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Annomauusn
Conooopawgerue — 00UH U3 CAMbIX OMEEMCMBEHHBIX MAN08 NPU NPOU3BOOCMEE NUBOBAPEHHOU NPOOVKYULL.
On secbma npoOoodNCUMENbHBIL U MOJCem npoxooum 6 meuenue 7-10 Owell, 3a 5mo 8pems UCNOIb3yemble CeMeHd
npespawamcs HenocpeOCmeeHHO 8 20Mo8oe Cbipbe, CON00. IMOMm Nepuood XapaKxmepusyemcs nPOMmeKaHuem CrodHc-
HbIX OUOXUMUHECKUX NPOYECCO8, NPOXOOAWUX 8 3ePHe U UMEHHO NOIMOMY OH 0COOEHHO mpebosameneHn K IKCRpecc-
HOMY U 8bICOKOMOYHOMY KOHMPOMIO noKazamenel kavecmaa. /[na yoosnemeopenus nodooHvix nompebnocmetl Heoo-
X00UMO 8HeOpeHUe COBPEMEHHBIX MEMOO08 OYEHKU KaYecmed, Hanpumep GomortoMUHeCyeHmHo20 Memood aHaIu3d.
IlooobHoe mexnonocuueckoe peuienue no38oaum 6 Kpamuauuiue Cpoky npou3800ums 00CMAmoyHo mouHvle AHANU3b]
8 YCIL0BUSIX NPOU3BOOCMBEHHOU 1AOOPAMOPUL U ONEPATNUBHO DA3PEUAMb 8biA6TIEHHbLE NPOOIEMbL.
Mamepuanvt u memooui, pe3yromamul u 00CyIHcoeHUA
Jlna adanmayuu oomonoMuHecyeHmHo20 Memooa KOHmMpOis NOKAa3amesel Kauecmea conooa Ovliu npoge-
OeHbl IKCNEePUMEHMAIbHbIE UCCTIe008aHUs C €20 3epHamu. H3mepenue cnekmpog npogoounu no pawee papabomat-
HOU asmopamiu MemoouKe Ha OCHO8e AnNapamHoO-nPOSPAMMHO20 KOMNIEKCd, COCMOAWe20 U3 MHO2OQDYHKYUOHATbHO-
20 cnekmpognyopumempa «DPmoopam-02-Ilanopamay u Komnviomepa ¢ YCMAHOBIEHHbIM NPOSPAMMHBIM 0becneye-
Huem «PanoramaProy. Hamepenue 6uoxumuueckux noxkazameneil: MyYHUCTIOCIU, IKCMPAKMUSHOCMU U KUCLOMHO-
cmu npoGooUNU 8 OUOXUMUYECKOU 1aDOPAMOPUL U C UCNONL30BAHUEM COOMBEMCMBYIOUe20 000pY008aHUsL CO2NACHO
memooam koumpoas, onucannvim ¢ TOCT 29294-2021. /lns 6écex uccredyemvix 06paszyos noayHaiu cemeicmsa xa-
PAKMepUCmuK 8030YHcOeHUs U TIOMUHECYEHYUU O 3epeH PA3IUYHOU CINeneny MyYHUCTOCIU, IKCMPAKMUBHOCU U
KUCTIOMHOCMU.
3aknwouenue
B pesynbmame nposedennvix ucciedoganuii.
1. 3yuenvl cnekmpanvHvle Xapakmepucmuru 6030Y24COeHUs U TIOMUHECYEHYUU 3ePeH SIYUMEHHO20 U 08CSIHO20
€0100a Pa3UYHOLU CMeneHu RPOPAacmManus.
2. U3yyena ouHamuka uzmMeHeHus MyyHUCMOCMY, IKCMPAKMUEHOCMU U KUCTOMHOCMU SIUMEHHO20 U 08CAHO-
20 €0100a 8 X00€e NPOPAUUBAHUSL.
3. [Ilpedcmagnenvl 3a8UCUMOCHU NOMOKA THIOMUHECYEHYUU OM UCCLE008AHHBIX OUOXUMUYECKUX XapaKmepu-
CMUK.
4. BvigeOenbl ypasHeHUs TUHEUHOU annpoxkcumayuy 0Jis 3epeH AUMEeHHO20 U 08CAHO20 CON00d.
5. Ilpu nomowgu a0OuUmMu8HO20 MOOEIUPOBAHUs 8bl8EOEHbl YPABHEHU, NO3BOAIOUUE NPOSHOZUPOBAMb 8DEMS
01 00CMUdICeHUs HOPpMbI NOKA3amerell coi00d 8blcuie2o Kuaccad.
6. Paspabomana mexuonocuueckas cxema npoyecca 3KCHPecc-OUdASHOCTIUKYU MYYHUCIOCMU, IKCIPAKMUE-
HOCMUU U KUCIOMHOCIU CONI0OA.
THonyuennvie pezynrbmamsi NPOBEOCHHBIX CNEKMPALbHBIX U OUOXUMUYECKUX UCCLe008AHULL ABTIIOMCS YyeHHbL-
MU IKCREPUMEHMATIbHLIMU OAHHBIMU, KOMOPbLE MO2YN CIAMb OCHOBOU 01 OANbHeUUX HAYYHbIX U3bICKAHULL 8 0014-
cmu uzyueHusi 3epHa u conooa. Tak dice nonyuenHvie pesyibmamvl MO2Ym Jiedb 8 OCHO8Y npubopa TIOMUHECYEHMHO20
KOHMPOJIsi NApaMempo8 Kauecmsa conood.
KiarwueBple cjioBa: CICKTp JIOMHHECIICHIIUU, OBEC, SYMEHbB, COJIOJ, MyYHHCTOCTh, SKCTPAKTHBHOCTD, KHC-
JIOTHOCTb, aATUTHBHAS MOJICITh, INHEHHAS alllIPOKCHMAIIHSI.
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Abstract

Malting is one of the most important stages in the production of brewing products. It is very long and can
take place within 7-10 days, during which time the seeds used are converted directly into finished raw materials, malt.
This period is characterized by the course of complex biochemical processes taking place in the grain and that is why
it is especially demanding for express and high-precision quality control. To meet such needs, it is necessary to intro-
duce modern methods of quality assessment, for example, the photoluminescent analysis method. Such a technological
solution will make it possible to produce sufficiently accurate analyses in a production laboratory in the shortest pos-
sible time and promptly resolve the identified problems.

Materials and methods, results and discussions

To adapt the photoluminescent method of malt quality control, experimental studies were conducted with its
grains. The spectra were measured according to a technique previously developed by the authors on the basis of a
hardware and software complex consisting of a multifunctional spectrofluorimeter "Fluorat-02-Panorama™ and a
computer with the installed software "PanoramaPro". The measurement of biochemical parameters: powdery content,
extractivity and acidity was carried out in a biochemical laboratory and using appropriate equipment according to
the control methods described in GOST 29294-2021. For all the samples studied, families of excitation and lumines-
cence characteristics were obtained for grains of varying degrees of powdery content, extractivity and acidity.

Conclusion

As a result of the conducted research:

1. The spectral characteristics of excitation and luminescence of barley and oat malt grains of various de-
grees of germination have been studied.

2. The dynamics of changes in the powdery content, extractivity and acidity of barley and oat malt during
germination has been studied.

3. The dependences of the luminescence flux on the studied biochemical characteristics are presented.

4. Linear approximation equations for barley and oat malt grains are derived.

5. With the help of additive modeling, equations are derived that allow predicting the time to reach the norm
of indicators of malt of the highest class.

6. The technological scheme of the process of express diagnostics of powdery content, extractivity and acidity
of malt has been developed.

The obtained results of spectral and biochemical studies are valuable experimental data that can become the
basis for further scientific research in the field of grain and malt studies. Also, the results obtained can form the basis
of the device for luminescent control of malt quality parameters.

Keywords: luminescence spectrum, oats, barley, malt, powdery content, extractivity, acidity, additive model,
linear approximation.

Introduction

Food safety and quality are becoming increasingly important, so there is an increasing fo-
cus on new control methods. These innovations include near infrared ( NIR ) spectroscopy, which
has gained wide popularity and recognition over the past 15 years due to its ability to be used in
research aimed at determining the quality of food products. In particular, the NIR method was
used to assess the fuzzy consumer properties of the food environment [3], to identify butter [5], to
study vegetable oils and their blends [6], to determine the vitreousness of wheat [10], to detect a
high content of deoxynivalenol in barley [13].

Spectrophotometric methods can be applied in the field of food and agriculture, as methods
for monitoring and studying the quality of products of plant and animal origin, for example, to
control the color of vegetable oils during their refining [8], to study the composition of the pig-
ment complex of rapeseed oil [9], to create spectral portraits of the optimal nutrition menu [7], to
classify botanical origin and determine the falsification of raw honey [14], to predict the rheologi-
cal properties of Tilsit cheese [15] .

Absorption and scattering of optical radiation are two main optical properties for turbid bi-
ological materials. To control food spoilage, the initial data for the development of an optoelec-
tronic device were determined [2]. A simplified fiber optic system was also developed to deter-
mine the quality of mangoes [16].

In Russia, a large number of determinations are carried out annually to assess the quality of
agricultural products according to various indicators, including extractiveness, flouriness and acid-
ity of grain material. The methods used are time-consuming and low-productive. For example,
GOST 29294-2021 describes the process for determining extract, flouriness and acidity to estab-
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lish the quality of malt. Arbitration methods are carried out in special laboratories with the de-
scribed equipment, have a relatively low speed of research and a high cost of one analysis.

To solve such problems, various optical research methods are currently used, based on the
spectral analysis of the intermediate product and its comparison with the spectrum of the previous-
ly studied and obviously true finished product. As shown above, such definitions are successfully
used in various countries to conduct express analyzes of a number of indicators of the quality of
agricultural products.

The main advantages of all known optical instruments are: reduced analysis time, energy
efficiency, the absence of specific consumables and reagents, and simpler requirements for the
qualification of maintenance personnel. The issues of creating new methods for studying quality
and equipment for their implementation are being dealt with both in our country and abroad.

Developed on the basis of the experiment, the technological process of express diagnostics
of flouriness, extractivity and acidity will allow, firstly, to make a decision with high accuracy on
the end, continuation or adjustment of the germination conditions (changes in temperature, hu-
midity, conditioning, etc.) and, secondly, to predict the time to reach the norm of high-class malt
indicators.

Materials and methods

To find dependencies and, subsequently, to create such a technological process, it is neces-
sary to conduct a laboratory experiment to study flouriness, extractivity, acidity and spectral char-
acteristics of malt on each day of germination. Determination of the percentage of flouriness ( P ),
extractivity ( E ) and acidity ( A ) of malt was carried out in accordance with the requirements and
in accordance with the recommendations of GOST 29294-2021. The results of experimental bio-
chemical and spectral studies are presented in Table 1.

The spectral characteristics of excitation n . (A) and luminescence ¢ | (1), as well as their
parameters ( Ain, max» M e, max » M, max» © 1, max ) TOr barley and oat malt were measured according to a
previously developed method [ 11] on a Fluorat-02-Panorama diffraction spectrofluorimeter with
the PanoramaPro software. The results of the spectral analysis of barley and oat malt are presented
in Figure 1 and Figure 2, respectively. Each curve in the graphs is an average of 20 individual
measurement curves.

N,.9,. 0.€.

400 450 500 550 600
)\.. nm
Figure 1. Spectral characteristics of excitation and luminescence of grains of barley malt with different
degrees of flouriness, extractivity and acidity
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Figure 2. Spectral characteristics of excitation and luminescence of grains of oat malt with different

degrees of flouriness, extractivity and acidity

The parameters of this family of characteristics for barley and oat malt are presented in ta-
bles 1 and 2, respectively.
Table 1. Parameters of the spectra of barley malt grains of varying degrees of flouriness, extractivity

and acidity.
Excitation spectrum AL Luminescence spectrum

t.h Ai, ced. Ei, % Pi, % N. o.u }\fw.max., M e.max nm, F. o.u D in.max., @ 1.max.,
T nm p.u. T nm 0.u.
0 3.78 37.3 39 173+ 10 424 3.2 98 | 210+ 10 522 2.0
24 3.30 45.3 _ 47 180+9 424 3.3 98 | 249+15 522 2,2
48 2.84 51.4 52 186+ 11 424 3.4 98 | 319+20 522 2.5
72 2.31 62.0 68 202+ 10 426 3,8 96 | 398+19 522 3,3
96 1.90 68.6 _ 75 216+ 13 426 4.0 96 | 437+25 522 3.6
120 1.48 76.6 89 237 + 16 426 4.3 90 | 471+30 516 4,1
Table 2. Parameters of the spectra of oat malt grains of varying degrees of flouriness, extractivity and acidity

Excitation spectrum Luminescence spectrum
A, o 0 AN,

T h c.ed. Eo % | Ro, % N o.u Do max » T e.max nm F ou P in.max. s D 1.max. »
T nm p.u. T nm 0.u.
0 2.40 59.7 67 292+13 448 5.2 60 659+ 33 508 5.9
24 2.08 66.8 73 370 £18 444 6.8 58 907 +51 502 8.1
48 1.95 67.2 77 527 £27 424 10.0 78 1179 £81 502 10.6
72 1.79 69.4 80 581 +26 426 11.0 76 1297 + 84 502 11.8
96 1.54 73.2 87 631 +£36 42 6 12.4 62 1373 +£92 488 12.6

{ 6 4 1 14 4 1

20 47 4.2 0 61+35 26 3.4 2 60+89 88 3.6

minescence flux on flouriness, extractivity and acidity of malts.

So, on the basis of the data obtained, we derive the equations for the dependence of the lu-

Dependences P  (F) and P , (F) for barley and oat malt are shown in Figure 3 (a, b) and lin-
early approximated by equations (1) and (2).
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Figure 3. Dependence of the relative luminescence flux on the flouriness of malt grains
P, = 0,184 — 2,6245
)
P, =0,027% + 48,09,
2)

The coefficients of determination R, = 0,971, R = 0,921, that is, by 97.1% and
92.1%, the total scatter of the results relative to the average flouriness of the grains is explained by
the obtained regression equation.

Similar dependences E ; (F) and E , (F) are shown in Figure 4 (a, b) and linearly approxi-
mated by equations (3) and (4).
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Rice. Figure 4. Dependence of the relative luminescence flux on the extractivity of malt grains
E; = 0,1491% — 46264,

E, =00

(3)
(4)

163® + 49,72,

Determination coefficients RZ. = 0,984, Rz = 0,908, that is, 98.4% and 90.8% of the to-
tal scatter of results relative to the average grain extractivity is explained by the obtained regres-
sion equation.

Dependences A , (F) and A , (F) are shown in Figure 4 (a, b) and linearly approximated by
equations (5) and (6).
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Figure 5. Dependence of the relative luminescence flux on the acidity of malt grains
Az = —0,0084% + 55172,

)

(6)
The coefficient of determination Rjﬂ = 0,992, st = 0,945, that is, by 99.2% and 94.5%,
the total scatter of the results relative to the average acidity of the grains is explained by the ob-
tained regression equation.
Applying the additive modeling method to the obtained experimental data, we derived
equations for predicting the time until the standard of barley and oat malt quality indicators is
reached:

Ay, =—0,0011% + 3,1397.

80— E @)
TjE = »
£ 0,334
_85—P (8)
To, = 0,4 °
7 =4~1 ©)
42 0,019
N 75— E (10)
Ea  po72’
90 — P
T, = '
Po ™ 0,147 (11)

Results and discussions
Now, having all the desired equations, we can draw up a block diagram of the technologi-
cal process of express diagnostics of the characteristics under study (Fig. 6).
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Figure 6. Block diagram of the technological process of express diagnostics of flouriness, extractivity and acidi-
ty of malt

Express diagnostics of malt quality indicators with excitation of photoluminescence in the
range of about 400-470 nm and its registration in the range of 450-600 nm can be recommended
for malt grains from various crops.

The technological process begins with sample preparation. The test samples are placed in
one to one and a half layers in a dark, light-tight chamber and aligned horizontally. In parallel with
this stage, the type of product is identified and a number of grain parameters can be measured (or
established in another way, for example, according to the accompanying documentation), which is
necessary to establish the appropriate diagnostic algorithm, for example: type (barley, wheat, rye,
etc.), variety, humidity, harvest time. Then, the excitation of the photoluminescence of the grains
is carried out by radiation of a narrow spectral range with a maximum of A=424 nm for 20 ps. A
signal is registered proportional to the photoluminescence flux @ in the spectral range 450-600
nm. The process takes 2-3 seconds to average the result. The received photosignal (photovoltage
U, photocurrent 1), proportional to the flux @, is amplified by the amplifier. Further, the amplified
photosignal enters the microprocessor, where it is processed taking into account the a priori infor-
mation available in its memory - a linear characteristic of the dependence of the luminescence flux
on flouriness, extractivity and acidity of malt P(F), E(F), A(F).

Based on the results of determining the powderiness and the mass fraction of the extract in
the dry matter of malt, a decision is made on further actions: changing conditions, ending or con-
tinuing germination.

The decision to continue germination is made when a correspondence is established be-
tween the germination time and the P, E, A indicators identified during express diagnostics. The
germination time and the corresponding biochemical characteristics of barley and oat malt are
shown in tables 1 and 2, respectively.

The decision to complete the germination is made at P>85%, E>80% and A<1.

A decision to change the germination conditions is required if the sum of the time from the
beginning of germination to the control measurement and the time calculated by formulas (7-11) is
more than 168 hours by >8.4 hours.

It is desirable to carry out measurements several times with averaging of the obtained re-
sults. When integrated into other technological processes, continuous (in-line) control of the bio-
chemical characteristics of malt is possible.

Conclusion

The spectral characteristics of excitation and luminescence of products of different powder-
iness, extractivity and acidity are qualitatively similar, but with an increase in the presented pa-
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rameters, the curves reflecting the spectral characteristics shift upwards on the graphs. The de-
pendences of the integral photoluminescence fluxes on flouriness, extractivity, and acidity can be
statistically reliably approximated by linear regression models.

The developed photoluminescent method for express diagnostics of flouriness, extractivity
and acidity of barley and oat malt serves to improve the technology of malting and can form the
basis of an optical device for monitoring grain and malt quality indicators.
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