of honey is surface tension, which is
influenced by the colloidal substances in the honey, a reflection of the honey’s botanical origin. The
surface tension and high viscosity of honey cause the foaming appearance of honey (Ajibola, A.,
2015).

Honey is a supersaturated glucose solution and it spontaneously enters a state of balance by
crystallizing the excess glucose in the solution. Glucose loses water (becomes glucose
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monohydrate) and passes in crystalline form. Water, previously bound to glucose, becomes free,
increasing the water content of uncrystallised parts of the honey. Honey therefore becomes prone to
fermentation and spoilage. The fructose remains in liquid form and forms a thin layer around the
glucose crystals. Honey changes colour, it becomes brighter, it is no longer translucent, and changes
its taste (Batini¢, K. & Palini¢, D., 2014). Glucose crystallizes very easily and quickly, while in
fructose it is more difficult. The consequence is a not fully-crystallized honey. If there is a higher
glucose content in honey, that honey crystallizes rapidly (e.g., meadow, mountain, clover honey). In
acacia honey, there is a higher fructose content and therefore this type of honey crystallizes only
after long storage (Jovanovi¢, N., 2015). The speed of honey to crystallize depends not only on its
composition, but also on the presence of catalysts, like seed crystals, pollen grains and pieces of
beeswax in the honey (Erez, E. M., Karabacak, O., Kayci, L., Fidan, M. & Kaya, Y., 2015).

Colour is the physical property perceived most immediately by the consumer. The
determination of colour is a useful classification criterion for honeys (Bogdanov, S., Ruoff, K. &
Oddo, L., 2004). The colour of liquid honey varies from clear and colourless, yellow, amber to dark
amber or black. The colour varies with honey’s origin, age, and storage conditions, but transparency
or clarity depends on the amount of suspended particles such as pollen. Other honey colours are
bright yellow (sunflower), reddish undertones (chest nut), greyish (eucalyptus) and greenish
(honeydew). Heat also affects the physical appearance of honey, including colour, crystallization,
taste, and fragrance. In fact, natural honey becomes dark in colour when heated (Ajibola, A., 2015).

The electrical conductivity of honey is very small and depends on the mineral, organic acid
and protein content of honey. Therefore, electric conductivity is a parameter which is often used in
routine honey quality control, and can be considered a valid criterion for determining the botanical
origin of a honey sample (Bogdanov et al., 2004). The greater the content, the greater the value of
electrical conductivity. The usual values range from 0.39-0.76 mS/cm. Chestnut honey and
honeydew honey have high electrical conductivity, while acacia and meadow honey have lower
conductivity (Batini¢, K. & Palini¢, D., 2014; Jovanovi¢, N., 2015; Bartulovi¢, M., 2015).

Aqueous honey solution is optically active, i.e. capable of rotating the polarized light angle
(Sari¢, G., Matkovié, D., Hruskar, M. & Vah¢i¢, N., 2008; Bartulovi¢, M., 2015). Optical activity is
a function of the proportions of individual carbohydrates in the honey. Fructose rotates the plane of
polarized light to the left, and glucose, all disaccharides, trisaccharides and higher oligosaccharides
to the right (Vahci¢, N. & Matkovié¢, D., 2009). Because of the higher fructose mass fraction, nectar
honey rotates the polarized light angle to the left, i.e. it has negative optical activity. On the other
hand, because of its higher oligosaccharide mass fraction (mainly melecitose and elose), honeydew
rotates the polarized light angle to the right, i.e. it has positive optical activity (Sari¢, G., Matkovi¢,
D., Hruskar, M. & Vah¢i¢, N., 2008).

Honey has a characteristic microflora that can be of primary and secondary origin. It can be
said that honey is an environment that allows the growth and reproduction of microorganisms. If the
sugar concentration is above 20%, microorganisms do not grow. Under certain conditions, when the
water content in honey is above 20%, osmophilic yeasts can grow and cause fermentation
processes. Fermentation happens due to two reasons: hydroscopy and the presence of osmophilic
and other types yeasts that sustain high concentrations of sugar (Bartulovi¢, M., 2015).

CONCLUSION

The physicochemical properties of honey are an important indicator of the quality and origin
of honey. The physical properties and chemical composition of honey from different sources have
been carried out by many researchers.This paper presents an overview of the quality characteristics
that honey has on the basis of data from the available literature. In its chemical composition, honey
is a mixture of carbohydrates (mainly glucose and fructose) and water, and a smaller content of
organic acids, minerals, vitamins, enzymes, proteins, polyphenols and other substances. The
chemical composition of honey affects of its physical characteristics such as crystallization,
viscosity, hygroscopicity, electrical conductivity, optical properties, surface tension, and color.
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Abstract: Snow can be found in other colors besides white. In this paper orange-colored snow sample collected
from Razgrad, Bulgaria was evaluated. The specific purposes of the present study are to characterize the physical and
chemical composition of the melted snow-water sample. Snow was analyzed for acidity (pH), total solids, total
suspended solids, total dissolved solids, basic anions: chloride (CI°), nitrites (NO,), nitrates (NOj3’), sulfides and
hydrogen sulphide. These parameters indicated high concentrations of total solids and total suspended solids in the
snow-water. The acidity (pH) was 5,1. According to the above analyses, the possible sources of the particles in the
snowfall should be soil and ground dust and co al-burning.

Keywords: Orange-colored snow, Physical and chemical characterisations, Physical indicators, Chemical
indicators.

BBbBEJEHHUE

CHersT € Banex 1noja (opMaTta Ha MHOXKECTBO JIEIEHU KPUCTAIIU (CHE)KUHKN) U 00pa3yBaHUTE
OT HEro HATPYNBaHHUA IO 3€MHATa MOBBPXHOCT. JKW3HEHWSAT NWKBJI Ha CHera 3amo4yBa B
aTMocdepaTta, KbJETO MPHU MOAXOJAINIMN YCIOBUS ce GopMHUpaT CHEXXMHKHTE. CHEXXHUTE KPUCTAIIH
ce oOpa3yBar, KOraTo MaJKH CBPBXOXJIAQJCHU OOJAYHH KaM4YUIM C JUaMeTbp okoysio 10 um
3amoyBaT Jia 3aMpb3BaT. Kamkure 3amMpb3BaT B NMPUCHCTBUETO HAa aepoO30JHA YaCTHIA, KOSTO Ja
MOCITYXH 32 siApo. TakaBa posist MOTaT Jia UTPAAT YaCTUIU TIMHA, TyCTUHEH Mpax Wik OMOJIOTHYHA
Mmatepusl. JleneHuTe KpUCTaaM HapacTBaT A0 pa3Mep B MOPsIbKAa HA MUJIMMETPH, Na1aT KaTo Balexk
U Ce HATPYIBaT Ha 3eMATa, MPETHPISBAT CTPYKTYPHH NMPOMEHH Ha MSICTO M HakKpas ce CTOIISBAT,
ceiuuat wim cyoaumupat (Vekilska, B., 1991).

CHerbT ycnsiBa 0c00€HO €(peKTUBHO Jja MPUBJIEUYE U 3aJbPKU KbM ce0€ CM MUHHATIOPHUTE
YaCTHUIM Ha 3aMbPCUTENINTE BbB Bb3/yXa — OTAENSIHN HApUMEp € ra3oBeTe OT aBTOMOOMIIUTE, IIPU
u3rapsiHe Ha TBBPIUTE TOPWBA, OT PA3MYHUTE MPOMHUILICHH MPOU3BOjACTBA. MH(DopMammsTa 3a
3aMBbPCSABAHETO HAa CHEra MMa BaYKHO €KOJIOTMYHO 3HAYEHHUE, 3alI0TO CHErbT MOMaAa AUPEKTHO 110
pacTeHusTa U Te Morar jga Opaar 3ambpceHH. OCBEH TOBa NPH TOIECHETO CHEKHUTE BOIU CE
OTTHYAT MMOBBPXHOCTHO B PEKH U €3€pa, BIMBAT C€ B MOJ3EMHHUTE BOJM, a ChIIO TaKka ce OTJiaraT B
nouyBata. MH(popmanmsaTa 3a 3aMbpPCEHOCTTA HA CHEXKHATa MOKPHUBKA € MHIUPEKTEH TOKa3aren 3a
CcbCTOSIHUETO Ha atMocepHus Bp3ayX (Galitskaya, I.V., & Rumyantseva, N.A., 2012).

[Topann Hamu4HMeTo Ha Tpax, MACHK WIH JPYTH 3aMBbPCUTEIH BB Bb3yXa, CHETHT MOXKE J1a €
OLIBETEH B LIBAT, PAa3JIMUYEH OT OeJHs — YepBeH, OpaHkeB, kadsB. ENuH n3BecTeH nmpuMep 3a ToBa €
OpaH)XEBUST U KBJT CHAT, NagHal Bbpxy Cubup npe3 2007 r. (Helmenstine, A.M., 2017).
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[Ipe3 depyapu 2015 r. B UensOuHck e Baysis1 cHH CHSAT. ToraBa € yCTaHOBEHO, Y€ MPUYHHA
3a CHHHS IBAT € 00s 3a siflia, CIy4ailHO IMomaJHajla BbB BEHTHJIAIMOHHATA CHCTEMa Ha IeX 3a
NpoM3BOACTBO Ha Xpanutennu ouserurenu (http://www.dnesplus.bg/News.aspx?n=823302).

@ur. 1. CuH cHsr B rpax YensOnMHKC

B rpang Omck, nBa nbptu mpe3 2012 r. m Ha 31.01.2018 r. e Bajmsin 4YepeH CHsAr
(http://vreme.to/pages/news/11214.html?backto=). YcranoBeHo e, ye cTaBa JAyma 3a €MHCHH OT
TELL, K0oiTO B CTYA€HOTO BpeMe pabOTH Ha IIbJIHA MOLIHOCT.

Ha 23.03.2018 r. B vact ot M3touna EBpona - PymbHus, MongoBa, Ykpaiina, Pycus u Ha
MHoro mecta B CeBepHa bwirapus, Bans opanxkeB cHsar. B Cesepna bbarapus HeoOuuaitHOTO
SIBJICHUE € HAa0JIF0/1aBaHO B MHOTO HaceyneHu mecra - lllymen, Cunmuctpa, Mcnepux, Jlymnoso, B cena
Kpai Pyce, IIneBen, Bunun, 3a KOETO choO0IMxa MHOTI'O Meauu
(https://www.24chasa.bg/novini/article/6778666).

OpamnxeB cHAr Bayig U B rpaa Pasrpan, oOpasysal miacT B CHEXHaTa MOKPHUBKA, HOKPUT
otrope ¢ 0su1 cHsir (dur. 2).

@ur. 2. [Inact opankeB CHAT OT cHeropasiexa B rpaj Pasrpan Ha 23.03.2018 r.

OT HaIMOHAIHUS MHCTHUTYT 110 MeTeoposiorus u xuapoiorus kbM BAH (Balgarska akademiq
na naukite) o6siciuxa, ye OOMKHOBCHO MU TaKaBa IIUPKYJIAlKsA HA BB3AYIIHUTE MAaCH, KaKBaTo Ce
peanu3upa B CpenuzeMHOMOpUETO ¢ IMKIoHa OT 22 Mmapt 2018 r., B mo-BHCOKaTa 4YacT Ha
aTMoc(epara ce u3Hacs mpax oT mpainrHu Oypu B myctunsta oT CeBepHa Adpuka. Brpaxmaiiku ce
B 00JJaYHOCTTAa W MHHABAiKU OT foro3amaja Haj bankanwre, majga KaTto Bajexu mox ¢gopmara Ha
ouserern ek win cHsr (https://nova.bg....). Ot OperoBere Ha CeBepHa Adpuka TOMIHUTE
BB3JIYIIHU Macu JoHecoxa cuTeH michk. lllymeHckara xuapomereoposiornyHa oOcepBaTOpUs
ChOOIIH, Y€ KUCETMHHOCTTA Ha B3€TUTE CHEXHH NPOOU € HeyTpalHa, a B yTalikaTta He ca OTKPUTH
BPEIHU XUMHUKAIH.

[Ipenu na cturnat no beiarapus Haif-uecto npamHuTe Oypu MHUHABAT MPE3 I0XKHUTE OCTPOBHU
Ha ['epums. Ha octpoB Kput OykBaiHO BCHYKO € TOXKBATAIO0. BrcokaTa KOHIIEHTpAIUs Ha TSCHK
BbB  BB3IyxXxa OT okojo 500 ug/m3 My TpHAaBa  OPAHXKEBO-YEPBEH  OTTEHBK
(https://www.24chasa.bg/novini/article/6778666).

[lo nanHuM Ha HanMoHaimHaTa oOcepBaTOpUs B ATHHA 4YecTOoTaTa Ha MOJAOOHU SIBJICHHUS IPeE3
nocienaute 20 TOAMHU Ce € YBeJNYuiIa IBOWHO, a MHTeH3UBHOCTTAa UM — ¢ 50 %. [Ipuunna, ciopen
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CHEIMAIMCTUTE, € pa3lIupsIBAHETO Ha MyCTHHHHUTE pailoHu B CeBepHa AdpHKa U yBelHYaBaHE HA
KOJIMYECTBOTO Tpax, MPEHACSH OT BATHpA.

Ilenra Ha HameTo MpPOyYBaHE € Ja CE€ HW3CIEABAT HAKOM OCHOBHH (DHU3HKO-XUMUYHH
MOKa3aTeJIi Ha OpaHXKeBWSl CHAr, nagHain B rpan Pasrpag na 23.03.2018 r., xoero na npanae
Hpe,HCTaBa 34 BUJa U UI3TOYHHUKA HaA HpI/I‘lI/IHI/ITCJIH Ha OLIBCTCHHA BAJICK.

N3JI0’KEHUE

Bsetu ca cHexxHu mpobu B uucTH IiactMacoBu chaoBe (Pur. 3). CbxpaHsBaHM ca B
xnaauaHuK npu 0-4 °C 1 e U3BBPIICH aHATU3 Ha TBBPAUTE W TeYHH (Da3su Ha CHEra 1o HIKOU
OCHOBHHM (PM3UKO-XUMHYHH [10KA3aTEIH.

®wur. 3. Pa3KpI/IBaHC Ha IJIaCTa OPAaHXKECB CHST' U HpO6OB3CMaHe

DOu3NYHH OKA3ATEH

e Brumen sun.

Pesynrar: CHersT € 3pHOOOpA3CH, BHB BU HA JICJACHU TPaHYJIH.

e Mupuc.

Pesynrar: CHersT U cHe)XHaTa Boza ca 0e3 cnenuduyeH TaKbB.

e [[Bar. OcHOBeH MoKa3aren 3a 3aMbpCABAHETO HA BOJaTa € HeitHusA UBAT. Toil ce

o0ycnaBs OT pa3TBOPEHUTE B HES COJIM U OPTaHUYHU ChEeTUHEHUSI.

Pesynrat: LIBeThT Ha M3CeABaHUS CHAT U CHE)KHATA BOJA € OPAHIKEB.

e MprptrHOCT. To3u MoKa3aTen XxapakTepu3npa HATHUUETO Ha MSCHK, IIMHA, XyMYC,

TJTAHKTOH, BOJIOPACH U JPYTH BELIECTBA BHB BOJIaTA.

Pesynrar: CHexHara BoJa € MbTHa, HesCHa, KaynHa. CleJOBaT€IHO ChIBpPXKA TOISIMO
KOJMYECTBO OT HIKOHM OT TOPENOCOYCHHUTE BEIIeCTBA.

e [Ipospaunocrt. [Ipo3payHocTTa Ha Bojara ce OIpeAess OT KOJIWYECTBOTO OPraHWYHU U
MUHEpAJIHU BEIIEeCTBAa BHB BOJaTa. MBTHOCTTA M MIPO3PAUYHOCTTA Ca BU3YaTHM KauecTBa Ha BOJATa,
OCHOBABAIIM C€ Ha MPOHHUKBAIIATa CBETIHHA.

Pesynrar: CHexxHaTa BoJia € HaI'bJIHO Herpo3pauHa (Pur. 4).

®ur. 4. CuexxHa Boa
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OmnpenesisiHe HA 001 CYX 0CTATHK - 00110. CHIIHOCTTA HA METO/Ia CE ChbCTOU B U3MApsSBaHE
Ha omnpeesicH 00eM Bojia M MOJYYSHHAT OCTaThK ce u3cymana nmpu 105 °C (Todorova, S., 2015).

Pesynrar: M3cneaBanara npoba € ¢ MHOTO BUCOKO ChIbpPXKaHHE HA OOII CyX OCTAaThK - 00IIO
= 1468 mg/dm®.

OnpenesnsiHe Ha cycneHAUpaHuTe (HepPa3TBOPEeHM) BellecTBa — 00moO. MeToabT ce
OCHOBaBa Ha 3aIbPXKAHETO BBPXY (WITHP HA CyCHEHAMpAaHUTE (HEPA3TBOPEHM) YACTHIIH,

ChIBPXKAIIM CE B OMpe/iecH 00eM BOJia, M ONpe/eisiHe Ha TAXHATa Maca ciiell nu3cymasane npu 105
°C (Todorova, S., 2015).

|

i |
,]" g - <o A

@ur. 5. YTaiika oT cycneHANpaHuTe (Hepa3TBOPEHH) BEIIECTBA B CHEKHATA BOJIA

OOw10 HEepa3TBOPEHUTE BELIECTBA Ca YAaCTHIIM, HAMEPEHHU BbB BOJHHUS CTHJIO, KOUTO ca I0-
rojeMu OT 2 MHUKpoMeTbpa (OpraHMYHM U HeopraHumyuu). Yactuuure, no-majaku or 2
MHUKPOMETBpa, C€ CUMTAT 3a Pa3TBOPEHU TBBPAM BellecTBa. lIpaBu BrHeuariieHHE MO-BUCOKOTO
ChIbP)KaHHUE Ha CYCIICHAUPAHUTE (HEPa3TBOPEHH) BEIIECTBA BbpXY GuiaThpa (Dur. 5). MbTHOCTTA
U oOuMTe CyCHEeHJAMpaHW 4acTULM ca CBbp3aHU. KoJkoTo moBede NpHCHCTBAIM BBB BOAATA
TBBP/U BEILECTBA, TOJIKOBA MO-MAJIKO MPO3payHa € Ts. YBEJIMYEHHETO Ha MBTHOCTTA MOXKE J1a Ce
[I0COYH KaTo noTeHnuaino 3ambpesane (https://pure-h2o-learning.eu/bg/.

Pesynrtar: Cycnenaupanute (HEpa3TBOpEHM) BellecTBa — oOmo B mpobarta cHsar = 1157
mg/dm®.

Onpenensine Ha pa3TBOopeHM BemlectBa — o0mo. OnpeneneH obem ¢uarpar ot
W3CIIe/IBaHaTa BOJIa C€ M3MapsBa Ha BOJHA 0aHs W OCTaThKBT ce cymu npu 105 °C mo mocrosiHHA
maca (Todorova, S., 2015).

Pesynrtar: KonumdecTBOTO pa3TBOpeHH BemiecTBa — 00moO B mpodata = 258 mg/dms.
[IpexomepHUTE 00110 PA3TBOPEHHU BEIIECTBA MOTAT J1a YIPAKHAT TOKCHUYHU €(PEKTH B 3aBUCHMOCT
ot texuute HoHHu croiictBa. EPA, USPHS u AWWA npenopsuBat ropaa rpanuia ot 500 mg/dm3
B noBbpxHocTHUTE Boau (https://pure-h2o-learning.eu/bg/).

OneHkara Ha OCHOBHUTE (PU3MKO-XMMUYHM MOKA3aTeNIM € HallpaBeHa Ha Oa3ara Ha Hapenba
Ne4 3a xapaktepu3upane Ha MOBBpXHOCTHHTE Boau oT 14.09.2012 r. (Naredba Ne H-4 ot
14.09.2012 g.).

XHMMHYHHU IOKA3ATEJIH

e Onpenensine na pH

CroitnoctTa Ha pH € onpenenena norenunomerpudHo ¢ pH-mersp TM6.

CroliHOCTHTE, CIPSAMO KOWUTO CE€ OILICHSBA KHUCEIMHHO-AJIKAIHMS ChCTAaB Ha BAJIEKUTE, IO
nanan Ha HUMX (Balgarska akademiq na naukite), ca:

pH<S — kucenunnn, S<pH<6 — neyrpanuu, pH>6 — ankanau.

Cpennomeceunute croiiHocTH Ha pH 3a Mecen mapt 2018 ., n3MepeHu B METEOPOIOTMYHA
cranuus Pasrpan, ca 5,4<pH<S5,6. T.e. B paMKuTe Ha HEYTPATHUTE CTOMHOCTH.

Pesynrar: Ha cHexxnara Boza € usmepeno pH 5,1.

- 41 -


https://pure-h2o-learning.eu/bg/
https://pure-h2o-learning.eu/bg/

PROCEEDINGS OF UNIVERSITY OF RUSE - 2018, volume 57, book 10.2.

CnenoBarenHo € ¢ HeyTpaiHa peakuus. Hammre pesyntaTd cbBOAJaT ¢ U3MEPEHUTE B
[IIymeHckaTa XuIpoMEeTEOpOJOTUYHA 00CEpBATOPHS CTOMHOCTH, CIIOPE]] KOUTO KHUCEITMHHOCTTA Ha
caexxnute npobu e Heyrpanua (https://www.24chasa.bg/novini/article/6778666).

e OkuC/I9eMOCT HAa BOJATA - OCHOBEH IIOKaszaren 3a ChIbPXKAIIMUTE CE BBHB BOJATA
OpraHWYHHU U JIECCHO OKHCIIIEMH HEOpraHWYHH BellecTBa. M3pas3sBa ce ¢ KOJIMYECTBOTO KHCIOPO
He0oOXO0IUM 3a OKHUCIIIBAHETO Ha OPTraHUYHUTE TIPUMECH B JIaJIeH 00eM BOJIa.

[ ]

Ilepmanranatna oxuciasiemoct (Merox Ha Kyben). MeroasT ce oOcCHOBaBa Ha
OKHUCJISIBAHETO C KAJIMEB MEPMaHTaHAT B CAPHOKHCENA Cpela Ha ChABPIKAIIUTE CE B M3CIICBAaHATA
BOJIa OPraHUYHU ¥ Heopranudnu Bemectsa (Todorova, S., 2015).

Pesyurrar: [lepMaHraHaTHATa OKHCIIIEMOCT Ha M3cIeABaHaTa mpoda = 7,68 mgO,/dm°,

e Omnpenensine HAa HATPUTH

MetoabT ce OCHOBaBa Ha IUAa30THPAHETO HA Cyi(aHMIOBaTa KUCEIMHA B KHCENa cpela, OT
HPUCHCTBAIMTE B U3CIIC/IBAHATA BOJd HUTPUTH, ¥ PEaKIHATa HA MTOJyYeHAaTa COJ C 0-Ha() THIaMHUH,
IpU KOETO Ce IMOoJIy4aBa YePBCHOBHOJICTOBO a300arpwiio. CBeTiarHHaTa aOCopOIMs Ha pa3TBOpa ce
usMepsa pu A = 520 nm (Todorova, S., 2015).

Pesyurar: ChIbpiKaHHETO HA HUTPUTH B nipo6ata = 0,01 mg/dm®,

e OmnpenensiHe Ha HUTPATH

Hutpatute B TnpUCHhCTBHE HA KOHICHTPHpAHA TPUXJIOPOLETHA KHCEIHMHA 00pa3yBar C
HATPUEBUS CATHMIIMIAT COJI HA HUTPOCAIMIIMIIOBATA KUCEIIMHA, OIIBETEHA B BT IBAT. CBETIIMHHATA
abcopOuus Ha pa3TBopa ce u3mepna pu A =410 nm (Todorova, S., 2015).

Pesynrar: CbabpkanueTo Ha HUTpATH B mpobara = 1,56 mg/dm3.

e Omnpeaensine HA XJIOPHIH 1O APreHTOMETPHYHHS MeToA. B HeyrpamHa winm ciabo
KHCella cpena XJIOPHUTE HOHM ce yTasBaT IpH THTPYBaHE C Pa3TBOp Ha cpedbpeH HuTpar. Kato
MHJIMKATOP CE M3I0JI3Ba Pa3TBOP Ha KAJIMEB XpOMAT, KOWTO pearrpa ¢ U3JHIIbKa CpeObpHH HOHH,
NPOMEHSIKH [[BeTa Ha Pa3TBOPa OT JIMMOHEHOXBIIT B opaH:keBouepBer (Todorova, S., 2015).

Pesynrar: CbabpkaHueTo Ha XJIOpHU HoHU = 14,8 mg/dm3.

Ot KucenmuTe 3aMbPCUTENN B OTJIAaraHHUsATa XJOPUANUTE ca Hal-CHJIHO INpeICTaBeHU. B enuH
cpasuuteneH ananu3 Hristova and all., (2016) moximagBaT MHOTO MO-HUCKH CPEIHU CTOMHOCTH Ha
XJTOPHH aHHOHH BHB BAJEKHH MPOOH y Hac 1 B uyxGmua — ot 0,16 mg/dm® 1o 4,9 mg/dm®. Ho
KaKTO € U3BECTHO, MPOIECUTEe Ha CAMOOYMCTBAaHEe Ha aTMocdepara mpu cyxa JCMO3HIHUsI ca MHOTO
no-Hee)eKTHBHY, B CPaBHEHUE ¢ MOKpara jaenosunus ot Banex (Hristova i dr., 2016). [Tpumecure
ce 3aJbpKaT B aTMocdepaTa u ToBa 00SICHSABA MMO-BUCOKUTE KOHIICHTPALIMY B TIOCIICABAIIINS BAJICK.

PenpT, mo KOHTO ce W3MEHs KOHICHTpAlMATa Ha AHHOHHWTE, YCTAaHOBEH B HAIIETO
uscnenBane, ¢ CI" > NO3 > NO; u e obparen Ha To3u B JuTeparypuus uzrounuk (Hristova, E.,
Veleva, B., Korsachka, M., & Valcheva, L., 2016).

e Onmnpenensine Ha cyJpUaN ¥ CEPOBOAOPO/I MO HOXOMETPUUHHUS METO/, H3YHUCIEHO
KaTO0 CepOBOIOPOI.

H,S - Moske /1a iMa opraHuvHN ¥ Heopranuuuu npousBoaau (Todorova, S., 2015).
Pesynrar: B cHexxHaTa poba He € YCTaHOBEHO HaJIMUHe.

N3BOAN
 Criope1 TOpeclioMEHATUTE aHAIU3H, Bb3MOKHUTE U3TOUHHUIM HAa YACTHUIINTE B CHETOBaJlexka
MOXKe J1a Ob/IaT MOYBEHU U 36MHH MPAXOBE U U3TAPSHUS.
* TBit KaTo cycnieHaupaHuTe (Hepa3TBOPEHH) BEIIECTBA — OOIIO ca B TOJIEMH KOJIMYECTBA B
CHera, TO Bb3yXbT € OMJI CEpHO3HO MPAaXx0BO 3aMbPCEH MPEIN WM MO0 BpEME Ha CHEroBaJiexa.
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* BanexsT Ha 23.03.2018 1. He € kucenuHeH. OT KUCENUTE 3aMbPCUTENHN B OTJaraHusTa Ha-
CHJIHO TPCACTABCHU Ca XJIOPUAUTC.
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Abstract: The fluorescent dyes DR110 and Alexa 488 were obtained. Synthetic fluorescent dyes that are
conjugated to antibodies are useful tools in microscopic imaging. Alexa 488, DR110 and fluorescein 5(6)-
isothiocyanate (FITC) were compared in applications using various conjugates with anti-sheep IgG antibody.
Antibody-fluorescent dye conjugates with variety degree of labelling were obtained. Their fluorescence characteristics
were observed by fluorescence spectrophotometer and fluorescence microscope. Brightness, photobleaching and
background of the fluorescent conjugates were examined. Alexa 488 labeled antibody has brighter fluorescence and
negligible photobleaching and background in microscopic assays, then DR110 and last FITC dye.

Keywords: Alexa 488, DR110, FITC, anti-sheep 1gG antibody, fluorescent conjugates, microscopy.
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Abstract: There are dairy products developed with an enriched composition through the addition of limseeds,
sesameseeds, out flakes, honey, and essential oil of oregano (Origanum vulgare L.).

The effect of the additives on the process of the acidifying, syneresis, and the development of lactic acid bacteria
was researched. It was found that they are good for the lactic acid process. The prepared products have very good
organoleptic properties and can be successfully used for the purposes of functional food.

Keywords: dairy products, titratable acidity, syneresis, lactic acid bacteria

INTRODUCTION

Food is important to maintain and protect human health. A lot of traditional products (milk,
fruits, vegetables, etc.) contain components with potential health benefits. New ones based on these
food are being developed in a way increasing or joining the useful components because of their
benefits or desirable physiological effects. Today the functional food based on milk takes up two-
thirds of the total volume of such foods on the market as dairy foods with naturally balanced
composition of the essential nutrients such as proteins, fats, carbohydrates, minerals, and enzymes.
In the lactic acid products might be used: probiotics, dietary fibers (soluble and insoluble), vitamins,
mineral elements, polyunsaturated fatty acids, essential oils, antioxidants, inulin, lactulose, etc.
(Betored, E. et al. 2011, Cardarelli, H. et al. 2007, Kajiwara, S. et al. 2002, Panesar, P. S. 2011,
Roberfroid, M. B. 2002).

In our previous work (Damyanova, St. et al. 2011) dairy products containing linseed and
sesame seeds, oat flakes, and honey were prepared and examined. It was found that the products
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have the properties of functional food and the additives have positive effect on the development of
lactic acid process.

Interest in recent years is the use of essential oils in food products in order to increase their
absorption by the human body, to enrich the composition, to improve the aroma, to prolong the
durability, etc. (Barros, C. et al. 2012, Cleff, M. B. et al. 2010, Deliu, I. et al. 2017, Georgiev, E. &
Stoyanova, A. 2006, Gutierrez, J. et al. 2009, Ka¢aniova, M. et al. 2012, Thabet, H. et al. 2014).

The results from our previous studies (Kostova, I. et al. 2014) show that the essential oil of
oregano has got antimicrobial activity but it does not inhibit the development of the lactic acid
bacteria in dairy starter cultures.

The purpose of this work is to develop and examine dairy products with enriched
composition by adding linseed, sesame seeds, oat flakes, oregano oil and honey.

EXPOSITION

Materials and methods

The studies were conducted in laboratory conditions with cow milk which was obtained from
Razgrad region, northeastern Bulgaria.

The physicochemical parameters of raw milk (fat, solids-nonfat (SNF), density, added water,
protein) were determined by the milkanalyzer EKOMILK Company BULTEH 2000.

The microbiological parameters of the raw and pasteurized milk were tested by conventional
methods (Slavchev, D. et al. 2003).

The fermented milk product with set coagulum (control) was prepared by a classical
technology with the symbiotic starter culture of the strains Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus purchased by the company Selur Pharma Ltd.

The control sample was obtained by traditional technology for yogurt (Dimitrov, T. et al.
2008).

The samples studied (Ne 1 to 3) were prepared by traditional technology by adding: oat flakes
(6%), linseed (4%), sesame seed (2%) and honey (4%) (Ne 1); essential oil (Ne 2); the combination
of the ingredients of the first and second examined samples (Ne 3).

The additives used were market purchased; the essential oil of oregano was prepared in
laboratory conditions (Kostova, I. et al. 2014). The amount of the oil is 0.8 mg/kg of final product,
which was consistent with the known literal data and our previous studies (Georgiev, E. &
Stoyanova, A. 2006, Kostova, I. et al. 2014).

The prepared dairy products were analyzed for chemical, microbiological and organoleptic
characteristics:

e The lactic acid process dynamics was monitored by determination of titratable acidity (°T)
(Dimitrov, T. et al. 2008, Slavchev, D. et al. 2003).

e Microbiological research - total number of viable lactic acid bacteria - Lactobacillus
delbrueckii subsp. bulgaricus and Streptococcus thermophilus were carried out by growing on the
synthetic medium M17 and MRS (Merck) methodology of IDF (IDF-Standard 122C: 1996, IDF-
Standard 149A: 1997).

e The organoleptic assessment of lactic acid products was carried out according to BNS
15612-83 (BNS (Bulgarian National Standard) 15612-83).

RESULTS AND DISCUSSION

The milk used for the experimental work meets the requirements of raw cow milk
(Commission Regulation (EC) No853/2004, Regulation Ne 4 the Ministry of Agriculture and Food
2008). Figure 1 presents the dynamics of the lactic acid process.
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Fig. 1. Dynamics of lactic acid formation

The experiments conducted show increasement of the titratable acidity for all four samples as
a result of lactic acid bacteria metabolism. More active lactic process was found in the samples with
additives when they were combined with oregano oil. For these samples the tendency of increased
acidity was maintained until the end of study period of 336 hours (14 days of the storage). The
titratable acidity was higher than the control. The acid formation in samples with added essential oil
was the same as for the control sample.

Separated whey (mL)

5 10 15 30 60 120 180 240 300

Time (min)

B Control B Sample 1 BESample 2 B Sample 3

Fig. 2. Syneresis of the fermented milk products

Figure 2 presents the results for the values of the syneresis of the prepared dairy products.
The amount of the separated whey for 5 hours was highest in the control sample (44.6 mL) and in
the milk with oregano oil (42 mL). Significantly less whey was separated in sample Ne 1 (6.4 mL)
and in sample Ne3 (7.6 mL), because of the ability of oat flakes and seeds to connect the water that
leads to reduction of the aqueous phase of the milk.

The effect of the additives on development of lactic acid bacteria Lactobacillus delbrueckii
subsp. bulgaricus and Streptococcus thermophilus in the tested products are shown in Figures 3 and
4.
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Fig. 3. The growth dynamics of Lactobacillus delbrueckii subsp. bulgaricus

It was obvious from the data obtained that with the exception of the dairy product with
oregano oil, in all other samples during the first 24 hours the cells of Lactobacillus delbrueckii
subsp. bulgaricus grow actively. After 1% day and to 14™ day, the number of the viable cells was
kept relatively the same as in the dairy products with additives, in combination with the oregano oil
(No 1 and 3) it was higher in comparison with the control. This is probably confimed with the
higher content of the nutrients needed for the development of the lactic bacteria. The results
obtained correspond to the prescribed values for the titratable acidity (Fig. 1).

In the samples examined the number of the viable cells of S. thermophilus was increased to
48" hour. Then the growth speed was kept relatively unchanged till the end of the study period and
the number of cells slightly decreases (Fig. 4). The lactic acid bacteria S. thermophilus develops fast
growth speed in the samples with the additives and they reach the highest number in combination of
all additives and the essential oil (sample Ne3).

The oregano oil inhibits to a certain extent the development of lactic acid bacteria L.
delbrueckii subsp. bulgaricus and S. thermophilus that is related to its antimicrobial activity
(Georgiev, E. & Stoyanova, A. 2006).
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5 Control
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Fig. 4. The dynamics of cell growth of Streptococcus thermophilus
The data from the qualification of the prepared dairy products according to their organoleptic

parameters are presented in Table 1. The products obtained were characterized as very good and
balanced lactic acid taste, thick and smooth coagulum, homogeneous consistence and structure.
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Table 1. Organoleptic indicators

Parameters Control Sample Ne 1 Ne 2 Ne 3
Surface smooth smooth smooth smooth
white with white with white with white with
Colour cream-coloured | cream-coloured | cream-coloured | cream-coloured
shade shade shade shade
Type of coagulum thick, smooth thick, smooth thick, smooth thick, smooth
smooth surface smooth surface smooth surface smooth surface
Structure after . . . . ) .
cuttin with slight without serum with slight without serum
g serum separation | separation serum separation | separation
Consistency after
L homogeneous, homogeneous, homogeneous, homogeneous,
whipping the . . . .
like cream like cream like cream like cream
coagulum
- tasty specific
- tasty spe_C|f|q tasty specific lactic acid with a
tasty specific lactic acid with a e i
Taste and flavor ’ : . lactic acid with a | hint of the used
lactic acid hint of the used

hint of oreganf nuts and honey,
and oregano

nuts and honey

CONCLUSION

Dairy products with added oat flakes, sesame seeds, linseeds, honey and essential oil of
oregano (Origanum vulgare L.) has been prepared. The combination of these additives affects
adversely on the speed of lactic acid process, syneresis, and their organoleptic parameters. The
products acquired the specific for the fruits of oregano taste and aroma.
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Abstract: The concept of sustainability in urban waste water management is more commonly used and has a
primary focus on ways to the environmental protection, public health and water resources (Ibrahimali A., 2014).

The fifth channel is located in the City of Bitola and is filled with mountain water - Siva Voda. Half of the fecal
wastewater from the City of Bitola and the village of Kravari and the industrial wastewater from the factory for yeast
and alcohol, the beer factory, the factory for production of paper and cardboard packaging, the ,,Kiro Dandaro*
printing plant and the Sugar Factory flow in it. The measuring points are along the fifth channel: Measuring point 1 -
fifth channel at the exit from Bitola, Measuring point 2 - fifth channel at the village of Kravari, Measuring point 3 - fifth
channel before it enters the Crna River. For determining the condition of the water, the following physical chemical
parameters were examined in the fifth channel: the water temperature determined by a digital thermometer, turbidity
(opacity) was determined by turbidimeters, suspended solids, dissolved oxygen, biological oxygen consumption (BOD),
chemical oxygen consumption (COD) and together organic carbon (TOC) was determined with UV PASTEL - tool for
directly reading of the values. All examinatios are conducted in March and September. By summarizing the results
obtained, it can be concluded that the largest pollution is in the Measuring point 2, which is more pronounced in
September. The value of BOD is 370mg / L, TOC is 72,0 mg / L in the same measuring place and the same month. This
situation is due to the increased concentration with organic pollution in the Measuring point 2. Therefore, it is
preferable to temporarily clean the channels and purify the wastewater in order to protect the environment.

Keywords: Fifth channel, waste water, environmental pollution

INTRODUCTION

Water is essential to all living organisms. According to Dalmacija, B., 2000, the water once
used and untreated is returned to the aquatic system, it is wastewater. Such wastewater poses a
threat to the environment and a favorable environment for the development of microorganisms
(Beli¢, S., Beli¢, A., Rajkovi¢, M., 2007). The subject of this research is the water from the Fifth
canal located in the city of Bitola. This canal is filled with mountain water from the river Siva
Voda, which is a river with low water level, and into it flows half of the fecal wastewater from the
city Bitola and the village the Kravari and the industrial wastewater. The aim of this research is to
determine the quality of the water in the Fifth channel and its proper management.
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MATERIAL AND METHODS

Work Material

The work material used in this study is water from the fifth channel. The measuring points
were selected along the fifth channel. Measuring point 1 MML1 of the fifth channel is the section
where the wastewater flows from: the Beer Factory, Yeast and Alcohol Factory, the Printing
Factory "Kiro Dandaro", the Factory for production of paper and cardboard packaging and part of
the waste from the City of Bitola. Measuring point 2 MM2 is the fifth channel in which the waste
faecal waters flow from the village of Kravari. The measuring point 3 MM3 is the fifth channel in
which the waste from septic tanks and livestock farms near the village of Egri is discharged. The
water samples were taken in March and September and was made physical-chemical analysis.

Methods of work

The following analyzes were made for the examination of physical-chemical parameters: the
water temperature determined by a digital thermometer, turbidity (opacity) was determined by
turbidimeters, suspended solids, dissolved oxygen, biological oxygen consumption (BOD),
chemical oxygen consumption (COD) and together organic carbon (TOC) was determined with UV
PASTEL - tool for directly reading of the values.

RESULTS AND DISCUSSION
In order to obtain a realistic picture of the current state of water quality in the fifth
channel,were analyzed the physical and chemical parameters , which are shown in Table 1.
Table 1. Physical- chemical parameters of the water from the fifth channel in March and
September

Measuring MM1 MMI1 MM2 MM2 MM3 MM3
Points

March | September | March | September | March | September
Water 10,4 20,5 10,9 20,0 10,2 16,0
temperature
[°c]
Turbidity 20,2 34,1 28,2 102 37,5 18,9
NTU
Suspended 201 42,5 14,6 142 27,0 46,5
substances.
mg/L
pH 6,60 6,60 6,78 6,34 6,53 6,54
O, mg/L 5,05 1,08 2,66 0,0 9,68 0,0
BOD mg/L 12,4 13,4 11,7 370 16,8 13,4
COD mg/L 28,4 36 31,0 1140 36,0 34,5
TOC mg/L 11,6 10,8 9,5 72,0 11,2 10,4

Each outside work it was measured the temperature of the water. The water temperature is
correlated with seasonal variations. The highest value of the temperature is expressed in MM1 20,5
OC in September and the lowest in MM3 10,2°C in March. According to Lokoska, L., 2004, the
temperature limits the activity of microorganisms.

The first visual impression about the state of the water is the turbidity. The highest value was
detected at the measuring point 2 102 NTU month of September as a result of the discharge of
communal wastewater from the village of Kravari. With the departure of the fifth channel from the
settlements and the value of the turbidity decreases. Lowest value is recorded at the measuring point
318,9 NTU.
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Suspended substances determine the presence of organic and inorganic substances in the
water. The highest value is determined at the measuring point 1, 201mg / L in March as a result of
heavy rainfalls and increased soil erosion.

According to Dalmacija, B., 2000, there is a regulating mechanism in the aquatic ecosystem
that controls the pH value of the water. And in our measurements there are not great variations in
the pH value in all measuring points.

According to Mulev (2003), and Jovanov, D., 2012 the content of dissolved oxygen and
water temperature influence the activity of microorganisms. The highest content of dissolved
oxygen is recorded at the measuring point 3, 9.98 mg/L in March, as a consequence of the higher
water level of the channel in the channel and the greater dilution of organic matter. The state of
water at the measuring points 2 and 3 is alarming in September, where the dissolved oxygen content
is 0.0 mg/L, the temperature is higher, and the metabolic activity of microorganisms is more
pronounced. According to Adebayo, S.A. & Usman, L.A., 2009), BOD is correlated with the
amount of organic matter present in the water. The highest value of BOD was found at the
measuring point 2, 370 mg/L in September, where the amount of TOC is highest 72.0 mg/L. At the
measuring point 2, there is a large metabolic activity by microorganisms for decomposition of
organic matter. The highest value of COD was found at the measuring point 2, 1140 mg/L in
September in all measuring points, as a result of the higher concentration of organic matter in the
water from the canal.

The content of the total organic carbon according to Ivancev-Tumbas (2009), is an indicator
of the present amount of organic matter in the water. The highest value is recorded at the measuring
point 2, 72,0 mg/L, in September, where the content of dissolved oxygen content is the lowest 0,0
mg / L in the same month and the same measuring point.

CONCLUSION

From the conducted research of the water from the fifth channel where the industrial and
fecal waste waters from the city of Bitola and the village of Kravari enter, the greatest burden on
organic matter can be found in the measuring point 2. At the same measuring point and the content
of BOD for degradation of the organic matter by the microorganisms is the largest, and the content
of dissolved oxygen is the smallest. In this measuring place the greatest anthropogenic influence is
felt, which is reduced by distancing the canal from the populated areas.

Therefore, this survey provides guidelines for conducting continuous cleaning of the channels
and purification of industrial wastewater before being discharged into the canels.
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Abstract: Arts-related science activities provide unique opportunities to engage students' strengths. Microbial
art, or agar art, is artwork created by culturing microorganisms in certain patterns. Agar plates are used as a canvas,
while pigmented bacteria and yeasts represent the paint. Chromogenic media are frequently used in direct and rapid
identification of yeasts because different species produce unique colors on these media. This study was thus undertaken
to investigate the ability (or inability) of some Candida, Rhodotorula, Saccharomyces, Saccharomycodes, Endomyces
and Kluyveromyces species to grow on chromogenic yeast culture medium - HiCrome™ Candida Differential Agar.
Living works of art on agar plates were created by “painting” with yeasts that express various colors in chromogenic
medium. The intensity of growth and the characteristic pigmentation of each of the studied speciaes yeasts were
determined.

Keywords: Microbial art, Agar art, Painting, Yeasts, Chromogenic differential media.

BBbBEJEHHUE

Bpb3kaTta Ha MHMKpOOMOJIOTHATa € M3KYCTBOTO JaBa BB3MOXKHOCT 3a BHU3yalU3alUs U
KOMYHHKAIMsl Ha HayKaTa, a ChIIO M 3a pasziuMyeH BUJ HAyYHO TBOPYECTBO Ha CTYJEHTHUTE.
Mpunaraneto Ha ,,MHUKpPOOHOTO H3KYCTBO* (microbio art), a WMEHHO pHUCYBaHEe C JKUBHU
MHUKPOOPIaHM3MHU BBPXY arapoBa cpeja, BKJIIOYBA HHOBAaTHUBHHM 3a/1aud, KOMTO Ja HamIpaBsT
JUCHUIUIMHATA MO-aTPaKTUBHA, J1a CTUMYJIUPAT CTYACHTUTE 3a OLIE M0-33bJIO0OYEHU MO3HAHUS U
Jla TH HachpyaT Jla MUCIIAT U3BBH rpaHuIuTe Ha qaaeH odekt (Todorova, S., Dimitrov, T., lvanova,
I., Muradov, H., Spiridonova, R., Nedelcheva, R., Nedelcheva, R., Stefanova, P., & Petrova, D.,
2015).

Mukpoopranu3mMuTe ¢ MUTMEHTHTE, KOUTO CHUHTE3Upar, ca ,, KUBUTE OOM’  3a IBETHUTE
PUCYHKHM. 3a HampaBa Ha Pa3IUYHUTE M300paKeHWs, KapTUHHU, PUCYHKH, OCBEH ,,KUBH OOH‘, €
He00X0IuMO U ,,1u1aTHO . ,,I11aTHOTO® ca pa3NMuYHKUTE arapoBU XPaHUTEITHU CPEIHU.

Haii-ronsim edext mocturame rnpu pucyBaHe ¢ IpOXKA1U Ha XpPOMOT'€HHU XPAHUTEIHU CPEIH.

XPpOMOTEHHUTE XPaHUTEIHU Cpeau ca IudepeHIHaTHO — JAMArHOCTUYHM CPelud OT HOBO
MOKOJICHHE, KOUTO MO3BOJISIBAT OBP30 OTKPHUBaHE U MIEHTH(ULIMpPaHe HA MUKpoopranusmure. Tosa
CTaBa BBH3MOKHO C TIOMOIITa Ha XPOMOTE€HHH U (PIIyOPOTre€HHH ChCTAaBKH, BKIIOYEHU B ChCTaBa Ha
XPaHUTEIHUTE Cpean. XPOMOICHHUTE XPAHUTEIIHU CPEAN HU MO3BOJISABAT J1a OTKPUEM CIIEUPUUHU
€H3MMHHU aKTUBHOCTH, XapaKTEPHHU 3a OT/AEHA rpyla WK AaKe 3a OTJEJIECH BUJl MUKPOOPTraHU3bM.

[IpuHuun Ha aeicTBue:

MukpoopranusmMure ce UACHTU(UIUpPAT Ype3 eH3UMHHU Peakliy, KOUTO ca CHeUPUYHH 3a
BUZa WM. M3crneABaHUAT MHUKPOOPTraHU3bM ChIbpPXKa €H3UM, KOWTO MeTabonu3upa Oe3lBETHHS
XpPOMOT€HEH CcyOcTpar, KaTto ce oOpa3dyBa cHEelU(UIHO OIBETCH PEAKIMOHEH TMPOJYKT.
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XpoMoreHHaTa cpeja MpPOMEHs IBeTa cu (WU (Iyopecuupa) WiIH KOJIOHHHUTE HAa ChOTBETHHS
MHUKPOOPT'aHU3bBM CE€ OLBETSBAT B XapaKTEPEH 3a HETO IIBST.

ToBa npoyuBaHe € MPEANPHETO 3a U3CIEeIBaHE HAa CIOCOOHOCTTA (MJIM HECTIOCOOHOCTTA) Ha
Hakon BugoBe Candida, Rhodotorula, Saccharomyces, Saccharomycodes, Endomyces wu
Kluyveromyces nma pacrat BbpXy XpOMOTeHHa Cpeia 3a KyiaTuBupane Ha npoxau - HiCrome ™
Candida Differential Agar. Ompenens ce HWHTEH3MBHOCTTAa Ha pacTeXa W XapaKTepHara
NUTMEHTAlMsl Ha BCEKH OT M3CJIEIBAHUTE BUJOBE IPOXKIAH. Upe3 pucyBaHe C JPOXKIUTE, KOUTO
u3pas3sBaT pa3jiMYHU I[IBETOBE B XPOMOICHHATa Cpella, CE Ch3/IaBaT JKUBUTE IMPOU3BEICHHS Ha
MHUKPOOHOTO M3KYCTBOTO BBPXY arap. KpalfHUAT pe3ynTar e BnedaTisBall | 3allOMHSIIL C€ © MHOTO
MAaJIKO XOpa MOTarT Jia Ka)ar, 4e ca IO MPaBuIu.

N3J10)KEHUE

Apoxan

Jlpoxure ca enHOKIeThbuHH I'bOM. Te ca 0e3XIOpOGMIHM, HENOIBHKHH, CYKapUOTHH
MHKPOOPTaHU3MHU.

W3nons3Banu ca ClIeIHHATE BUIOBE JAPOXKIN OT KOJEKLIUATa HAa Kareapa ,,buorexHomoruu u
XpaHUTEIHN TeXHOJOTHH * BBB (unan Pasrpan Ha Pycencku yauBepcurer ,,Anren KpHues*:

Saccharomyces cerevisiae - xyeOHUTE JPOKAM ca €OHM OT Hai-W3ydaBaHWUTE B
MHUKpoOHosIorusaTa. Pa3BuBar ce B cpelmy, ChIbpIKAIIM BBIVICXUAPATA M MPUYHUHSIBAT AIKOXOJHA
¢depmenTanus. YoBEKbT M3MON3BA TE3U OPTaHU3MHU OT XHJISIU TOAWHH B POU3BOICTBOTO HA XJISO,
BHHO, OHMpa.

Candida utilis, Candida tropicalis, Rhodotorula rubra — ce u3mon3sar B mosiy4aBaHeTo Ha
MHUKpOOHaJIeH OeNThK.

Candida albicans — morar ga npyYUHST KaHIWIO3H.

Saccharomycodes Ludwigii — Morar na nmpuuuHST pa3Bajla HAa XPAHUTECIHH MPOAYKTH, IO-
CIIELMATTHO Ha CyI(PUTHPAaHU (PepMEHTHPAIHN HAIIUTKH, KaTO BUHO, caiaep.

Endomyces magnusii — re0ute ot cem. Endomycetaceae usmat nmpaktuuecka CTOHHOCT.

Klyuveromyces mara - uscieaBaHu ca 3a IOTEHIUATHA ynoTpeba B OMOTEXHOIOTMYHU
MPOM3BOICTBA, KATO HA OMOTOPHBA, CJHOKICTHYHH IPOTECHHHU, CH3UMH U JIP.

Hpoxnute ce chxpansBat npu 0-4 °C B enpyBeTKH Ha HakJIOHEH arap Ha Cabypo.

XpoMOreHH! XPAHUTETHHU CPeu

borara mamuTpa OT pa3iIM4YHO OLBETEHU APOXKIM CE IMOJy4yaBa Hail-Be4e HAa XPOMOTCHHH
nudepeHnranHy cpean. Te3u cpenu ca npeJHa3HadeHU 3a AUpEeKTHA U Obp3a uAeHTU(UKALMs Ha
APOXKINTE, ThI KAaTO pa3IMYHUTE BHIOBE, Haii-Bede Candida, mpousBekJaT yHUKATHU I[BETOBE
BBPXY TSX W JIECHO CE€ pasrpaHu4aBaT nomexay cu. OT Apyra ctpaHa MHOTOOOPa3HETO OT IBETOBE
NpaBd XPOMOTEHHUTE CpPEAd MHOTO TOAXOIAIIM 33 MHKPOOHOTO H3KYCTBO IIPH PHCYBaHE C
JPOXKIIH.

HiCrome™ Candida Differential Agar maBa BB3MOXHOCT 3a CEJIEKTHBHA H30JalMs U
aupekTHa uaeHTH(UKaims Ha apoxkaure ot p. Candida. XpomoreHHHAT areHT B cpenara
M03BOJISIBA KOJIOHMHTE HA BCEKU BHJI JIa IIPOPACTBAT U JIa CE OI[BETSABAT B XapaKTEPHHUS 3a HETO IBST
(®wr.1) (https://ridacom.com/en/products/view/5016).
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@ur. 1. Paznununn Bunoe Candida va HiCrome™ arap ¢ xapakTepHO OIBETSBaHE Ha KOJIOHUUTE:
C. albicans — 3enen upsr; C. tropicalis — cromaneno cuubo 10 cuubo; C. krusei — muas 1ssr; C.
glabrata — kpemag o 6sur; C. parapsilosis - kpemasu kononun, nogoouu Ha C. glabrata
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LIBeroBere Ha konmonuute Ha HiCrome arap TpsiOBa na ce onpexnensrt cuen 48 h (Shettar, S.
K., Patil, A. B., Nadagir, S. D., Shepur, T. A., Mythri, B. A., & Gadadavar, S., 2012).

PP3010 — Colorex™ Candida

Tasu cpema e pa3paboTeHa C IieJl ONPOCTABAHE Ha H30JalUUATAa W IPEINOoJaracMoTo
uaeHTH(UIMPAHE Ha HSIKOU BUIOBE IPOKAn. BeHIIHUAT Bua U qudepeniuanusata Ha Candida sp. e
OYEBU/JICH oT OTJINYUTEITHUTE LIBETOBE Ha KOJIOHUHTE (Dwur. 2)
(http://www.eolabs.com/product/pp3010-colorex-candida/). Ha tasu cpena enuncteeno C. glabrata
JaBa pa3InyHoO olBeTsiBaHe B cpaBHeHHe ¢ HiCrome™ arap.
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C. tropicalis— memanno cunu C. albicans— 3zenenu C. glabrata—nunasu

@ur. 2. XapakTepHo oLBeTsBaHEe Ha KojoHuKTe Ha BugoBe Candida Bepxy PP3010 — Colorex™
Candida

CHROMagar™ Candida

CHROMagar Candida e paudepenHnumanHa XpoMOreHHa cpena, IMpeJHa3HAYeHa [a
unentuduimpa C. albicans, C. tropicalis u C. krusei no iseroBute u MOp(HOIOrHYHH pa3Inyus Ha
kononunte uM. Komonmure Ha C. albicans ca senenm; xomonuute ot C. tropicalis msrimexaar
THMHOCHHH J10 MeTanHo cuuu; C. Krusei mmar po3oBu KoJOHHHU ¢ Oelle3HHMKaBa rpaHuia. Jpyru
IPOKIM MOraT Ja pasBHAT CBETJIO- [0 THMHOJHIABHM WM KpemaBu IBeToBe (Hampumep, C.
glabrata), ciopen nureparypuusi uzrounuk (Ozcan, K., llkit, M., Ates, A., Turac-Bicer, A., &
Demirhindi, H., 2010).

HardyCHROM ™ Candida

XpOMOTeHHa CeJEeKTHBHA cpena, MPernophbuMTellHA 3a HM30JHpaHe W JudepeHIupaHe Ha
npoxnau. Pasnuuumsara B Mopdonorusra W I[BeTa Ha KOJOHMUTE Ha Ta3W Cpelda IO3BOJSBA
mudepentmpanero Ha C. albicans, C. tropicalis u C. krusei. CerinacHo nuTepaTypHUs M3TOYHHK
(https://catalog.hardydiagnostics.com/cp_prod/content/hugo/HardyCHROMCandida.html):

C. albicans — o6pa3yBa cpenHOToJEMH, TJaIKH, 3€JI€HH 0 ThMHO METal0-3eJIeHH KOJOHUHU
3a 48 h. Kononuure u3riiexaar ceerioseieHu cien 24 h.

C. tropicalis — cnen 48 h xomoHHMHTE ca CPeIHOTOJEMH, TJAJKH, CHHH JIO ThbMHOCHHH C
MeTasieH OJIChK, Che cuH opeoit. Cien 24 h KOJIOHUUTE M3TJIekKAAT CHHU 10 CHHBO-PO30BH.

C. glabrata - cpeano ronemw, TiagKkd, PO30BH KOJOHHH, YECTO C IMO-ThMHO CHBOJIHJIAB
LEHTHP.

lpyru BumoBe apoxnau, Hanpumep C. parapsilosiS, oOMKHOBEHO MMaT MaJKu, Oelu JI0
PO30BU KOJIOHUHU.

Candida ID chromogenic medium (CAID)

Tasu cpena e 3a unentuduipane Ha C. albicans, C. tropicalis, Candida lusitaniae, Candida
kefyr u Candida guillermondii. Ha CAID C. albicans uma cuHbO OIBETSIBAaHE HAa KOJIOHUHUTE, 3a
pasirKa OT 3CJIEHOTO OI[BETSBAHE HA TOPEMOCOYECHUTE XPOMOTeHHH cpean. CHHUAT IBAT € IO0-
uHTeH3uBeH ciex 24 h xyaruBupane Bvpxy cpenata. Kononmurte Ha C. tropicalis, C. kefyr, C.
lusitaniae u C. guillermondii ca po3oBu u Oiectsaim B pamkute Ha 48 h. C u3kimoueHue Ha 1Ba
Buga Candida famata u Rhodotorula sp., apyrute u3onupanu BumoBe apoxau ca 6enu Ha CAID
(Letscher-Bru, V., Meyer, M. H., Galoisy, A. C., Waller, J., & Candolfi, E., 2002). Apropute He ca
HaOro1aBaM onBeTsiBane Ha u3onatu C. glabrata u S. cerevisiae. Ipyru aBropu (Fricker-Hidalgo,
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H., Orenga, S., Lebeau, B., Pelloux, H., Brenier-Pinchart, M. P., Ambroise-Thomas, P., & Grillot,
R., 2001) nokmamBar po3oBa MUTMEHTAIMs Ha HsIKoW ImamoBe 3a Buaoe Candida sphaerica,
Candida pelliculosa, C. utilis, C. glabrata u S. cerevisiae.

Huxepcon Arap Bi.G.G.Y. (Nickerson Medium)

Judepennupanero Ha APOKAWTE B Ta3uW cpella c€ OCHOBaBa HAa CIIOCOOHOCTTa UM Ja
penyuupar OucMyTOB XHApOKcH noiucyindut. JlokazaHo e, 4e Haii-CHIIHa peaylupaia ciocoOHOCT
nposiesieat C. albicans, C. krusei u C. tropicalis. B kucena win HeyTpanHa cpeia, Te obpa3yBar
YepHH KOJIOHHH, TIOpaau oOpasyBaHero Ha OucmytoB cyadua (http://www.himedialabs.ru/m217-
m217d).

C. albicans — komonuu riaaku, Kpberiu, KaQsBo-uepHu, 6e3 OIACHK, Oe3 nudy3us Ha [[BETa B
OKOJIHATA Cpelia;

C. tropicalis — xojoHMM TJIaAKH, ThbMHOKA(sBH C YEPHU LEHTPOBE, C OJSCHK, TU(PY3HO
3aThbMHSIBAHE Ha cpenara cien 72 Jaca.

BJI xpanuTtesen arap (Wallerstein Laboratory Nutrient Agar)

Tasu cpena e pazpadoreHa ot Green u Gray mpe3 1950 r. Cp3maneH € HOB BapuaHT C
OpPOMKpE30J1 3€JICHO, MPUCHCTBAIIL B CpellaTa KaTo OIBETHTEN U IPUIABAI U 3elieH HBsT. [poxaure
Saccharomyces noemar OarpujoTo OT cpeaarta W OOMKHOBEHO HE T'O METabOJIM3UpaT, Taka 4e
KOJIOHMHTE WM CE€ OIBETsSBAaT B 3€JCHO, a arapoBara cpela craBa OWCTpa, HENpo3payvHa.
Brettanomyces sp. moemar OpOMOKpE30JI 3€JICHOTO, HO € HaOJoJaBaHO, 4Ye MeTa0oau3upar
OarpwioTo.  3aroBa  TEXHHTE  KOJIOHMM Ca C  OKBJITCHUKaB, OCJC3HMKAB  IBST
(http://brettanomycesproject.com/2009/03/win-agar-medium/).

Arap aprt

3a cb3/aBaHe HA YHUKAIHUTE PUCYHKHU C APOXKIU € U3MOI3BaH XpoMmoreHeH arap 3a Candida
- HiCrome™. [IpeaBapuTenHO € MpeanprueTo N3cieIBaHe Ha CIIOCOOHOCTTA (MIJTM HECTIOCOOHOCTTA)
Ha npoyuBaHute oT Hac BuaoBe Candida, Rhodotorula, Saccharomyces, Saccharomycodes,
Endomyces u Kluyveromyces ma pactat BbpXy XpOMOI€HHATa Cpeja 3a KyJATHBHpPaHe Ha APOXKIH -
HiCrome ™ Candida Differential Agar u onpenenuxme XxapakTepHOTO UM OIBEeTsABaHe. B HaieTo
uscnensane npu C. albicans (3enen upst) u C. tropicalis (TeMHocHH 1BAT) (Pur. 3) OIBETIBaHETO
HAaBJIHO ~ CBBMAJa €  JajeHaTa 3a  cpelara  XapaKTepHCTHKa  Ha  BHJIOBETE
(https://ridacom.com/en/products/view/5016). B nuteparypaTta He OTKpUXME [BETOBO OIKMCAHUE Ha
C. utilis Ha xpomoreneH arap 3a Candida - HiCrome™. Ho Ha cpena Candida ID, Hsikou 1maMoBe OT
BHa oOpa3ysar po3osu kosonuu (Letscher-Bru V, Meyer MH, Galoisy AC, Waller J, Candolfi E. J
Clin Microbiol. 2002 Apr; 40(4):1508-10.). B Hamero mnpoyuyBaHE YCTAaHOBHXME, Y€ IIPH
XHUIPOJIM3UPAHE Ha XPOMOTCHHUTE CyOCTaHIINH, TO3U BHJI 00pa3yBa CBETIONMIABH KooHuH (Dur.
3), pa3nuyaBaiiy ce sICHO OT OCTAHAIUTE JIBa BUJIA.

C. albicans C. tropicalis C. utilis
@wur. 3. OugetsiBane Ha BugoBe Candida B mposeaenoTo uscneasane Ha HiCrome ™ Candida
Differential Agar

Bunosere Rhodotorula ce xapakrepusupar ¢ mpou3BOACTBOTO HAa KAPOTCHOMTHH MTUTMEHTH B
opamkeBo-uepBeH 1BsAT. Bellanger, A.-P., Grenouillet, F., Frangois, N., Skana, F., & Millon, L.
(2013) ycranossBar, ue nBa u3oiara Rhodotorula spp. He ycnsBaT nga pacraTt B cyOKyaATypa BBPXY
XpOMOTEHHA Cpe/ia 3a OPOKIN M J1a 00pa3yBaT XapaKTepHOTO omBeTsBaHe. OCBEH TOBa JBE OT
YeTUPU HAJMYHU B THPrOBCKaTa MpeXa XPOMOTEHHM CpeNd 3a JPOXKIU ca MoKa3ajd 3HAaYMTEJIEeH
uHxuOuTOpeH edekt BBpPXy pactexka Ha Bumosere Rhodotorula. Willinger, B., Hillowoth, C.,
Selitsch, B. & Manafi, M. (2001) moxnazasar 3a Rhodotorula mucilaginosa, pactsmm karo po3oBu
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kosonnn Ha cpeaa Candida ID. B namero uscnensane R. rubra mmaine mHOro 100Bp pacrex Ha
HiCrome ™ Candida Differential Agar B THHUYHOTO OpaHKEBO-YEPBEHO OI[BETSBAHE.

S. cerevisiae na Candida ID pacrat karo Oenu He3zabenexxumu kojonuu (Willinger, B.,
Hillowoth, C., Selitsch, B. & Manafi, M., 2001). B Hamero u3cieaBane Te UMaT ThbMHO PO30BO
ousersane (dur. 4 (1)). E. magnussii cbiio ce onpersBar B TbMHO po30Bo (®ur. 4 (2)), HO umar
MO-CyX U MO-TUTBTEH PAaCTEX.

1) (2)

@ur. 4. OusetsiBane Ha S. cerevisiae (1) u E. magnussii (2) B HiCrome ™ Candida Differential
Agar

K. mara oGpa3yBa ronemu, Oemu 10 KpeMaBH KOJIOHHU ¢ po30oB meHTbp (dur. 5 (1)), a S.
Ludwigii pacrar mHOTO c11abo, ¢ Mainku, 6enu, Hezadenexumu kojaoHuu (dur. 5 (2)).

1) (2)

@ur. 5. Ousersiane Ha K. mara (1) u S. Ludwigii (2) 8 HiCrome ™ Candida Differential Agar

IIpu pucyBane Bbpxy XpomoreHeH arap 3a Candida - HiCrome™ netpurara TpsiOBa aa ce
WHKYOMpaT B TNPOJB/DKEHHE Hail-Manko Ha 48 waca, 3a /Ja ce IMOCTUTHE aJeKBAaTHO LBETOBO
pa3BuTHE Ha Jpoxxaurte. L{BeTtoBere ce 3acwiBaT ¢ Bb3pacTTa. M Korato ApokauTe ca MOCSTH B
PHUCYHBK, CE IOJIydaBa HeI[o KPaCHBO M PaJIBallo OKOTO, KOETO MHOTO MaJIKO XOpa MOraT Jia Kakar,
ye ca npasuiu (dur. 6, 7 u 8).

@ur. 6. Pucynka c C. tropicalis, R. rubra, S. cerevisiae u K. mara na HiCrome ™ Candida
Differential Agar or Mupena AranacoBa

@wur. 7. Pucynka c C. albicans, C. utilis u C. tropicalis na HiCrome ™ Candida Differential Agar
ot Henn AtanacoBa
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®wr. 8. Pucynku ¢ C. albicans, C. utilis, C. tropicalis u K. mara na HiCrome ™ Candida
Differential Agar or CeBnanuna Tonoposa

1763:011|

XPOMOTEHHHTE CpEId JaBaT BB3MOKHOCT OTKPUBAHETO W HACHTH()UIMPAHETO Ha
MHUKPOOPraHU3MHUTE JIa CTaBa JECHO, OBbP30 U HALEMKIHO.

XpOMOTEHHUTE CYOCTpaTH, BKIKOYEHH B arapa, ce XHAPOJIM3UPaT OT CHeHu(UIHUTE CH3UMH
Ha JIPOXKIUTE, KOETO BOAU 0 XapaKTEPHOTO OLBETABAHE HA PA3IMYHUTE BUIOBE APOXKIU U IIPABU
HAIIIUTE PUCYHKH MHOTOIIBETHH.

3a mppBH IBT € OMpPEIEIIEHO OIBETABaHETO W pacTexka Ha Bumose C. utilis, R. rubra, E.
magnussii, S. Ludwigii, K. mara na HiCrome ™ Candida Differential Agar.

WHTEH3UTETHT ¥ CHELU(PUUHOCTTA HA LIBETOBETE Ca SCHM U XapaKTEPHH U CE€ 3aCUIIBAT C
BB3paCTTa.

baaroaapHocr:

Hacrosmara pabortara ce ¢unancupa or DOHI HaydHH H3ClelIBaHUA KbM PyceHcku
yHuBepcuteT ,,Auren KenHues®, moroBop Ne 2018-PVY-09 na tema: ,Ilogkpena Ha MHOBAaTUBHU
¢dbopmu 3a paboTa Ha mpodecuoHanHUTE KI1yooBe B Pycencku ynusepcurer ,,Auren KpHueB .
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Abstract: Sunflower oil with a high content of oleic acid (Omega-9) and a sufficiently low content of
polyunsaturated linoleic acid (Omega-6) is characterized by a lower nutritional value but greater chemical stability at
high temperatures and in the presence of oxidizing agents, therefore, it has several advantages for the food and
chemical industries, and also as a raw material for the production of biofuels. The determination of the TAG
composition of oil is very important, because due to selection there is a large number of sunflower varieties. The
spectra of oil samples extracted from seeds of various sunflower varieties were investigated by NMR *H spectroscopy to
determine fatty acids composition. This method based on estimation and comparison the proton integral intensities of
allylic and bis-allylic CH, groups with intensity of glycerol protons that allows to determine the amounts of these
unsaturated fatty acids. Each oil sample obtained has its individual TAG profile determining its physicochemical
properties and nutritional value. Method *H-NMR spectroscopy is rapid and non-destructive, so it is perspective for
determination of oil fatty acid composition.

Keywords: Sunflower oil, Fatty Acid, Oleic Acid, Linoleic Acid, NMR Spectroscopy, Fatty Acid Profile.

INTRODUCTION

Recently, sunflower varieties with a high content of oleic acid (more than 82%) have been
becoming more popular with producers, traders and agricultural processors. According to published
data, the seeds of ordinary varieties of sunflower contain only 27-40% of this acid. Oil with a high
content of oleic acid (Omega-9) and a relatively low content of linoleic acid (Omega-6) is
characterized by less nutritional value, but more technological one, since it more chemically inert
under high temperatures and in the presence of oxidants and can be stored almost four times longer
saving its properties compared to oils with a lower percentage of oleates (Lee, 2000). Further, oils
with a high content of oleates are perspective sources for obtaining biofuel (biodiesel) in regions
where the cultivation of rapeseed is unprofitable (Holt, 2016). Sunflower oil with a high content of
oleic acid has become a serious competitor to olive oil in the world market, since it is much cheaper
and not inferior to olive oil in the chemical composition, and, moreover, in some cases surpasses it.
The growing popularity of sunflower hybrids with a high content of oleic acid causes of an increase
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in acreage for cultivation them. That contributes to cross-pollination of hybrid and non-hybrid of
sunflower varieties, therefore the fatty-acid profile of sunflower oil depends not only on the plant
species, but also on the region where they are grown. The fatty acid profile of oils is the major
factor influencing their chemical and physical properties and subsequently their various applications
(Atanasova, 2016). Thus, the issue of express method to determine the fatty-acid composition of
sunflower oil to use sunflower raw materials rationally is acute on the agenda. Due to their chemical
composition sunflower lipids are very susceptible to oxidative processes owing to their degree of
unsaturation, giving rise to the development of off-flavour and a decrease of nutritional quality and
safety. Especially the more unsaturated fatty acids with bis-allylic methylene groups are susceptible
to oxidation. One of the express and non-destructive methods for determination of fatty acid profile
and oxidation products is NMR 'H spectroscopy providing a straightforward approach to
quantitative analysis of oils and enabling a simultaneous detection of different oxidation products in
one single analysis. The common unsaturated fatty acids such as oleic and linoleic, in an oil can be
quantified using NMR *H. This method utilizes the area per proton (determined by integration) and
gives equations for determining the amounts of the unsaturated fatty acids. Up to now, NMR is not
widely used in food control and in food industry.

The aim of this work was to study the triacylglycerols composition of some sunflower oil
samples by NMR 'H spectroscopy. Samples of oil obtained from seeds of different sunflower
varieties, NMR 'H spectroscopy, computer program ADVASP Analyzer for processing spectra
data, a method for quantitative comparison of the integrated intensities of typical signals of groups
containing hydrogen atoms in NMR *H spectra. Deuterated chloroform (CDCl3) that is probably the
most commonly used solvent in NMR experiments on fatty compounds and was used here to obtain
the spectra depicted. The spectra of prepared solutions were recorded on a Varian VXR-300
spectrometer.

EXPOSITION

Some of shown spectra may contain minor impurities, which are visible in the spectra. The
impurities and their signals are not discussed. All spectra were obtained at 300 MHz. For sake of
consistency, the integration value of the secondary CH, protons of glycerol moiety in the
triacylglycerol molecule was chosen as reference in most spectra and assigned the value that is a
multiple of 4.00. Usually, the spectral range of 0-6 ppm is shown since it covers the range of
chemical shifts in most fatty compounds. Besides serving as solvent, CDCl; is also the reference
material for chemical shift values with residual chloroform giving a peak at 7.29 ppm, although the
exact shift values of the same peaks can vary slightly from spectrum to spectrum. In accordance
with IUPAC nomenclature, carbon atoms are counted from the carbon carrying the carboxylic acid
or ester group in the fatty acid chain, with this carbon being C1 (see Fig. 1 and Fig. 2) The presence
of few quantity of phospholipids in the oil does not significantly affect the results of interpretation
of spectra.

10 & 1 O—Glycerol moiety

Linoleate

14 16 18

Fig. 1. General structure of linoleate
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1 O—Glycerol moiety

Oleate

Fig. 2. General structure of oleate
Sunflower oil consists of 99.9% triacylglycerols and about 90% of them are represented by
esters of oleic (Omega-9) and linoleic (Omega-6) acids. From consideration of NMR spectra in the
literature various resonances can be assigned to specific chemical groups (see Table 1).

Table 1. Chemical shifts of protons in NMR spectra

Signal Functional group Chemical shift (ppm) of protons in
oleic and linoleic esters of glycerin
1 —CHs 0.96 — 0.82 (dd)
2 —CHp- 1.43_1.16 (m)
3 —CH,-C-CO, 1.70 - 1.51 (m)
4 —CH,-CO»- 2.11-1.91 (m)
5 —~C-CHp-C=C- 3.38-2.21 (m)
6 —C=C-CHp-C=C- 2.83-2.73 (1)
7 ~C-CH,-0-CO-C 4.21—4.08 (dd)
8 —C-CH,-0-CO-C 4.36 - 4.22 (dd)
_CH(-C-0-CO-C-),
9 + C-HC=CH-C 5.43-5.13 (m)

Signal multiplicity: s, single; d, doublet; t, triplet; m, multiplet

The set of peaks at 55.2 — 5.5 ppm arises largely from the 'H nuclei attached to carbons
involved in a double bond, usually referred to as olefinic. Signals at 2.7 ppm arise from bis-allylic
protons from the —CH,— group located between pairs of unsaturated bonds (see Fig. 3).

Peaks of allylic protons at C8, C11 for oleic acid C8, C14 for linoleic acid are located at
about 2.05 ppm. In accordance with increasing in the percentage of linoleic acid in sunflower oil,
the theoretical integrated values of the olefinic, allilyc and bis-allylic protons also increase while
that of the high peak of CH2 group located at about 1.43 — 1.16 ppm decreases.

However, changes in the integrated intensity of proton signals at 1.43-1.16 ppm can not be
used to estimate the number of CH, groups of fatty acid residues in the triacylgicerols, since signals
of aliphatic solvents often used for extraction of oil from seeds are located in the same region.

To quantative determination unsaturated fragments of oleic and linoleic acid molecules , the
integrated intensities of vinylic (Hy), allylic (Ha) and bis-allylic hydrogen (Hy) atoms in *H NMR
spectra were used (see Fig. 3).

The ratio of the integral intensities of the signals of the hydrogen atoms of allylic (Ha), bis-
allylic (Hp) groups and the tertiary hydrogen atom of the glycerol residue (Hg) is not a sufficient
argument to make conclusions regarding the quantitative composition of fatty acids in sunflower
oil, since the integrated intensities of allylic and bis-allylic protons can be significantly decreased
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due to oxidation processes in the triacylglycerol molecules proceeding as a result of long-term
storage of the oil. (Stephenson, 2005)

(‘ HV Hv
n
R o monounsaturated A
O:< H, Ha H, Ha (oleic)
O O
IR R <
O
H, H, Hv H, Hv
o i — — big-unsaturated B
0:( o (linoleic)
R H, Ha H, H, 5, Ha
-

Fig. 3. General structure of triacylglycerides of sunflower oil.

Besides, in practice, it is often impossible to separate the signal of the tertiary hydrogen atom
Hg of the glycerol residue from the signals of vinyl hydrogen Hv in the obtained spectra, that is, in
the spectra the integrated signal intensity at 5.2 - 5.5 ppm depends on the total number of H, and Hy
atoms.

The results of the monitoring fatty acid composition by NMR *H spectroscopy confirm a
progressive decrease in the contribution of linoleic acid throughout the store period. As result of the
oxidative processes, at first, the ratios of relative intensities between bis-allylic protons (Hy) to
allylic protons (H,) decreased. Finally, peaks of bis-allylmethylene protons (Hp) almost
disappeared.

With increasing storage time, the process becomes more and more complicated since primary
oxidative products undergo further reactions forming volatile and non-volatile secondary products.
Thus, the very small peak of aldehyde group is observed at 69.74 ppm that is in according to
literature (Wong, 2017).

Therefore, to determine the quantitative ratio of oleic and linoleic acids, it is necessary to
compare the integrated intensities of the signals H, at 1.95-2.07 ppm and Hy, at about 2.75-2.85 ppm
between themselves, relative to the secondary hydrogen atoms of the glycerol fragment at 4.1-4.3
ppm and the signals at 5.2 - 5.5 ppm, corresponding to the Hv and Hg atoms, taking into account
the contribution of hydrogen atoms of each acyl residue (Vlahov, 1999).

It should be taken into account that the integral intensities of the hydrogen atoms of the CH,
groups of the glycerol fragment and allylic group must be a multiple of four and the bis-allylic
group must be multiple of two.

The NMR 'H spectrum of the high-oleic oil obtained from sunflower seeds provided by
Institute of Oilseed Crops of the Ukrainian Academy of Agricultural Sciences (I0OC UAAS) is
shown on Fig. 4. The spectrum of this sample demonstrates the presence of signals mainly oleates,
and percentage of them is almost 95%. The content of linoleic acid detected by very weak typical
signals at about 2.75-2.85 ppm does not exceed 1%.

In the spectrum of the sunflower oil sample Ne 2 (Fig.5), beside signals of oleic acid, peaks
of polyunsaturated linoleic acid in the region of 2.75-2.85 ppm are identified exactly. The ratio of
oleic and linoleic acids in this oil sample is 9:1, that is, the mass fraction of oleates reaches almost
89%, and of the polyunsaturated acids do not exceed 11%.

The *H NMR spectrum of the sunflower oil sample Ne 3 (see Fig. 6), obtained from
sunflower seeds purchased in local markets, shows that the ratio of oleic and linoleic acids is 1: 2,
that is, the oleic acid content in that sample is about 32%.
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Fig. 4. NMR *H spectrum of high-oleic sunflower oil (sample Nel)
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Fig. 5. NMR *H spectrum of the sunflower oil (sample No 2)
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Fig. 6. NMR *H spectrum of the sunflower oil obtained from seeds bought in local markets
(sample Ne 3)

CONCLUSION

The non-destructive and express method of NMR ‘H spectroscopy is a perspective tool for
the quantitative determination of oleic and linoleic acids content in sunflower oil, that, under
modern conditions of agricultural cultivation is characterized by a non-permanent fatty-acid
composition, to aim of determination of the most optimal course for use of seed raw materials.
NMR 'H spectroscopy may be used as express and non-destructive method of estimation of
sunflower oil quality.
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Abstract: Bakery products after mixing by working elements of various configurations are estimated by physical
and chemical indicators, one of the important consumer qualities of bread is its freshness and porosity.

Among the most important organoleptic characteristics of porosity the uniformity of the arrangement of pores
and their size were determined. After mixing, the yeast dough should increase in volume, acquire a capillary-porous
structure, in which pores will form gaseous fermentation products. Studies have been carried out on the influence of
costs of specific work during mixing on the formation of the number of pores in the cereal product.

Porosity characterizes the important qualitative property of bread. Low porosity is usually characterized by
bread from poorly-battered yeast dough. By means of enhanced mechanical processing of the dough, the specific work
required for the batch increases and the qualitative parameters of the porosity of the finished product increase
accordingly. The porosity and structure of the porosity of finished products were investigated, preliminary kneading the
yeast dough with the working elemets of different configurations.

Keywords: Mixing, Yeast Dough, Porosity, Structure, Distribution.

INTRODUCTION

The mixing of the yeast dough was carried out on a kneading machine of continuous action,
used to knead the screw, finger and cam working elements. After kneading the yeast dough, had
been vibrated for 30 minutes and baked in the oven for about 12 minutes. Porosity was investigated
using ImageJ software.

The porosity of bread is an important indicator of its quality. After mixing, the yeast dough
should increase in volume, acquire a capillary-porous structure, in which pores will form gaseous
fermentation products. For the formation of a dough with an elastic structure, it is required that the
gluten proteins are elastic and envelop the whole grain of starch with a thin film. If the protein is
insufficient or the gluten is not elastic, the dough will have a low gas-retaining capacity, which in
turn will reduce the formation of porosity.

EXPOSITION

Investigations have been carried out on the influence of the costs of specific work during
mixing on the formation of the number of pores in the bread product (Fig. 1). Porosity characterizes
the important qualitative property of bread. Low porosity is usually characterized by bread from
poorly-battered yeast dough. Due to enhanced mechanical processing of the dough, the specific
work required for the batch increases and the qualitative parameters of the porosity of the finished
product increase accordingly.
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Fig.1. Investigation of quantitative indices of porosity of the finished product from the costs of
specific work on mixing the yeast dough (1-Cam working element; 2-Screw working element;
3-Finger working element)

The processed experimental data shows that, with increasing costs of specific work on the
batch, the number of pores in the finished product increases as well.

During the kneading of the yeast dough by the cam and the fingers, linear dependence is
observed, while for the screw working elements, the curve has a degree of dependence. For the
costs of the specific work of 20 J/g among the represented working elements, the greatest number of
pores (3241 pieces) is formed when kneading the yeast dough by cam operating elements.

The influence of the specific work during the cam shaking by the working elements on the
formation of the number of pores in the finished product is determined by the mathematical
formula:

I1=506A,,. + 2056, pieces (1)

Agpec — the costs of the specific work on mixing the yeast dough, J/g.

The highest number of pores is 2884-5786 units formed during the kneading of the yeast
dough by the cam operating aelements, there is an intensified mechanical treatment of the dough,
the performance of the specific work reaches 15-70 J /g, in the process of kneading the dough does
not rupture and shrinks, thus a quality batch is produced, the dough becomes elastic, gluten films
hold off carbon dioxide and a fine-grained uniformly distributed pore structure is formed
throughout the volume of the finished product.

The influence of specific work during mixing by screw working elements on the formation of
the number of pores in the finished product is determined by the mathematical formula:

IT=58A__ + 1501, peices (2

Aspec — the costs of the specific work on mixing the yeast dough, J/g.

Indicators of the specific work during the kneading of the yeast dough vary in the range from
2 to 30 Jg, according to these wvalues, the number of pores reaches
1311-3126 pcs. The process of mixing in this case takes place in a short time, as a result, the
gaseous phase is represented by bubbles of air, the captured dough during the mixing is unevenly
distributed in the volume of the finished product, increases the pore size but reduces their amount.

The influence of specific work during the kneading by the digital working elements on the
formation of the number of pores in the finished product is determined by the mathematical
formula:

I =652A_, + 460, pieces (3)

Agpec — BUTpATH TUTOMOI pOOOTH Ha 3aMilllyBaHHsI JP1XKKOBOrO TiCTa, J/g.
Expenditures of specific work during kneading by the finger work elements reach 9-31 J/g,
low amount of pores (902-2410 units) in this case is explained by the fact that the components are
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not equable mixed, mixing by the finger's working elements leads to a constant breakdown of the
gluten of the dough, which does not have time to recover as a result of gluten films are not able to
fully retain carbon dioxide necessary to further form the fine-grained porosity of the product.

Bakery products after mixing by working elements of various configurations are estimated by
physical and chemical indicators, one of the important consumer qualities of bread is its freshness
and porosity. Among the most important organoleptic characteristics of porosity were determined
the uniformity of the arrangement of pores and their size. The porosity and structure of the porosity
of the finished products (Fig. 2) was investigated, after having previously subjected to different
configurations by the working elements of the yeast dough.
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The uniform fine-grained porosity of the finished product, P = 72%, is observed after mixing
the yeast dough by the cam working elements, their mechanical effect improves the function of the
microflora of the dough and maintains the elasticity of the surface, thereby increasing porosity and
as a result, an increase in the volume of dough preform after baking and baking. The porosity of the
finished product, after mixing with screw working elements, reaches 54%, reduced porosity indices
are explained by the fact that some components of the dough at the first stage merged and in the
future due to the rapid transport power of screw working elements did not have time to qualitatively
pass the stage of actual kneading and plasticization. The mixing by the finger work elements
resulted in damage to the gluten-free dough frame, resulting in a merger of small pores and the
formation in some places of the volume of a large, unevenly distributed throughout the volume of
the product, porosity of the bread P = 48%, and as a result of a decrease in the ' a large output of
bread.
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CONCLUSION

It has been established that with increasing energy consumption, the best dough mix takes
place and more pores are formed. The influence of working elements of different configurations on
qualitative indices of the finished product is investigated. It was found that the best porosity indices
are observed when kneading the yeast dough by cam operating oelements. Indicators of porosity
reach 72%. After mixing the yeast dough with the cam working elements a uniformly distributed
fine-grained porosity is formed.
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Abstract: The content of carbon dioxide, which is actively used by producers of carbonated beverages as a
preservative, acidity regulator and antioxidant, significantly affects the quality of finished products.

The possibility of changing the ph value, which affects the balance between carbon dioxide, bicarbonate and
carbonate during saturation, by electrophysical treatment of water was considered. Industry produces various variants
of electrolysers, but they are not suitable for saturation of drinks. Therefore, the development of an appropriate design
is an urgent task.

It is expedient to carry out the process of saturation simultaneously with the electrophysical treatment of pre-
prepared (cooled and deaerated) water. The parameters that influence the efficiency of electrophysical treatment and
the quality of finished products are the voltage, the voltage-ampere characteristic, the mutual placement of the
electrodes, the duration of activation, the degree of mineralization of the solution. The influence of material of
equipment, including electrodes, on the content of metals in the carbonated beverages is also taken into account.
Electrodes in the process of operation should not experience electrochemical destruction. It is expedient to make an
anode from a titanium, a cathode - from a corrosion resistant steel AISI 321.

Keywords: Saturation, Beverage, Electrophysical treatment, ph value.

INTRODUCTION

The non-alcoholic beverages market is one of the few that is showing positive dynamics in
Ukraine. At the same time, sales of aerated diet and soft drinks are increasing, despite the warnings
of doctors and scientists about the harm of such products for health (Shenkin, J. D., 2003; Malik,
V.S., 2006).

An important stage in the production of carbonated beverages is their saturation - the
saturation of the drink with liquid carbon dioxide at a certain temperature and pressure. The basis of
this process is the ability of carbon dioxide to interact with water to form an aqueous solution.

By the level of saturation of carbon dioxide, the largest share on the market is concentrated in
medium- and stronglycarbonated beverages. Such a structure of consumption is justified by the fact
that carbon dioxide is actively used by non-alcoholic beverage producers as a preservative, acidity
regulator and antioxidant (Solov’yeva, M. P., Karkh, D. A., CHugunova, O.V., 2017).

EXPOSITION

The content of carbon dioxide in beverages has a significant effect on the quality indicators
of finished products, so looking for ways to intensify the saturation process is an urgent task.

For revealing of factors influencing saturation of water by CO,, and intensification of this
process, the scientific and scientific-technical literature for the last twenty years has been analyzed.
Attention was paid to both the technical side of the process and the impact of products on consumer
health.
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The amount of gas G absorbed by the liquid phase
G=k-F-Ap-7, 1)
k — the absorption coefficient of carbon dioxide by water (may be 12,8, which corresponds to
the solubility of 87 ml of gas in 100 mg of water); F — the phase contact surface, Ap — the

difference of partial pressures in the gaseous and liquid phases; 7— the process duration.

From equation (1) it can be seen that the speed of the mass transfer process is directly
proportional to the absorption coefficient, the contact surface of the phases and the difference of the
partial pressures. The absorption coefficient depends on the temperature. The dissolution of gases in
liquids is almost always accompanied by the heat release. Therefore, the solubility of gases with
increasing temperature, in accordance with the principle of Le Chatelier, is reduced. The absorption
coefficient decreases with increasing temperature. There is a concentration of gas at which the
equilibrium between its gaseous and dissolved forms is established. When dissolving gas in water
there is a significant decrease in the system volume. Therefore, increasing the pressure, in
accordance with the principle of Le Chatelier, should lead to a shift of equilibrium to the right, that
is, to increase the solubility of gas. If the gas is slightly soluble in the liquid and the pressure is
small, then the solubility of the gas is proportional to its pressure. This dependence is expressed by
Henry's law (1803): the amount of gas dissolved at a given temperature in a certain volume of a
liquid, at equilibrium is directly proportional to gas pressure. Henry's law can only be used for
relatively dilute solutions, with low pressures and the absence of chemical interaction between
soluble gas molecules and solvent.

Saturation is carried out to the carbon dioxide content in a solution of 0.5 - 0.6% by mass.
The saturation limit depends on the temperature and pressure at which the gas is dissolved. Such, at
2 ° C and an excess pressure of 490 kPa, the gas solubility is 19.234 g/l. However, obtaining an
extremely saturated solution is not expedient, since the bulk of carbon dioxide is absorbed in the
initial period of saturation at a significant difference in partial pressure. In the next period, as the
system approaches the conditions of the phase equilibrium, mass exchange becomes ineffective and
a long time is required to achieve the boundary saturation. When choosing the optimal saturation
regime, it should be kept in mind that too high a difference of partial pressures in the solution and
gas environment causes the formation of a supersaturated solution. In such a solution, carbon
dioxide is not tightly bound to water, quickly desorbed and does not provide high quality beverages.

Therefore, an intensive mass transfer can be achieved at high gas pressure, a large contact
surface of the phases and low temperature of the aqueous solution. The rational conditions of
carbonation are: pressure of CO, 0,49 — 1,18 MPa, water temperature 1 — 2 °C. Salt content in water
also changes the solubility. The contact surface can be increased by vigorous mixing of water in the
atmosphere of CO,, fine water sputtering, water drainage on a nozzle with a large surface in the
form of a film in CO, atmosphere. To change the absorption coefficient, water activation methods
are used which involve the use of shock waves, ultrasound, magnetic field, microwave radiation.

Taking into account this information, in the industry, water is pretreated before saturation -
cooled to 2 — 6 ° C and deerated (dissolved air and other gases remove from the water). These
processes are a requirement of technology aimed at both improving the quality of beverages and
increasing the efficiency of carbonation.

In addition to external factors - pressure and temperature - the carbon dioxide solubility also
depends on the nature of the gas and its properties to enter into chemical reactions with water.

In terms of chemical kinetics, the process of carbon dioxide dissolving in water is quite

complex. When CO, dissolved in water, then the equilibrium between the carbonic acid H,CO,,
bicarbonate HCO, and carbonate CO; " is established:
H,0+CO, <" H,CO, <> H" +HCO, <> H" +CO,”.
The equilibrium of this system is strongly shifted to the left, because carbon dioxide - the

compound is unstable and easily decomposes into carbon dioxide and water. The ionization
constant of the pKa process at the same time is 2,46 x 10™".
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However, only 1% of CO,, which is in an aqueous solution, is present in it in the form
H,CO,. Many researchers have drawn attention to this discrepancy, therefore, for the convenience

of calculations of chemical equations, pKa and pH it is assumed that everything CO, reacts with
water.

The balance between carbon dioxide, bicarbonate and carbonate depends on pH. Here the
principle of Le Chatelier's affects: a presence in the solution of hydrogen ions displaces the alkaline
reaction of the medium to the acid side (pH up to 5.5). Conversely, removing protons from the
system displaces the reaction equilibrium to the left when carbon dioxide is rehabilitated oneself
from carbonate and bicarbonate (Homen, 1992). Thus, at a low pH value, carbon dioxide prevails in
the system, and in fact no bicarbonate or carbonate is formed, whereas at a neutral pH value,
bicarbonate dominates. And only at high pH carbonate predominates (Fig. 1).
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Fig.1. Relationship between Carbon species and pH

Therefore, we consider the possibility of changing the pH value of water, which determines
the course of many chemical, technological and biological processes (Dolinskiy, A. A,
SHurchkova, YU.A., (2013), before carbonization. pH value and oxidative-reducing potential
(ORP) many scientists associate with the peculiarities of the structural water organization and its
subsequent influence on living organisms. It's possible to determine pH and ORP by potentiometric
method on the device pH-meter 1-160 MP.

Numerous studies are devoted to the process of water activating under the influence of
various factors - temperature, electric current, ultrasound, magnetic field, etc. It was decided to
focus on the electrochemical treatment of water, in which water passes into a metastable state,
which is characterized by abnormal values of the electrons activity and other physical and chemical
parameters. When electrolysis occurs on a cathode and an anode, a series of chemical reactions
takes place. As a result, the system of intermolecular interactions, the composition of water,
including the water structure as a solution, changes (Tsarenko, YU.YU., 2014).

Various variants of electrolysers, which are conventionally divided into three types: static,
immersed and continuous-flow (Fig.2), are produces for the electrochemical conversion of water
and aqueous solutions of electrolytes (Kurchenko, N.YU., Kovko, V.A., 2012). But they are
unsuitable for carbonization of beverages.
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Fig.2. Continuous-flow electrolyser:
1 — cathode; 2 — anode; 3 — diaphragm; 4 — sleeve; 5 — head; 6, 7 — seals; 8 — nut; 9 — washer

The process of electrochemical activation of water and aqueous solutions is influenced by the
distance between the electrodes, the voltage of the direct current supplied to the electrodes, the
current strength, which is fed to the electrodes, the activation time, the degree of the solution
mineralization (Amcheslavskiy, O.V., 2011).

Under the Ohm law, the current strength is a voltage function, but in experiments it also
depends on the distance between electrode and a time. At a certain value of the distance L between
the electrodes, the current value reaches its maximum, then begins to decrease. This is due to the
counteraction of the chaotic heat motion to the electric directional charged particles movement due
to rising temperature of the solution as a result of electrochemical treatment. It is also important to
take into account the influence of the equipment material, including the electrodes, on the metal
content of the finished product (Mareci, D., Trinca, L., Cotea, V., Souto, R., 2017). Electrodes in
the operation process should not undergo electrochemical destruction. In published studies using
mass-spectrometric studies of the chemical elemental composition of water before and after its
electrochemical activation, it was found that the anode should be manufactured from titanium, a
cathode from corrosion-resistant steel AISI 321.

As a result of electrochemical treatment the products must meet the established requirements.
It is also advisable to control the size of carbon dioxide bubbles, because carbonated beverages
containing smaller bubbles have the advantage in taste (Barker, G., Jefferson, B., Judd, S., 2002).

CONCLUSION

It is advisable to realize the saturation process simultaneously with the electrochemical
treatment of pre-prepared (cooled and deaerated) water. Parameters that influence the efficiency of
electrochemical treatment and the quality of finished products are the magnitude of the voltage, the
voltage-ampere characteristic, the relative position and the electrodes material. They will be
considered as controlled parameters in further research.
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Abstract: Apples have a significant positive impact on human health. In the market, the apple supply lasts all
year round and this is made possible by cultivating different types of apples. In the Republic of Macedonia, apples are
mostly cultivated in the Prespa Region. During the process of cultivation there are used pesticides which belong to
different chemical groups, such as organophosphate, organochlorine, pyrethroids, carbamates, dithiocarbamates etc.
The purpose of this research was to determine the residue analysis of organophosphorus insecticides in apples:
chlorpyrifos, dimethoate and omethoat. There were taken samples of apples from two different locations, Drmeni and
Jankovec from Prespa Refion. The processes of extraction/separation and purification were done using acetonitrile and
dispersive SPE-QUEChERS method and for their analysis were applied UPLC-TQ/MS. The concentration of residues of
insecticides in apples from Jankovec was in the range of 0.01-0.03 mg/kg while in apples from Drmeni the value was
between 0.02-0.05 mg/kg. The results show that parts of the analyzed apples containin insecticides with a higher
concentration than the maximum residue limit (MRL), therefore the apples are not safe for consumption. Contamination
of fruits with pesticides residues in general is one of the most important aspects of the food quality assurance. In order
to provide consumers with food that does not contain residues of pesticides above the MRL, it is necessary to reduce the
use of pesticides and to increase the application of integrated protection of crops, as well as to monitor and control
products from authorized institutions.

Keywords: insecticides, apples, QUEChERS, UPLC-TQ/MS

INTRODUCTION

Apples are one of the most important deciduous fruits belong to the family Roseceae and the
Pomoideae subfamily (Phipps, J. B., 1990). In the market, the apple supply lasts all year round and
this is made possible by cultivating different types of apples. Their cultivation depends on the
region, the climatic and geographical conditions, the amount of solar radiation, the dry summers
and sharp winters, the rainy regions, etc., followed by the different resistance of varieties of apples
to pests and diseases. The apple is a delicious fruit, easy to process, and is low on calories. It is a
source of vitamins and minerals, including: vitamin A and C, calcium, phosphorus, iron, potassium,
soluble and insoluble dietary fiber (Chen, M., Tao, L., McLean, J., & Lu., Ch., 2014). Apples have
a significant positive impact on human health (Lozowicka, B., 2015).

Chemical measures for the protection of apples (use of pesticides) are the most effective in
the eradication of pests and diseases (Balaz, J., Grahovac, M., Radunovié, D., Ili¢i¢, R., & Krstié,
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M., 2013). During the process of cultivation pesticides are used which belong to different chemical
groups and have different mechanisms of action, such as organophosphates, organochlorines,
pyrethroids, carbamates, dithiocarbamates, etc. (Jankuloska, V., Karov, I., Pavlovska, G., &
Kalevska, T., 2017). Numerous countries are currently initiating programs to reduce pesticide usage
in conventional agriculture (Sinha, N. S., Vasudev, K., & Rao, V. V. M., 2012). Organophosphorus
pesticides (OPs) used mainly as insecticides, are esters of phosphoric acid with different
substituents (Pagliuca, G., Gazzotti, T., Zironi, E., & Sticca, P., 2005). This substances act trough
inhibition of acetyl-cholinesterase and represent a risk to human health (Wesseling, C., Keifer, M.,
Ahlbom, A., Micconnell, R., Moon, J. D., Rosenstock, L., & Hogstedt, C., 2002).

Chlorpyrifos is an organophosphorus pesticide (insecticide) used to protect apples from
insects that can cause significant harm in the production of apples (Jankuloska, V., Karov, 1.,
Pavlovska, G., & Buzlevski, 1., 2017). Dimethoate is a contact and systemic organophosphorus
insecticide (acaricide) and its main toxicological endpoint in animals and humans is the inhibition
of acetylcholinesterase (AChE) activity. Omethoate is an oxygen analogue metabolite of dimethoate
and plays a dominant role in the toxicity of dimethoate for insects and mammals, i.e. it is a toxic
metabolite of dimethoate. In acute exposures, this insecticide is considered highly toxic after oral
intake and moderately toxic if it enters the body through the skin or is inhaled (Hayes, W. J., &
Laws, E. R., 1990).

Pesticides that are allowed to be used as means of protection in the Republic of Macedonia
are presented in the list of allowed active substances (Official Gazette of the Republic Macedonia.,
105, 2013) and MRL for residue of pesticides are given on Rulebook on general requirements for
food safety (Official Gazette of the Republic Macedonia., 156, 2013). A plant product or food
should be destroyed or banned from use if it contains pesticides residue with a higher concentration
than MRL (maximum residue limit). Pesticide residue in agricultural products and foods above the
MRL that is legally tolerated is the result of inadequate application and application of pesticides in
agricultural practice and storage (Bursi¢, V., Vukovic, G., Spirovic, B., Lazi¢, S., Pucarevic, M., &
Zeremski, T., 2013). Therefore it is necessary to pay attention to withdrawal periods for each
pesticide (Sadto, S., Szpyrka, E., Jazwa, A., & Zawislak, A., 2007). Although the application of
pesticides is high, in the last years the integral protection of apples has gained significance. This
type of protection involves the use of natural agents for suppression and use of selective
insecticides, which preserve the environment, while simultaneously contributing to the production
of health food safety food (Mileti¢, N., & Tamas, N., 2009; Fenik, J., Tankiewicz, M., & Biziuk,
M., 2011).

EXPOSITION

Sampling and analysis methods

Samples of apples were taken from two different locations, Drmeni and Jankovec from the
Prespa Region. Apples of the Golden Delicious variety were analyzed.

In order to analyze pesticide residue it is necessary to prepare the sample and extract the
residue, and then to analyse it by using separation techniques. Today, the most commonly used
method for extracting pesticide residues is QUEChERS (Quick, Easy, Cheap, Effective, Rugged,
Safe). QUEChERS involves several simple analytical steps, which are easy to perform and are
slightly sensitive to errors. Thus, a high yield of extraction of a number of analytes is ensured, and
the final extract can be directly analyzed by gas or liquid chromatography (Stocska, J., & Biziuk,
M., 2015). Following the new trends in the extraction of pesticide residues, the QUEChERS method
was applied in this study (Anastassiades, M., Lehotay, S. J., Stajnbaher, D., & Schenck, F. J., 2003),
according to the MKC EN 15662:2011 standard (Jankuloska, V., Karov, I., & Pavlovska, G., 2018).

Pesticides were analyzed with ultra-high-performance liquid chromatography, a consequence
of HPLC whose basic principle is that, as the size of the particles (2 um) in the column decreases,
efficiency and resolution increase (Patil, V. P., Tathe, R. D., Devdhe, S. J., Angadi, S. S., & Kale,
S. H., 2011; Kumar, P., Singh, S. P., Shrikant, K., & Madhukar, D., 2011). For the analysis of
pesticide residues by UPLC-TQ/MS was used Agilent UPLC 1290, detector DAD VL Agilent 1260
G1315D (Waldbronn, Germany), Agilent triple quadropul LC/MS detector 6420 (Agilent
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Technologies, Santa Clara, California, USA). The temperature of the column was 35°C and the
flow was 0.4 ml/min. The volume of injection is 0,7pl.

The name of the chemical, the withholding period (WHP) and retention time of the analyzed
organophosphorus pesticides is given in Table 1.

Table 1. Chemical name and withholding period (WHP) of a group of pesticides

Pesticide Chemical name WHP Retentlc_)n

(days) time (min)
chlorovrifos O, O-diethyl O-3, 5, 6-trichloro-2- 28
Py pyridyl phosphorothioate 13,622
dimetoate 2-d|methoxyphosphlpothloylthlo- 7 4,310
N-methylacetamide
ometoate 2-d|methoxyphosphmoylthlo-N- 21 2,70
methylacetamide

RESULTS AND DISCUSSION
The results for the analyzed residues of pesticides in Golden Delicious apples, grown at the
location of Drmeni and Jankovec are presented in Figure 1.

Pesticide residues in apples

% Drmeni

# Jankovec

70,

mwp

chlorpyrifos  dimethoate omethoate
Organophosphorus pesticides (OPs)

Fig. 1. Residues of organophosphorus pesticides (OPs) in Golden delicious from Drmeni and
Jankovec

The concentration of residues of insecticides in apples from Jankovec was in the range of
0.02-0.03 mg/kg, while in apples from Drmeni the value was between 0.02-0.05 mg/kg. It is
noticeable that chlorpyrifos and dimethoate are present in the apples from both locations while the
omethoate is detected only in the apples from the Drmeni location (Fig.1).

A side by side comparison of the pesticide residue in apples from Jankovec and their MRL is
given in Figure 2.
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Location ""Jankovec"

dimethoate

#MRL

m Rezults

Pesticides

chlorpyrifos

Fig. 2. Comparison of the pesticide residues in apples from the location of Jankovec with MRL

As can be seen from the results shown, chlorpyrifos residues were measured at 0.03 mg/kg,
and its MRL is 0.01 mg/kg. It can be concluded that chlorpyrifos residue is three times higher than
the MRL, while the insecticide dimethoate residue (0.02 mg/kg) is equal to the MRL (0.02 mg/kg).
From the obtained results, it can be concluded that in relation to the insecticide chlorpyrifos, apples
of the Golden Delicious variety from Jankovec, are not safe to eat.

A comparison of the concentration of detected pesticide residues in the apple from the
location of Drmeni and MRL is given in Figure 3.

Location "Drmeni"

omethoate

dimethoate || L 2

T m

0 0.01 0. 0.03 0.04 0.05
mg/kg

Pesticides

chlorpyrifos

Fig. 3. Comparison of the pesticide residues in apples from the location of Drmeni with MRL
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In apples from the location of Drmeni, the residue of insecticides chlorpyrifos, dimethoate
and omethoate is higher than the tolerable MRL. The chlorpyrifos residue level is 0.04 mg/kg and
the MRL is 0.01 mg/kg, a level four times higher than the MRL. Dimethoate residue level was
detected with 0.05 mg/kg and its MRL is 0.02 mg/kg, which means that its level is 2.5 times higher
than the MRL. No residue limit for omethoate is provided in the Rulebook for Maximum Residue
Limit. But the apples from this location have been shown to contain a residue of 0.02 mg/kg. As a
result of the above, it can be concluded that the Golden Delicious variety of apples from the Drmeni
location are not safe for consumption, having been found to contain chlorpyrifos, dimethoate and
omethoate residue above the MRL.

CONCLUSION

The results show that parts of the analyzed apples contain insecticides residue higher than the
maximum residue limit (MRL), and therefore the apples are not safe for consumption.
Contamination of fruits with pesticides residues in general is one of the most important aspects of
the food quality assurance. In order to provide consumers with food that does not contain residues
of pesticides above the MRL, it is necessary to reduce the use of pesticides and to increase the
application of integrated protection of crops, as well as to monitor and control products from
authorized institutions.
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Abstract: One of the indicators for assessing the effectiveness of mixing the yeast dough is the homogeneity of
the resulting mixture. The studies on mixing the yeast dough with the working elements of different configurations and
their effect on the homogeneity of the distribution have been carried out. Using a high-precision microscope,
homogeneity of distribution of yeast dough was investigated. The conducted studies allowed to obtain a fixed image of
the distribution of components of the yeast dough after mixing with the working elements of different configurations.
The uniform distribution of components is observed in the cam and finger working elements, in the screw working
elements there is no part of mixing and adhesion of the components into large clumps. The research revealed a number
of homogeneous particles that formed after mixing the yeast dough. Distribution coefficient after kneading by cam
operating elements is 84%, there is even distribution of components in the structure of yeast dough. After mixing by the
"finger" kneading elements, the distribution factor is 67%, therefore the uniform distribution of components in the
structure of the dough is achieved. During the mixing with auger working elements, the distribution factor reaches
58%, for these values uniform distribution of components in the structure of the test cannot be reached, there contains
traces of non-conductivity in the structure. A comparative analysis on the distribution and homogeneity of the yeast
dough after mixing was carried out.

Keywords: Mixing, Yeast Dough, Working Elements, Distribution, Homogeneity.

INTRODUCTION

The studies were carried out as follows, the prepared recipe components were kneaded by a
dough machine of continuous action. After mixing, samples of yeast dough were investigated using
an optical microscope Biorex-3, recorded the obtained image of the structure of the yeast dough.
Using the ImageJ software complex, the obtained image was processed and the distribution factor
was calculated.

The yeast dough was mixed by working elements of various configurations: screw, finger and
cam working elements in a dough machine of continuous action.

At the beginning of mixing, an inelastic mass is formed. During further mechanical treatment
of the dough, depolymerization of gluten proteins occurs as a result of the rupture of disulfide bonds
between the peptide chains and splitting of non-covalent bonds occurs as well: hydrogen,
hydrophobic and salt bridges. The structure of the gluten-free frame is rearranged, it becomes
plastic.

It is believed that the mechanism of plasticization consists in the fact that the spiral
polypeptides of the loose protein molecule are cleaved, stretched into protein films and arranged in
the form of plates, which include starch grains. As a result of the dissolution of the protein
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molecule, the weakening of the strength of the micellar framework intensifies osmotic processes,
swelling proteins more fully, increasing the amount of bound water, which makes the dough
become dry to the touch, elastic, gluten films acquire the ability to retain carbon dioxide.

For the formation of a dough with an elastic structure, it is required that the gluten proteins
are elastic and envelop all grains of starch with a thin film. If the number of protein is not enough or
the gluten is not elastic, the dough will have low gas retention capacity.

EXPOSITION

One of the indicators for assessing the effectiveness of mixing the yeast dough is the
homogeneity of the resulting mixture., The homogeneity of distribution of yeast dough was
investigated by using a high-precision microscope (Fig. 1.).

a.) Cam working element  b.)Finger working element c.) Screw working element
Fig. 1. Homogeneity of distribution of components of yeast dough after mixing by working
elements of different configurations
The conducted studies allowed to obtain a fixed image of the distribution of components of
the yeast dough after mixing with the working elements of different configurations. The equable
distribution of components is observed in the cam and finger working elemets, in the screw working
elements there is no part of mixing and adhesion of the components into large clumps.

a.) Cam working element  b.)Finger working element  c¢.)Screw working element
Fig. 2. Uniformity of distribution of dough components after the processing by complex software
ImageJ

The research revealed a number of homogeneous particles that formed after mixing the yeast
dough. In cam kneading elements, these indices are the highest (Fig. 2a) and make 2421 pieces of
homogeneous particles in the area under examination under a microscope (282600 microns), in
fingertips 1439 pcs, in sconces 801 pcs. The average size of parts after kneading by the cam
kneading elements is 116.7 microns, the finger working element 196.3 microns, screw working
element 352.4 microns. Distribution coefficient after kneading by cam operating elements is 84%,
there is even distribution of components in the structure of yeast dough. After mixing with the
fingers, the distribution factor is 67% and the equable distribution of components in the structure of
the dough is achieved. When mixing by screw working elements, the distribution factor reaches
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58%, for these values it is not achieved the equable distribution of components in the structure of
the dough, it is contained traces of non-conductivity.

At the beginning of the mixing, an inelastic mass is formed, during the subsequent
mechanical processing of the dough the structure of the gluten-free frame is rearranged and
becomes plastic. As a result of mechanical processing, during the kneading of yeast dough,
volumetric gluten proteins extending beyond the interstitial cracks stick together and form a gluten-
free carcass, which provides the dough with the elasticity starch grains impregnated in the gluten-
free frame.

Fig. 3. Formation of the structure of the yeast dough after mixing by the working elements of
various configurations (white mesh-gluten-free frame; black inclusions-starch grains)

During the kneading by cam operating elements (Fig. 3a), the dough is formed with an elastic
structure, gluten-free proteins acquire elasticity and evenly cover all the starch grains with a thin
film, the yeast dough thus has a high gas-retaining ability and subsequently even fine-grained
porosity of the finished product. The equable distribution of the dough structure is observed after
mixing by the finger working elements (Fig. 3b), but due to its structural parameters, the gluten-free
frame is broken down and starch grains are damaged, which absorbs a significant amount of
moisture from the gluten-free proteins, thus gluten does not have time to recover, deterioration of
the gas-retaining ability and as a result, the porosity of the finished product is deteriorating. After
mixing by screw working elements, the dough is poorly mixed and the components are not
distributed equally, there is not equable distribution of the structure of the yeast dough (Fig. 3c),
large particles of starch grains start to bind water more quickly than the protein, so water is not
enough to swell the proteins and the dough does not become elastic.

CONCLUSION

After kneading by the cam operating elements, a high quality yeast dough is achieved, and an
equale, fine, thin-walled structure with no cavities is observed. In the dough there are no foreign
inclusions in the form of non-stirred flour bundles. During the kneading the yeast dough by the cam
operating elements, the gaseous components are evenly distributed in the dough preparation, which
further improves the structure of the porosity of the products.
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Abstract: On the example of the estimation of technical and economic indicators of machines for the
production of burger products, the task of multicriterial choice of equipment for the production lines arrangement by
methods of spectral analysis, Pareto and distance to the goal was solved.

The method of spectral analysis is based on the apparatus of dead-end tests, involves comparing all the definite
combinations of features which describe the object, has advantages over Pareto and motion to the goal methods,
because it provides a generalized mathematical evaluation of the specimens which are considered.

After analyzing five indicators (productivity, capacity, capacity of the feeding bin, weight, overall dimensions)
of eight samples of equipment for the burger products production from different manufacturers, it has been established
that according to the chosen parameters, the preference should be given to the machine Laminerva C/E 653 1ph.

The correctness of a decision primarily depends on the correct choice of indicators to be compared. In their
composition, in the future it is necessary to include indicators of reliability and durability, as well as quality indicators
of finished products.

Keywords: Multicriterial choice, Method of spectral analysis, Pareto front, Equipment.

INTRODUCTION

The production lines arrangement for the food industry is associated with certain difficulties,
caused by the need to choose the appropriate equipment reasonably. The methods of the justified
choice of equipment were actively developed at the end of the 20th century, but were not widely
used. The situation has not changed significantly in recent years, although some publications related
to the assessment of the equipment technical level in various industries, particularly food industry
(Orlov, V., Petrunina, E., 2013), mining industry (Skotnicka-Zasadzien, B., Biaty, W., 2011) and
energy sector (Hennen, M., Voll, P. Bardow, A., 2014) appear.

The technical level of equipment is a relative characteristic of its quality and is based on the
comparison of the indicators that characterize its technical perfection, in comparison with the basic
values. When evaluating alternative equipment variants, each of which is characterized by a set of
parameters, we have a multicriteria task. The most common are two types of tasks - optimization
and choice, which differ, first of all, in decision rules.

Deterministic methods of functions optimization with many variables are used if single
criteria, for each of which the weight is determined, can be reduced to one generalized (integral)
one (Belton, V., & Stewart, T., 2002). In the case of the assessment of the equipment technical
level, it is not possible to develop such a generalized criterion, taking into account various technical
and economic aspects, and to ensure the sensitivity of the multifactorial model. Therefore, it is
advisable to pay attention to the methods of multicriterial choice of the best variant from the set of
those that are considered. Despite the presence of a large number of developed methods, in the
mathematical theory of choice and decision making, currently there is no common strategy for
solving practical engineering problems and clear criteria for comparing the choices methods
themselves.
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EXPOSITION

Possibilities of using three methods of multicriteria choise - methods of spectral analysis,
Pareto and distance to the goal - were demonstrated by the example of the choice of the best variant
of the machine for the burger products forming. For eight variants of equipment a complex
assessment of technical characteristics was fulfilled (Table 1).

Table 1. Technical characteristics of machines for burger products forming

Machine brand
N La GPM
ﬁgimﬁt::sms of AE’_M Minerva Planus Formatic | AK2M- | IPKS G’Zs,_er AK-
o000 | C/E 653 R3000 | 40 |-123 | oo | MR
1ph 400
Variant number 1S, 2S; 3S;3 45, 5Ss 6 Se 7Sy 8 Sg
Elcsplrh"duc“‘”ty’ 2000 | 3900 | 2100 | 3000 | 3900 | 1680 | 1900 | 219
ko Power, KW 0,75 0.7 037 | 0.5 055 | 055 | 0,75 | 037
ks Feed pan 20 23 32 15 20 50 | 20 32
capacity, |
ks Volume 0,6
occupied bythe | 0,189 | 0166 | 0297 | 029 | 0373 | 0312 | 0,183
machine, m®
ke Net weight, kg | 67 50 75 95 90 %0 | 66 | 100

The spectral analysis method

The degree of objects convergence by the method of spectral analysis is calculated not by the
sequential comparison of individual features, but by the comparison of all possible (or definite)
combinations of features included in the object description. Let's consider a number of design
fulfillment variants of equipment in the form of a making decision matrix:

1 k2 kn
Sylki ki Ky

M4 (S) =3, Koy Ky Kol (1)
Silki ki ki

S1, Sy, ..., §j — alternative design fulfillments that are compared; ki, ko, ..., ky — characteristics
of alternative variants; ki, — the value of the characteristic ky, for the variant S; (i = 1..j, m = 1..n).

For the transition to the dimensionless characteristics of alternative variants, it's need to carry
out the normalization:

—+, if an increase in the characteristics improves the quality of thealternative variant
K, = ‘"‘k . @
1-—=,if anincrease in the characteristics worsens the quality of thealternative variant
k;, = max(k,,) by the column m of the matrix (1).
Using expressions (2), the transition from the making decision matrix M _,(S) to the
decision matrix M (S) is carried out. Then the degree of severity of the characteristic g is

determined: if the characteristic exceeds a given level, then it is considered i :1, otherwise
Oimn =0 (i = 1..j, m = 1..n). The critical level is chosen so that in the received spectral matrix (Mc)
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there are no rows and columns that consist only of zeros. Jim =1 at Kin 2Ky | Gin =0 at Kiy <k

(i=1.j, m=1.n).

ko ke o ke 9 i 91
k,, Kk k
Md (S) — 21 22 2n MC (S) _ ng 922 an
kjl kj2 kjn ’(3) gjl gj2 gjn ’ (4)

Kias Kz, Ky — dimensionless characteristics of alternative variants.

The influence of characteristics on the functioning efficiency and the quality of the
investigated design fulfillments of equipment is determined based on the load of the rows (the
object significance) and the columns (the significance of the object characteristics) of the spectral
matrix Mc(S). According to the theory of the blind alley tests, the load of rows (7) is determined by
taking into account the load of the columns (w), and the load of the columns — by taking into

1-1
wm

account the load of the rows. For the row: z(w); =>.G

m=1

“Qim» 1=1..j. for the column:

j
o)y =Y .Gy Ui, M=1..n ere | — the iteration number; G, G, — normalized column and
i=1
rows weights respectively.
The initial weights of rows and columns are determined:

n J
Gi=20n, i=1.j.Gg => 0y, m=Ll.n ()
m=1 i=1

Calculations are stopped when a given convergence of the iterative process is obtained.
In the course of the work, a making decision matrix M, (S), a decision matrix M (S) and
a spectral matrix M _(S) are constructed, in which the rows represent the equipment brands under

consideration, and the columns — their technical characteristics. The matrix of decisions M4 (S) is
obtained by normalizing the characteristics using formulas (2). From the listed characteristics an
increase of characteristics k; (productivity) and ks (capacity of a loading bunker) improves the
quality of the alternative variant, while an increase of parameters k, (power), k4 (dimensions), ks
(weight) worsens them.

Based on the analysis of the characteristics of machines for the burger products forming,
given in Table 1, we adopt the following critical levels of characteristics:

K =06; ki =05; ki =0,7; k)" =0,7; k& =01. (6)

Given the loads on rows and columns, weightedness of the objects characteristics is
determined. In the solution, two iterations are carried out (Fig. 1, figures in circles denote the
sequence of calculation steps), the iterative process converges to the values of the boundary loads. It
has been established that the best integrated estimate of 1 is characteristic of the machine

Laminerva C/E 653 1ph.
K, k, K, k, ki

s,[2000 075 20 0.8 67 051 0 04 069 033 00001
5,[3900 070 23 0166 50 1 007 046 072 05 10011
s,[2100 037 32 0297 75 054 051 064 051 0,25 01001
M, (S)=5,|3000 075 15 029 95| M, (S)=[077 O 03 052 005 Mm,(S)=|L O 0 0 0
S:[3900 055 20 0373 90 1 027 04 038 01 10001
Ss1680 055 50 0312 90 043 027 1 048 01 00101
S,|1900 075 20 0183 66 049 0 04 07 034 00001
Se|2100 037 32 0600 100 054 051 064 0 0 01000
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0 1 1 2 2
M,(S,) G  nw) Gl  nw) G,
0o o o0 o0 1 1 p 0.6 1,00 0,55
1 0 0 1 1 3 10 1 1,82 1
o 1 o o 1 2 8 0.8 1,27 0.7
1 0 o o o 1 3 L E), 03 05 | 9 jm 03
1 o o o 1 ‘\1)” 2 ° 0.9 155 | 0,85
o o 1 o 1 2 7 0,7 118 0,65
o o o o 1 1 6 0.6 1,00 0,55
o 1 0 o0 o 1 2 02 027 0,15
I
1 / !
T) T
0
G | 5 3 4 i &
w(m) | 6 3 2 3 i

%)
Gt |0,55 027 018 027 1,00

22 1 07 1 4,6|<——6

w(ﬂ:)2

G |0,4s 022 015 022 1,00|

Fig.1 The calculation scheme of the choice of the optimal variant in accordance with the spectral
approach to determining the importance of the object characteristics

The Pareto analysis method

Pareto optimality is intended to determine if the proposed change improves the overall level
of the object. The principle of dominance is used to find effective (Pareto-optimal) variants.
Assume that the variants that are compared are estimated by the vector of criteria:

k =1{k,,Kk, ...k, }, k; €K, i=1..n.. Then variant A dominates variant B, if each criterion k”
prevails or is equivalent to the corresponding criteria k°, at least for one of them there is a strict

preference k. over k. It convenient to use the Pareto analysis method in graphical interpretation

on a plane, alternately comparing two criteria. It gives the opportunity to go out an effective
boundary that combines options that dominate others and do not have domination over them.
Variants that lie on the effective boundary are called Pareto optimum.

For a visual representation of the solution for a number of alternatives, two criteria were
considered alternately (Fig.2). First of all, for the eight design fulfillments of the equipment, we
considered the indicators that have the highest weight - productivity, pcs./h and power consumtion,
kW (Fig. 2a). The direction of the abscissa (power) axis is inversed, since optimization by the
power criterion is associated with its minimization. Points 1 to 8 depict the variants of machines for
burger products forming. In this case, the variants of the dominant machines are La Minerva C/E
653 1ph (point 2), Planus (point 3) and GPM AK-MR 400 (point 8), becouse above and right of
them there are no variants for improvement by two characteristics at once. Since there are three
variants of equipment on the effective border, the following characteristics should be considered.
Leaving the most significant indicator — productivity, we take into account the feed pan capacity,
which, if the forming process is periodicity, affects the duration of auxiliary operations and hygienic
process. In this case, the variants of machines that are on the effective border - La Minerva C/E 653
1ph (point 2) and IPKS-123 (point 6). To obtain a more objective solution, the following
characteristic is considered: the overall dimensions of the equipment, which are represented in
generalized form by the volume occupied by the machine (Fig. 2 c).
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Fig. 2. Choosing the best variant of the machine for burger products forming based on the Pareto
principle at the parameters that are considered:
a - productivity - power, b - productivity - feed pan capacity, ¢ - productivity - volume occupied by
the machine

Variants of equipment, which dominate over others, are the machine La Minerva C/E 653
1ph (point 2) and Gaser A-2000 (point 7). The La Minerva C/E 653 1ph there is at an effective
boundary for all of the considered combinations of parameters. Consequently, it is appropriate to
choose it as one that has the largest productivity among the considered at moderate power
consumption and small overall dimensions.

The method of distance to a goal

Another simple method for solving the problem of multicriteria choice is to apply an integral
criterion of distance to a goal. The method essence is to justify the ideal and evaluate the degree of
approach to it each of the variants of the original set. The ideal variant characterizes such a system,
for which each criterion reaches its potentially possible best value, which can be theoretically
substantiated or correspond to the best actually achieved value. The practical application of the
method is presented on a graphical model (Fig. 3). For variants of the initial set of alternatives,
criteria k; are determined and put on a radially located scales. The scale is constructed so that the
improvement of the criterion goes to the center (point 0). By connecting points on the scales for the
j-th option, a polygon is obtained. At the best values of the criteria, a polygon of an idealized
variant is constructed. A generalized criterion of distance to the goal x is defined as the ratio of the
area of j-th variant to the idealized area.
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Volume occupied by the —e— Gaser A-2000 GPM AK-ME 400
machine, m® o= DPerfect option

Fig. 3. Multi-criteria assessment of machines technical level by a distance to the goal method

CONCLUSION

In order to assess the technical level of equipment it is expedient to use methods of
multicriteria choice. The results obtained by the three methods of multicriteria choise (spectral
analysis, Pareto and distance to the goal) are the same. After analyzing five characteristics of eight
variants of equipment for the burger products forming by different manufacturers has been
established, that according to the chosen parameters the advantage should be given to the machine
La Minerva C/E 653 1ph.

In our opinion, the most expedient is the application of the spectral analysis method because
it enables to take into account in a complex way all the criteria that characterize the technical level
of equipment and the efficiency of its work. The method does not require special skills in working
with graphic information and is the most formalized. The correctness of a decision primarily
depends on the correct choice of indicators to be compared. In their composition, in the future it is
necessary to include indicators of reliability and durability, as well as quality indicators of finished
products.
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