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Abstract. The nutritional value of feed is assessed with optical instruments using infrared incandescent or halogen
lamps as a source of excitation of the spectral signal of the feed. However, no use is still made of energy-efficient
diode optics of the visible radiation range. The authors conducted research to identify the possibility of developing
a portable feed value analyzer using a spectral analyzer based on diode optoelectronics. First, the Micran-3 infrared
microscope was used to study the microstructure of concentrated feed components; then, measurement ranges
were selected. The authors studied characteristic ranges of photoluminescence of corn grain, sunflower meal, grain
stillage, and rapeseed meal. Excitation (absorption) spectra were measured at synchronous scanning by the SM 2203
spectrofluorimeter monochromators to analyze luminescence spectra of corn silage and concentrated mixed fodder.
As a result, integral parameters of spectra were calculated: integral absorption capacity and the photoluminescence
flux index. It has been established that the intensity of luminescence spectra of corn silage in the range between
360 and 370 nm and that of concentrated mixed fodder in the range between 420 and 440 nm differ in more than
four times. The value of captured photovoltage of corn silage and concentrated mixed fodder differs in six times.
The results of optical measurements have proved that the discrepancy of indicators characterizing the nutritional
value of feed (dry matter content, total protein content, etc.) has a significant influence on the parameters of optical
signals. The authors have proposed the functional design of a portable optical analyzer with diodes, which is
capable of estimating the nutritional value of feed by the non-contact method for 12 hours running without
additional recharging.
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AnHoTanusi. OlLieHKa MUTaTENbHON LIEHHOCTH CEJIbCKOXO3SHCTBEHHBIX KOPMOB OCYILIECTBIISIETCS ONTHUYECKUMU
npubopaMu, B KOTOPHIX B Ka4eCTBE MCTOYHHMKA BO30Y)KICHUS CIIEKTPAILHOIO CHUTHAJIA KOPMOB HCIIONB3YIOTCS
WH(paKpacHbIC JIAMITI HAKAJIMBAHWS WM TAJIOTCHOBBIC JIAMITBI, HO JHEProdheKTUBHAS TUOMHAS ONTHKA
BU/IMMOTO JIMara3oHa U3Iy4eHus He mpuMensercs. McenenoBanys NpoBeeHb! C LEIbIO BISIBICHUS BO3MOKHOCTH
pa3pabOTKN TOPTAaTUBHOTO aHAJIHM3aToOpa MHUTATEFHOM IIEHHOCTH KOPMOB C HCIIOIBb30BAHUEM CHEKTPAIbHOTO
aHaJM3aTopa Ha OCHOBE JHOTHOM ONTOXJIEKTpOHMKH. MH(ppakpacHsIM MUKpOCKOIoM MuKpaH-3 MCCIenoBain
MHUKpPOCTPYKTYPY KOMIIOHEHTOB KOHIIEHTPUPOBAHHOTO KOpMa M Uil HUX MOJ0OpaaM JUana3oHbl U3MEPEHHH.
HccnenoBanyu xapakTepHbie TUana3oHbl (DOTOMFOMUHECIICHITNN 3epHa KyKYpy3bl, IIPOTA TTOICOTHEYHOTO, Oapab
3€pHOBOI, IIpOTa paricoBoro. MizmepeHs! ciekTpsl BO30y:KaeHUs (TIOVIOIICHHUS) TPU CHHXPOHHOM CKaHUPOBAaHUH
MOHOXpoMaTopamu criektpoduyopumerpa CM 2203, 1 Ha WX OCHOBE TIOCTPOCHBI CIIEKTPhI JTIOMHHECICHIINN
KyKypYy3HOTO CHJIOCa ¥ KOHLICHTPUPOBAHHOTO KOMOMKOpMa. B pe3ynsTare BHIUHCICHBI HHTETPAIbHBIE TAPAMETPBI
CMEKTPOB: MHTErpajibHas MOMIOIIATeNbHas CIOCOOHOCTh M TOKa3arellb MOTOKa (POTOMFOMHUHECLIEHIINH.
YcTaHOBIIEHO, YTO MHTEHCUBHOCTD CIIEKTPOB JIIOMUHECIIEHIIMM KyKYpy3HOro cuiioca B auarnaszone 360...370 um
1 KOHIIEHTPUPOBAHHOTO KOMOMKOpMa B auarnazoHe 420...440 um pasnuyaercst 6onee yem B 4 paza. Bennunna
YJaBIMBAEMOTO (DOTOHAMNPSKEHUSI KYKYPY3HOTO CHIIOCa M KOHIIEHTPUPOBAHHOTO KOMOMKOpMa pa3inyaeTcst B 6 pas.
Pesynbrars! onTrYecKrX M3MEpEHHH TIO3BOJHIIN 3aKITFOYHUTh, YTO PACXOKICHHE TIOKa3aTesel MUTaTeNbHOM IEHHOCTH
CEJIbCKOXO3HCTBEHHBIX KOPMOB (COIEPyKaHUE CyXOTo BEIleCTBa, 00IIee coliepykaHiue POTEHHA U JIP.) OKa3bIBaeT
CYILIECTBEHHOE BIIMSIHUE Ha TTapaMeTphl ONTUYECKUX CUTHANOB. [Ipennoxkena GpyHKIMOHAIbHAS cCXeMa IIOPTaTHBHOTO
ONITHYECKOTO aHAJIM3aTopa C JIHOJAMH, CIIOCOOHOTO Ha MPOTSHKEHWH 12 9 Ge3 TOTOMHUTENBHON TOM3apsaKi
MPOBO/IUTD OLIEHKY MUTATENBbHOM LIEHHOCTH CEJIbCKOX035MCTBEHHBIX KOPMOB OECKOHTAaKTHBIM CIIOCOOOM.

KiioueBble ci10Ba: OCCKOHTaKTHAsh OLCHKA IUTATEILHOW IEHHOCTH, OLCHKA IUTATEIBLHONW IEHHOCTH
CEJILCKOX03IMCTBEHHBIX KOpMOB, CHEKTpPbl JIFOMUHCCUCHIINH, I(y1(ypy3HI:II>i CHJIOC, KOHHCHTpHpOBaHHBIﬁ
KOMOHMKOPM, CIIEKTp, CIIEKTPOGITYOPUMET]P, CBETOIUON
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CeupunoB A.C., AnmunudeB A.}O. BeckoHTakTHasi OLIEHKa MUTATEIbHON IEHHOCTH CEIIbCKOXO3SHCTBEHHBIX
KOPMOB C WCIIOJIb30BAaHMEM ONTHYECKUX TexHomoruit // Arpommxkenepusi. 2024. T. 26, Ne3. C. 51-57.
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Introduction indirect costs associated with feed management and ef-

Livestock production in Russia remains a pnonty area ﬁciency of utilizing feed supplies. The nutritional value

in terms of enhancing the country’s export opportunities.
An important factor of development is the efficient tech-
nological activity of enterprises [1].

A large share in the production cost structure of milk
and meat includes the costs associated with cattle feed-
ing [2]. Many livestock enterprises directly purchase feed
additives, which significantly increases the cost of feed-
ing [3]. In addition to direct costs of feeding, there are

of feed is determined by only 25% of Russian livestock en-
terprises [4]. This is due to the location of most specialized
laboratories that determine the nutritional value of feed
in the central part of our country, while highly productive
livestock enterprises are located mainly in the Vologda
and Yaroslavl regions, in the Republics of Tatarstan, Bas-
hkortostan and in Krasnodar Krai [5]. Therefore, the avail-
ability of services for analyzing the nutritional value
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of feed is often associated with high costs, and obtaining
the analysis results can take a long time [6]. Therefore,
an alternative solution to using the services of specialized
laboratories to determine the nutritional value of feed is
to employ one’s own facilities and devices [7].

We analyzed the advantages and drawbacks
of the most common instruments for determining the nu-
tritional value of feed (Table 1). The Analyzer FOSS
DS2500 (Denmark) uses the principle of spectral analysis
in the near (800 to 1400 nm) and middle infrared (1400
to 2500 nm) ranges [8]. This manufacturer applies optical
technologies to determine the nutritional value of plant
products without the use of chemical measurements.
The company still remains the leader among manufac-
turers of analytical equipment for agriculture and the pro-
cessing industry. However, the instrument has a station-
ary type of design, requires power supply from the central
network, and is not designed for use afield [9]. Compact
and independent of external power sources are the Di-
namica Generalle, X-nir (Italy) and the American Aurora
NIR instrument with a touch screen [10].

In addition to the considered solutions, there are oth-
er foreign samples of optical analyzers of the nutritional
value of feed, but all of them use a similar physical meth-
od of operation, and the same type of electronic compo-
nents [11]. To determine the nutritional value of feed,
a portable SCIO Cup feed analyzer has been developed.
It is designed in the form of a cup, preventing external
illumination during the optical analysis, which determines
only the dry matter index in silage, hay, and haylage [12].

The study of existing analytical instruments revealed
a tendency of developing portable optical analyzers oper-
ating from a battery power source. None of the instruments

under consideration use diode optics as a source of exci-
tation of the optical signal [13, 14].

It is necessary to consider the prospects of using
energy-efficient diode optics of the visible radiation
range (200 to 800 nm) in instruments measuring the nu-
tritional value of feed.

The research purpose: revealing the possibility of de-
veloping a portable analyzer of the nutritional value of feed
using a spectral analyzer based on diode optoelectronics.

Materials and methods

We have carried out a comparative analysis of the func-
tionality of existing instruments determining the nutrition-
al value of feed. Characteristic ranges of photolumines-
cence of common feed types were determined for corn
grain, sunflower meal, grain stillage, and rapeseed meal.

Studies of optical properties were carried out on the
SM 2203 spectrofluorimeter, which can determine the ex-
citation, emission, polarization, quantum yield, and the ab-
sorption spectra of liquid and solid samples of feed [15].

We took as study samples corn silage with a mois-
ture content of 70% and components of concentrated
mixed fodder consisting of corn grain, sunflower meal,
grain stillage, and rapeseed meal with a moisture content
of 14% and used as an additive in cattle diets.

Optical measurements of corn grain, grain stillage,
and rapeseed meal were carried out (Fig. 1). The detailed
study of the microstructure of concentrated feed compo-
nents facilitated the task of further selection of the mea-
surement range to determine their nutritional value.

The peculiarity of measurements was that the total
protein content per fraction of dry matter in corn si-
lage and sunflower meal differs in more than two times,

Table 1

Instruments for determining the nutritional value of feed Using with infrared spectroscopy

Tabnuya 1

ITpuGopsl 111 onpeesieHHs MUTATeJbHOI HEHHOCTH CeJIbCKOX035IiiCTBEHHBIX KOPMOB,
HCIO/IBL3YIONIMeE VISl U3MepeHHii HHPPAKPACHYIO CIIEKTPOCKOIHIO

Analyzer, purpose, manufacturer

Advantages

Drawbacks

FOSS DS2500, stationary,
Denmark

Determines fat content, protein content, dry matter,
moisture content, ash content and total fiber content
and total fiber content

Requires regular maintenance,
pre-calibration

Dinamica Generalle, X-nir,
portable, Italy

Divides the total fiber content into ADF and NDF,
determines starch content. Compact,
with a removable battery

Not suitable for use in winter,
requires pre-warming
of the device during operation

Aurora NIR, portable,
USA

Large touch screen display, compact,
shows the spectral curve

Uses energy-consuming
incandescent lamps

SCIO Cup feed analyzer,
portable, Israel

Prevents external light during the optical analysis,
mobile app

Determines the value
of dry matter only
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and this can have a significant impact on the difference
of optical properties of each sample.

For the spectrum of wave numbers in the absorption
regions of carbohydrates, fats, and proteins, the integral
absorption coefficients A, in the spectral interval k -k,
were determined [16]:

4 :jfoc(mdk, (1)

where a(}) is the spectral absorption characteristic; &, &,
are the boundaries of the frequency spectral range.

.\‘, -
4.1

Fig. 1. Components of concentrated mixed fodder
and the microstructure of corresponding samples (x20),
obtained with the infrared microscope Mikran-3:

1 — corn grain; 2 — sunflower meal;

3 — grain stillage; 4 — rapeseed meal

Puc. 1. KomnoHeHTbI KOHIIEHTPUPOBAHHOI'0 KOMOMKOpPMa
U MHKPOCTPYKTYPA COO0TBETCTBYIOLINX 00pa3uos (*20),
N0JIy4eHHAasl ¢ IOMOLIbI0 HH(PPAKPACHOTO MUKPOCKOIIA

Muxpan-3:
1 —3epHO KyKypy3bl; 2 — HIPOT MOJICOTHEYHBIH;
3 — Gapna 3epHOBast; 4 — MIPOT PariCOBBII

ArpounnxeHepus. 2024. T. 26, Ne 3. C.51-57

The results of the conducted studies to determine
the nutritional value of feed components are presented
in Table 2.

It follows from the data of Table 2 that beet pulp ab-
sorbs more actively than other components in the range
between 800 and 1170 cm™. For rapeseed meal, on the
contrary, absorption is higher in the range between 1260
and 1410 cm™, where Ak differs from other components
in 1.15 to 1.73 times. For corn stillage and ground corn,
the absorbance rate is approximately the same for each
range. In the “protein” and “fat” regions the absorption
rate is significantly lower and the difference in abso-
lute values is less noticeable. Rapeseed meal was found
to have the highest absorption rate.

First, we measured the excitation characteristics 1(A)
in the range between 230 and 600 nm according to the pre-
viously developed technique [16]. Based on the obtained
results, we measured the photoluminescence spectra @(A).
From the obtained spectral characteristics, the integral ab-
sorption capacity H was calculated from the formula:

H-= j;zn(x)dx, (2)

where n(}) is the spectral characteristic of excitation; A,,

A, are the boundaries of the spectral range of excitation.
Integral parameters of the spectra ¢(A) — photolumi-

nescence fluxes @ — were determined from the formula:

= o(r)dn, 3)

where @(A) where (L) is the spectral characteris-
tic of photoluminescence; A, A, are the boundaries
of the photoluminescence spectral range.

Table 2
Integral coefficients A, in absorption regions (k,-k,)
Tabnuya 2
Hurerpainbubie kodpduuuentsl A, B o0nacTsx noryomenns (k-k,)
Measurement range, Integral absorption coefficient, A, %
nm Beet pulp ‘ Corn stillage ‘ Ground corn ’ Rapeseed meal | Concentrated mixed fodder
Carbohydrates
800 to 920 1.08 1.07 1.03 091 -
1030 to 1125 1.58 1.47 1.37 1.15 -
1060 to 1150 1.42 1.33 1.27 1.05 -
1075 to 1100 0.46 0.42 0.40 0.33 -
1100 to 1170 1.01 0.97 0.92 0.77 -
1260 to 1350 0.22 0.21 0.26 0.36 -
1310 to 1410 0.23 0.22 0.30 0.38 -
Proteins and fats
1300 to 1400 0.27 0.33 0.43 0.47 0.28
1550 to 1650 0.43 0.36 0.37 0.36 0.33
1485 to 1550 0.45 0.46 0.56 0.54 0.38
1610 to 1660 0.25 0.24 0.14 0.48 0.35
3030 to 3130 0.28 0.32 0.31 0.30 0.29
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All measurements were taken in a 20-fold repetition,
so that the error in determining the integral parameters H
and @ did not exceed 10% at a confidence level of 0.9.

As a result of measurements, curves characterizing
optical properties of corn silage and concentrated mixed
fodder were obtained. The results were statistically pro-
cessed and averaged over 20 measurements.

Results and discussion

As a study result for corn silage and concentrated
mixed fodder, the excitation (absorption) spectra n (L)
were measured with spectrofluorimeter monochromators
at synchronous scanning, and luminescence spectra ¢(\)
were determined then.

The integral parameters of the spectra were calculated
in the R computing environment. During the measure-
ments, the optical excitation was changed under the in-
fluence of the varying moisture level of corn silage from
75 to 55% with a step of 1% determined by a gravimetric
moisture meter. As a result of measurements and statisti-
cal processing of optical data for corn silage, the photolu-
minescence spectrum 1 averaged over 20 measurements
was obtained and expressed in relative units (r.u.). It was
revealed that the greatest signal fluctuation is observed
in the range between 300 and 400 nm (Fig. 2).

The optical properties of concentrated mixed feed
consisting of corn grain, sunflower meal, grain still-
age, and rapeseed meal had greater absorption intensity
of the optical signal. The peaks of the plots shifted in the
range between 400 and 520 nm (Fig. 3).

g -
1, r.u.

6

4

2

0 ‘x,nnl

200 300 400 500 600 700

Fig. 2. Photoluminescence spectrum of corn silage

Puc. 2. Ciextp (poTosmroMuHecieHIMN KYKYPY3HOIO CHJI0Ca

(1,3 ]
r.u. 3o
25 1
20
15
10 1
54
0 T T T T , A, N
360 400 440 480 520 560

Fig. 3. Averaged photoluminescence spectrum
of concentrated mixed fodder

Puc. 3. YcpenneHHblii crekTp (OTOIIOMUHECIIEHIITT
KOHIIEHTPUPOBAHHBIX KOPMOB

Estimating the intensity of the luminescence spectra
of corn silage and concentrated mixed fodder consisting
of corn grain, sunflower meal, grain stillage, and rapeseed
meal (Fig. 2, 3), which differed in more than four times,
we can hypothesize about the influence of chlorophyll
contained in greater amounts in corn silage, which ab-
sorbs the optical flux of the radiation source and thus con-
tributes to the decrease in the spectrum intensity. How-
ever, the photoluminescence spectrum of concentrated
mixed fodder (Fig. 3) is also characterized by the inten-
sity peculiar to plant protein groups, confirming the fact
of higher protein content in the analyzed sample (in more
than six times).

In accordance with the obtained results, we
can state that the indicators of the nutritional value
of feed (dry matter content and total protein content) can
be determined by the optical method using photodiodes
for photoluminescence registration and LEDs for its ex-
citation [16].

The functional diagram of the proposed portable opti-
cal analyzer of the nutritional value of feed based on the
diode component base is shown in Figure 4.

According to the proposed functional diagram, it is
possible to produce an energy-efficient portable analyzer
with diodes serving as luminescence excitation sources.
The diodes will ensure continuous operation of the de-
vice for 12 h (during a working shift) without additional
recharging from a commercially available battery with
a voltage of 18 V and a capacity of 2 Ah.

== - - - "

Fig. 4. Functional diagram of the technological process
of analyzing the nutritional value of feed
with the spectral analyzer:
1 — LED source; 2 — dielectric mirror; 3 — condenser; 4 — feed,;
5 —photodiode block; 6 — controller with interface device;
7 — instrument display or mobile application

Puc. 4. ®yHKkuuoHaIbHas CXeMa TEXHOJIOTHYECKOTO
Mpollecca aHAIN3a NUTATEILHOIH IEHHOCTH
€ MCMOJIL30BAHMEM CIIEKTPAJILHOTO aHAIM3aTopAa:
| — cBETOMOHBIN UCTOUHHUK; 2 — TUNIEKTPUUYECKOE 3ePKaJIO;
3 — KoHzIeHCOD; 4 — KOpM; 5 — OIIOK POTOMOIOB;
6 — KOHTPOJIIEP C YCTPOHCTBOM COMPSHKEHHUST;
7 — nucriiel nprbopa Wik MOOMIIBHOE MPHIIOKEHHE
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The expected technological effect of the proposed
solution is the reduction of time costs associated with
the chemical analysis of the nutritional value of feed, as
well as the possibility of adjusting the diet of animals kept
on the livestock farm.

Further research will focus on the development
and manufacture of a prototype of a portable express ana-
lyzer of the nutritional value of feed and the development
of optical calibrations.

Conclusions

1. The existing optical instruments for determining
the nutritional value of feed use infrared incandescent
lamps or halogen lamps of special purpose as a source
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of excitation of the spectral signal. The lamps take mea-
surements in the near or middle infrared range.

2. Research results confirm the possibility of using
LEDs in the ranges between 200 to 800 nm and 800
to 1400 nm.

3. Some indicators of the nutritional value of feed,
such as dry matter content and total protein content, can
be determined by the optical method using photodiodes
for photoluminescence registration and LEDs for its ex-
citation. The greatest variation in the optical properties
of feed is observed in the visible radiation range.

4. According to the proposed functional diagram, it
is possible to produce a prototype of an optical device
for the express assessment of the nutritional value of feed.
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