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Abstract. The article describes the interim results of a research project «The improvement of the process
wine quality control with new sensor-based devices». The purpose of our work was to develop a block diagram
of the device with connected electronic sensors.

Anomauyin. 'V yit cmammi 8i0odpadiceni pesynomamu 00CAiOHUYbKOI pobomu « YoockonaneHHs npoyecy
KOHMPOJIO SAKOCMI 8UHA 30 OONOMO20K HOBUX NPUCMPOIE HA OCHOBI eleKMPOHHUX 0amuukiey. Memorw Hawoi
pobomu O6y10 — po3pobumu OIOK-CXeMy NPUCMPOI 3 NIOKIIOUEHUMU eleKMPOHHUMYU damyukamu. Y cmammi
BUKIIAOEHT NPOMINCHI pe3yIbmamu HayKo8o-00CaiOH020 NpoeKmy « Yoockonanenna npoyecy KOHMpOJIo AKOCMI
BUHA 3a OONOMO20I0 HOBUX NPUCPOI8 HA OCHOBI eleKMPOHHUX oamuuKiey. Memoio nawoi pobomu 6yn0 — pos-
podOUmMU OAOK-CXEMY NPUCTPOTO 3 NIOKTIOUEHUMU eNeKMPOHHUMU OAMYUKAMU.

Ilokasano, wo 6 cywacHiu cucmemi AKOCMI GUHOPOOHOI eany3i Yxpainu 00 ’ekmom Ynpaeninmns noguHen
cayoicumu npoyec opmyeants AKOCmi npoOyKyii Ha 6cix emanax ii cmeopenus ma ekcnayamayii. YV 36 ’s3Ky 3
Yum HeoOXiOHO NIOHAMU AKICMb BUPOOHUYMBA OO0 PIGHS, NPU AKOMY YKPAIHCLKI BUHA 3MAAMUMYMbCI HA MIdIC-
HapOOHOMY PIGHI 3 (DpaHYy36KUMU, IMANIUCOKUMY, ICHAHCOKUMU uHamu. [lpu eupiuenni danoi npobiemu 6 po-
bomi nPoOeMOHCMPOBAHO HEOOXIOHICIb PO3POOKU eheKMUBHUX, SHYUKUX A8MOMAMU308AHUX CUCMeEM GI0cme-
JHCEHHsL AKOCMI NPOOYKYIL 015l HeBeIUKUX UHOPOOHUX nionpuemcma. Lli cucmemu / npucmpoi nogunni 6ymu He-
dopoeumu, NOPpMAamueHUMU, WEUOKUMU | HAOILHUMU.
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Posenanymo maxuil easxcausuii 0na cnoscusayie ampubdym 008ipu 00 AKOCMI Xapuo8oi npooyKyii, AK npo-
cmedicysanicms. Jlocaemu npocmedxicy8aHocmi 6 BUHOPOOHOT NPOMUCIOBOCIT MONCIUBO ULIAXOM MOHIMOPIH2Y |
asmomamu3zayii 6upobHu1020 npoyecy. ns ybo2o nOmpione 3acmocy8ans 4ymaueux elemMeHmia; eiekmpoHHUx
0amuuKi6 [ eleKMPOHHUX CUCEM, SIKI 3a36Udall CKIa0armscs 3 KOMOIHayii damyukie i / ab0 6UKOHAGUUX NpU-
cmpois 0OpobKU cueHaié i 368'a3Ky.

3 oenady na me, wo mani nionpuemMcmea pioko peanizyloms nPOCMeNCY8aHicms momy, wo ye msiehe 3a co-
0010 3HUICEHNsA epeKmUsHOCMI BUpoOHUYMEa i 30iNbUenHs eumpam, asmopom NOKA3AHO peanvHy nepesazy
PO3POOKU WEUOKUX, HAOIIHUX I NOGHICIIO AGMOMAMUYHUX CUCIEM, K 00380JAIU 6 NPOBOOUmU OLlb UWEUOKY
00pO6KY | 34UMy6aHHsL 3pA3KI6.

Baoicausoro wacmunoio pobomu 6yno eusnauumu onNMUMAIbHUl Habip napamempie 6UHA — NOKA3HUKIG KO-
cmi ma 6esnexu npooykmy. Le 3pooumu docums cKIaoHo, MOMY Wo MAKUX NOKA3HUKIE eenuka Kinbkicms. Taxk,
Hanpuxiao, & oupexmusi €gponeticokoeo Corwsy Hasedeno Oinvute 50 NOKAZHUKIB, 3a OONOMO20I0 AKUX MONHCHA
documsv 00 €EKMUBHO oyiHumMU AKicMb ma i0eHmuiKysamu 6uHOpoOHY npooykyir. Are ye mpusaiuil i dopoeuii
npoyec, momy wo yi NOKA3HUKU BUSHAYAIOMbCA 6 CReyiani3o8anux 1abopamopisx na 00po2omy i CKIAOHOMY
obaaonanni. Haoip yux memoois peeynoemocsa Ilonoscennam npo Komicito (2676/90) na pisni €C.

B pesynomami 0ocnioscennss 6yno obpano eadiciusull eman (npoyec) KOHMpoo — 6pOOiHHI BUHOSPAOHO20
cycaa, a maxkooic psaod OCHOGHUX NApAMempis, wob cmeopumu nopmamueHy Cucmemy 3 Habopom O0amuuxie O
BUKOPUCMAHHA 6 Oe3nepepeHOMY MOHIMOPUH2Y AKOCMI 6UHA 6 eMHocmsx. [lepeeazamu 3anpononoeanoi cucme-
MU € ONMUMIZAYIST BUPOOHUUO20 NPOYECY, eKOHOMISL Gumpam, NOJINUWEeHHs AKocmi ma 6esneku npooykyii, 3a-
be3neuents 6HYMpPIWHbOI npoCmedicysanocmi. 3anponoHoeano OI0K-cXemy npucmpor0 3 NiOKIIOYeHUMU eleKm-
POHHUMU OamuuKamu Ol A8MOMAMUYHO20 KOHMPOJIO NOKA3HUKIE skocmi euna. Takuil npucmpii € egpexmug-
HUM OONOBHEHHAM 00 ICHYIOUUX Memooie aHaizy, wo 0a3yrmvcsa Ha BUKOPUCTIAHHI 00P02020 1aO0paAmMOpHO20
001a0HAHHA.

Key words: wine, quality, automatic control, sensor-based device.

Karo4oBi cjioBa: BUHO, SIKiCTh, aBTOMAaTHIHHN KOHTPOJIb, CCHCOPHUH TIPUCTPIH.

The Ukrainian wine industry need to go through a series of reforms aimed at introducing strict quality con-
trols. Is necessary to raise the quality of the production to a level whereby Ukrainian wines will compete at in-
ternational level with French, Italian, Spanish wines. Improving quality and optimising the production process
have become key objectives for Ukrainian producers seeking to obtain their competitive edge, and this must be
achieved by the introduction of new technologies in this industry.

Developing sensing/actuating platforms is main trend of quality control in food and beverage sector now.

It is very important to improve the cooperation between suppliers and users of electronic sensors because the
implementation of sensors and microsystems in the wine industry is relevant for traceability of quality and safety
of wine products.

Quality requirements often play a key role in modern business process management [1]. The ISO 9000
standard [2] defines quality as the totality of features and characteristics of a product or service that bear on its
ability to satisfy stated or implied needs.

In the last years consumers have become to consider traditional determining factors such as price less im-
portant than other parameters, called credence attributes. Consumers often request certifications for these cre-
dence attributes and for this reason traceability is gaining more and more important in characterizing.

Traceability is defined as the ability to follow a product and its history through the whole, or part, of a pro-
duction chain from raw materials through trans-port, storage, processing, distribution and sales (called chain
traceability) or internally in one of the steps of the chain, for example the production step (called internal tracea-
bility) [3]. Traceability is becoming an essential management tool for improving production efficiency. Indeed,
traceability enables an effective process control and allows generating reliable risk assessment models, for iden-
tifying various factors that cause quality and safety problems [4].

Traceability by monitoring and automatization of the production process require the use of sensing instru-
ments: electronic sensors and microsystems. Microsystems (MST) are electronic systems that are usually com-
posed of a combination of sensing and or actuating devices, signal processing and communication. They are also
known as Smart Systems. The systems involve at least one component built by Micro or Nanotechnologies
(MNT).

However, only large enterprises, which are supported by a considerable use of information and communica-
tion technology, employ very efficient and fully automated traceability systems [5]. On the contrary, small en-
terprises only rarely implement traceability and, when they do, they add the traceability management to their
normal operation, decreasing the efficiency and increasing the costs. A real advantage would be to develop fast
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and reliable and fully automatic systems that would allow simpler, faster and cost effective sample processing
and sensing.

The work of the winemakers is therefore to define a set of parameters, attributes of the quality and safety of
the product and to follow analytical procedures (usually in specialized laboratories) to determine them and, thus,
to ensure adequate product processing and final quality.

Lots of parameters can and should be checked in winemaking. The International Organization of vine and
wine suggests appropriate analytical methods for them. A set of those methods are covered also by a Commis-
sion Regulation (2676/90) at EC level.

Large wineries can afford laboratory equipment (each of them costing several tens of thousands of Euros).
The main techniques are: Ultra Violet and Mass Spectrometry, Spectrophotometry, Spectrofluorimetry, High
Performance Liquid Chromatography, Gas Chromatography, Atomic Absorption Spectroscopy etc... Normally
instruments based on such techniques are very precise and the main ones are also of very high cost and are not
available in most of the laboratories of small wineries. However, in many cases these techniques cannot be used
on-line.

Large wineries can also employ full-time oenologists or technicians by providing them with enough samples
requiring routine analysis each week. On the other hand, small wineries do not have such material and personnel
resources, and they usually outsource to certified labs many of those analyses.

Here in table 1 follow typical cost per sample in one of those certified labs given external service.

In addition to cost problems there are also time problems. Results from the certified laboratories can take
two or three days. Some of those analyses are long, tedious, cumbersome, prone to operator error, and on occa-
sions difficult to interpret. Due to those problems, small wineries don’t typically conduct enough
routine analyses.

Table 1 — Typical cost per sample of analysis done in certified laboratories

Analysis Cost price ina Laboratory_
EU, € Ukraine, UAN
Ethanol 4-40 120
Residual sugar 5-50 200
Total acidity 2-50 90
Current metals: K, Mg, Ca, Na, Fe, Cu 13-80 180
Heavy metals: Fe, Pb, Zn, Cd, ... 18-80 140
SO, 5-50 144
Acetaldehyde 13-80 180
Malic, lactic, citric acid 8-80 300

It is clear from the described situation that today a considerable challenge is to develop agile and automated
traceability systems for small wineries [6].

The purpose of our project was the improvement of the process wine quality control with new microsensor-
based devices for small wineries. These devices must be cheap, portable, fast and reliable.

It was necessary to solve the following tasks:

— to identify important points of control of the technological process;

— to offer an expanded a set of product attributes and process parameters that are intended for monitoring;

— identification of potential sensor and microsystems solutions for internal traceability and they current
availability;

— to define which sensors and systems are the most attractive and offer more possibilities to determina-
tion of the attributes and general organoleptic parameters of wine determined at vapour and liquid phases;

— to develop a block diagram of the device with connected electronic sensors.

From the prioritization of winemakers, it is seen that fermentation is the most important stage for making
wine. Fermentation may occur in one or more steps (fermentation, stabilization, second fermentation) and media
(tank, barrel and bottle) and this gives again more degrees of differentiation among wine processes. Developing
systems that can be attached to each tank and give continuous information would be a real advantage compared
to handmade current sampling and analyzing processes.

We identified the following processes as control points:

— fermentation;

— after-fermentation;

— stabilization.
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The main parameters of interest is reported in table 2 obtained from oenology reference works. In the same
table a separated column reports the phase of the detection methods that could be approached with electronic
sensors. A total definition of all these parameters using a single multisensory system is possible only in the me-
dium and long term. After all, for this purpose it is necessary to develop a complex of chemical and biochemical

sensors of high complexity.

Table 3 refers to key parameters in control points which can come from measurement of volatiles. A sepa-
rated column reports which sensors are the most attractive and offer more possibilities to determination of the

wine quality attributes.

Table 2 — Summary of some must and wine quality attributes

Product attributes and Range Detected phase
process parameters
pH 2.5...45 Liquid
Sugars 2...200 g/l Liquid
Total Acidity 3...9¢/ Liquid
Volatile Acidity 0...19/l Liquid
Malic acid 0.1...0.3 ¢/ Liquid
Lactic acid 0...3¢g/ Liquid
Assimilable Nitrogen 0.05...1.0 g/l Liquid
Acetic acid 0.1...1.5¢/l Liquid
Acetaldehyde 0.05...0.5 g/l Liquid
Ethanol 0...100 g/l Gas/ Liquid
Sulfur Dioxide SO, 20...200 mg/l Gas
Oxygen O, — Gas
Table 3 — The key parameters in control points
Product attributes and Detected phase Sensor
process parameters
pH Liquid Sensor pH SENS0161 SmartSens KROHNE
Temperature Vapour Digital thermometer DS18B20
Ethanol Vapour Sensor MQ-3
Oxyge:n C.)z (additional parameter Vapour Electrochemical sensor Oksik-3
for oxidation control)

We selected some parameters (Table 3) to create a portable system with a set of sensors (Figure 1) for use in

the continuous monitoring of wine quality in tanks.
Profitable advantages from selected sensors are:
— optimization production control loops;

—  costs savings;
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— improving quality and safety;
— providing internal traceability

CP — control panel; MC — microcontroller

Indicator — status indicator (on-off)

Fig. 1 — The block diagram of the device
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Therefore, electronic sensors seem good candidates to be accepted by wineries, provided that may help on

developing realistic alternatives or complementary to existing analysis methods based on the use of expensive
laboratory equipment.

oo
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AHoTauiA. B mamepianax posenanymo npoobnemy yOOCKOHANEHHS OCHOBHO20 MA HAUBANICIUGIUO20 NpoYecy

BUPOOHUYMBA PUOHUX KOHCEPEI6 - cmepunizayii, wo sapanmye desneyHicms, cmabiibHicms npu 30epieanti, a
MAKOHC, eKON02TUHICMb 20M080i npooYKyii. Bioomo, o 00HUM 3 nepcneKmusHux cnocobis yOoCKOHAIEeHH Npo-
yecy cmepunizayii pubHUX KOHCEPEi8 € MmepMoCmadinizayis, wo 00360J5€ MIHIMIZY8AMU CUTY MENI08020 6NIUBY
HA 3a8epuLanibHOMY emani 8UpoOHUYMBA KOHCEDSI8.

Y cmammi nasedeno pesynomamu docniodxcens, AKi Hanpasieni Ha po3poOIeHHs ma HAYKose 00IPYHMY A H-

HSL PedHCUMIB 00HO20 3 NEPCHeKMUBHUX Memodie cmepunizayii — mepmocmabdinizayii. Hayxose obrpynmyeanis
napamempie mepmocmaoinizayii 6a3yemvcs Ha MeopemuyHOMY aHaNi3i Ma eKcnepuMenmatviil nepesipyi ma-
memamuyHol Mooeni npoyecy cmepuiizayii KOHCEPSI8, ujo BKI0UAE 1020 MenaiopizuuHi i MIKpoOioI02iuHi cKia-
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