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Application of near infrared spectroscopy

for identification and quantitative determination
of amino acids in their crystalline and salt forms
in the preparation of animal feed

ABSTRACT

Methods. For the first time, a comprehensive calibration model has been developed and presented for the
rapid determination of basic near-infrared spectroscopy (IR) methods in feed amino acids, with application
in the production of animal feed. The research principle is based on the Fourier equation for spectroscopy.
In this work, Fourier methods in the Italian region (FTIR, FT-NIRS) were applied. The data obtained from
the calibration models were confirmed using high-performance liquid chromatography. FT-NIR predictions
agreed well with the chromatography data and had predictive deviation (RPD) values >1.3 in all cases.

Results. The results indicate that FT-NIR spectroscopy can be used as a simple and rapid tool for
monitoring amino acids. In the course of the work, experimental confirmation of previously known facts was
obtained — the possibility of visual separation of the spectra of not only counterfeit amino acids, but also
the possibility of separation by L- and DL-optical isomers. The work shows that the discrepancies between
the values obtained by the classical “wet chemistry” method and the values obtained from the constructed
calibration models do not exceed the reproducibility limits of arbitration methods.

A predictive model was used based on information flow elements using the OPUS/QUANT2 software
package for multivariate calibration and construction of calibration models for amino acids. This
chemometric analysis proved the fundamental possibility of determining amino acids in the product. It has
been shown that the use of information channels opens up opportunities for the use of many chemometrics
algorithms, including data preprocessing and the construction of predictive models.
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NMpumeHeHue nHppakpacHOM CNEKTPOCKONUn
ONnXXHero cnekTpa anga nageHtudpukauum

M KOJINYEeCTBEHHOro onpeaeneHns aMmHOKUCNIOT
B UX KpUCTaNJIM4EeCKOU u cosieBon popmax

NPV NPUroToBJIEHUN KOPMOB AJIS XKMBOTHbIX

PE3IOME

MeToabl. Brnepeble paspabotaHa v NpeacTaBieHa KOMMEKCHas KanMbpoBOYHAs MOAENb Os 9KC-
npecc-onpeaesieHnsl OCHOBHOIO BELLECTBA METOLOM UHPPAKPACHOM CNeKTpocKonuu B 6inxHen 06iactu
(MIK) B KOPMOBBIX @MUHOKMCIOTAX, CMNOMb3yeMbIX B MPOM3BOACTBE KOMOMKOPMOB. MpuHLMN nccnenoea-
HUS OCHOBaH Ha ypasHeHun Pypbe ans cnektpockonuu. B paboTe 6bin npumeHeH meton Pypbe B nHbpa-
kpacHoi obnactu (FTIR, FT-NIRS). [laHHble, NONyYeHHbIE C MOMOLLBIO KaNMBPOBOYHBLIX Moaenen, Gblm
NOATBEPXAEHBI C MOMOLLIO BbICOKO3Ih@EKTUBHON XUAKOCTHOW XpoMaTorpadum.

Pesynbratsbl. [porHo3sbl FT-NIR xopoLwo cornacosanuch ¢ AaHHBIMU XpoMaTorpadum n UMenun 3HaveHns
NPOrHOCTMYECKOro 0TkNoHeHust (RPD) >1,3 Bo Bcex cnyyasx. MonyyeHHble pe3ynbtathl ykasdblBaloT Ha TO,
4to MK-cnekTpockonus FT-NIR MOXeT ObITb NCNOIb30BaHA B KAYECTBE MPOCTOrO 1 BbICTPOr0 MHCTPYMEH-
Ta [l KOHTPOS aMUHOKMCIOT. B xoae paboTsl Gbiav NonyyYeHbl 3KCnepyMeHTanbHbIe NOATBEPXAEHVS pa-
Hee M3BECTHbIX GaKTOB — BO3MOXHOCTb BU3yanbHOIO PAa3feNeHnst CNEKTPOB HE TOMbKO danbendurkaTon
aMMWHOKMCIOT, HO M BO3MOXHOCTb pasaeneHus no L- n DL-ontuyeckum nsomepam. B paboTe nokasaHo,
4TO PACXOXAEHWSI MEXAY 3HAYEHUSIMU, NMOSTYYEHHBIMW KNACCUYECKMM METOLOM «MOKPOW XMMUU», U 3HA-
YEHUSIMU, MOYYEHHBIMU MO NOCTPOEHHBLIM KaNnMOPOBOYHBIM MOLENSIM, HE BbIXOASAT 3a NPEAesbl BOCNPO-
N3BOAMMOCTM apOuTPaxHbIX METOAO0B. Bbina ncnonb3oBaHa NPOrHOCTMYECKas MOAESNb, OCHOBAHHAA Ha
anemeHTax MHGOPMaLMOHHOro noToka ¢ npumeHennem OPUS/QUANT2 nporpamMMHOro nakerta ans MHo-
rOMepHOW KannMbpoBKMN 1 MOCTPOEHNS KaNMOPOBOYHBLIX MOAENEN ANt aMUHOKMUCOT. JaHHbI XeMOMETPU-
4ecKkuin aHanu3 gokasan NPUHLUMNMAIbLHYIO BO3MOXHOCTb ONpeaeneHns aMrHOKUCIIOT B MPOAYKTE.
Moka3aHo, 4TO UCMOL30BaHNE NHPOPMALMOHHBLIX KaHAIOB OTKPLIBAET BO3MOXHOCTU S MPUMEHEHNS
MHOTVX anropuTMOB XeMOMETPUKYM, BKOYas NpesobpaboTky AaHHbIX M NOCTPOEHWE MPOrHOCTUYECKMX
Mozenen.

KnioyeBbie crnoBa: nHdpakpacHas CnekTpockonusi, kKanmbpoBKY, YNCTbe HOPMbl aMUHOKMCIIOT,
XEMOMETPUS, KOpMa

Ans untuposanns: bypskos H.1. 1 gp. MprMeHeHne NHPPaKPaCHO CEKTPOCKOMNMK BNXHErO CNeKTpa
Ang naeHTUhMKaLMKN U KONMYECTBEHHOrO ONPeAeNeHns aMUHOKUCIOT B X KPUCTaNIMYECKON 1 CONEBON
$opmax Npu NPUroTOBAEHNM KOPMOB A8 XMBOTHbIX. ArpapHas Hayka. 2023; 377(12): 90-94 (In English).
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BeepeHune/Introduction

The animal industry can be defined as an industry pro-
ducing proteins of higher value (meat, milk) from less expen-
sive protein sources (vegetable proteins such as soybean
meal) [1]. The main function of this dietary protein is to sup-
ply amino acids (AA), representing building blocks for poly-
peptides’ synthesis in the animal cells [2]. However, the car-
bon skeletons of some AA, including L-lysine, L-methionine,
L-threonine and L-valine cannot be synthesized from non-
AA molecules in cells of any animals. Therefore, they are
classified as nutritionally essential AA (EAA) and must be in-
cluded in diets [3]. Apart from key role of EAA in maintain-
ing physiological functions of cells, tissues and the whole
body, they can also have bioactive properties. Particularly,
in certain disease conditions they can promote health by im-
proving gut tissue anabolism, reducing stress and modulat-
ing immunology [4]. Thus, the adequate dietary supply of
nitrogen from protein is of crucial importance to synthesize
non-essential amino acids.

Though, the significant part of provided with feed amino
components are not used by the animals and excretes in the
form of ammonia or nitrate/nitrite leading to the pollution of
soil and water [5]. Applying feeding strategies which closely
match animal requirements in nitrogen can partly solve this
problem. On average, reduction of crude protein content in
a diet by one percentage point can yield about an eight to
ten percent reduction in nitrogen excretion. Reducing the
crude protein level by three to four percent, with supplemen-
tation amino acids, can yield the same growth performance
but with around 20-30% reduction in nitrogen excretion.
Addition of 0.5% L-lysine increases feed quality as much as
adding approximately 20% soybean meal [6]. The increase
of L-threonine concentration from 0.55 to 0.75% in a corn/
sorghum/peanut meal-based diet for young broilers in-
creases the breast meat deposition by more than 15% [1].

Moreover, supplying feed-use amino acids can improve
the efficiency of utilization of cultivated areas. In particular,
1 ton of L-Lysine HCI can save the usage of 33 tons of soy-
bean meal, while the arable land required for the produc-
tion of 48.5 tons of corn, plus 1.5 tons of L-Lysine HCI is
about 75% less of that required for 50 tons of soybean meal.
Therefore, dietary supplementation of synthetic amino acids
may allow nutritionists to further reduce the inclusion of pro-
tein rich feedstuffs while maintaining optimum performance
and fewer environmental issues from swine and poultry pro-
duction [2]. However, the variation of raw materials obtained
from different suppliers is a common case; even the same
supplier can have batch to batch differences, let alone a
possibility of falsification. In this regard maintaining the ex-
act amino acid profile of feed demands a constant quality
control of incoming materials. Traditional wet chemical ana-
lyses such as the high-performance liquid chromatography,
allow evaluating amino acids’ content from all kind of feed
matrices as well as in their pure crystalline forms. Although
HPLC is used as a de-facto standard laboratory method, it
still has the known disadvantage of a long preparation stage
with a number of time-consuming, laborious, and high-cost
procedures.

The very promising alternative is the use of Fourier trans-
form near-infrared reflectance spectroscopy (FT-NIR) tech-
nique, based on absorption of near-infrared irradiation by

ZO0TECHNICS ~ —

the testing sample. This technique allows rapid and nonde-
structive analysis, representing one of the most suitable ap-
proaches for the on-line quality control. While the success-
ful use of FT-NIR as screening tool for monitoring the quality
and safety of feed protein materials [7] there are no data
about its application for feed used amino acids for the con-
firmation of claimed content. The main purpose of this study
is the development of calibration models that allow the fast
and low-cost recognition of amino acids with subsequent
determination of essential amino acids’ content in their sup-
plied pure crystalline and salt forms.

MaTtepuansi u MeToabl UCCNea0BaHNN /

Materials and methods

The research was carried out in 2020-2023 on the ba-
sis of the department of feed of the “Cherkizovo” Research
Center (Moscow, Russia).

The reference method of determination of main sub-
stance’ content in amino acids’ samples was carried out
on HPLC automatic Amino Acid Analyzer S 433 (“Sykam”,
Germany) with a post-column derivatization and High-
Speed Amino Acid Analyzer L-8900 (“Hitachi”, Japan) in ac-
cordance with ISO 17180" (GOST 33428) for lysine sulfate,
methionine and threonine and 1SO 13903 (GOST 32195)2
for valine. Samples’ spectra were obtained using MPA
(“Bruker”, Germany) Fourier transform near-infrared spec-
trometer over the wavelength range from 9000 to 4000 cm™!
in the integrating sphere mode at a resolution of 16 cm™'.
All the samples were used “as is” in their crystalline powder
state supplied by manufactures. Each sample was scanned
in a 97 mm cup for 4 times with the repacking after each
measurement to minimize any possible influence of compo-
nents’ uneven distribution within the sample. The spectral
and wet chemistry data were matched using the OPUSLab
(OPUS/LAB — A convenient and intuitive software package
for the user to carry out mercury analysis, Bruker (Germany)
software to create chemometric models allowing amino ac-
id’s type recognition followed by main component quantifi-
cation. PCA is an unsupervised system directed on identi-
fying patterns in the measured data based on similarity of
spectral signature. It is a useful tool for spectral data visu-
alization, allowing an overview of the data set structure by
demonstrating the tendency of objects to “aggregate” to-
gether based on similarity of spectral features [8].

Object of research: commercial products — feed amino
acids: L-lysine, DL-methionine, L-threonine, L-tryptophan
and L-valine, L-isoleucine.

Subject of research: detection of concentration and salt
form of aminocarboxylic acids. Amino acid samples were
collected at the feed production plants of Cherkizovo in ac-
cordance with GOST 13496.0% and GOST ISO 64974 and EN
ISO 6497°.

The mass of the pooled sample (kg) was 1 kg according
to EC No. 401/2006°. The samples were transported under
conditions that ensured the preservation of the condition,
composition and quality of the samples, as well as the safe-
ty of the environment, on a vehicle equipped for such pur-
poses. The number of samples taken reflected the expected
fluctuations within a given batch and was a multiple of 1:10
by the number of bags in the batch. The analysis result did
not differ from the actual value by more than 5%.

11SO 17180:2013 Animal feeding stuffs — Determination of lysine, methionine and threonine in commercial amino acid products and premixtures.
21S0 13903:2005 Feeds, compound feeds. Method for determination of amino acids).
3 GOST 13496.0-2016 Mixed feeding-stuffs. Methods of sampling of average sample.

4 GOST ISO 6497-2014 Feeding stuffs. Sampling.
5EN IS0 6497:2005 No. 76/371/EC “Animal feed - sampling”.

6 Commission Regulation (EC) No 401/2006 of 23 February 2006 laying down the methods of sampling and analysis for the official control of the

levels of mycotoxins in foodstuffs.
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The samples were crushed to an ac-

I Fig. 1. Construction of a chemometric model for combining IDENT and QUANT2 assays

ceptable particle size of at least 75
microns.

Feed amino acids from all global sup-
pliers who supplied products to the
“Cherkizovo” company (Russia) were se-
lected. These are: “Evonik” (Germany),

spectrum

Obtaining the sample

Comparison with Applying the corresponding

reference spectra and calibration model and
assignment to the group outputting the quantification
of most similar result

“Adisseo” (France), “Ajinomoto” (France),
“Chael Jedang” (Indonesia), “Bio-Chem”
(China).

Product L-Lysine monohydrochloride — 98.5%.
Manufacturer: “Sewon” (Korea), CJ (Indonesia), “Ajinomoto”
(France), ADM (USA), Belarusian National Biotechnology
Corporation — CJSC “BNBK” (Belarus).

Product L-Lysine sulfate — 75%. Manufacturer: “Sewon”
(Korea), CJ (Indonesia), Premix Plant No. 1 (Russia),
Belarusian National Biotechnology Corporation — CJSC
“BNBK” (Belarus).

Product DL-Methionine — not less than 99%.
Manufacturer: “Evonik” (Belgium), “Rhodimet” (France),
“Sumitomo” (Japan), “Volga methionine” (Russia), “Ningxia
Unisplendour Tianhua Methionine (CUC)” and “Shandong
NHU Amino Acid (NHU)” (China).

ProductL-Threonine —nolessthan 98.5%. Manufacturer:
“Eppen” (China), “Fufeng” (China), “Suihua XMXYG Jingu
Biochemical Technology” (China).

Product L-Tryptophan — 98-98.5%. Manufacturer:
“Ajinomoto Eurolysine” (France), “PT Cheil Jedang Indonesia”
(Indonesia), “Eppen Group” and “Meihua Group” (China).

Product L-Valine — 98%. Manufacturer: “CJ Cheiljedang”
(China), “Ajinomoto Eurolysine” (France).

Product L-Isoleucine — 98.5%.
“CJ Cheiljedang” (China), “Fufeng” (China).

At the second step is using chemometric PLS-based
method for quantitative analysis[10] with validation proce-
dure according to [11]. For this purpose OPUS QUANT2
software is used. (OPUS/QUANT2 — Software package for
multivariate calibration with a huge number of useful graphs,
statistics, various tools for building calibration models, au-
tomatic selection of tests and removal of unnecessary sam-
ples. Bruker (Germany)) the partial least-squares (PLS) re-
gression algorithm [9] was used on spectral data in order
to obtain a calibrating model for the quantitative prediction.
All the amino acids’ calibrations were obtained using the
evaluation-set and cross-validation techniques depending
on number of available samples.

The scheme of the spectrometric analysis is shown on
Figure 1.

For each model, the standard error of calibration (SEC)
and correlation coefficients (R2) were calculated. Moreover,
to evaluate the models’ predictive value the standard er-
ror of prediction (RMSEP) and standard error of evaluation
(RMSEE) were also calculated. In addition, the ratio of per-
formance deviation (RPD) was calculated in order
to indicate the quality and robustness of a calibra-

Manufacturer:

IDENT analysis (PCA) QUANT2 analysis (PLS)
acids’ samples distribution giving the 2D-score plot of PC3
vs. PC2 factors (Fig. 1).

Figure 2 indicates excellent separation of different amino
acids (L-methionine, L-lysine, L-threonine and L-valine) by
their spectral patterns into four easily distinguishable cate-
gories without any overlaps, indicating a possibility of unam-
biguous identification of feed-used amino acids. However,
one can see that points tend to group into the subgroups
inside each category, especially in methionine case. Such
behavior can be explained by the presence of different im-
purities causing the distortion of spectra and increasing the
spectral distance from an average spectrum. Taking into ac-
count the fact impurities “fingerprint” is practically unique
and depends on used reagents, applied synthesis and pu-
rification techniques, this finding provides a potential possi-
bility not only to determine the amino amino acids’ type, but
also tracing their origin.

To do so, the quantitative determination of the main com-
ponent content is needed in order to isolate the influence
of distortion introduced by impurities. In this regard calibra-
tion models resulting from the PLS analysis on correlations
between FT-NIR and HPLC measurements on amino acids
content were developed. The summary of the performance
parameters obtained for the calibration equations is given in
the Table 1.

Obtained results showed good agreement between pre-
dicted and actual values (Table 1).

From the Table 1 moderate R? values can be clearly seen
for valine and especially threonine. It can be explained by
influence of several factors. Firstly, the high standard de-
viation (3.07% and 5.78% for valine and threonine respec-
tively) of the reference HPLC method introduces noticeable
uncertainty in predicted values of these amino acids con-
tent in tested samples. Namely, in threonine case the SD
value exceeds the whole tested concentrations range.
In other words, even the arbitrary HPLC method can confuse
the two samples from the beginning and the end of con-
centrations range and give the same results. The solution
of this problem is enlarging the range of measured concen-
trations to minimize the influence of measurement uncer-
tainty. However, it leads to second difficulty.

While all the producers declare the 100% amino acid’
content in crystalline forms they sell, the real content is

| Table 1. Chemometrics and model parameters for amino acids’ calibration set

tion model for each amino acid [6]. Concentration
Amino acid sn‘:]’r"“%':f range,%  SEC R2 RMSEP RMSEE SD RPD

PeaynktaTthl n 06cyxaeHue / mingy gimax
Results and discussion L-Lysine 208 48,52 78,93 0,607 97,78 0,673 0,607 4,07 6,71

Totally 435 samples of amino acids from diffe-
rent suppliers worldwide were used for the creation
of calibration models. Prior to recording spectra,
the content of main substance was determined by
HPLC method, followed by assigning these values
to amino acids’ spectra. Then, the principal com-
ponent analysis was applied to the FT-NIR data
matrix as a visualization method for the amino

L-Valine

L-Methionine 60 94,74 9991 0,740 97,98 1,191 0,806 2,21 5,56
L-Threonine 96 78,04 99,95 0,587 9825 0,864 0,586 2,45 6,11

51 93,14 99,73 0,333 93,26 0,513 0,331 1,29 3,87

L-Isoleucine 20 84,61 96,57 0,819 90,74 0935 0,808 2,69 3,29

*SEC — standard error of calibration, R2 — correlation coefficient, RMSEP —
the models’ standard error of prediction, RMSEE — the models’ standard error
of evaluation, SD — standard deviation, RPD — residual prediction deviation.
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Fig. 2. The 2D score plot of amino acids’ samples for PC3 and PC2
factors

Mathioning

Valine

Thraocning

Lysine sulfate

lower due to impurities. The latter naturally present in
different quantity, depending on ways of synthesis and
final product purification. Excluding the cases with falsifica-
tion, the average content of amino acids is almost the same
and do not allow the concentrations range enlargement by
real samples. At the same time the introduction of artificial
mixtures with known second component is also impossible
due to significant changes of the amino acid spectrum.

Even the high content of impurities in measured “as is”
sample can result in big spectral pattern difference com-
pared to average (Fig. 2).

Nevertheless, obtained chemometric models demon-
strate accurate prediction of amino acids’ content in their
crystalline forms confirming the high robustness and

Bce aBTOpbI HECYT OTBETCTBEHHOCTL 3a CBOIO paboTy 1 NpeacTaBfeH-
Hble AaHHble.

Bce aBTOpbl BHECNN PaBHbIV BKNIAA B 3Ty HAY4HYO paboTy.

ABTOpbI B PaBHOW CTEMNEHM y4aCTBOBaIM B HANMCAHUN PYKOMUCH U
HeCyT paBHYIO OTBETCTBEHHOCTb 3a niarmar.

ABTOPbI 3a8BNAOT 06 OTCYTCTBUM KOHMIMKTA UHTEPECOB.

DOUHAHCUPOBAHUE

[laHHoe nccnenosaHme 6bino NoaaepxaHo MUHUCTEPCTBOM HayKM W BbICLLETO
o6pasoBaHus Poccuiickoii Pepepaumy B pamkax peannaaLmm cneuyansHom
yacTu rpaHTa lMporpaMmbl CTPaTerMieckoro akageMnyeckoro MMAepCcTea
«MpwnopuTteT 2030» Ans pa3snTMS POCCHInCKOro rocyiapCTBEHHOr0 arpapHoro
yHuBepcuteta — MCXA um. K. A. Tummpsizea (cornawenune Ne 075-15-2023-
220 ot 21 pespans 2023 roga).”
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applicability of used calibration equations. Moreover, the
prediction error (RMSEP) of the developed calibration mo-
del does not exceed reproducibility limits of the reference
HPLC method according to ISO 17180 and ISO 139083.

Application of FT-NIR spectroscopy for identification
and quantification of amino acids is a convenient and pow-
erful tool with a great potential for rapid routine analysis of
incoming feedstuff. The advantage is not only in short pro-
cessing time but also in a possibility of the quality screening
allowing quality improvement and optimum feed formulation
by choosing the right raw materials supplier.

Despite the moderate correlation coefficients values for
valine and threonine, all the developed calibration models
allow FT-NIR determination of amino acids’ content with a
prediction error lower than reproducibility limits of the refe-
rence HPLC method accordingto ISO 17180 and ISO 13903.
Yet, our future work will be directed on further improvement
of calibration models by the continuous updating and en-
larging samples’ data set.

BbiBogbl/Conclusion

The possibility of qualitative recognition with sub-
sequent quantification of 4 essential amino acids
(L-methionine, L-lysine, L-threonine and L-valine) by
Fourier transform near-infrared (FT-NIR) spectroscopy
was shown. The data obtained by partial least-squares
(PLS) regression calibration models were confirmed with
high-performance liquid chromatography (HPLC) used as
a reference method. The FT-NIR predictions were in good
agreement with HPLC data and had residual predictive
deviation (RPD) values >3.29 in all cases. The obtained
results indicate that FT-NIR spectroscopy could be used
as a simple, fast and low-cost tool for the control of sup-
plied feed-used amino acids.
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