Innovation and entrepreneurship, ISSN 1314-9253

Volume VI, number 2, 2018

PASPABOTBAHE HA CUCTEMA
3A MNOJTYHYABAHE HA
TEXHONOIr'm4yHmM NAPAMETPU
HA XINAB NPU OXNAXOAHE

3natuH 3naTeB

Pesrome: AHanu3bT Ha nNybnvkyBaHuTeE
pesyntaTu OTHacsAwWM ce A0 npocneasiBaHe
npoueca Ha oxnaxpgaHe Ha xnab nokasea, ye
cbllecTByBa Heo6XOAMMOCT OT OCbLUECT-
BSIBAHETO Ha no-3agbnboyeH aHanuM3 Ha
M3BEeCTHUTE MeToaM M Jocera npunaraHu
NoAXoau, KoeTo Aa gosede Ao nogobpsiBaHe
N yrnecHsBaHe Ha npoueca C uen BHegpsisaHe
B aBTOMaTU3NpaHM CUCTEMWU 3a U3MepPBaHe.
N3rpageHa e onuTHa MNOCTaHOBKa, C KOSTO
mMoraT ga 6baar u3MepBaHuW Temnepatypa,
Maca W eneKkTpMYecko CbNpPOTUBIIEHME MO
NOBBPXHOCTTA U B cpeanHaTta Ha xnsba npu
oxnaxgaHe. HanpaBeH e cpaBHUTEneH
aHanu3 n ca u3bpaHn mogenu, KouTo C
AocTaTbyHa TOYHOCT OMUCBaT WM3MEHEHMETO
Ha TeXHOSNOrMYHM NapaMeTpu Npu oxnaxaaHe
Ha xng6. OnpegeneHn ca TONNMHHUTE 3aryow.
MonyyeHnte pesyntatv noTBbPXKAABAT W
AonbriBaT Te3n OT AOCTbMHUTE NUTEpPaTypPHU
n3ToyHMun.  PaspaboTBaHeTO Ha  fiCHa
npouegypa W TeXHWYECKO CpeacTBO  3a
n3mepBaHe e Hanpaswu Bb3MOXHO
NpUNoXeHneTo B npou3BoAcTBeHaTa
npakTUKa Ha NPeasIoKeHNss He-CrioXXeH, MeToq,
3a XapakTepusupaHe U3MEHEeHWeTO  Ha

OCHOBHW  TEXHOJIOTWYHM  NapaMeTpu  npu
oxna)gaHe Ha xns6.
Kmo4yoeu Jdymu: Xnsab, OxnaxagaHe,
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DEVELOPMENT OF A SYSTEM
FOR OBTAINING
TECHNOLOGICAL PARAMETERS
OF BREAD ON COOLING

Zlatin Zlatev

Abstract. The analysis of published
results on tracking the bread cooling
process shows that there is a need for a
more in-depth analysis of the known
methods and hitherto applied approaches
that will lead to the improvement and
facilitation of the process for introduction
into automated measurement systems. An
experimental setup has been developed to
measure temperature, mass and electrical
resistance on the crust and in the bread
crumb when cooled. A comparative analysis
has been made and models have been
selected which, with sufficient precision,
describe the change in technological
parameters when cooling bread. Heat
losses are determined. The results obtained
confirm and complement those from
available literature sources. The
development of a clear procedure and a
technical measuring instrument will make it
possible to apply in the production practice
the proposed non-complex method for
characterizing the change of basic
technological parameters in the cooling of
bread.

Keywords: Bread, Cooling, Heat losses,
Models, Technological parameters
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TonnuHHum 3arybu, Mogenn, TexHOnormyHu
napameTpu

1. BbBegeHue

B npoueca Ha npou3BoACTBO Ha X516
Bb3HMKBAT  npobriemu, CBbp3aHNM C
OXINaXKOaHeTO N CbXpaHeHWeTo My, npeau
pasnpocTpaHeHne B TbproBckata Mpexa.
M3ncksaHusaTa 3a MUKpOBMonormyHa
Ge3onacHOCT BKIOYBAT MaKeTUPaHEeTO Ha
xns6a B MOMMETUNEHOBM WNN B OTAENHU
cnyyaM xapTmeHu nnukose. Toea e
Bb3MOXHO Cref oxnaxaaHe Ha xnsiba.
CkopocTTa Ha oxnaxgaHe € KpuUTUYeEH

nokasaten. baBHOTO oxnaxgaHe Ha
npodykTa HamansiBa MpPOW3BOAMTENHOCTTA
Ha TEXHOMNOMNYHUSA npowec 3a
npom3BoAcTBO Ha xnd6. [lo-6Gbp3oTo
oxnaxgaHe BoOAM OO M3nNapsiBaHe Ha
ronsiMoO  KONMYeCTBO  BRara,  KOETo

HamansBa gobvea Ha npoaykta. Bucokoto
CbObpXaHME Ha Brara W BUCOKUTE
TemnepaTypy npu naketupaHe (Hag 30°C)
Cb3daBarT YCrnoBus 3a pa3BuUTNE Ha MIECeH.

CreneHTa Ha oxnaxaaHe Ha xnsba e oT
3HayeHMe npu Hapa3BaHEToO My. Toan
npouec € Bb3MOXEH Mpu Temnepartypa Ha
cpeamHata nog 36°C [9].

B poctbnHata nutepatypa [6, 13, 14,
15, 16, 17, 18] ca HanNU4HM MHOXECTBO
nyénmkaumm, CBbp3aHu C aHan13 Ha TOonJlo-
n Maco-0OMeHHuTe npouecu npu
oxnaxgaHe Ha xnsiba cneg uanudae. lMo-
Manko ca nybnukauuute, CBbP3aHN CbC
cb3gaBaHe Ha  MoAdenun,  Onucealum
oxnaxgaHeTo Ha xnsba.

Llenta Ha cTtatusaTa e ga ce npeanoxar
MEeTO4 W Mogenu 3a npocrnegsBaHe
npoueca Ha oxnaxaaHe Ha xnsio.

2. NanoxeHue

TexHonormatTa 3a nNpovM3BOACTBO Ha
xns6 e TpyaeH u NpOAbIDKUTENEH Mnpouec
[7]. [pouecute Ha TOMMNO- U Maco-
npeHacsiHe Npu NpUroTBsHETO Ha xnsiba ce
norly4aeat MO Bpeme Ha noarotoBkaTa U

1. Introduction

The quality of the eggs is related to
consumer preferences and is assessed
by a group of methods giving the main
features - freshness, weight, size and
shape, as well as its elements — egg
white, yolk and shell. From the user's
point of view, the egg weight is an
essential characteristic.

Bread production involves problems
related to cooling and storage before
commercial distribution. Micro-biological
safety  requirements include the
packaging of bread in polyethylene or, in
some cases, paper bags. This is
possible after cooling the bread. The
cooling rate is a critical indicator. Slow
cooling of the product reduces the
productivity of the bread process. Faster
cooling leads to evaporation of large
amounts of moisture, which reduces the
yield of the product.

High moisture content and high
packing temperatures (over 30°C) create
mold development conditions.

The degree of cooling of the bread is
important in cutting it. This process is
possible at a medium temperature below
36°C [9].

In the available literature
[6,13,14,15,16,17,18] there are many
publications related to analysis of the
heat and mass-exchange processes
when cooling the bread after baking.
Fewer are the publications related to
creating models that describe the cooling
of bread.

The aim of the article is to offer a
method and models for tracking the
bread cooling process.

2. Exposure

Bread technology is a difficult and
lengthy process [7]. The processes of
heat and mass transfer in the
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N3NNUYaAHETO MY, KaKTO U NpU OXNaXKgaHe Ha
nsnedyeHnss npoaykt. B pgoctbnHaTta
nutepatypa ca nyobnuKyBaHW  Hay4HU
cTaTun 3a MaTeMaTM4ecKoTo MoaenupaHe
Ha NpoLuecuTe Ha oxnaxgaHe Ha xnisio.

B Tabnuua 1 e npeacTaBeH
CpaBHUTENEH aHanM3 Ha AaHHW, MOCOYEHMU
B OOCTbMNHaTa nutepartypa 3a W3MEHeHue
Ha OCHOBHM TEXHOMOMMYHW MapameTpu Ha
Xns106 Npu eCTeCTBEHO OXNaxaaHe.

OcBeH nocoyeHnte B Tabnuuyata
napameTpu, B [17] aHanuaupar
N3MEHEHMETO Ha CbAbPXKaHNETO Ha BoAA B
xnsba npu oxnaxagaHe. CbabpXXaHMETO Ha
Boga B kopata poctumra 12%, a B
cpeavHaTta 33%. Habnogasa ce
HapaCcTBaHE Ha CbAbpXaHMe Ha Boda B
KopaTa 1 HamansiBaHe B cpeauHarta.

preparation of the bread are obtained
during the preparation and roasting, as
well as the cooling of the baked product.

Scientific papers on mathematical
modeling of bread cooling processes are
published in the available literature.

Table 1 presents a comparative
analysis of the data reported in the
available literature for change of the
basic technological parameters of bread
under natural cooling.

In addition to the parameters listed in
the table, in [17] they analyze the
change in the water content of bread in
cooling. The water content in the crust
reaches 12% and in the crumb 33%.
There is an increase in the water content
of the crust and a decrease in the crumb.

Tabnwuua 1. Table 1.
MapameTpu npu oxnaxpaHe Ha xna6 Parameters of bread cooling
Bpewme 3a
Bpeme 3a
U3mepBaH [nana3oH Ha WHnekcHa JocTturaHe Ha
ycTaHoBsiBaHe Ha M0 M3TOUYHMK
napameTsbp nU3MeHeHne TOYKa T=30"C B
npoteca
cpeavHata
Terumb, C 140-50 °C 75°C 30 min 30 min
Terust, .C 58-40 °C 50 °C 30 min 30 min
HamansBaHe ¢ [17]
2% o1 Hama
m, g Hama paHHn -
HavanHaTa OaHHU
mMaca
Terumb, .C 98-22 °C 52 °C 100 min 65 min
° Hama
Terusty C Hama gaHHn naHHMU Hama gaHHu Hama gaHHn [13]
Hama
m, g Hsima gaHHK [AHHN Hama gaHHun -
Terumbs C 95-22 °C 50 °C 100 min 70 min
° Hama
Terusts C Hama gaHHn AHHM Hama gaHHu Hama gaHHn [16]
HamansiBaHe Ha Hama
m, g Hama gaHHn -
mMacata c 33 g JaHHn
T °Cc Hsima gaHHu Hsima 139 min Hama gaHHu
crumbs [aHHW
T °c Hama gaHHu Hsima Hama paHHun Hama gaHHK [15]
crusts [aHHU
HamansiBaHe Ha
m, g macara ¢ 33.7 g 69 g Hama gaHHm -
Terumbs C 98-21°C 35°C 170 min 140 min
Terust, .C 60-21°C 60 °C 170 min 52 min
HamansiBaHe ¢ [14]
m, g 4 % ot obLaTa 52¢g 170 min -
mMaca

3a npocnegsdasaHe W MoAennpaHe Ha

In order to track and model the
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M3MEHEHMETO Ha OCHOBHU TEXHOMOrMYHM
napameTpu npu oxnaxgaHe Ha xns6 ca
pa3paboTeHn KOHTAKTHU W OE3KOHTAKTHU
MeToau.

CronkoBa n konektuB [18] paspaboTteat
nasepHa cuctema  3a  GE3KOHTAKTHO
n3vepBaHe Ha napameTpy Ha  xnso.
Pabotata e npoabikeHa oT JlioGeHoBa wu
konektnB [11], koMTO M3non3eaT mMeToda 3a
npocregsiBaHe U MogenNMpaHe Ha npoleca Ha
oxna)kgaHe a xnsaba.

AHanu3bT Ha NybnukyBaHUTE pesynTaTtu
OTHacsALWM ce o npocnegsiBaHe npoueca Ha
oxrakgaHe Ha xnsb nokasea, Ye CbLUEeCTBYBa
HeobX0OUMOCT OT OCbLUECTBABAHETO Ha MO-
3aabnboveH aHanu3 Ha M3BECTHUTE MeToau
M pocera npunaraHn noaxoau, Koeto Ada
aosene 0o nogobpsiBaHe M ynecHsiBaHe Ha
npoueca c uen BHeapsiBaHe B
aBTOMaTM3MpPaHM CUCTEMU 3a M3MEpPBaHE U
ynpasreHue.

Or HanpaBeHus aHanus Ha
NUTEpPaTYpPHUTE MU3TOYHWLM CEe YCTaHOBW, 4e
OCHOBHUTE TEXHOSMOMMYHN MapameTpu, KOUTO
ce npocnegasaT Npu oxnaxaaHe Ha xnsab ca:

v' TemnepaTypa Ha KopaTa;

v' TemnepaTypa Ha cpeauHaTa;

v" N3meHeHWe Ha MacaTa Ha xnsiba;
v' CbObpXxaHue Ha Brara.

MpeanoxexHute B nuTeparyparta
aHanMTU4YHM  MeToaM  3a  onpeaensiHe
CbObPKAHNETO Ha Briara B xnsba ce 6asmpat
Ha MHOrOCTBMNKOBM MpOLEAypY, M3UCKBALLM
HapyllaBaHe LUenocTTa Ha npogykra MU
OTHeMaT 3HaunTenHo Bpeme 3a obpaboTka. B
cnegctBnMe Ha ToBa  Te3M  MeToaM ca
HENPUINOXMMKM MPU  aBTOMaTU3MpaHe Ha
npoueca no npocrieasiBaHe Ha OXNaXXgaHeTo
Ha xns0.

Heobxogumo e pga ce npoBegar
OOMbIHUTENHMN U3CNeaBaHNs 3a aHanmM3 Ha
npoueca Ha oxnaxgaHe Ha xnsd B Hau
yCcrnoBusi, 3a NPOAYKT, MNPUroTBEH MO
yTBbpAaeHn bbnrapcku craHgaptv [1,3,4,5],
KaKkTo U da ce cb3gage WHCTPYMEHTapuyM,

change of basic technological
parameters in bread cooling, contact
and non-contact methods have been
developed.

Stoykova et al. [18] developed a
laser system  for  non-contact
measurement of bread parameters.
The work is continued by Lyubenova
and colleagues [11], which use the
method for tracking and modeling the
cooling process of the bread.

The analysis of published results on
tracking the bread cooling process
shows that there is a need for a more

in-depth  analysis of the known
methods and  hitherto  applied
approaches that will lead to the

improvement and facilitation of the
process for introduction into
automated measurement systems and
management.

From the analysis of the literary
sources it has been found that the
basic technological parameters that
are monitored during cooling of bread
are:

v Crust temperature;

v' Temperature of the crumb;

v' Change of bread mass;

v Moisture content.

The analytical methods proposed in
the literature to determine the
moisture content of the bread are
based on multistage procedures
requiring product integrity disturbance
and considerable processing time. As
a result, these methods are
inapplicable in automating the process
of bread cooling tracking.

Further research is needed to
analyze the bread cooling process in
our conditions for a product prepared
according to established Bulgarian
standards [1,3,4,5], and to create tools
to allow rapid measurement of basic
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KOWTO Oda no3Bonm Obp30 M3MEpBaHE Ha
OCHOBHM TEXHOIMOIMYHU napameTpu npu
oxna)aaHe Ha xnsio.

3. MaTtepuan n metoau
XnsabbT € npurotBeH Mo TEXHONOorus,

cbobpasHo YC 02/2011 [1]. CbcTaBbT My €
npeacraeeH B Tabnvua 2.

technological parameters when

cooling bread.

3. Material and methods

The bread is prepared according
to the technology, described in an
established standard 02/2011 [1]. Its
composition is presented in Table 2.

Tabnuua 2. Table 2.
CBCTaB Ha Xnﬂ6 Bread content
MNpoaykr KonuyecTtBo, %
Product Quantity
BpatiHo Trun 500 100
Flour type 500
MuTtenHa Boga
Water 56
Opoxan xnebonekapHu (Mas 3a xns6) 2
Yeast
Con, roTBapcka rogupaHa 15
Salt ’
Xnsa6bT € npurotBeH B  6uToBa The bread is prepared in a
xnebonekapHa Gorenie BM 1200 BK  household bakery Gorenie BM 1200

(Gorenje Group), HacTopoeHa Ha nporpama 1,
900 g, cTeneH Ha usnuMyaHe ,cpenHo“, Bpeme
Ha npoueca 2 h n 58 min.

MpurotBeHn ca 5 xnaba, ¢ maca, 3 4aca
cneq m3nudaHe 690 g + 3%. OxnaxpgaHeTo
Ha xnaba e npu okonHa Temnepartypa 19-
21°C n oTHOCWTENHa BMaXKHOCT Ha Bb3ayxa
49-51%RH.

3a uenute Ha HacTtosiwaTta pabota e
n3rpageHa onuTHa MOCTaHOBKA, C KOATO
mMoraT pga Obmatr um3MepBaHM  Maca,
Temnepatypa W CbOPOTUBIIEHWE MO ABY-
enekrpogHa cuctema (cpurypa 1).

BK (Gorenje Group), set at program 1,
900 g, baking "middle", process time 2
h and 58 min. 5 breads, with mass, 3
hours after baking 690 g + 3% were
prepared.

The cooling of the bread is at an
ambient temperature of 19-21°C and a
relative humidity of 49-51% RH.

For the purposes of the present
work, an experimental setup has been
developed to measure mass,
temperature and electrical resistance
in a two-electrode system (Figure 1).
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a) O6w Bng

a) general view

1-nsmepBaTenHa cucrema; 2-ee3Ha; 3-ceH30p 3a CbNpoTuBNeHue; 4-CeH30p 3a Temneparypa; 5-

namepBaHa npoba; 6-nepcoHaneH KOMMKTbP

1-measurement system; 2-scale; 3-electrical resistance sensor; 4-temperature sensor; 5-measured
sample; 6-personal computer

— W gl

Ry ’ L

6) Cxema npuHUMNHa

®dur.1. OnuTHa NocTaHOBKAa 3a U3MepBaHe Ha

OCHOBHM T€XHONOIM4YHM NapameTpu nNpu
oxnaxnaaHe Ha xnso6

OnuTHaTa NOCTaHOBKa € u3rpageHa c
e[HoNnnaTkoB MUKPOKOHTpOIEP,
TpaHCMUTEpPU  3a  TemrnepaTypa U
TEH30pEe3UCTOp, [OBYENEKTPOAHA  KIeTka.

[aHHuTe oT n3MepBaHusTa ce
BM3yanuaupar Ha 4BypenoB ANCMNEN.
EpHonnaTtkoB MUKPOKOMMIOTLP.

M3non3saH e Arduino Nano — cbBMeCcTUM
moayn (3axpaHBaHe Kom OO[M) — ApayvHo

b) principle schematic

Fig. 1. Laboratory setup for measuring
the main process parameters during
the cooling of the bread

The experimental set-up is built with
a single-chip microcontroller,
temperature transmitters and a load cell,
a two-electrode measurement cell.
Measurement data is displayed on a
two-line display.

Single-board microcontroller.
Arduino Nano - Compatible Module
(Power Supply Com Ltd) - Arduino
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GasvpaHa MUWKPOKOHTpOMEpHa nnatka 3a
pa3paboTkn N uarpaxgaHe Ha NpoTOTUMK,
cbBMecTMMa no pyHKuumn ¢ Arduino Nano.
WNarpageHa e c MUWKPOKOHTpOnep
ATmega328P un  USB-cepueH  nopt
koHBepTop CH340G. Pabotn c TakTOoBa
yectota 16MHz, nogabpxa UART, I°C u
SPI uHTepdpericn n nmva 20 I/O nopta, oT
kouTo o 8 aHanorosu Bxoga n go 6 PWM
n3xoga. MuKPOKOHTPONepbLT € 3apedeH C
Arduino Nano 6yytnoyobp w®n ce
nporpammpa ¢ Arduino IDE, npe3s
BrpageHna USB-cepueH MnopT KOHBEPTOP.
3axpaHBa ce c HanpexeHue 5V ot USB
KOHEKTOpa WNN OT BbBHLIEH 3axpaHBaly
n3toyHnk DC 6V-12V, cebp3aH Ha nuH VIN.
PaboTHOTO HanpexeHue Ha
BXOAHO/M3xo4HUTE nopTtose e 5V.

Oucnnen. [Aducnneat e LCD 16x2.
Pa3mepun 80x36x11mm, asypenos, ¢ no 16
3Haka Ha pea. Wsnonssa craHgapTeH
HD44780 ©GasvpaH KOHTponep, Mma CuH
doH 1 Bana noaceeTka.

TpaHcMuTep 3a  TeH30pe3ucTop.
N3nonseaH e Mopgyn paBykaHaneH 24-bit
ADC HX711AD. 3axpaHBalLlo HanpexeHue
DC 2,6-5,5V. MogynbT pasnonara ¢ asa
He3aBucuMM audepeHumanHn Bxoga C
BrpafeH HUCKOWYMSLW, ycuneaten c
nporpammpyemo ycuneaHe. Msnona3saH e
TEeH30pe3uncTop 3a MakcUMarHo
HaTtoBapBaHe 7 kg u pesontouua 0,1g, cbC
3axeaHBaLLo HanpexeHue DC 3-10V.

TpaHcMmutep 3a TemMnepartypa.
N3non3saH e yHuMBepcaneH ycuneaTen 3a
TepmogBonka. Ycuneaten MAX31856
(Adafruit Industries, LLC) — yHuBepcaneH 3a
TepmMoaBoMka C¢ Asa m3soga. NogabpxkaHu
TepmoaBovkn ¢ aea nssoga tvn: K, J, N, R,
S, T, E, B. 3axpaHBaHe u paboTHO
HanpexeHne Ha uHTepdenca DC 3V-5V.
WuTtepdenc SPI, 4-nposogeH. ObxBaT oT -
210°C po +1800°C B 3aBucuMOCT OT
TepmMoaBonkata. TOYHOCT B AuvanasoH 2
16°C B 3aBMCMMOCT OT TepMoBOMKaTa.

based microcontroller board  for
development and prototyping,
compatible with functions with Arduino
Nano. It is built with the ATmega328P
microcontroller and the CH340G USB-
serial port converter. It operates at a
clock rate of 16MHz, supports UART,
I°C and SPI interfaces and has 20 I/0O
ports, up to 8 analogue inputs and up to
6 PWM outputs. The microcontroller is
loaded with Arduino Nano bootloader
and programmed with Arduino IDE
through the built-in  USB-serial port
converter. It is powered by a voltage of
5V from the USB connector or an
external power supply DC 6V-12V
connected to the VIN pin. The operating
voltage of the I/O ports is 5V.

Display. The display is LCD 16x2.
Dimensions 80x36x11mm, two-line, 16
characters per line. It uses a standard
HD44780 based controller, has a blue
background and a white backlight.

Load cell transmitter. Two-channel
24-bit ADC HX711AD Module was
used. Supply voltage DC 2.6-5.5V. The
module has two independent differential
inputs with a built-in low-noise amplifier
with programmable gain. A 7-kg load-
cell strain gauge is used and a 0.1g
resolution with a DC 3-10V charging
voltage.

Temperature transmitter. A versatile

thermocouple  amplifier is  used.
Amplifier MAX31856 (Adafruit
Industries, LLC) - universal
thermocouple with two terminals.

Supported thermocouples with two
terminals type: K, J, N, R, S, T, E, B.
Supply and operating voltage of the DC
3V-5V interface. Interface SPI, 4-
conductor. Range from -210°C to +
1800°C depending on the
thermocouple. Accuracy within +2° 1+6°
C depending on the thermocouple.
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Pesontoums: go 0,0078125°C. N3nonsBaHa
e TepmogBoka TuMn K c gBa u3Boga u
obxeaTt or -10 go +400°C, mMoHTUpaHa B
3aWMTEH KOXYX C paboTHa AObJPKUHA
80mm.

MU3mepBaHe Ha cbnpoTuBneHue. 3a
n3mMepBaHe CbNPOTUBIIEHNETO Ha KopaTa u
cpeonHata Ha xnsba e m3non3eaHa AOBY-
enekTpogHa cxema, npeactaBeHa Ha
durypa 2. [locoyeHn ca OCHOBHUTE W
pasMepu W MNpUHUMNHaA cxema 3a
cBbp3BaHe KbM MUKpokoHTponep. C R e
O3Ha4YeHO M3MEPEHOTO CbMPOTMBIEHME Ha
xnsiba, TO € CBbp3aHO B Cxema genvrten
cbC cbnpoTtueneHve 45 kQ. Mexay Bxoaa
Ha KOHTponepa M Maca € CBbp3aH
KoHAeH3aTop ¢ kanaumteT 10 uF.

M3mepeHOTO cbnpoTuBrneHve Ha xnsb
MOXe Aa ce onuLle Yypes:

RV,
R. = —R
© Vour
KbAeTo R e N3MepPEHOTO

cbnpoTuBnenne Ha xnaba; R1=45 kQ; Vi, —
3axpaHBawo HanpexeHne DC 5V; Vo —
HanpexeHne, M3MEPEHO Ha Bxoda Ha
MUKPOKOHTpOnepa.

Resolution: up to 0.0078125°C. A K-
type thermocouple with two terminals
and a range of -10 to + 400°C, mounted
in a protective housing with a working
length of 80mm, is used.

Electrical resistance measurement.
For measuring the resistance of the
bread crust and crumb, a two-electrode
scheme is used, shown in Figure 2. Its
main dimensions and schematics are
described for connection to a
microcontroller. With R; is the measured
resistance of the bread, it is connected
in a divider circuit with a resistance of
45 kQ. A capacitor 10 yF is connected
between the input of the controller and
the table.

The measured resistance of bread
can be described by:

(1

where Rc is the measured resistance
of the bread; Ry = 45 kQ; Vi, - supply
voltage DC 5V; V., - voltage measured
at the input of the microcontroller.

Vln
+5V

Re

Vout
<

R]_ _ Ci
askq T 10pF

GND

a) OcHoBHU pa3smepu
a) main dimensions
L=80 mm; 2a=25 mm ;d.= 3 mm

6) Cxema npuHUMNHA 3a CBbpP3BaHe KbM
MWKPOKOHTpONep
b) Principal scheme for connection to a
microcontroller

dur.2. UamepBaTenHa kneTka 3a
CLMPOTUBEHUE Ha XNA6

Fig.2. Measurement cell for electrical
resistance of bread
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All modules in the circuit are
powered by a DC 5V, 2A DC power
unit. The operating algorithm of the
proposed system is presented as a

Bcuukm mogynu B cxemara ce 3axpaHBaT C
eaVH nmnyrnceH 3axpaxsaly, 65iok DC 5V, 2A.

AnropuTbMbT Ha paboTa Ha
npeanoXxeHata cuctema € NpeacTaBeH BbB

BMUJ Ha NceBaoko Ha curypa 3.

pseudocode in Figure 3.

HayanHo yctaHoBsiBaHe

Initial setup

-AkTnBupaHe Ha 6ubnuoteku: HX711.h; Adafruit MAX31856.h; LiquidCrystal.h

Activating libraries

-Hactporika Ha nopTtoBe 3a CBbP3BaHE Ha:

WHCTPYMEHTAlIEH YycwunBaTen,

TpaHCcMUTEP 3a

TeMneparypa; gucnnemn

Setting up ports to connect: instrument amplifier; temperature transmitter; display

void setup() {

-aKTUBMPaAHE Ha ancnnen

Display activation

-aKTMBUpaHe Ha TpaHCMUTEP 3a TEH30PE3UCTOP U HynnpaHe (TapupaHe) Ha CTOWHOCTTa, Nony4eHa oT

TEeH30-pe3ncTopa

activating a transmitter for a tensoresistor and resetting the value obtained from the tensoresistor
-HacTpoWka Ha TpaHcMUTep 3a paboTta ¢ Tepmoasonka Tmn K

setting the K-type thermocouple transmitter
-aKTUBMPaHE Ha cepuiiHa KOMYHUKaLUA Ha MUKDOKOHTporepa

activating serial communication of the microcontroller}

U3mepBaHe Ha

TeMneparypa
Temperature

measurement

-npoyunTaHe
CTOMHOCTTA Ha

TemnepaTypaTa
Temperature reading
-u3BexjaHe Ha
CTOMHOCTTa MO CepueH
KaHan

output value through a
serial port

-u3BexgaHe Ha
CTOMHOCTTa Ha
aucnnen

output value to the
display

M3mepBaHe Ha maca
Mass measurement

-HacTpouka Ha koeduumeHT: k=146135
Coefficient setup:

-npoyYMTaHe 1 n34ncnsgBaHe macata Ha
obekTa:

reading and calculating the mass of the
object:
m=scale.get_units()*0.453592*1000
-nosiyyaBaHe Ha 10 nsamepBaHus Kato Ha

U3mepBaHe Ha
ChbNpoTUBINEeHUe

Electrical resistance
measurement

-3agiaHvie Ha R4=45000Q
Setup of R
-NpoYMTaHe Ha aHanoroB BXxof
A0
Analog input AO reading
-nonyvyasaHe Ha 10
M3MepBaHUS KaTo Ha BCSKO
M3MepBaHe aHanoroBusi BXon
ce npoyunTa, n3vakea ce 10 ms

BCSAKO M3MepBaHe CTOMHOCTTa Ha Macata

n ce YyeTe OTHOBO:!

Ha xnaba ce npoynTa, usvakea ce 10 ms
U Ce YeTe OTHOBO:

obtaining 10 measurements as at each
measurement the bread mass reads,
waits for 10 ms and reads again

for i=1:10 {samples1[i] = m;delay
(10);samples1[i] = m;}

ocpegHsaBaT ce 10 nsmepsaHus

10 measurements are averaged
-NpoBepkKa 3a HynMpaHe (TapupaHe) Ypes

OyTOH
check reset (tare) via button

-NpoBepKa 3a HynMpaHe Mo cepueH
KaHan

serial channel reset check
-u3BeXaaHe Ha CTOMHOCTTa No cepueH

obtaining 10 measurements as
at each measurement the
bread mass reads, waits for 10
ms and reads again

for i=1:10 {samples1[i] = r;delay
(10);samples[i] = r;}
ocpeaHsBar ce 10 namepBaHus
ot ALIN

10 measurements from ADC
are averaged

-u3yuncnssaHe Ha
CbNPOTUBMNEHNETO:

resistance calculation:
R=R{*((1023/R1)-1);
-M3BEXJaHe Ha CTOMHOCTTA Mo
CepueH kaHan

KaHan

output value through a serial

output value through a serial port port
-M3BeXJaHe Ha CTOMHOCTTa Ha AuChAen  -u3BexaaHe Ha CTOMHOCTTAa Ha
output value to the display avcnnen

output value to the display

®ur.3. AnroputbM Ha paboTa Ha cuctema 3a Fig.3. Operating algorithm for a system

n3MepBaHe Ha OCHOBHU TEXHOJIOTUYHM
napameTpu nNpu oxnaxaaHe Ha xns6

for measuring basic technological
parameters when cooling bread
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AHanoroBnaT BXO4 3a W3MepBaHe Ha
CbMNPOTMBIIEHNE Ce NpoYUTa Ha ABa NMbTU C
n3yakBaHe 10ms mexgy wusMmepBaHuATa C
uen crabunusmMpaHe Ha NOKa3aHWETO Ha
cuctemara. Cobuwara npouenypa e
npuroXxeHa npu wun3MepBaHe MacaTa Ha
xnsi6a. NporpamMHMAT Kog 3a peanusmpaHe
Ha TO3WM anroputTbM € nMpeacTaBeH B
npunoxexuve 1.

Moagenu onucBawm M3MEHEHMETO Ha
TEXHOSOrMYHU napameTpu npwu
oxnaxpaHe Ha xnsa6. 3a nonyyaeBaHe Ha
mMogenuTe e uanonseaH CurveFitting Toolbox
B Matlab. Mopgenute ca oueHeHn ¢
koeduLMEHT Ha onpegeneHocT R? cyma ot
kBagpatute Ha rpewkute (SSE), kopeH oT

cpegHo-kBagpatuyHata rpewka (RMSE)
[2,8,12,20].
AHanuM3z Ha 4YyBCTBMTESNIHOCTTa Ha

Mopaenute. AHanu3bT Ha YyBCTBUTENHOCTTA
umMa 3a uUen pga onpegenu  OOKOMKO
N3XOAHUTE BENWYUHM Ha MoAena ce BNnaaT
OT YMEpeHM TMpPOMEHN Ha  BXOOHMWTE
BENMMYMHM Ha Mogena. MVscnegBaHeTo Ha
4YyBCTBUTENHOCTTa MOXe Aa ocurypu obLua
OLeHKa 3a TOYHOCTTa Ha Moferna, Korato ce
n3rnon3ea 3a OuUeHKa Ha anTepHaTUBHU
MoAenu, Kakto u nogpobHa nHdopmaums 3a
npeogonsBaHe Ha rpelukuTe nNpu pasnnyHn
CTOMHOCTM Ha napameTpute [10,12,19].
M3non3saH e onpocTeH OeTepMUHUCTUYEH
NMOAXOA, MPU KOWTO MOMyYeHUTe napameTpu
Ha mogena ce 3agasat ¢ £10% oT TexHuTe
CTOWHOCTW. AHanuanpatr ce rpaduknm Ha
MoAyrna Ha rpewkdTe npu MOBULLEHM W
MOHWXEHN CTOMHOCTU Ha napameTpuTe Ha
mogenute. AKO W3XOOHUTE BENWYMHU Ha
MoAena ce pasnuyasaT 3HaYUTENHO, Toraea
n3xoabT e YyBCTBUTESEH KbM
cneundukaumaTa Ha BXOAHUTE
pasnpeaeneHns u criegoBaTenHo Te TpsAbea
Aa 6baat NnpeuunsHo onpeaenexu.
OnpeaensiHe Ha TOMMMHHKU 3ary6u npu
oxnaxpgaHe Ha xns6. Xnabbt e
anpokcuMmmpaH KbM  napanenenuneg C

The analog input for resistance
measurement is read out twice with a
wait of 10ms between
measurements to stabilize the
system display. The same procedure
is applied when measuring the bread
weight. The program code for
implementing this  algorithm is
presented in Appendix 1.

Models describing the change
of technological parameters when
cooling bread. The CurveFitting
Toolbox in Matlab was used to obtain
the models. The models are rated
with a coefficient of determination RZ,
a sum of squared errors (SSE), root
mean, squared errors (RMSE)
[2,8,12,20].

Models sensitivity analysis. The
sensitivity analysis is designed to
determine how far the output
dimensions of the model are
influenced by moderate changes to
the input dimensions of the model.
The sensitivity test can provide a
general assessment of the accuracy
of the model when used to evaluate
alternative models as well as
detailed information to overcome the
errors at different parameter values
[10,12,19]. A simplified deterministic
approach was used in which the
model parameters obtained were set
by £10% of their values. Charts of
the error module are analyzed at
elevated and decreased values of
the model parameters. If the output
variables of the model differ
significantly, then the output is
sensitive to the specification of the
input distributions and therefore they
must be precisely defined.

Determination of heat losses
during cooling of bread. The bread
is approximated to a parallelepiped
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pasvepu Ha ctpaHute axbxc. B tabnuua 3

ca HaHeceHM OCHOBHM MapameTpu 3a
onpegensaHe Ha TOMMMHHWM  3arybu npwm
oxna)kgaHe Ha xnso.

Table 3.

MapameTpu 3a onpeaensiHe TONIMHHU
3aryou npu oxnaxpaHe Ha xnso6

with dimensions of the axbxc sides.
Table 3 gives basic parameters for
determining heat loss when cooling
bread.

Table 3.

Parameters for determining heat
losses when cooling the bread

MapameTrsbp Popmyna
Parameter Formula

OnucaHue
Description

TonnuHHu 3arybu ot

h- koedMLMEHT Ha KOHBEKLNSA
convection coefficient, w/m?K

Abar N0 HA xnsba, loaf

KOHBEKLINS area, m
Heat losses from Geonv = —hAar (Broar — Oamp) 0,.a-HavyanHa Temneparypa Ha
convection xns6a, initial bread
Qeonvs W temperature, °C
Bamb- OKOMHA TEMMepaTypa,
ambient temperature, °C
TonnuHHM 3arybu ot €0a KOHCTAHTA, constant
n3nbyBaHe O- KOHCTaHTa, constant
Heat losses from Qraq = —SzoanAzoaszoaf4 Tioar- HAYaNHa Temnepartypa
radiation Ha xnaba, initial bread
Qrag; W temperature, K

O6LWKM TONSIMHHK 3aryou
Total heat loss

Qtotal = Yconv + Qrad -

Bamb

qtotala W
c= gw - gamb . 6
=9 . _o C- KpUTEpWi 3a n36op Ha
CpefHa TeMnepaTtypHa toaf — Pamb pasnuka, Difference Selection
pasnvika Criterion
Mean temperature e“’af 0w _ 0 >0,7 0.~ XenaHa Temne
amb» c=0, W paTtypa Ha
difference 9 +0, cpeavHaTa Ha xna6a, a
N6, °C I loaf c <07 desired temperature of the

In

[Bloaf

amb

],

bread crumb, °C

4. Pe3ynTtaTn u AUCKYCUA

HapaBeH e aHann3 Ha U3MEHEHMETO Ha
TemnepaTypute n €NeKTPNYECKOTO
CbNpPOTMBIIEHNE Ha Xxnsb, npou3BedeH no
yTBbpaeH B bbnrapus craHgapt. Tean
napameTpu ca W3MEPEHW 3a cpeauHata u
KopaTa, KakTo M npoMsiHaTa Ha macata Ha
xnsiba npu ecTecTBEHO oXnaxaaHe.

Ha dwurypa 4 ca npencraBeHu rpadukm
3a W3MEHEeHMeTO Ha Temnepatypute B
cpeavHaTta n KopaTa Ha  xnsaba.
MameHeHneTo Ha  Temnepartypata B
cpeauHata e B [auanasoHa  93-19,5°C.
NHdnekcHaTa Todka Ha npoueca e npu 50°C.
BpemeTo 3a ycraHoBsiBaHe Ha npoueca e
170 min. BpemeTo 3a gocturaHe Ha 30°C B
cpeamHata e 90 min.

4. Results and discussion

An analysis of the temperature
variation and the electrical resistance of

bread produced according to a
validated in Bulgarian standard is
obtained. These parameters are

measured for the crumb, crust, as well
as the change in the bread mass in
natural cooling.

Figure 4 shows graphs for
temperature variations in the bread
crumb and crust. The temperature
change in the crumb is in the range 93-
19,5°C. The process's inflection point is
at 50°C. The process setting time is
170 min. The time to reach 30°C in the
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TemnepatypaTa Ha kopaTa ce U3MeHs B
avanasoHa 87-19,5°C. MHdnekcHaTa Touka e
npu 45°C. BpemeTo 3a yctaHosiBaHe e 90
min.

crumb is 90 minutes. The temperature
of the crust varies within the range 87-
19,5°C. The inflection point is at 45°C.
The setting time is 90 min.

100,0

90,0 -

80,0

70,0

60,0

50,0

40,0 .
30,0

T RE

e Tcrumb, oC

e Tcrust,oC

20,0
10,0

0,0
0 10 20 30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 180 190 200 210 220 230

time, min

dur.4. UameHeHUe Ha TeMmnepaTypu Ha
cpeauHa U Kopa

Fig.4. Crumb and crust temperatures
changes

B Tabnuua 4 ca npencraBeHn pesyntaTtm
3a YeTMpU aHanuanpaHu Mogenu, onMceaLLm
M3MEHEHMETO Ha  TemnepaTypata B

Table 4 presents results for four
analyzed models describing the
change in temperature in the bread

cpeanHata Ha xngba. C  pgocrartbyHa medium. With sufficient accuracy, the
TOYHOCT ONUTHUTE JaHHn onucea experimental data describes the
paumoHanHus mogen. rational model.

Ta6nwuua 4. Table 4.

Mopenu, onucBawm N3MEeHEeHMEeTOo Ha
TemMnepaTtypaTta B cpeanHaTta BbB BpeMeTo

Models describing crumb
temperature change over time

KoedmuueHnTtu (c 95% noseputeneH ToyHoOCT Ha
OcHoBeH mogen MHTepBan) onucaHueTo
General model Coefficients (with 95% confidence Goodness of fit
bounds)
EkcnoHeHunanex
Exponential _
f(x) = a*exp(b*x) + c*exp(d*x) a _ ?1 g7_7?_,24(_)%gg)_1 651) SSE: 12.62
KbEeTO X € HOPMUPAHO Ype3 cpeHa CTONHOCT c= 23' 52 (21' 79 ’25'25) R-square: 0.9986
110 » cTaHAapTHO OTKNOHeHWe 67.82 d=-0 .1548 (_'0 2’181' -0.09148) RMSE: 0.8149
where x is normalized by mean 110 and ' ’ e
standard deviation 67.82
p1=-1.615e-05 (-2.022e-05, -1.208e-05) .
% p2 = 0.007637 (0.006272, 0.009001) ?fs%uz\rr)é?%.ggo 4
f(x) = p1*XA3 + p2*xA2 + p3*x + p4d Sﬁ ;é;f§$1 (8(; ﬁ”‘%{_lf)g‘” RMSE: 2.117
a1l =408.5 (-1.733e+05, 1.741e+05)
b1 =0.002437 (-1.535, 1.54) .

LyMa OT CrMHycn _ : .
Simofsine " c1 = 2698 (:270.6, 276) Resquare: 09772
f(x) = al*sin(b1*x+c1) + a2*sin(b2*x+c2) gg - Sf‘d?gongfgggi’ g:gg?g;o“) RMSE: 3.449

c2=4.676 (-74.97,84.32)

p1=2868.4 (-1.123e+05, 1.141e+05)
PauvoHaneH p2 =-1.316e+05 (-1.778e+07, 1.752e+07) SSE: 4.585
Rational p3 = 8.372e+07 (-1.095e+10, 1.111e+10) R-square: 0.9995
f(x) = (p1*x"2 + p2*x + p3) / (x*2 + g1*x + g2) | q1 =1.9e+04 (-2.482e+06, 2.52e+06) RMSE: 0.5047

g2 = 8.953e+05 (-1.171e+08, 1.189e+08)
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B Tabnmua 5 ca npeactaBeHu Table 5 presents results for four
pesyntatM 3a dYeTupu aHanm3ampaHn analyzed models describing the change
Mogenn, onucealy M3MeHeHMeTo Ha in bread crust temperature. With
Temnepatypata Ha kopaTa Ha xnsba. C sufficient accuracy, the experimental

AJoctatb4yHa TOYHOCT ONMUTHUTE OaHHU

onnucea paunoHanHua mogern.

Taobnuua 5.
Mopgenu, onucBallm N3MeHeHMeTo Ha

Models describin

TemMnepaTtypaTa Ha KopaTa BbB BpemMeTo

data describes the rational model.

Table 5.
g crust

temperature change over time

KoedumuueHnTtu (c 95% noseputeneH ToyHoOCT Ha
OcHoBeH mogen MHTepBan) onucaHueTo
General model Coefficients (with 95% confidence Goodness of fit
bounds)
EkcnoHeHunanex
Exponential _
f(x) = a*exp(b*x) + c*exp(d*x) a - 1.058 (0.6862, 1.429) SSE: 12.77
. b =-2.537 (-2.741, -2.334) .
Kb[ETO X € HOPMMPAHO Ype3 cpefHa CTOMHOCT _ R-square: 0.9981
110 » cTaHAapTHO OTKNOHeHWe 67.82 ¢ =21.08 (20.21, 21.96) RMSE: 0.8197
- - p d =-0.03963 (-0.08308, 0.003823) T
where x is normalized by mean 110 and
standard deviation 67.82
a1l =5.166e+19 (-9.284e+22, 9.295e+22)

[aycos b1 =-2208 (-9.91e+04, 9.468e+04) SSE: 13.29
Gaussian c1=2343.9 (-7247, 7935) R-s -uaré' 0998
f(x) = al*exp(-((x-b1)/c1)*2) + a2*exp(-((x- a2 = 3.539e+05 (-1.458e+10, 1.458e+10) RMgE' 0.88-43

b2)/c2)72) b2 =-3.016e+04 (-1.279e+08, 1.279e+08) T
c2 = 9709 (-2.045e+07, 2.047e+07)
p1=-2.264e-05 (-2.853e-05, -1.675e-05) .
Nonuomen p2 = 0.009867 (0.007894, 0.01184) SSE: 178.1
Polynomial p3 =-1.363 (-1.547, -1.179) R-square: 0.9729
= *y A *yy A *. =~ - s~ h. .

f(x) = p1*x"3 + p2*x"2 + p3*x + p4 b4 = 80.24 (75.66, 84.82) RMSE: 3.061
PauvoHaneH p1 f0'07121 (0.0573, 0.08512) SSE: 6.097
TaunoHaneH p2 =-4.058 (-7.344,-0.7716) .
Rational D3 = 2635 (2412, 2857) R-square: 0.9991

- *y A * ’ .
f(x) = (p1*x"2 + p2*x + p3) / (x + q1) q1 =298 (27.1, 32.51) RMSE: 0.5665

AHanmMampaHo € N3MEHEHNETO Ha mMacaTta
Ha xnsiba npu oxnaxagaHe. Ta ce M3MeHsi B
nokasBsa
OT HayanHata maca.
BpemeTo 3a ycraHoBsiBaHe Ha npoueca e
170 min. WHdnekcHaTta Touka e npu 7059

AnanasoHa 718-697g,
HamansBaHe c 3%

KOEeTOo

(cpurypa 5).
720
715
oy 710 T
E 705 .

700 .

695
0 10 20

®wur. 5. UIsameHeHne Ha maca

B Tabnuvua 6 ca npeacraBeHu pesyntaTtu

cooling is analyzed. It
range

The inflection point
(Figure 5).

b " * @ ® L

time, min

The change of bread mass on

varies in the

718-697g, indicating a
decrease of 3% of the starting mass.
The process setting time is 170 min.

is at 705¢g

® e *

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230

Fig. 5. Mass changes

Table 6 presents results for four
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3a YETMPU aHanNn3npaHu MOAENN, ONMcBaLLn
M3MEeHeHneTo Ha Mmacata Ha xnaba. C

analyzed models describing the
change in bread mass. With sufficient

AoctaTb4yHa TOYHOCT  ONUTHUTE  [AAHHU accuracy, the experimental data
onucea BTOpUSA paumoHarneH mogen. describes the second rational model.
Ta6nuua 6. Table 6.
Mopenu, onucBawm N3MeHEeHMeTo Ha Models describing mass change
MacaTa BbB BpemMeTo over time
KoedumumeHtun (c 95% noBeputeneH To4yHOCT Ha
OcHoBeH mofen MHTepBan) onucaHueTo
General model Coefficients (with 95% confidence Goodness of fit
bounds)
PaLvoHaneH p1=_0.001614 (-0.002841, 0.006068) SSE: 06459
Rational pg - ggoség (%%12'(11’ 222'3)04 2.326e+04) | R-Square: 0.9989
- *y A * po = 2. e+ . e+04, 2. e+ AP
f(x) = (p1*x"2 + p2*x + p3) / (x + q1) q1 = 29.09 (25.73. 32.44) RMSE: 0.1844
p1=693.6 (693.3,693.8)
PauvoHaneH p2 = 7945 (-9777, 2.567e+04) SSE: 0.6546
Rational p3 =-3.597e+05 (-8.612e+05, 1.418e+05) R-square: 0.9989
f(x) = (p1*x"2 + p2*x + p3) / (x*2 + q1*x + q2) | q1 =10.5 (-15.05, 36.04) RMSE: 0.1907
g2 =-501.6 (-1201, 197.6)
EkcnoHeHuunaneH
Exponential _
f(x) = a*exp(b*x) + c*exp(d*x) a - 0.2545 (0.108, 0.401) SSE: 2.362
y =-2.57 (-2.907, -2.234) .
KbAETO X € HOPMUPAHO Ype3 cpeHa CTONHOCT _ R-square: 0.9961
110 v cTaHAaAPTHO OTKNOHEHWE 67.82 € =698.2 (697.8, 698.5) RMSE: 0.3526
- . : d =-0.001887 (-0.002428, -0.001347) T
where x is normalized by mean 110 and
standard deviation 67.82
p1=-5.095e-06 (-6.876e-06, -3.313e-06) .
Nonuromen p2 = 0.002303 (0.001706, 0.0029) SSE: 16.3
Polynomial p3 =-0.3463 (-0.4021, -0.2906) R-square: 0.9733
= *y A %y A *. - ~Y. Y. y TV .
f(x) = p1*x"3 + p2*x"2 + p3*x + p4 b4 = 714.7 (713.3, 716.1) RMSE: 0.9263

HanpaBeHo e mogenupaHe Ha AaHHUTe
32 M3MEHeHWe Ha CbNpPOTUBMEHUETO Ha
kopata. Bbpxy gaHHUTe 3a cpeguHaTa He
ca HanpaBeHu n3cregBaHus.

Ha «dwmrypa 6 ca npencraBeHu
OMNUTHUTE AaHHK, nonyyeHu npu
n3vepBaHe Ha  CbNPOTMBMIEHMETO B
cpegnHaTa u KopaTta Ha xnsba.

Monyyenute pesyntatu 3a
M3MEHEHNETO Ha CbNPOTUBMEHNETO B
cpeonHata M kopata Ha Xxnsba, KoeTo
MoXe Aa 6bae M3non3sBaHO KaTo KOCBEH
nokasaTen 3a U3MeHeHMeTO Ha Bnarata Ha
xngba npu oxnaxgaHe, noTBbpXaaBaT
nocoyeHnte B [17]. CbabpxaHMeTo Ha
Boga B Kopata pgoctura 12%, a B
cpeavHaTa 33%. Habnopasa ce
HapacTBaHe Ha CbObpXaHwe Ha BOoAda B
KopaTa u HamarnsiBaHe B cpeavHaTa.

It has been modeling data to
amend the resistance of the crust. No
studies have been made on the data
on the crumb.

Figure 6 shows the experimental
data obtained by measuring the
resistance in the bread crumb and

crust.
The results obtained for the
variation of the resistance in the

bread crumb and crust, which can be
used as an indirect indicator of the
change in bread moisture upon
cooling, confirm those shown in [17].
The moisture content in the bark
reaches 12% and the average 33%.
There is an increase in the moisture
content of the crust and a decrease in
the crumb.
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800
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0 =
time, min

®dur. 6. UameHeHMne Ha CLNPOTUBIIEHUA HA
Kopa u cpeauHa

MeToaobT 3a M3MepBaHe Ha Bnara, KOUTo
n3non3eat aBTOpUTE € U3CyllaBaHe Ha YacT
OT npobata 3a 24 4aca W TErnoBHO
onpegensHe  Ha  BNaroCbAbpXKaHWETO.
MeTogbT € paspywmTeneH u U3MCKBa
MHOXECTBO Npobun 3a NpocneasaBaHe Ha TO3U
npouec.

MNogobHa 3aBMCMMOCT ce nony4YaBa WU
npu M3MEHEHNE Ha CbNPOTUBMNEHNETO B TE3N
obnactn Ha xnaba npu nsctmeaxe. NMpu ToBa
n3mepBaHe He ca Heobxoaumun
AOMbIHUTENHN NPobu 3a aHanu3 M BCUYKK
n3amvepBaHua (3a TemnepaTypa W Terno)
Morat ga Obaar npaBeHM 3a Bcekn Xnsd
NnooTAENHO.

B Tabnuua 7 ca npeacraBeHu pesyntaTtu
3a YeTUpPW aHanM3npaHn MOLENN, ONMCBaLLM
M3MEHEHNETO Ha CbNPOTUBMEHNETO B

cpeaMHata Ha xnsba. C  gocrartbyuHa
TOYHOCT ONUTHUTE AaHHN onucea
pauMoHanHmsa Mmoaen.

Tabnuua 7.

Mopenu, onucBawm U3MEHEeHMeTO Ha

CBLNPOTUBNIEHMETO Ha KopaTa BbLB BPeMeTO

o R crumb, kQ
» R crust, kO

0o 10 20 30 40 50 60 YO B0 S0 100 110 120 130 140 150 160 170 180 190 200 210 220 230

Fig. 6. Crumb and crust electrical
resistance changes

The moisture measurement method
used by the authors is to dry part of
the sample for 24 hours and to
determine the moisture content by
weight. The method is destructive and
requires multiple samples to track this
process. A similar dependence is also
experienced when changing the
electrical resistance in these areas of
bread when cooling. This
measurement does not require
additional samples for analysis and all
measurements  (temperature  and
weight) can be made for each bread
individually.

Table 7 presents results for four
analyzed models describing the
change in electrical resistance in the
bread crumb.  With sufficient
accuracy, the experimental data
describes the rational model.

Table 7.

Models describing crust electrical
resiatance change over time

OcHoBeH mogen
General model

KoedmumeHTu (c 95% goBepurteneH

Coefficients (with 95% confidence

To4yHOCT Ha
onucaHueTo
Goodness of fit

MHTeEBanl

bounds)

EkcnoHeHuunaneH
Exponential

f(x) = a*exp(b*x) + c*exp(d*x)
KbETO X € HOpMUPaHO Ype3 cpeHa CTOMHOCT
110 v cTaHOAPTHO OTKNOHEHWE 67.82
where x is normalized by mean 110 and
standard deviation 67.82

a=0.8665 (-0.1252, 1.858)

b =-4.185 (-4.887, -3.482)
c=19.51 (3.515, 35.5)

d =0.09472 (-0.8091, 0.9986)

SSE: 1.175e+04
R-square: 0.9835
RMSE: 24.87

MNonvHomeH
Polynomial
f(x) = p1*xA3 + p2*x"2 + p3*x + p4

p1=-0.0003442 (-0.0004776, -0.0002108)
p2 = 0.1389 (0.0942, 0.1836)

p3 =-16.93 (-21.11, -12.76)

p4 = 620.8 (517, 724.5)

SSE: 9.142e+04
R-square: 0.872
RMSE: 69.37
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PaunoHaneH
Rational

f(x) = (p1*x"2 + p2*x + p3) / (x*2 + g1*x + g2)

p1=18.86 (11.07, 26.65)

92 = 95.89 (58.28, 133.5)

p2 =-87.24 (-1168, 993.4) SSE: 593.7
p3 = 7.268e+04 (4.416e+04, 1.012e+05) R-square: 0.9992
q1=-5.271 (-6.032, -4.51) RMSE: 5.743

Cyma oT cuHycu
Sum of sine

al = 1.089e+04 (-1.401e+08, 1.401e+08)
b1=0.00183 (-28.9, 28.9)

c1=2.889 (-3982, 3988)

a2 = 2344 (-8.168e+086, 8.173e+06)

SSE: 1.216e+05
R-square: 0.8298

f(x) = a1*sin(b1*x+c1) + a2*sin(b2*x+c2) b2 = 0.008905 (-6.218, 6.236) RMSE: 84.56
c2 =5.065 (-831.5, 841.6)
OueHeHa e 4yBCTBUTENHOCTTA Ha The sensitivity of the models

nonyyeHuTe mogenu. Pesyntatute ot 1asu
OLEHKa ca npeacTraBeHu B Tabnuvua 8.

3a ga ce oueHM B KakBa cTerneH
paumoHanH1Ma Moaen onucBa € AocTaTbyHa
TOYHOCT nMpoueca Ha W3MEHEHME Ha
TEXHONOMNYHUTE napameTpu ca
N3non3BaHn pesyntatuTe 3a Te3u npoLecu
N meToaMka 3a KpuTepun Ha CTOOLHT,
KOWTO npu pasnonaraemuTe OaHHW uma
cTteneHn Ha cBoboga df=n-1, kboeTto n e
Opos Ha onuTHUTE AaHHW. M3non3BaHu ca
AaHHM, KOUTO He ca npwunaraHn npu
TbPCEHE Ha MOAXOAsdL, MoAen, KOWTo Aa
OnuLLE OMNUTHUTE OAHHMW.

M3umncneHaTta CTOMHOCT Ha KpUTepusa Ha
CTioObHT € teacuiated, KPUTMHHATA CTOMHOCT
npwv ctenenn Ha ceoboaa df=44 e tgijca. THiA
KaTo m3dncrieHaTta CTOMHOCT Ha KpuTepusa e
no-marnka oT KpuTU4HaTa, TO paumoHarnHus
MoOen € agekBateH M Moxe na Obae
N3non3BaH 3a npocnegssaHe Ha
N3MEHEHMETO Ha TEXHONMOMMYHM NapameTpum
npw oxnaxgaHe Ha xnso.

Tabnuua 8.
Pesyntatu 3a oueHKa 4yBCTBUTENHOCTTA
Ha nony4yeHuTe moaenu

obtained is evaluated. The results of
this assessment are presented in
Table 8. In order to assess the extent
to which the rational model describes
with sufficient accuracy the process of
changing the technological
parameters, the results for these
processes and the Student criterion
method are used, which at the
available data have degrees of
freedom df=n-1, where n is the
number of the experimental data. Data
was used that was not applied when
searching for a suitable model to
describe experimental data.

The calculated value of the Student
criterion is tcacuiated, the critical value at
degrees of freedom df = 44 is tcictical-
Because the calculated value of the
criterion is less than critical, then the
rational model is adequate and can be
used to track the change in bread
process technology parameters.

Table 8.

Results for the sensitivity of the

models obtained

Mokazare Mopen
n Model e max df tealcutate | teritica
Paramete d I
r
= *y A * A *
m 0= (P12 + P2 +p3) 162 ¥ qx+ 25% | 4| 0002 1,68
f(x) = (p1*x"2 2% 3 A2 1*
Terumb 00= (PTx2 + 52+ p3) [ (2 + g * 4% | 5| 0014 168
f(x) = (p1*x"2 2* 3 1
Tcrust (x) = (p1*x"2 + p2*x + p3) / (x + q1) 14% j 0,01 | 1,68
f(x) = (p1*x"2 2% 3 A2 1*
Rcrust (x) = (p1"x"2 + p ;‘2")"’ )/ (x*2 +q1*x + 20% j 0| 1,68
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Mpw onpenensiHe Ha TOMNMHHUTE 3aryou
Ha xnsba, ToM e anpokcUMMupaH [ao
napanenenunes CbC CTpaHu
0,22x0,12x0,10 m. KoepuuneHTbT Ha
koHBekums h=10 w/m?K. MnowTa Ha xns6a
Aa=0,122 m?. KoHcTaHTuTe ca 0=0,121
€0a=0,76. HavanHaTa TemnepaTypa B
cpeauHata Ha xnsiba e T=393K (120°C).
OkonHata TemnepaTtypa e 0,m,=20°C.
XKenaHata Temnepatypa B cpeguHata Ha
xnsba e 6,=30°C. Kputepuart 3a nsbop Ha
pasnuka ¢=0,1 n 1M m3uncneHusTa ca 3a
cnyyasa ¢<0,7. B tabnuua 9 ca HaHeceHu
pes3ynTaTuTe OT HanpPaBEeHUTE N3YNCIIEHMS.
Onpepenenn ca 3arybute Ha maca. Ts
Hamansea ¢ 20,55 g wnmn ¢ 3% cnpsamo
HayanHaTa.
Tabnuua 9.

Pe3ynTtaTtu ot onpeaensiHe Ha TONJIMHHU
3arybu npu oxnaxaaHe Ha xnso6

When determining the heat losses of
bread, it is approximated to parallelepiped

with sides of 0,22x0,12x0,10 m.
Convection coefficient h = 10 W/m?K.
Bread area Aoy = 0,122 m? The

constants are 0=0,121 ¢€,4=0,76. The
initial temperature in the bread crumb is
Tia=393K  (120°C). The  ambient
temperature 6amb=200C. The wanted
temperature in bread crumb is 6,,=30°C.
The criterion for selecting a difference of
c=0,1 and the calculations are for the
case of ¢<0,7.

Table 9 lists the results of the
calculations made. Mass losses are
determined. It decreases by 20,55 g or by
3% relative to the initial one.

Table 9.

Results of determining heat losses
when cooling bread

3aryomu oT KOHBeKLusA 3aryom oT M3nb4YBaHe

O6wu 3aryom TemnepatypHa pa3snuka

Convective heat loss Heat loss by radiation

Total heat loss Temperature difference

QConw W qrada W qmtala w Ae, OC
-121,79 -127,18 -248,97 39,09
[MonyyeHnte pesyntatv 3a U3MEHeHue The results of the change in

Ha TemnepaTtypaTta B cpeavHaTa Ha xnsba
CbOTBETCTBAT Ha Te3u, AoknaasaHu B [14].
Bpemeto 3a pgocturaHe Ha  OKOSfHa
Temnepatypa e 170 min. B cpaBHeHue CbC
CblUMss aBTOpP BPEMETO 3a AOCTUraHe Ha
30°C B cpeguHata Ha xnsba e no-marnko -
nonyyeHo 90 min, a gokragsaHo OT aBTopa
140 min.

M3meHeHneTo Ha CbMpPOTUBMEHMETO B
cpeanHata WM Ha Kopata Ha xnsiba
CbOTBETCTBAT HA MOCOYEHOTO W3MEHEHME
Ha cCbabpXaHMeTo Ha Bnara ot [17].
Heobxognmn ca cnegBalum m3cneaBaHus
3a onpegernsiHe Ha Bpb3ka Mexay Te3n ABa
nokasartensi C Len Cb3gaBaHe Ha EKCrpeceH
METO4 3a M3MEpBaHE CbObPXAHMETO Ha
Bnara npu oxnaxgaHe Ha xnsio.

M3meHeHneTo Ha macaTta Ha xnsiba e
3%. To3n pesyntat e 6nu3bk OO
poknagsanute ot [14] w [17], kKbaeTo ce

temperature in the bread crumb
correspond to those reported in [14].
The time to reach ambient temperature
is 170 minutes. Compared to the same
author, the time to reach 30°C in the
bread medium is less — 90 min
received, and reported by the author
140 min.

The change of electrical resistance
in the bread crumb and crust
corresponds to the mentioned variation
in the moisture content of [17].

Further research is needed to
establish a link between these two
parameters in order to create an
express method for measuring the
moisture content of bread cooling.

The change in bread mass is 3%.
This result is close to that reported by
[14] and [17], where it states that this
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noco4yesa, 4Ye ToBa W3MEHEHME Mpu
€CTEeCTBEHO OXNnaXkgaHe € B paMKuTe Ha 2-
4% oT HayanHaTa.

5. 3aknroyeHune

MpeanoxeHata eKcrnepuMeHTanHa
NnocTaHOBKa 3a MpocreasiBaHe Ha npoleca
Ha oxnaxgaHe Ha xnab moxe ga O6boe
N3non3eaHa 3a CHEMaHe Ha KUHETUYHU
KpvBM 3a TO3M NPOLIEC.

N3cnegBaHn ©n  aHanuaupaHm  ca
MOAENu, OnNMUCBaLUM C AocTaTbyHa TOYHOCT
N3MEHEHMETO Ha TEXHOJTOMMYHN NapamMeTpu
npu oxnaxpgaHe Ha xnaA6, NpuroTBeH Mo
TEXHOMOMMA  CbIflAaCHO  yTBbpAEH B
Bvnrapua craHgapT.

HanpaBeHUAT aHanmMa Ha KoeUUMEHT
Ha onpegeneHoct u rpewkute SSE nu
RMSE nokaseat, 4e onuTHUTE AaHHW ce
onuceaT C AocTaTb4yHa  TOYHOCT C
paunoHaneH mogen. 3a Te3n Mmogen e
nony4eHa obobLueHa KpuBa Ha M3MeHeHue
Ha TEXHOSOMMYHN MapamMeTpu Ha xnsb npu
€CTEeCTBEHO OXnaxgaHe.

MonyyeHute pesyntatu JgonbnBaT C
AaHHM 3a xns6, npurotBeH no bBbnrapcka
TEXHOMNOIMMA  M3BECTHUTE OT  AOCTbIHU
nMTepaTypHN  U3TOYHMUM 3a O0bGekTuBHA
OLeHKa Ha npoueca oxnaxaaHe Ha xnso.

EdekTnBHOCTTa Ha nonyvyeHuTe moaenu
€ [OKasaHa 4pe3 npoBepka 3a TaAxHaTa
ageKkBaTHOCT npwv N3MEHeHne Ha
KoepmumeHtTMtTe M B guanasoHa *10%.
ToBa onpegensa Bb3MOXHOCTTA Te da ce
N3MNon3BaT 3a aHanM3npaHe Ha npoueca Ha
oxna)kgaHe Ha xnsio.

Onpepenenute TEXHOMNOMYHU
nokasaTtenm CbOTBETCTBAT C  Te3u,
AOKNagBaHM B [JOCTbNHATa nutepartypa.
[Mpn ecTBECTBEHOTO oxNaxpaHe Ha Xxnisio,
npoussegeH no bbnrapckn yTBLPAEH
cTaHgapT ce HabngaBaT HUCKKM CTOMHOCTU
Ha TemnepaTypHuTe 3arybu u He-ronsima
3aryba Ha maca — 8o 3%.

Pa3paboTtBaHeTo Ha sicHa npouenypa u

change in natural cooling is within 2-
4% of the initial.

5. Conclusion

The proposed experimental setup
for tracking the bread cooling process
can be used to capture kinetic curves
for this process.

Models studied, which describe with
sufficient precision the change of
technological parameters in bread
cooling prepared according to
technology according to a standard
approved in Bulgaria, have been
investigated and analyzed.

The analysis of coefficient of
determination, SSE and RMSE
determines that the experimental data
is described with sufficient accuracy
with a rational model. For these
models, a summary curve of variation
in bread process parameters was
obtained under natural cooling.

The results obtained are
supplemented with data on bread,
prepared by Bulgarian technology,
known from accessible literature
sources for objective assessment of
the bread cooling process.

The efficiency of the obtained
models is proven by checking their
adequacy by changing their
coefficients in the range £10%. This
determines the possibility that they can
be used to analyze the process of
cooling the bread.

The specified technological
indicators  correspond to  those
reported in the available literature. In
the natural cooling of bread produced
according to a Bulgarian approved
standard, low values of temperature
losses and a mass loss of 3% are
observed.

The development of a clear
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TeXHN4YeCKO CpeacTtBo 3a U3MepBaHeE Lie

HanMpaBM Bb3MOXHO MPUIMOXEHNETO B
npousBoAcTBeHaTa npakTuka Ha
NPeasioXeHNss  He-CrNoXeH, MeTod  3a
XapakrepuampaHe N3MEHEHMETO Ha

OCHOBHM TEXHONIOMTMYHM MNapaMeTpu npu
oxna)kaaHe Ha xnso.

Mpunoxenune 1. lNporpama B Arduino
IDE Ha cuctema 3a npocnegsisaHe
oxNaXkaaHeTo Ha xnsb

procedure and a technical measuring
instrument will make it possible to
apply in the production practice the
proposed non-complex method for
characterizing the change of basic
technological parameters in the cooling
of bread.

Appendix 1. Program in the Arduino
IDE of a Bread cooling measurement
system

#include "HX711.h"
#define DOUT 8
#define CLK 7
HX711 scale(DOUT, CLK);
#include <Adafruit_ MAX31856.h>
/I Use software SPI: CS, DI, DO, CLK
//CS-D6 DI-D9 DO-D10 CLK-D13
Adafruit MAX31856 max =
Adafruit_ MAX31856(6,9,10,13);
#include <LiquidCrystal.h>
constintrs=12,en=11,d4 =5,d5=4,d6 =3, d7
= 2,
LiquidCrystal Icd(rs, en, d4, d5, d6, d7);
int tar;
void setup() {
Icd.begin(16, 2);
Icd.clear();
scale.set_scale();
scale.tare(); //Reset the scale to 0
long zero_factor = scale.read_average(); //Get a
baseline reading
//Serial.print("Zero factor: "); //This can be used to
remove the need to tare the scale. Useful in
permanent scale projects.
//Serial.printin(zero_factor);
pinMode(tar, INPUT);
max.begin();
max.setThermocoupleType(MAX31856_TCTYPE_
K);
Serial.begin(9600);}
void loop() {
/Iscale
scale.set_scale(146135); //Adjust to this calibration
factor
float m=scale.get_units()*0.453592*1000;
int numsamples1=10;
float samples1[numsamples1];
float average1 = 0.00;
for (int i=0; i< numsamples1; i++) {
samples1[i] = m;delay (10);samples1[i] = m;}
for (int i=0; i< numsamples1; i++) {
average1 += samples1[i];}
float m1 = average1/numsamples1;
/[Thermocouple Type K
float tcj= max.readCJTemperature();
float ttk= max.readThermocoupleTemperature();

/Iresistance 1
float rs1=45000.0;//pulldown resistor
float r1=analogRead(A0);
int numsamples2=10;
float samples2[numsamples?2];
float average = 0.00;
for (int i=0; i< numsamples2; i++) {
samples2[i] = r1;delay (10); samples2[i] = r1;}
for (int i=0; i< numsamples2; i++) {
average += samples2][i];}
r1 = average/numsamples2;
float rt1=rs1*((1023/r1)-1);
/ffloat rt1=r1*(5.0/1023.0);
/Iscale tare
tar=analogRead(A7);
int ta=tar;
if(Serial.available())
{char temp = Serial.read();
if(temp =="t' || ta == 1023) scale.tare(); m1=0.0;}
if(ta == 1023) scale.tare(),m1=0.0;
Serial.print(m1,1);
Serial.print("\t");
Serial.print(ttk,1);
Serial.print("\t");
Serial.print(rt1/1000,3);
Serial.print("\t");
Serial.print(ta);
Serial.print("\t");
Serial.printin();
/I Turn on the display:
Icd.display();
// Print a message to the LCD.
Icd.setCursor(0,0); // Sets the cursor to col 0 and
row 0
lcd.print("T="); // Prints Sensor Val: to LCD
Icd.print(ttk,1); // Prints value on Potpin1 to LCD
lcd.print(" ");
Icd.print("m=");
Icd.print(m1,1);
Icd.setCursor(0,1); // Sets the cursor to col 1 and
row 0
Icd.print("R="); // Prints Sensor Val: to LCD
Icd.print(rt1/1000,3); // Prints value on Potpin1 to
LCD
Icd.setCursor(9,1);
if(ta == 1023) Icd.clear(),m1=0.0;//scale tare
delay(600);}
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