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Abstract

This research was conducted quantitatively to find out the amount of soybean meal used in the
concentrate feeds of laying hen by using near infrared spectroscopy (NIR) technique. For this purpose,
30 different concentrated feed ration mixtures of 1 kg each was prepared for laying hens by increasing
the concentration up to 30 %. The functional NIR spectra of feed mixtures were obtained at wavelengths
of 10000-4000 nm / cm which were evaluated by applying PLS (Partial Least Square) method on the
second derivative. In the normalization study, SNV (Standard Normal Variate) method was applied. In
addition, data obtained from first order (1st Derivation B Cap 5 Points Gap 2) were prepared for
regression. The linear regression method was applied to the normalized spectra by subtracting the Outlier
values from the calibration set and in this way the calibration quality parameters were revealed. At this
stage, the standard deviations of the R? value, validation and calibration set were calculated. According
to the reflections, the graphs obtained with regression coefficients were taken. In addition, sum of the
squares for estimating residual error (V-Set PRESS) of the validation set was also revealed. Outlier values
were not part of study because of low calibration quality. In the research, R value was determined as
0.9947, R? value, 0.9894 and standard deviation value as 0.6762 of calibration set. Moreover, R value
was determined as 0.9919, R? value, 0.9839 and standard deviation value as 0.8398 of validation set and
the principal component value (Principal Components) were found to be around 14. The regression
consistency was between 80-110 and it was obtained by dividing standard error value (SEC) of
calibration to standard error of estimation (SEP). In conclusion it is evident from the results that method
of FT-NIR spectroscopy is a reliable way to determine the extent at which the soybean meal is
quantitatively used in laying hen feed mixtures.
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1. Introduction

In the feed factories, it is not possible to determine precisely the amount of feedstuffs entering to the
mixture according to the ration content or the feedstuffs added to the mixture content. This situation is
inadequate to determine the quality of mixed feeds. The quality of the concentrate feed produced
according to certain ration formulations varies according to the feed law and whether the feed content
meets the animal needs rather than the type of feedstuffs entering the mix. Therefore, rather than
determining feed content, studies are carried out in the form of adulterated product screening in feed
mixtures using NIR techniques. Fourier transform near-infrared spectroscopy (FT-NIR) is a non-
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destructive and rapid technique that can reliably analyze organic matter. This analytical method had a
major impact on the food industry and agriculture. According to Williams (2001), numerous analytical
methodologies based on near infrared spectroscopy have shown that this technique can safely and quickly
cope with a wide range of analyzes, such as determining proteins, dry matter, carbohydrates, and fat
content in different food types. Determination of moisture, protein, fat and carbohydrate contents by wet
methods is a laborious process that requires time and characteristically produces a lot of chemical waste.
However, methods using the FT-NIR technique provide precise and rapid results in order to be an
alternative to such determinations with minimal or blank sample preparation and no waste (Kandalave et
al., 2012; SalgoveGergely, 2012; Zhou et al., 2012). However, multivariate calibration methods should
be used to obtain quantitative information for the simultaneous evaluation of spectral properties and
various parameters in the NIR region. Multivariate calibration methods are part of chemometries that
require a large number of analytical experiments to develop a mathematical model. Furthermore, once a
model is constructed, it should be validated by a data group that is not part of the calibration (Agelet and
Hurburgh, 2010). Near infrared spectroscopy is a rapid technique that can be used for the simultaneous
detection and analysis of multiple components (Baianu et al., 2012; Louw and Theron, 2010). The
different chemical components in the samples can be measured rapidly by utilizing the vibrational
absorption modes of compounds in the near infrared region of the spectrum and using near infrared
reflection spectroscopy (Martelovidal and Vazquez, 2014). The frequency folds of the moisture, protein,
fat and carbohydrate of the various hydrogen-containing groups and the combination bands are all located
in the near infrared reflection region, and the characteristic vibration information of the hydrogen-
containing groups in these organic molecules can be used to determine the composition of the mixtures
that make up the substance (De-Boever et al. 1995). Zhu et al. (2011) analyzed soybean seeds using the
NIR device. In a study, the NIR method was used to determine moisture, protein, fat, carbonate and
carbohydrate concentration of soybean from Brazil. Spectra in the range of 4000 - 10,000 cm-1 were
obtained in the study. In the research, PLS (Partiel least Square) and SNV (Standard Normal Variate)
methods were used as statistical models. The best calibration models found in this study were those used
to determine protein and moisture content, and R?> = 0.81 and R?= 0.80, respectively. This result
demonstrates the feasibility of using NIR technique in soybean quality determination (Ferreira et al.,
2013). The calibrations obtained after measurements with NIR in soybeans were mainly developed with
soybean powder samples (Sato et al, 1994; Myoung et al., 2001). In addition to protein and fat
measurements, which are the main nutrient components of soybeans, it is aimed to measure the subunits
of these amino acids and fatty acids by means of NIR. Crude protein and protein fractions of soybean
were analyzed by NIR (Cho et al.,, 1987; Pazdernik et al., 1996). Soybean oil was quantitatively
determined on the NIR device using the least squares (PLS) method (Parreira et al., 2002). A method has
been developed to determine the total phospholipid content in soybean oil by FT-NIR spectroscopy (Nzai
et al., 1998). Analysis of the amino and fatty acid composition in soybean seed by NIR has also been
reported with moderately high correlation coefficients between NIR values and reference values
(Pazdernik et al. 1996). Although similar NIR studies have not been found to quantitatively determine
the amount of soybean meal in concentrated feeds, adulteration studies in crab meat with similar study
have been reported. In the study, PLS and PCR analyzes were performed as regression analysis on NIR
device in order to estimate adulteration in crab meat. The accuracy of the estimation models was
examined in terms of low standard calibration error (SEC), low standard estimation error (SEP) and high
correlation coefficient (R?). In the study, the standard error of calibration was found to be 0.251, R%:
0.997, estimation standard error: 0.252, and R? value was 0.997. The results show that NIR technology
can be used successfully to detect adulteration in crab meat samples prepared with imitation crab meat
(Gayo et al. 2006).

In the light of this information, this study was carried out with the aim of establishing NIR calibration to
determine the percentage of soybean meal which is one of the most used feedstuffs as protein source for
laying hens.

2. Material and Method

In this study, 30 commercial laying hen rations were prepared with the same nutrient values; isocaloric
and isonitrogenic. Each ration was prepared as 1 kg and nutritional values of diets were regulated
according to NRC (2005) norms. In the 30 feed mixtures samples prepared, soybean meal at 1% level
was used in the number one ration, and then soybean meal was increased by 1% in each ration content
up to 30% in the last ration. Before the feed mixtures were formed, each feed feedstuffs purchased from
a private feed factory was ground with an ultra-centrifugal rotor grinder (ZM200, Retsch Ltd.,
Diisseldorf, Germany) at the feed lab. The 1 kg feed mixture prepared in accordance with the ration
formulations was kept in FT-NIR device until the rations were read and then in airtight nylon bags.
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Immediately after the feed mixtures were prepared, each feed mixture was placed in a glass petri dish
and each sample was placed on the automatic retort of the NIR device (NIRMaster®, BiichiLabortechnik
AG, Flawil, Switzerland) and spectra were collected from each sample by spectra 6 times. The collected
spectra were stored electronically in a suitable format with the program of the same name provided by
the manufacturer on the desktop computer integrated into the FT-NIR device. The feedstuffs used in the
study were obtained from a private commercial feed factory. Ration formulations used in feed mixtures
are given in Table 1 and Table 2.

Table 1. Ration ingredients (1-15% Soybean Meal)

Feedstuffs %1 | %2 | %3 | %4 | %5 | %6 | %7 | %8 | %9 |%I10| %IL |%I12| %13 | %14 | %15
Barley 544| 594 | 6,03|6,03(6,03|6,03|638|638| 65458 |658| 6,78 |7,13|7,23| 763 | 7.63
Vegetable oil 6,00| 580 | 580|580|560|560|540|540| 540 |540| 540 | 5,30 5,30( 5,10 | 5,10
Wheat grain 2,00 2,00 |2,10|230|3,00| 3,10 | 3,60| 3,60| 3,60 | 370 | 3,70 | 3,80 | 3,30 | 4,00 | 4,00
Corn grain 39,00( 39,00 |39,00|39,00(39,00| 39,00| 39,00/ 39,00| 39,00 [39,00( 39,00 |39,00| 39,00 39,00 [39,00
Sunflower meal 36% CP |24,49| 23,39 |22,70|21,8020,50( 19,80| 18,50|18,00| 17,50 |16,70| 16,00 |15,20|14,60( 13,60 |13,00
Sunflower meal,23% CP 2,00| 2,00 | 2,00|2,00|2,00|2,00|200|200| 200 (200|200 |200|200|200|200
Con gluten 43% CP 840 820 |7,70|7,40|7,20| 6,80 | 6,50 | 6,00 | 5,40 | 5,00 | 4,50 | 4,00| 3,50 | 3,10 | 2,70
Soybean meal 44% CP 1,00| 2,00 | 3,00| 4,00(5,00| 6,00|7,00| 800| 9,00 |10,00 11,00 |12,00|13,00| 14,00 | 15,00
Dicalcium phosphate 175| 1,75 | 1,75|175(1,75| 1,75 | 1,70| 1,70 | 1,70 |1,70 | 1,70 | 1,65 | 1,65| 1,65 | 1,65
Limestone 917 | 917 | 917 |9,17| 917 | 917 | 9,17 | 917 | 8,17 | 917 | 917 | 9,17 | 917 | 9,17 | 9.17
Salt 0,40 | 0,40 | 0,40|0,40|0,40| 0,40 | 0,40 | 0,40| 0,40 | 0,40 | 0,40 | 0,40 | 0,40 | 0,40 | 0,40
Vitamin-Mineral Mix 035|035|035|035|0,35|0,35(0,35|0,35| 035|035| 035 |0,35|0,35| 035|035
Crude Protein, % 77| 177 | AT 7| AT7 (17,7 | 17,7 | 17,7 | 17,7 | 17,7 |17.7 | 177 | 17,7 | 17.7| 17.7 | 17,7
Metabolisable energy Kealikg| 2745 | 2739 | 2741| 2746|2744 2746 | 2745| 2744 | 2743 | 2747 | 2748 | 2746 | 2747 | 2739 | 2740
Calcium,% 399|399 |399|399(399|399|398|398| 398 |3,98| 398 |397|397|397 397
Phosphorus % 038|035 |038|038|0,38|0,39|0,38|0,38| 0,38 | 0,38 0,38 | 0,38| 0,38 0,38 | 0,38

Table 2. Ration ingredients (15-30% Soybean Meal)
Feedstuffs %16 %17 |%18 |%10 |%20 (%21 |%22 |%23 (%24 (%25 (%326 |%27 [%28 |%29 (%30
Barley 783|793 | 858 | 858|868|878|9,18|9,73(10,23|10,83(11,23|11,83|13,58(12,58| 11,58
Vegetable oil 510|510 5,00 | 5,00 5,00 | 4,80 | 4,80 | 4,60 | 4,40 | 420 | 4,10 | 4,00 | 3,60 | 3,60 | 3,60
Wheat grain 4,00(4,00| 4,00 | 420(420 | 4,40 | 4,40 [ 4,40 | 4,40 | 4,40 | 4,40 | 4,40 | 4,40 [ 4,40 | 4,40
Corn grain 39,00|39,00{ 39,00 39,00/39,00(39,00|39,00|39,00( 39,00|39,00|39,00|39,00 39,00/ 39,00/ 39,00
Sunflower meal, 36% CP 12,30|11,60{10,60| 9,70 | 9,00 | 8,40 | 7,10 | 5,80 | 4,50 | 3,10 | 1,80 | 0,30 | 0,00 | 0,00 | 0,00
Sunflower meal 23% CP 2,00(2,00| 2,00 |2,00(200]|200|200|200| 200 200|200 200|0000,00|0,00
Corn gtuten 43% CP 220(1,80 | 1,30 | 1,00 0,60 | 0,10 | 0,00 [ 0,00| 0,00 | 0,00| 0,00 | 0,00 | 0,00 ( 0,00 0,00
Sovbean meal 44% CP 16,00(17,00{ 18,00{15,00/20,00(21,00|22,00|23,00| 24,00|25,00| 26,00| 27,00 28,00 29,00/ 30,00
Dicalcium phosphate 1,65|165| 1,60 |1,60|1,60(1,60|160|155|155|155|1,55|1,55|1,50|1,50|1,50
Limestone 917|917 | 917 | 917917 | 917 | 917 | 917 | 9,17 | 917 | 9,17 | 917 | 9,17 9,17 | 9,17
Salt 0,400,440 | 0,40 | 0,40( 0,40 | 0,40 | 0,40 (0,40 | 0,40 | 0,40| 0,40 | 0,40 | 0,40 0,40 0,40
Vitamin-Mineral Mix 035(035|035(035(035|035|0,35(035|0,35|035| 035|035 |0,35(0,35|035
Crude Protein % ATT| AT | 7,7 (77|77 (177 (17,7 | 17,7 | 17,7 | 17,7 | 17.7| 17,7 | 17,7 181 | 18,4
Metabolisable energy, Kcalkg| 2742 | 2744 | 2744 | 2749|2751 | 2739 | 2749 | 2747 | 2744 | 2742 | 2746 | 2751 | 2750 | 2746 | 2742
Calcium, % 3,97 (398 | 3,96 | 396|3,97 | 3,97 | 397 |3.95| 396|396 |3,96|3,96|394|394|394
Phosphorus % 038|038 | 038 |038(038|0,38|0,38|0,38|0,38|038|0,38|0,38|0,38(0,38|0,38
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2.1. Creation of Calibrations and Data Analysis

Calibrations and statistical evaluations based on obtained spectra were evaluated with NIRCAL program
(BiichiLabortechnik AG, Flawil, Switzerland). Within the spectra itself, calibration and validation sets
are separated by the program. The spectra obtained were evaluated by PLS (Partial Least Square) method
on the secondary derivative (second derivative). Outlier values were subtracted from calibration set and
linear regression was applied to normalized spectra and calibration quality parameters were determined.
At this stage R? value, standard deviations of validation and calibration set were calculated. Graphical
outputs obtained by regression coefficients were obtained according to reflectances. In addition, the
squares sum (V-Set PRESS) of the estimation of the validation set was obtained. Outlier values were
determined by the program and were not included in the study due to the decrease in calibration quality.

3. Results
The reflectance views (1 / log) and normalized spectra as a result of the preliminary applications
applied to the spectra are shown in Graph 1.
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Graph 1. Spectra Set with Normalization Applied.

Functional spectra obtained after application were obtained at wavelengths of 10000-4000 nm / cm.
The estimated residual error of the validation set was obtained by using the V-Set PRESS (Principal
Components) 14. Basic component values via V-Set PRESS are shown in Graph 2.
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Graph 2. Estimation The sum of squares of residual error.
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The obtained regression consistency was obtained by dividing the standard error value (SEC) of the
calibration by the estimation standard error (SEP). Consistency value was determined between 80 and
110. The results of the consistency analysis are shown in Graph 3.
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Graph 3. Consistency Analysis of Calibration Set.

The output of the linear regression values obtained from the calibration and validation sets is shown in
Graph 4.

« . .
Predicted Property vs. Original Property

©

> All Spectra

o 1 < Calibration Spectra f(x)=0.9894x+0.0873 r=0.9947 r2=0.9894 Sdev(x})=0.6762 BIAS(xy)= 0 range(x)= 1..28.09 n=253

%) 7 [J Validation Spectra f(Y=0,9985x+0.0226 =0.9919 r2=0.9839 Sdev(x})=0.8398 BIAS(xy)=-0.01 range(y= 1 ..28.09 n=126 o @

>

]

Q

o

o

T

]

o

kel

]

[

5 10 15 20 25

Original Property Soya Kiispe Orani - 2

Graph 4. Calibration and Validation Set Models

For the regression analysis, 253 of the calibration set; 126 measurements were included in
validation sets. As a result of the analysis, the model of calibration and validation sets was formed as
follows:

Calibration set:

e f(x)=0.9894x + 0.0873

e R=0.9947
e R>=0.9894
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e  Standart deviation = 0.6762
e BIAS=0

Validation set:

f(x) = 0.9985x + 0.0226
R=0.9919

R?=0.9839

Standart deviation = 0.8398
BIAS =0.01

4. Discussion

In this study, the main component of the study was soybean meal, which is the most commonly involved
in poultry diets, especially layer hens and broilers. For this purpose, it is aimed to determine the amount
of soybean meal that is mixed in 30 different layer hen diets by using NIR device. In the present study,
the feedstuffs were obtained from a private feed factory. Subsequently, feedstuffs were ground separately
in the lab. Then, 30 different feed mixes, each of which increased by 1% of the soybean meal, were
prepared to have a total mix weight of one kg. One kg of dietary ration mixtures were started by using
1% of soybean meal in the first ration, then soybean meal was increased by 1% in other mixtures and 1%
- 30% soybean meal was used. Then, 30 different feed ration mixtures were read 3 times in NIR device
and 180 spectra were collected.

In FT-NIR calibration studies, determination coefficient value (R?) was used to calculate the estimation
value. R?, which is the determination coefficient value, is calculated as the square of the R value. This
calculated value is shown as the regression coefficient, which is the t determination of the relationship
between the variables (Sohn et al., 2006). The determination coefficient value (R?) is between zero (0)
and one (1) number. The R? value is considered to be such a strong result in the extent of its proximity to
an integer number. In other words, this shows the reliability of the obtained calibration (Sohn et al.,
2006). In the present study, the spectra set obtained as follows; R value was 0.9947, R? value was 0.9894
and standard deviation value was 0.6762. Altough, no previous FT-NIR calibration studies have been
performed, showing exactly the proportion of soybean added to the feed mixes, there was performed a
similar study about FT-NIR calibration of corn grain (Yildirim and Bayram,2019). This can also be
demonstrated by mixing tests to ensure the confidence of the producers preparing the mixed feeds from
the preparation of rations in feed mills to the final stage of production. Furthermore, the point reached in
feed technology is extremely high, in other words, it may be due to the fact that feed producing factories
rely on their feed formulations and mixing ratios to be successful and technological equipment. The
problem here is that feed producers declare the feedstuffs in the feeds produced by using the legal
deficiencies and gaps that they produce for sale unrealistic and this situation cannot be determined by the
authorities. Although not the same content, there are a large number of quantitative studies conducted on
the same logic in the determination of feed or food adulterations intended to deceive consumers in animal
feeds or human foodstuffs. Rcv? value was found in the range of 0.99-0.98 in an adulteration study
conducted for quantitative determination of soy flour in processed meat products. In this study, it has
been shown that adulterations can be detected in salami and sausages which are processed meat products.
In another quantitative study related to the subject, mixtures of sunflower, canola and hazelnut oils added
to sesame oil for adulteration purposes could be determined quantitatively by FT-NIR device. R? value
in the study of canola oil; sunflower oil was found to be 0.9618, 0.9344 and hazelnut oil was found to be
0.9633. It is shown that the methods used in quantitative studies in meat products and sesame oil given
examples are in harmony with the methods in our study and that the editing is correct. Similarly, in
another quantitative study on honey, it has been reported that the amount of sugar mixed into honey in
different proportions can be quantitatively determined by FT-NIR method. In the same study, functional
spectra were found to be 8000-4000 4 / cm wavelengths. This result is similar to the functional spectra
of 10000-4000 mm / cm. The regression consistency value obtained in the present study was obtained by
dividing the standard eror value (SEC) of the calibration by the estimation standard eror value (SEP).
The consistency value found in the study was determined between 80-110 values. In a quantitative study
of the subject using the PLS method in honey sample (Gonzalez et al. 2018), an estimation was made
including a pure product consisting only of honey as well as another product added to the honey. The
estimated values obtained for the sample set used in the study were 0.69% for 0%, 5.27% for 5%, 14.85%
for 15%, 24.31% for 25% and 42.63% for 45%, respectively. This result proved that quantitative
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identification model for honey sample works. In another study conducted using the PLS method with FT-
NIR (Cuibus et al., 2014), palm fat was added to the cheese in different amounts for adulteration, and its
consistency value (mean recovery rate) was 108 and R? value was found to be 0.9695. In this study, the
actual and predicted values of palm fat added to cheese in different proportions were as follows; 4% for
5%, 10.1% for 10%, 20.2% for 15%, 24.2% for 20% and 41.6% for 40%. Furthermore, in this study, the
regression consistency value was determined between 80-110 values. This result shows that this method,
which we use quantitatively to determine the amount of soybean meal in layer hen feeds, is largely
accurate.

5. Conclusion

This is a preliminary study of the use of FT-NIR method to estimate the amount of soybean meal in the
feed, which is added to layer hen concentrate feeds at different levels from 1% to 30%. The high level of
validation R?: 0.9839 obtained in the study confirms that FT-NIR spectroscopy method can quantitatively
detect soybean meal in laying hen concantrated feed. The amount of soybean meal in laying hen
concentrated feeds could be determined quantitatively 99% accurately by FT-NIR technique. In addition,
a high correlation coefficient was determined in the regression analysis using PLS method. Moreover,
44% crude protein content of soybean meal which was added to the layer hen feeds at levels of 1% to
30% could be determined accurately by FT-NIR spectroscopy technique. This suggests that it is possible
to calibrate with FT-NIR technique to estimate the amount of soybean meal in laying hen feeds. As a
result, it is concluded that the estimation level may be higher by adding the soybean meal levels to 0.5%
or less intervals instead of 1% in order to quantitatively determine the level of soybean meal in
concentrated feeds.
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