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NMPOMHO3UPAHE HA ®U3UKO-
XUMUYHUN NMOKA3ATEJIN HA
KUCEJNO MNIAKO C NOBABKA HA
MEA U NYENEH NPALUEL YPE3
YNTPASBYKOBMU
XAPAKTEPUCTUKH

3natuH 3nareB, Upa TaHeBa

Pe3rome: B cratuata ca npencraBeHu
OCHOBHUTE OU3NKO-XUMUYHUN XapaKTEPUCTUKM Ha
nosy4YeHn Kucenu mreka ¢ gobaBka Ha MYEnHU
npooyktm — Men w npawed. Pesyntatute ca
CPaBHEHN C TE3M Ha KUCENO MIISKO 3aKyrneHo oT
TbproBckata Mpexa. HanpaBeHa e oueHka Ha
Bb3MOXHOCTTa 3a MporHosvpaHe Ha dU3MKo-
XUMUYHU NOKasaTenu Ha M3cnenBaHuUTe Kucenure

Mrieka, 4pe3 W3MOon3BaHe Ha  YNTPa3ByKOBM
XapaKTEPUCTUKN.
Knro4oeu OyMu: YnpasByKkoBu

xapaktepuctukm, Knceno wmngko, lNMueneH wmen,
MyeneH npawuely

1.YBop

YnTpa3BykbT HaMupa MpuUoXeHue npu
NPOM3BOACTBOTO HA KMUCENO MASAKO M KOHTpona
Ha HEeroBoTO kayecTBOTO. M3nonsBa ce npwm
XOMOreHu3aumsita Ha npsiCHO MINSAKO  3a
cTabunuanpaHe Ha MacTHata emyncus,
nogobpsaBaHe Ha npoueca Ha depmMmeHTaums,
KaKkto 1 C uen naMmepBaHe M muscrnegBaHe Ha
KopenaunoHHaTa Bpb3ka Mexay napameTpute
Ha ynTpasBykoBus curHan (amnnuTyga,
4yecTtoTa, opmMa Ha curHana) ¢ U3NKo-
XAMUYHW  napameTpu  Ha  npoaykta(pH,
BMCKO3MTET, NPOBOAMMOCT, TEKCTYpa, Hannine
Ha BpeaHu 3a YoBeKa BellecTsa) [6,14].

BEe3KOHTaKTHUAT yYNTPasByKOB MeETO4 ce
0a3npa Ha edeKkTa Ha OTpaKeHue U eauH oT
MEeTOAMTE 3a OMarHOCTUKA Ha KMCENOo-MIIeYHN
NPOAYKTW, NpunaraHn B KOHBEHLMOHANHUTE
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Abstract: The article presents the main
physico-chemical characteristics of the
resulting yogurts with added bee products -
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1. Introduction

The ultrasound is used in the
production of yogurt and monitoring its
quality. It is used in the homogenization
of milk to stabilize the fat emulsion, to
improve the fermentation process, and
to measure and study of the correlation
between the parameters of the
ultrasound signal (amplitude,
frequency, waveform) to the physico-
chemical parameters of the product
(pH, viscosity, conductivity, texture,
presence of substances harmful to
man) [6,14].

The non-contact ultrasonic method is
based on the effect of reflection and
one of the diagnostic methods of
yoghurt applied in the conventional
non-destructive methods for evaluating
the quality of the product.

The ultrasonic  methods have

43



Innovation and entrepreneurship, ISSN 1314-9253

Volume V, number 1, 2017

HepaspywmuTenHn MeToaM 3a OueHka Ha
KayeCTBOTO Ha npoaykra. YNTpasByKoBUTE
MeToau umaT npeauMmcTBa npeg ocTaHanute
GEe3KOHTaKTHU MeToaM (ONTUYHW, MMNEAAHCHU
[1,2,5,13,16]) — Te moraT ga ce npunarat
OVPEKTHO B MPOW3BOACTBEHATa  NNHWS,
HepaspywuTenHu ca, no3sonaBat 6bp3o
nony4yaBaHe Ha pes3yntatv OT MU3MEepPBaHETO,
Bb3MOXHOCT 3a aBTOMaTtuanpaHe Ha npoueca
n3mepBaHe, ynpaBfeHMe W KOpekuus B
pabotata Ha arperatm  CBbp3aHM C
NpPOM3BOACTBOTO Ha KMceno mMnsko [12,17].

MperneabT Ha nybnukauum, CBbP3aHU C
OLEeHKaTa Ha KayeCTBeHUTEe MokasaTenu Ha
KMCENo MMsKO npu  pepMeHTaumss 1M Ha
PU3NKO-XMMUYHM  CBOMCTBA Ha npoaykTa
[6,7,13,14] nokasa, 4ye meTOoOUTE, KOUTO Ce
n3nonseaTt 3a npeacraBsHe Ha JaHHUTE OT
n3mMepBaHuATa C ynTpasByk, ca amnnutyaarta
N CKOpPOCTTa Ha curHana.

Manko ca nybnukaumuTe CBbp3aHN C
npeacTaBsHe Ha YNTPa3BYyKOBUSA CUrHasn BbB
BUO HaA  nNpu3HauyM  Kato  YemBnuTHu
KoeduumeHTN, dasoBa pasnuka,
KoehmumeHTn Ha 3aTuxeaHe. B pasrnegaHute
nybnukaumm OCHOBHO Ce U3nosi3Ba MeToaa Ha
Kopenauus  Mexay — napametpute  unm
npusHauuTe, C KOUTO € NpeacTaBaH curHana u
PU3NKO-XMMUYHUTE NapaMeTpu Ha MNpoAyKTa,
N3non3BaHn KaTto pedepeHTHM.

[MpunaraHeTto Ha KnacuukaumoHHU
npouegypy npuv  TO3X TWUM aHanus, ce
usnonseat psgko. Pesyntatute 4ecto ce
NpeacTaBaAT C HernapameTpuyHN MeToau, Kato
Cce M3ror3Ba Bb3MOXHOCTTa 3a MPUIIOXeHue
Ha ynTpasBYKOBUTE WU3MEpPBaHUS MPU OLEeHKa
Ha Ka4yeCTBOTO Ha KNCENO MIISIKO.

He ca HamepeHn nybnukauum, CBbp3aHu C
onpeaensHe Ha yrnTpa3ByKOBU
XapaKTePUCTMKM Ha KMceno mnsko ¢ gobaska
Ha N4YesiHM 1N BUNKOBM NPOLYKTW.

LlenTta Ha HacToswWOTO mM3cnegBaHe e ga
Cce HanpaBu CpaBHUTESNEH aHanu3 Ha ynTpa-
3BYKOBU XapaKTEPUCTUKM Ha KUCENO MMSKO C
aobaBka Ha MYyenHW NPoayKTn 1 pesynrarture

advantages over other non-contact
methods (optical, impedance
[1,2,5,13,16]) — they can be used
directly in the production line, they are
non-destructive, allow quick obtaining
of measurement results, the ability to
automate process of measurement,
control and correction the work of
aggregates  associated with  the
production of yogurt [12,17].

The review of publications related to
the assessment of the quality indicators
of yogurt during fermentation and
physico-chemical properties of the
product [6,7,13,14] showed that the
method is used to represent the data of
measurements with amplitude and
speed of the signal.

There are few publications related to
the representation of the ultrasonic
signal in the form of features as
Wavelet coefficients phase difference
coefficients of attenuation.

In the reviewed publications mainly
using the method of correlation
between parameters or features by
which is presented signal and physico-
chemical parameters of the product,
used as reference. The application of
classification procedures in this type of
analysis is rarely used. The results are
often presented with nonparametric
methods, using the possibility of
application of ultrasound measure-
ments to assess the quality of yogurt.

There are no publications related to
the  determination of ultrasonic
characteristics of yogurt with added
honey or herbal products.

The aim of this study is to make a
comparative analysis of ultrasonic
characteristics of yogurt supplemented
with bee products and to compare the
results with those of the yogurt
distributed commercially.

2. Material and methods
» For purposes of the analysis were
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Ja Ce CpaBHAT C Te3n Ha KUCEeno MISiKO,
pasnpoCTpaHsBaHO B TbproBckaTa Mpexa.

2. MaTtepuan n metoam
» 3a HyXguTe Ha aHanu3a ca 3aKyrneHu ocem

Oposs kucenu Mneka OT  Obnrapcku

NpoOn3BOOUTENMN U3MON3BALLUM  TEXHOMNOMMSA

cbrnacHo BAC 12:2010 [2];

» Kucenute mneka ¢ pobaeBka Ha n4yenHu
NpoayKTM ca MNOMy4YeHW MO Kracumyeckata
TexHonorna 3a bbnrapcko kuceno MNAko
(6OC 12:2010) [2];

» M3nonsegaHa e nuodunmsmpaHa 3akBacka
Ha dwupma JlaktmHa®  O0L) [15],
CbObpXallM MECTHM LamMoBe MIIEeYHO-
KMCENWU MUKPOOPraHuM3Mm OT rpynata Ha
Streptococcus thermophilus n Lactobacillus
delbrueckii ssp. Bulgaricus;

*» V3nonseaHu ca n4yenHn nNpoayKTn 3aKyneHm
OT TbproBckata Mpexa - mMefn (OTroBapsLL
Ha BOC 2673-89) u nyeneH npawey
(Hapen6a Ne9, 2005 [11]).

Ha nonyyeHute mreka u Ha Te3n oOT
TbproBckata Mpexa ca  onpegeneHu
cnegHUTe PU3NKO-XMMNYHM NOKa3aTenu:

v Tutpyema kucenuHHocT — BAC 1111-80 [3];

v AKTVBHa KUCENWHHOCT — 4pe3 pH meTbp
(Laboratory pH meter MS2006), cHabaeH ¢
enektpoa (pH electrode Sensorex, Garden
Grove, CA, USA) [9];

v EnexktponpoBogumoct, mS -  ype3
KOHAYKTOMPTbP Moaen DM-750 [4].

v’ YnTpasByKoBUTE XapaKTepUCTUKM Ha
n3cneaBaHUTe KUCENW MIieKa ca MnonyyYeHu
C TeXHMYecka cuctema, npegcraseHa B [17].
Ws3non3saH e yntpa3BykoB ceH3op HC-
SR04, konto paboTn ¢ ynTpasByKOB CUrHan
¢ 4ectota 40 kHz w wma oTtoened
npegasaTen n NPUEMHUK.

YnpaBneHneTo Ha ynTpa3ByKOBUAT CEH30P
ce oCbLlecTBABa OT €AHOMMAaTKOB KOMMIOTHP
Itead Leonardo. CurHansT OT nNpuemMHuKa Ha
CeH3opa Cce ycuneBa OT  OnepauuoHeH
ycuneaten LM324 w©n ce nogaBa KbM
ocLmMniockon Uni-T UTD2025CL.

purchased eight yogurts from

Bulgarian  producers  that use

technology according to  BNS

12:2010.For these samples
differences in terms of net weight as
measurement and compared to the

marking of packages vary to a

minimum.

» The functional dairy products (yoghurt)
are produced by classical technology
for Bulgarian yogurt (BNS 12:2010) [3].

» For the purposes of the study have
been used bee products — honey
(corresponding to BNS 2673-89) and
bee pollen from Bulgarian producer
(Ordinance Ne9, 2005 [11]), purchased
commercially.

* Itis used freeze-dried starter culture of
a manufacturer from Bulgaria [15]
containing local strains of lactic acid
bacteria from the group  of
Streptococcus  thermophilus  and
Lactobacillus delbrueckii ssp.
Bulgaricus.

On the functional dairy products and
yoghurt commercially available are
determined the following physico-
chemical parameters:

v’ Titratable acidity — BNS 1111-80;

v/ Active acidity - by pH meter [9]
(Laboratory pH meter MS 2006)
equipped with an electrode (pH
electrode Sensorex, Garden Grove,
CA, USA);

v’ Electric conductivity, mS.cm-1 — by
conductivity meter DM-750 [4];

v' The ultrasonic characteristics of the
studied vyogurts are made with
technical system presented in [17]. It
was used ultrasonic sensor HC-SR04,
which works with ultrasonic signal with
a frequency of 40 kHz and has a
separate transmitter and receiver.

The control of the ultrasonic sensor is
performed by single board computer
Itead Leonardo. The signal from the
receiver of the sensor is amplified by
the operational amplifier LM324 and is
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YNTpa3ByKOBUAT CUrHaN ce BU3yanuampa Kato
aHanoroBu AaHHM BbB BpemeBaTa obnacT Ha
eKpaHa Ha ocumnockona.

N3nonssa ce paspaboTteHa nporpama B
Matlab cpega 3a nonyyaBaHe Ha CTOWHOCTMU
Ha YNTPa3ByKOB CUrHam 4pe3 TEXHWKM 3a
obpaboTka Ha n3obparkeHus.

Ha curypa 1 e npeacraBeH HauvMHa Ha
nosny4aBaHe Ha yNnTpa3ByKoBUTE
XapaKTepUCTMKM Ha u3cnefBaHUTe Kucemnu
mreka. PasctoaHveTo 3a norny4vaBaHe Ha
XapakrepucTtukute e 35 cm.

i |

fed to the oscilloscope Uni-T
UTD2025CL. The ultrasonic signal is
displayed as analog data in the time
domain on the screen of the
oscilloscope. It is used a program
developed in Matlab environment for
obtaining values of the ultrasonic signal
through the techniques of image
processing.

Figure 1 shows the method of
obtaining ultrasound characteristics of
the studied yogurts. The distance to
obtain characteristics is 35cm.

l-cuctema 3a

nonyyaBaHe Ha
XapakTepucTuku; 2-usmepeaHa npoba; 3-oCLUNOCKOn;
4-nepcoHaneH KOMMITbP C NPOrpamMHo OCUrypsisaHe.

yNTpa3ByKOBU

dur.1l. OnutHa ypenba 3a nony4yaBaHe Ha
yNTpa3ByKOBU XapaKTEPUCTUKU Ha KNCENO
MISAKO — o0, BUA,

lNporHo3npaHeTo Ha PUINKO-XUMUYHUTE
nokasarenu ypes yNTpa3ByKOBU
XapaKkTepuCTUKN Ha n3cneaBaHuUTe NpoayKTu e
peanu3anpaHo ¢ mMeTog ,MactnyHa perpecus”
Ha Hau-mankute kBagpatu [10]. Perpecusta

PLSR (Partial least-squares regression) e
TEXHWKA, W3MOM3BaHa 3a [OaHHW, KOWUTO
cbabpXxar KopenvpaHm NPOrHo3unpaLum

NPOMeHNMBU. Ta3n TEXHUKaA KOHCTPyMpa HOBWU
NPOrHO3HW MPOMEHSTMBW KaTO KOMMOHEHTU BbB
BML NMHENHa KoMOuMHaumMst Ha OpUrMHanHUTe
NMPOrHO3HN CTOMHOCTU. PLS KOHCTpympa Tesu
KOMMOHEHTN KaTo npuema HabnwoaasaHuTe
CTOWHOCTW, KOETO BOAM A0 MNorfy4aBaHe Ha Mo-

1-system for obtaining ultrasonic
characteristics; 2-measured sample; 3-
oscilloscope;  4-personal computer  with
software.

Fig.1. Experimental arrangement for
obtaining ultrasonic characteristics of
yogurt — general view

The prediction of physicochemical
parameters by ultrasonic
characteristics of the studied products
is realized with method "Partial least
squares regression” (PLSR) [10]. PLSR
regression is a technique used for data
that contains correlated predictive
variables. This technique construct new
prognostic variables such as
components as a linear combination of
original projections. PLSR construct
these components taking the values
observed, resulting in a more accurate
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TodeH Mogen ¢ no-gobpo MmporHosvpaxe.

PLSR OTKpMBa

nporHoavpaiyyTe napameTpu,

KoMbuHaumm oT
KOUTO umaTt

ronsaMa KoBapvauus C pearHuTe W3XO4HU
CTOMHOCTU Ha cucTemaTa. PLSR kombuHupa
WHpopMaums 3a gucnepcumte Ha NpPOrHo-
3vpawmTe 1 U3XoOHUTE napamMeTpu KaTo
B3ema B NnpeaBua Kkopenaumsara Mexay Tsx.

3. PesynTtatu n auckycusa

Onpegenenu

PUNKO-XUMUYHUTE

nokasaTenun Ha MoNy4YeHUuTe KUCenu mrneka c
nobaBka Ha ¢ Meq, U N4yerneH npatlel, ¢ Tes3n
3aKyneHu OT TbproBckata Mpexa. [lonyye-
HWUTe pe3ynTaTi ca AageHun B Tabnuua 1.

Ta6bnuua 1.

PU3NKOXMMUYHM NOKa3aTenu Ha
n3cneaBaHuUTe KUCernu Mneka

model with better prognosis. PLSR
discovers combinations of forecaster
parameters that have great covariance
with real baseline values of system.
PLSR combines information about
variances of prediction and output
parameters taking into account the
correlation between them.

3. Results and discussion
The physicochemical parameters are
defined of the resulting yogurts with
added honey and bee pollen with those
purchased commercially. The obtained
results are given in Table 1.
Table 1.
Physico-chemical indicators of the
studied yogurts

Kuceno mnsko c go6aBka Ha nyeneH meg
Yogurt with added honey
EnekTpo
Ne npo6a Turpyema o L npoBOoAUMOCT, MS
Ne of sample KNCENNHHOCT, 1; KUCETMHHOCT, pH electrical conductivity

- Titratable acidity, °T Active acidity, pH ms '
Kourpona 110,00 4,40 12,83
Control
Mpoba c 5 % MM
Sample with 5% HB 90,00 4,46 13,05
[Mpoba ¢ 10 % MM
Sample with 10% HB 96,00 4,48 13,51
[Mpoba ¢ 15 % MM
Sample with 15% HB 98,00 4,48 13,79

Knuceno mnsiko c fo6aBka Ha n4yeneH npawet
Yogurt with added bee pollen
Kowtpona 100,00 4,44 12,07
Control
[Mpoba ¢ 0,4% MmN
Sample with 0,4% BP 65,00 443 11,03
Mpobac 0,6 % MM
Sample with 0,6% BP 65,00 4,39 12,49
Mpoba c 0,8 % MM
Sample with 0,8% BP 60,00 445 13,90
Mpobac0,4% MMMwu
AA 65,00 4,46 14,89
Sample with 0,4% BP ' ' '
and AA
Kuceno mnsko 3akyneHo oT ThproBckara Mpexa
Yogurt purchased commercially

Ne 1 102 4,18 6,19
Ne 2 86 4,50 591
Ne 3 100 4,20 7,34
Ne 4 101 4,12 6,25
Ne 5 106 4,14 6,29
Ne 6 113 4,14 7,26
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Ne 7 120

4,41 7,08

Ne 8 122

4,10 12,80

MM — knceno mnsiko ¢ go6aska Ha nyeneH men; [ — knceno Mnsiko ¢ fobaska Ha NYesneH npaLleLl;

AA — Arap-arap

HB — yogurt with added honey; BP — yogurt with added bee pollen; AA — Agar-agar

OT nonydeHute pesyntatn € BWOHO, 4e
Kncenoto Mnsko ¢ gobaBka Ha med Mo
DUBNKO-XUMUYHUTE  MOKas3aTenn He  ce
pasnuyaBa CbLUECTBEHO OT T€3WN 3aKyneHu oT
Tbproeckata mpexa. [pn mnekara nonyyeHu
c pobaBka Ha nyeneH npawey  ce
HabnogaBaT HUCKM CTOMHOCTM Ha TUTpyemaTta
KNCENMHHOCT. ToBa BEPOATHO CE ObIMKM Ha
MHXMOUPALLIOTO  AEWCTBME  HA  MYEnHus
npaweL, BbpPXYy >KU3HEHaTa [OEeNHOCT Ha
Str.Thermophilus n Lactobacillus bulgaricus, a
OTTaM N BbpXy MPaBUITHOTO MPOTUYYaHE Ha
MIEYHO Kucernata bepmeHTauus.

3a nporHo3npaHe Ha U3NKO-XUMUYHUTE
rnokasaTtenu Ha kuceno Mnsko ¢ gobaeBka Ha
nyeneH mMen n npaiwleul, 4Ypes3 ynTpasByKOBW
XapaKkTepuUCTMKN € WM3MoNi3BaH € MeToda Ha

~HdactmyHa  perpecuss Ha  Hau-marnkute
kBagpatn“. OnpegeneH e 6posa  Ha
HeobGXooumMuTE  naTEHTHU NPOMEHIMBM.

OueHeHa e Bb3MOXHOCTTa 3a MporHosupaHe
Ha PUSUKO-XUMUYHWUTE NoKasaTenm.

1000

From the results it is clear that the
yogurt with the addition of honey on the
physicochemical parameters did not
differ significantly from those
purchased commercially.

In yogurts obtained with the addition
of bee pollen is observed low levels of
titratable acidity. This is probably due
to the inhibitory action of bee pollen on
the vital activity of Str.Thermophilus and
Lactobacillus bulgaricus, and hence on
the proper protichchane of lactic acid
fermentation.

To predict the physical and chemical
indicators of yogurt with the addition of
honey and pollen by ultrasonic
characteristics used a method of
"Partial least squares regression".
Determined is the number of required
latent variables. Assessed is the ability
to predict the physicochemical
parameters.

100 A A A 8 & A
T e e e i B e

T T -
90
85
80 f---
TA

TOF

Percent Variance Explained in X

LY.

e 13.2 ““e0p o0 e o o o A R —&— PCR
’ : 400 5 i i i i i i :
- 200 1 2 3 4 5 3 7 8 9 10
conductivity, mS time,us Number of Principal Components
a) BM3yanuMsaumsi Ha CUrHaImuTe B 3aBUCMMOCT OT 6) onpefensHe Ha Heobxoaumus  6pon

enekTpmyeckaTa NpoBOAMMOCT
a) visualization of signals depending on the
electrical conductivity
®dur.2. MporHo3upaHe Ha enekTpu4yecka
NPOBOAMMOCT MO yNTPa3ByKOBU
XapaKTepUCTUKU 3a Kucerno MISIKoO C
AobaBeH nyeneH men

NaTeHTHW NPOMEHNBY
b) determining the required number of latent
variables

Fig.2. Prediction of electrical
conductivity characteristics by
ultrasound for yogurt with added honey
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Ha dwrypa 2 ca BusyanusmpaHu
YNTPa3BYyKOBUTE XapaKTEPUCTUKM Ha KUCENOTO
Mnsko ¢ pobaBka Ha nyerneH wmeqd  npwu
NporHo3vpaHe Ha nokasaTtens enekTpo-
nposoguMocT. 3a npeactaBsHe Ha 95% ot
AaHHUTE ca Heobxooumu [OBe NaTeHTHU
NPOMEHNNBM.

3a BCUYKM UM3CnedBaHW MokasaTenn -—
enekTpo NPOoBOAMMOCT, aKTMBa M TUTpyema
KMCENMUHHOCT, ca HeobGxoaumu OBe NaTeHTHU
NPOMEHNBM 3a npeacrassiHe Ha
ynTpasByKOBUTE XapakTepuctukn. Bucoka e
TOYHOCTTa Ha NPOrHO3upaHe Ha nokasarenure

Ha wMnekata oOT nopsgbka 98-99 %.
EonHcTBEHO Npy napameTbpa TUTpyemarta
KACENMHHOCT Ce HabnogaBaT MNOBULLEHM
CTOWHOCTW Ha rpeLLKnTe.

Ha dourypa 3 e npeacraBeHa
BM3yanusaums Ha ynTpa3ByKoBUTE

XapaKTEePUCTUKN Ha Kucerno Mrsiko ¢ gobaeka
Ha M4yeneH npallel npyu NPorHosupaHe Ha
nokasaTensi enekTpuyecka npoBoavMMocT. 3a
onncaHMe Ha Te3n XapakTepuctukum ca
HeobxoaMMM TPY NaTEHTHU NPOMEHITUBW.

400

conductivity, mS time us

a) Bu3dyanusaumsa Ha CuUrHanute B 3aBUCMMOCT OT
enekTpuyeckara NnposoanMocT

a) visualization of signals depending on the
electrical conductivity

dur.3. nporHo3mpaHe Ha eneKkTpuyecka
NpPOBOAUMOCT MO YNTPa3BYKOBU
XapaKTepUCTUKU 3a KUCENO MIIAAKO C
[obGaBeH n4yeneH npawewy

On Figure 2 are visualized ultrasound
characteristics of yogurt with added
honey in forecasting the indicator
conductivity. To present 95% of the
data are required two latent variables.

For all tested indicators - electrical
conductivity, active and titratable
acidity are needed two latent variables
for presenting ultrasonic
characteristics.  The  higher the
accuracy of predicting the indices of
yoghurt in the range 98-99%. Only in
the parameter titratable acidity are
observed increases in errors.

Figure 3 presents visualization of
ultrasonic characteristics of yogurt with
added bee pollen in predicting the
indicator electrical conductivity. For a
description of these characteristics
requires three latent variables.

Percent Wariance Explained in X

Number of Principal Components

0) onpenensHe Ha Heobxoanmusa 6pou
NaTeHTHU NPOMEHNBU
c) determining the required number of latent
variables

Fig.3. Prediction of electrical
conductivity characteristics by
ultrasound for yogurt with added bee

pollen
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Cobwuatr Gpon naTteHTHU NMPOMEHNMBU ca

HeoOXxoouMM W NPWU  ONpedensiHe  Ha
rnokasaTenss aKTMBHaA  KUCENMUHHOCT. 3a
nokasatens TuTpyemarta KUCENMHHOCT ca
Heobxoanmu camo nBe NaTeHTHU
NMPOMEHINBM.

Bucoka ToyHOCT Ha nporHo3unpaHe oT 75%
Ao 99 % ce Habnogasa Npy NPOrHO3MPaHETO
Ha nokasatenute, enekTpuyecka nNpPOBOAU-
MOCT U TUTPyema KUCENWHHOCT Ha MrekaTa
nonyyeHn c pobaBka Ha nuyeneH npawlew,.
Ms3nonseaHeTo Ha ynTpPasByKOBUTE Xapak-
TEPUCTUKM 3a MPOrHO3MpaHe Ha nokasaTesns
pH Ha nonyyeHunte Mneka e Heuene-
CboOpasHo, Tbil KAaTO TOYHOCTTa € 19%.

Upes wusnonsBaHe Ha pedepeHTHUTe
AaHHN nonyyeHn  oT  nabopaTopHuTe
n3MepBaHusA, € Bb3MOXHO Ja Ce onpenenuv
B3aMMOBpb3KaTta Mexay  YynTpasByKoBUTE
XapaKTepuCTUKN Ha nscneaBaHuTe NPoayKTU U
TeXHUTE CBOMCTBa (pH, TUTpyema
KUCENNHHOCT U eNEeKTPonpoBOAVUMOCT).

ToBa CbOTHOLLEHNE MexXay pedepeHTHUTe
U3MepBaHUA W YNTpasBYKOBUTE XapakTe-
pUCTUKM MOXe [[da Cce npeacraBu C
aHanuTMyeH mogern. Ha npaktuka e TpygHo Aa
ce Mory4M TOYEeH maTemMaTtuyeH mogen, Tbi
KaTo e Heobxogumo pfa ce no3HaeaT
CTOWHOCTUTE Ha napaMmeTpuTe Ha uU3Mep-
BaTenHWA ypea, ycrnoBusTa 3a nonyyaBaHe Ha
YyNTPa3ByKOBUTE XapaKTEpPUCTUKM M BuOa Ha
aHanM3npaHoOTO KMUCENOTO MIISIKO.

To4yHOCTTa Ha nosiydeHUTe Mogerm e
npoBepeHa MOCPeACTBOM KOeUUUEHT Ha
perpecus R2, rpewkute SSE (cyma oT
KBagpaTtute Ha rpewwknte) n RMSE (KkopeH oT
cpenHoKBagpaTU4yHa rpeLuka).

BusyanusnpaHute gaHHu 1 onpegensaHeTo
Ha Heobxoanmus Opo KOMMOHEHTU 3a KUCENO
MMSKO  OT  TbproBckata Mpexa ca
npeacTtaBeHn Ha dourypa 4.

The same number of latent variables
are necessary in determining the
indicator active acidity. For the
indicator titratable acidity are needed
only two latent variables.

High accuracy of predicting of 75% to
99% was observed in predicting
indicators, electrical conductivity and
titratable acidity of yogurts made with
the addition of bee pollen.

Using ultrasonic characteristics to
predict the indicator pH of the resulting
yogurt is inappropriate because the
accuracy is 19%.

By using the reference data obtained
from laboratory measurements, it is
possible to determine the relationship
between ultrasonic characteristics of
the test products and their properties
(pH, titratable acidity and electrical
conductivity). This ratio between the
reference measurements and
ultrasonic  characteristics can be
presented with an analytical model.

In practice it is difficult to obtain an
accurate mathematical model, because
it is necessary to know the values of
the parameters of the measuring
instrument, the conditions for obtaining
ultrasonic characteristics and the type
of test yoghurt.

Accuracy of the obtained models is
assessed by regression coefficient R2,
errors SSE (sum of squared errors)
and RMSE (root mean square error).

Visualized data and determining the
required number of components for
yogurt commercially available are
presented in Figure 4.
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a) BM3yanv3aums Ha CUrHanuTe B 3aBUCUMOCT OT

aKTVMBHaTa KUCENUHHOCT
a) visualization of signals depending on the active
acidity
Pur.4. nporHo3npaHe Ha eneKkTpuyecka
NPOBOAMMOCT MO yNTPa3ByKOBU
XapakTepUCTUKN Ha KUCerlo MIIAKO OT
TbproBckaTta mpexa

3a nporHosvMpaHe Ha NokasaTenure
€reKTponpoOBOAMMOCT, aKTUBHaA U TUTpyema
KUCENMHHOCT, ca HeobxoaMMn OBe NaTeHTHU
NPOMEHINBY, KaTo TOYHOCTTA Ha
nporHo3vpaHe € 95%. lNpu mM3non3BaHe Ha
TPU  NATEHTHW NPOMEHNNBK, TOYHOCTTA Ha
nporHosupaHe e 100%.
C uen HamansiBaHe obema Ha JaHHUTe ce
N3MNon3BaH ABe NaTEHTHU NPOMEHNBM.
Tabnuua 2.
Toy4HOCT Ha nporHo3npaHe Ha hnU3nkKo-
XUMWYHMU MOKasaTesim Ha KUceno Mnsiko

Percent Variance Explained in X

0) onpegensiHe

MNumber of Principal Components

Heobxoaumust  BGpon

b)

J1aTEeHTHW NPOMEHIINBU

variables

Fig.4. Prediction of electrical
conductivity characteristics by

determining the required number of latent

ultrasound for yogurt commercially

available

To predict the indicators conductivity,
active and titratable acidity are needed

two latent variables the accuracy of

predicting is 95%. Using the three

latent variables, the accuracy of the
predicting is 100%. In order to reduce

the amount of data are used two latent
variables.
Table 2.

Accuracy of predicting

physicochemical parameters of

yogurt by ultrasound

Mokaszaren I'Iap;me'rpu 3a (f)ueHKa nm nn ™
Indicator arameters for HB BP CA
assessment
Heobxoaum 6pown J1I1 5 3 5
EnekTpuyecka Number of LV
npoBoAUMOCT, MS R’ 0,99 0,75 0,97
Electrical conductivity, mS SSE 0,01 1,73 0,58
RMSE 0,05 0,76 0,54
Heobxoaum 6pown J1I1 5 3 5
AKTMBHa KucenuHHocT, pH N?mber of LV
Active acidity, pH ' R 0,99 0.19 0,97
' SSE 0,00 0,01 0,01
RMSE 0,01 0,01 0,05
Heobxoaum 6pown J1I1 5 5 5
Tutpyema kncenuHHoct, °T Ngmber of LV
Titratable acidity, °T ' R 0,98 0,99 0,94
' SSE 3,18 0,05 0,38
RMSE 1,26 0,13 0,44

MM — knceno mnsiko ¢ gobaska Ha nyeneH men; NN — kMceno MNSKo ¢ JobaBka Ha NYeneH npalleL;

TM — Knceno Mnsiko 3aKyrneHo oT Tbproeckata mpexa; JII1 — naTeHTHM NPOMEHINBU

HB — yogurt with added honey; BP — yogurt with added bee pollen; CA — yogurt commercially available;

LV — latent variables
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B Tabnuua 2 ca npeacraBeHn
pesyntatute OT NPOrHo3vpaHe Ha u3nko-
XMMUYHUTE MOKa3aTenn Ha u3cnegBaHUTe
MIieKa, 4pe3 M3Mnorfs3BaHe Ha YNTpa3BYKOBM
xapaktepuctukn. OT OaHHUTE € BUOHO, Ye

TOYyHOCT oOT 98-99% wmorat pa ©Obpar
NPOrHo3npaHn PU3NKOXMMUYHUTE MoKasaTenu
erneKkTpuyecka npoBOAMMOCT, akTMBHA W

TUTPYEMA KUCESTIMHHOCT Ha KUCEeNlo MNSKO C
pobaBKka Ha nyeneH mea.

Mpn Mnekata ¢ pobaBka Ha nyeneH
npatuel, ¢ TO4HocT oT 75 % o 99 % morar ga
obvaoar NPOrHoO3npaHu nokasarenure
eriekTpmyeckata npoBOAMMOCT U TUTpyemata
KMCESTMHHOCT. Mokazatensar aKTMBHaTa
KMCENMHHOCT Ha MIekaTa He Moxe ga obae
NPOrHo3npaH, TbW KaTo KOe(UUMEHTbT Ha
perpecus R2=0,19. Heobxogumn ca Tpu
NaTeHTHU TMPOMEHNMBM 3@ ONUCaHMe Ha
AaHHUTE OT YNTPa3ByKOBUTE XapaKTEPUCTUKN.

Bucokn crtonMHoCTM 3a koeduumeHTa Ha
perpecust R2 npu nNporHo3upaHe Ha OU3NKO-
XUMUYHUTE MoKa3aTenn no ynTpasBYKOBU
XapaKkTepuUCTMKN, Ca MOMyYeHN 3a KUCENOTO
MISIKO 3aKyrneHO OT TbproBckata Mpexa. B
TO3W Crny4an MNPOrHO3NpPaHETO € B nopsigbka
94-97%.

4. 3akno4veHue

B cratmsata ca npeactaBeHM OCHOBHUTE
PUBNKO-XUMUYHM XaPaKTEPUCTUKMA Ha KUCENU
Mrieka ¢ gobaBka Ha N4YernHU NPOAYKTN — Mef
n npawed. [lonydeHute pesyntatute ca
CPaBHEHM C TE3WN Ha KUCENO MISAKO 3aKyrneHo
OT TbproBckaTa Mpexa.

HanpaBeHa e oueHKa Ha Bb3MOXHOCTTa 3a
nporHosnpaHe Ha nokasarenure
eNeKTponpoBOANUMOCT, akTUBHaA M TUTpyema
KMCENUHHOCT Ha MnekaTta ¢ gobaBka Ha meq u
nyeneH npawel, 4Ype3 WU3non3BaHe Ha
yNTPa3BYKOBU XapaKTEPUCTUKM.

OT nonyyenuTe pesyntatn ce YCTaHOBMW,
4ye ca HeobOxoaumu OBEe UNU TPWU NATEHTHU
NPOMEHNMBK, 3a MPOrHo3npaHe Ha U3MKO-
XMMUYHUTE NOKa3aTenu Ha Mrieka nosiydyeHn ¢

Table 2 presents the results of
predicting physicochemical parameters
of the studied yogurts, using ultrasonic
characteristics. The data shows that an
accuracy of 98-99% can be predicted
physicochemical parameters electrical
conductivity, active and titratable acidity
of the yogurt with the addition of honey.

In yogurts with added bee pollen with
an accuracy of 75% to 99% can be
predicted indicators electrical
conductivity and titratable acidity. The
indicator active acidity can not be
projected as the regression coefficient
R2=0,19. Three latent variables are
needed to describe the data by
ultrasonic characteristics.

High coefficient of regression R2 in
predicting physicochemical parameters

by ultrasonic characteristics were
obtained for yogurt purchased
commercially. In this case the
prediction is in the range 94-97%.

4. Conclusion

The article presents the main

physico-chemical characteristics of
yogurts with added bee products —
honey and bee pollen. The obtained
results were compared with those of
yogurt purchased commercially.

An assessment is made of the ability
to predict the electrical conductivity,
active and titratable acidity of the milk
with the addition of honey and bee
pollen, using ultrasonic characteristics.
From the results it is found that it takes
two to three latent variables to predict
the physico-chemical parameters of
milk obtained with the addition of honey
or bee pollen.

It was found that by ultrasound
characteristics, with accuracy of 75-
99% can be predicted electrical
conductivity and titratable acidity of the
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pobaBka Ha Mef Unu NYeneH npatled,

YcTaHOBEHO €, 4Ye 4pe3 ynTpasByKOBU
XapaKTepuUCTUKN C TOYHOCT 75-99% moxe Aa
ce nporHoaupa enekrpuyecka npoBoAUMOCT U
TUTPyEMa KUCENMHHOCT Ha MnekaTta ¢ gobaska
Ha n4yeneH npawedy. [lpn nporHosuMpaHe Ha
napameTbpa aKTMBHa  KUCENWHHOCT  Ha
CbluMTe MNeka, ce HabnogaBaT BMCOKM
CTOMHOCTM Ha rpewkn RMSE n SSE u Hucka
CTOMHOCT Ha KoeUUUEHTLT Ha perpecus
R2=0,19. ToBa npaBn mMeToga He MNPUIIOXUM
npv onpegensHe Ha akTMBHa KMCENMMHHOCT Ha
mriekaTta ¢ gobaBka Ha nyeneH npaweLl.

Pesyntatute oT u3cnegsaHeTo nokassear,
4Yye  [rokasartenure  eneKkTponpoBOAMMOCT
aKTMBHa WM TUTpyeMa  KUCENUHHOCT Ha
KMncenute Mreka, 3akyrneHu OT TbproBckaTa
Mpexa morat ga 6baaT NporHo3upaHu ypes
n3non3saHe Ha ynTpas3ByKOBW XapaKTepPUCTUKN
C TOYHOCT 94+97%.

BnarogapHocTu

Pabotata no HacToswaTta crTatus e
CBbp3aHa C u3cnegBaHWst MO MNPOEKT
Ne3.9TT/30.05.2016r.: ,be3koHTakTHM MeToan
32 OUEeHKAa Ha  OCHOBHM  Ka4yeCTBEHWU
nokasaTenu Ha MrneYHu NpoayKTu®.

5. IlutepaTtypa

milk with the addition of bee pollen.

In predicting the parameter active
acidity of the same milks experiences
high rates of errors RMSE and SSE
and low value of the regression
coefficient R2=0,19. This method does
not applicable in determining the active
acidity of the yogurt with the addition of

bee pollen.
From our study shows that indicators
electrical conductivity, active and

titratable acidity of yoghurt purchased
commercially can be predicted using
ultrasonic characteristics with accuracy
94-97%.
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