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SUBSTANTIATION OF THE UNIVERSAL ADAPTIVE TECHNOLOGICAL
SYSTEM OF COMPLEX LABORATORIES FOR QUALITY AND SAFETY
ASSESSING OF GRAIN AND OIL CROPS

Abstract

The materials of the article provide data on the export of domestic grain, oil crops and their processing products, the com-
modity structure of the export of domestic agricultural products and a dozen export countries during the operation of the grain cor-
ridor from March 2022 to August 2023. The main requirements for modern laboratories and their functions are listed. The compo-
nents of a comprehensive analytical approach to assessing the quality and safety of grains and oilseeds according to modern interna-
tional requirements are presented. It has been established that, in addition to the technical and economic component, the activities of
complex laboratories are affected by a large number of technological limitations, among which an important place is occupied by the
problems of quality control of test results. Today, the functioning of native laboratories that assess the quality and safety of grains
and oilseeds has some of shortcomings that may affect the effectiveness of testing activities. In particular, there is a lack of a unified
approach to addressing systemic requirements, a large number of regulators, conflicting requirements, and limited international
harmonization. The requirements of industry regulations and contract specifications pose challenges for laboratories. All of this
emphasizes need to develop a universal adaptive technological system for quality control of integrated laboratories for assessing the
quality and safety of grains and oilseeds. The main components of quality management of laboratories for quality assessment of
grains and oilseeds are considered and analyzed. It was found that only 11% of accredited domestic laboratories can comprehen-
sively meet the current demand for conformity assessment services for agricultural raw materials. Based on the analysis, a roadmap
of quality management components of laboratories for quality assessment of grains and oilseeds was developed. The development of
such guidelines will help to meet diverse requirements and systematically demonstrate competence in line with current needs. Pro-
cesses such as analytical method validation, measurement uncertainty assessment, metrological traceability, and accreditation sup-
port require significant financial investments. The creation and implementation of a universal adaptive technological system will
help to rationalize the use of resources, thanks to logistical advantages, efficiency, reliability of results, and vertical management
system. The creation and implementation of a universal adaptive technological system will help to rationalize the use of resources,
thanks to logistical advantages, efficiency, reliability of results, and vertical management system.
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Introduction eration of the grain corridor [1] are presented in Fig. 2.

Ukraine is an agrarian country with great poten-
tial for international trade engagement. According to the
Ukrainian Grain Association [1], even during the war
period, from March 2022 to August 2023, more than 33
million tons of corn grain, 18 million tons of wheat grain,
and 3 million tons each of barley, soybean, sunflower
seeds, and rapeseed were exported (Fig. 1). The com-
modity structure of exports of domestic agricultural
products and a dozen exporting countries during the op-
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Data analysis of Fig. 1 and Fig. 2 once again confirms
the high quality, demand and interest of the world in our
agricultural products.

However, in order to achieve the maximum lev-
el of competitiveness in the global market, a prerequisite
is to ensure the appropriate level of quality and safety of
exported agricultural raw materials and products, which
is confirmed in production and research laboratories.
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a) Export volume, million tons
Fig. 1. The structure of exports of domestic grain, oil crops and products of their processing
from March 2022 to August 2023 [1]
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Fig. 2. Export indicators of domestic agricul-
tural products from March 2022 to August 2023 [1]
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Modern laboratories at grain processing enter-
prises must meet the following requirements:

- confidentiality and impartiality;

- standardization;

- competence;

- controlled quality.

The main functions of modern laboratories in
the grain processing industry are:

- sampling and transportation of samples;

- assessment of quality and safety indicators of
grains and oilseeds;

- research and development activities.
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Modern laboratory activities aimed at assessing
the quality and safety of grains and oilseeds are based on
a large number of national and international require-
ments, industry regulations, and are controlled by a wide
range of regulators. This is primarily due to the fact that
meeting even the minimum list of contractual require-
ments according to The Grain and Feed Trade Associa-
tion (GAFTA) [2] and The Federation of Qils, Seeds and
Fats Associations (FOSFA) [3] requires a systematic,
interdisciplinary approach and significant resource poten-
tial (Fig. 3).

Consistency of approaches to data analysis and
interpretation is a guarantee of confidence in the results
of laboratory tests. Therefore, in addition to the indica-
tors themselves, it is important to carefully consider the
methodological and technical components of their defini-
tion.

Formulation of the problem

The current activity of domestic laboratories for
assessing the quality and safety of grain and oil crops has
a number of shortcomings that can affect the effective-
ness of testing activities [4]. In particular, there is a lack
of a unified approach to solving system requirements, a
large number of regulators, conflicting requirements and
limited international harmonization. The situation is
complicated by the requirements of industry regulations
and the challenges posed by contract specification la-
boratories [4]. All this emphasizes the need to create a
universal adaptive technological system of quality con-
trol of complex laboratories. The development of such
guidelines will allow us to meet the various requirements
and systematically demonstrate competence according to
current needs. Processes such as validation of analytical
methods, assessment of measurement uncertainty, metro-
logical traceability and accreditation support require sig-
nificant financial investment.

The goal is to substantiate the development of a
universal adaptive technological system of integrated
laboratories for assessing the quality and safety of grain
and oil crops.

To achieve the goal, the following tasks were
solved:

- to analyze the existing certified laboratories for
assessing the quality and safety of grain and oilseed
crops for compliance with modern international require-
ments for comprehensive analysis of the quality and safe-
ty of grain and oilseed crops;

- to analyze the main sources of international re-
quirements for the activity of laboratories for assessing
the quality and safety of grain and oil crops;

- to create a "road map" of the quality manage-
ment components of laboratories for the assessment of
the quality of grain and oil crops for the formation of
directions for further research.

Objects of research - domestic laboratories that
assess the quality and safety of grains and oilseeds, sub-
ject of research - compliance of the system of ensuring
the functioning of integrated laboratories for assessing
the quality and safety of grains and oilseeds with modern
international requirements.
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Research results and
discussion

We analyzed 313 testing
laboratories that assess the quality
and safety of grains and oilseeds
and are accredited by NAAU [4].
According to the results of the
study of the areas of accreditation
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Fig. 3. Components of a comprehensive analytical approach to assessing the
quality and safety of grains and oilseeds, according to modern

international requirements

Research materials and methods

The research materials were:

- 313 areas of accreditation of conformity as-
sessment organizations, according to the list of the
National Accreditation Agency of Ukraine (NAAU),
which carry out activities about quality and safety indica-
tors of grains and oilseeds, for the first half of 2023;

- national and international regulatory docu-
ments governing laboratory activities to assess the quali-
ty and safety of grains and oilseeds.

Standard analytical and statistical processing
methods were used to analyze regulatory and technical
documentation for compliance.

Fingerprints

Molecular genetic indicators )
; GMO content

the need for certification of an
export product within one institu-
tion. This situation leads to the
need to involve additional service
providers and the long transporta-
tion of the sample, which is likely
to negatively affect its perfor-
mance.

While the functioning of
complex laboratories is subject to
comprehensive state regulation
both in terms of quality assurance and safety of their ac-
tivities, the requirements for the implementation of la-
boratory activities are based on a wide range of interna-
tional regulations aimed at building confidence in the
competence of the conformity assessment body and the
results it provides. Among the most important ones are
ISO 9001 [5]; ISO/IEC 17025 [6], 1ISO 22000 [7], ISO
31000 [8], EA Regulations [9] and ILAC [10]. Addition-
ally, there are a large number of industry-specific regula-
tions that establish rules for the implementation of spe-
cific areas of research.

Providing comprehensive testing services poses
serious challenges for laboratories. One of the fundamen-
tal problems in the provision of interdisciplinary analyti-
cal services is the sustainable functioning of the quality
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Fig. 4. Roadmap of quality management components of laboratories for

quality assessment of grains and oilseeds
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ness, and reproducibility of test results. However, the
current quality management of testing laboratories has
some shortcomings. Among them, the most influential
are four:

1. Lack of a single global system of standards.

Internationally, there is no single system of
standards for quality management of testing laboratories.
Countries and regions may have their own national
standards, which require additional efforts from laborato-
ries to meet the requirements of various regulations.

2. A large number of regulators.

Testing laboratories operating in an international
context are often faced with a large number of regula-
tions, standards and requirements from different coun-
tries. This can lead to difficulties in implementing and
following all the necessary procedures and protocols, as
well as require significant costs for preparing and updat-
ing laboratory equipment and infrastructure.

3. Contradictory requirements.

Different countries and industry associations
may have different requirements for procedures, method-
ologies and documentation. This can create inconsisten-
cies and ambiguity, especially when testing is conducted
in an international environment. Such discrepancies can
lead to unpredictable results and make it difficult to co-
operate between different laboratories and countries.

4. Limited harmonization of international stand-
ards.

Implementing a single global system of stand-
ards for quality management in testing laboratories is
challenging because different organizations and countries
have different approaches and priorities. This leads to
limited harmonization and insufficient interoperability
between different standards, which affects the overall
quality and comparability of test results.

In addition, the requirements for quality man-
agement of testing laboratories are constantly improving
and changing. For example, the change of DSTU
ISO/IEC 17025:2017 to DSTU EN ISO/IEC 17025:2019
and the implementation of HACCP requirements at the
national level.

In Ukraine, accreditation for compliance with
the requirements of certain management systems, such as
17025, Good Manufacturing Practice (GMP+), and Ver-
band Lebensmittel ohne Gentechnik (VLOG), is a volun-
tary procedure. However, international trade is impossi-
ble without proving the competence of the testing labora-
tory. Therefore, the provision of comprehensive con-
formity assessment services for agricultural raw materials

should be based on modern requirements, including re-
quirements for quality systems.

Conclusions and prospects for further research

The analysis of the conformity of laboratories
for assessing the quality and safety of grains and oilseeds
by modern international requirements showed that only
11% of accredited domestic laboratories in Ukraine can
comprehensively meet the current demand for conformity
assessment services for agricultural raw materials.

Quality and safety assurance is a key element in
creating value for Ukrainian agricultural raw materials
for foreign consumers. Harmonization of the approaches
used in the analysis and interpretation of their results
helps to increase confidence in the results of laboratory
tests. Due to the fact that the safety and quality indicators
of grains and oilseeds have a wide range of parameters
that are subject to assessment and regulation at the na-
tional and international levels, meeting all these require-
ments is possible only with a comprehensive analytical
approach. Only comprehensive laboratories are able to
perform a sufficiently wide range of analyzes and allow
the consumer to receive all the necessary services in one
institution. Due to their versatility, comprehensive labor-
atories can perform the entire range of tests and flexibly
adapt to changing requirements and tasks. The creation
and implementation of a universal adaptive technological
system will help to rationalize the use of resources,
thanks to logistical advantages, efficiency, reliability of
results, and a vertical management system..

However, due to the complexity and intercon-
nectedness of analytical procedures performed within
complex laboratories, establishing an effective and func-
tional quality management system for analytical results is
a challenge. A large number of regulatory requirements
and regulators, contradictory approaches and insufficient
international harmonization, along with regular review
and improvement of industry technologies, form the cur-
rent context for laboratory activities.

Given this, it is important to work to overcome
limitations and continuously improve management pro-
cesses for the successful operation of integrated laborato-
ries for quality and safety assessment of grains and
oilseeds. The development of a universal technological
concept for quality management of testing laboratories is
of great relevance and importance for ensuring the relia-
bility and credibility of test results at the international
level.
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OBI'PYHTYBAHHS YHIBEPCAJIBHOI AﬂAHTpBHOi TEXHOJIOI'TYHOI
CUCTEMH KOMILTEKCHUX JTABOPATOPIH 3 OUIHKH SIKOCTI TA
BE3IEYHOCTI 3EPHOBHUX TA OJIIMHUX KYJbTYP

Anomauin

B mamepianax cmammi nagedeno oami ekcnopmy GIMUUSHAHUX 3ePHOBUX, ONIIHUX KYIbMYp mMa NPpOOYKmie ix
nepepooKu, moeapHoi CmMpyKmypu eKCnopmy GiMuUHAHOI a2ponpooyKyii ma Oecamka Kpain 3 eKkcnopmy nio uac po-
bomu 3epHo6o2o kopuoopy 3 bepesus 2022 no cepnenwv 2023 poky. Ilepeniueni ocHO8HI gumocu 00 cyuacHux r1abopamo-
pit ma it pynxyii. [lpedcmagneno KoOMnoHeHmMu KOMNIEKCHO20 AHATIMUYHO20 NI0X00Y 00 OYIHKU AKOCMI ma 6e3neuHo-
CMi 3epHOBUX MA ONIUHUX KYIbIMYD, 32I0H0 3 CYYACHUMU MINCHAPOOHUMU 8UuMo2amu. Bemarnoeneno, wo okpim mexHixo-
EeKOHOMIYHOI CKIA0080I, HA OIANbHICIb KOMWIEKCHUX 1a00pamopill 8NIueac 8eauKd KilbKiCmb MexXHOI0IYHUX obme-
JICEHb, Cceped AKUX BadCause micye nocioaioms npoodaemu KOHmpomo Akocmi pesyromamié sunpodysans. Cbo2ooui,
cman QYHKYII08AHHS GIMYUZHAHUX 1aO0Pamopitl, sKi 30illCHIOIOMb OYIHKY AKOCMI ma 6e3neuHoCcmi 3epHO8UX Ma OJlili-
HUX KYIbMYp, MA€ pAO HeOONIKI8, W0 MOXCYMb GNIUHYIMU HA Pe3YTbmamueHicms eunpobysanvhoi oisisuocmi. 30Kkpe-
M@, MOJNCHA UOLIUMU MAKL YaKkmopu sik 8IOCYMHICMb €0UHO20 NIOX00Y 00 GUPIULEHHS CUCMEMHUX 8UMO2, BENUKY Killb- I:l
Kicmb pezyisimopise, Cynepeuiusicmos GUMo2 ma 00MerHcena MiscHapoona capmonizayis. Cumyayiio yCcKiaoHioioms 8u-
MO2U 2any3e6Ux HOPMAMUGHUX OOKYMEHMIE Ma GUKIUKU, AKI CAGISAMbCA heped 1adopamopiamu 4epe3 KOHMpPaKmHui
cneyudbixayii. Yce ye niokpecuioe HeobXiOHicmb po3poOKU YHIBEPCANbHOI A0aNMUEHOI MEXHOIOSIYHOI CUCmeMU KOHM-
POTIO SAKOCTI KOMNJLEKCHUX 1a00pamopiil 3 OYiHKY AKOCMI ma 0e3neyHoCmi 3epHO8UX ma OniuHuX Kynvmyp. Pozenanymi
ma NPOAHANI308aHI OCHOBHI CKIAO08I MEHEONCMEHMY AKOCMI 1A60pamopill 3 OYIHKU SIKOCMI 3ePHOBUX MA ONIUHUX K)-
avmyp. Bemanoeneno, wo auwe 11% axpedumosanux 8imyusHAHUX 1a60pamopitl 30amHi KOMIIEKCHO 3A008IIbHUMU
CYUACHUL NONUM HA NOCIY2U OYIHKU 8IONOBIOHOCMI CilbCbK020Cnodapcykoi cuposunu. Ha ocnogi npogedenozo ananizy
PO3PO0OIEHO QOPOCHIO KAPMY CKAADOBUX MEHEOICMEHMY AKOCMI 1ab0pamopiil 3 OYiHKU AKOCMI 3ePHOBUX MA ONIUHUX
Kynomyp. Po3pobka makux pexomenoayiii 003601ums 3a00601bHUMU PIZHOMAHIMHI UMOU MA CUCMEMAMUYHO 0eMOH-
cmpyeéamu KOMNemeHmHiCmy 3 ypaxyeanHam akmyansHux nompe6. Ilpoyecu, maki Ax éanioayis aHanimuiyHux memo-
0i8, OYiHKA HeB8U3HAUEHOCMI GUMIPIOBAHDL, 3a0e3NeUeH s MempOoa02iYHOI NPOCENCYBAHOCME A NIOMPUMKA AKpeOu-
mayii, nompebyioms 3sHauHuUX Qinancoux exiaoensb. CmeopeHHs ma 6NPOSAONCEHHS YHIBEPCAbHOI adanmusHoi mex-
HOJI02IYHOI cucmemu 0OnoModice PayioHANbHO GUMPAYAMYU PECYPCU, 3A6OAKU NOICMUYHUM Nepeeazam, OnepamuHoc-
mi, HAOTUHOCMI Pe3yTbMmamie ma GePMUKAIbHIU cucmemi YnpaeiiHHs.

Kirouosi cioBa: BunpoOyBajibHi J1aboparTopii, fIKicTb, 0e3NeYHiCTh, MEHEIKMEHT SIKOCTi, 3¢pHOBi Ta
OJ1iliHI KyJIbTYpH.
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