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INTRODUCTION

Feeding is one of the most important factors in-
fluencing the success of animal productions and this 
component spends about 70% of production cost in 
livestock industries. Utilization of crop residues from 
agro-industry byproducts as animal feed is one of the 
solutions to reduce feed cost. However, nutritive values 
and digestibility of feed using agro-industry byprod-
ucts were low and need several methods to be applied 
for improving the quality and digestibility of feed 
(Wanapat et al., 2009; Santoso et al., 2014; Wajizah et al., 
2015; Samadi et al., 2015; Samadi et al., 2016; Wiryawan 
et al., 2017). Feed fermentation technology by microbial 
administration seems to be a practical and promising al-
ternative to increase nutritional values of agro-industry 
residues and produce improved value-added products.  
Study conducted by Samadi et al. (2016) concluded 
that fermentation of complete feed based on sago resi-
dues significantly influenced the values of NH₃, VFA, 
IVOMD, and IVDMD.
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ABSTRACT

Feed plays a significant role in livestock production worldwide. Digestibility of feed such as in 
vitro dry matter digestibility (IVDMD) and in vitro organic matter digestibility (IVOMD) as well as 
the fractions of crude fiber such as neutral detergent fiber (NDF) and acid detergent fiber (ADF) can 
be used as indicators of feed quality. To determine these nutritive parameters, several methods based 
on solvent extraction and other laboratory analyses are widely employed which are normally time 
consuming and may cause pollution since this analysis involves chemical materials. Near infrared 
spectroscopy (NIRS) is one of rapid alternative methods that can be considered to be applied due to 
its advantages. Therefore, the main objective of this present study is to apply NIRS in determining 
IVDMD, IVOMD, NDF, and ADF of animal feed samples simultaneously. Reflectance spectra were 
acquired for animal feed samples in wavelength range from 1000 to 2500 nm. Actual quality and nu-
tritive values were measured by standard laboratory method. Spectra data were corrected by baseline 
shift correction (BSC), standard normal variate (SNV), and de-trending (DT). Prediction models were 
developed using principal component regression. Superior results for IVDMD, IVOMD, and NDF 
predictions were achieved using SNV with correlation coefficient (r) and RPD index of 0.93 and 2.78 
for IVDMD, 0.90 and 2.35 for IVOMD, and 0.89 and 2.31 for NDF, respectively. ADF nutritive value 
was predicted accurately using DT spectrum with r and RPD index of 0.94 and 3.00, respectively. It 
may be concluded that NIRS can be used and applied as a rapid and simultaneous method in deter-
mining nutritive values of feed samples. 
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Feed evaluation plays a very important point in 
animal enterprise by formulation of animal feed to 
obtain high production of animals. Several methods 
are widely employed to analyze animal feed. However, 
most of them are based on wet chemical analysis which 
are destructive in nature, involve chemical materials, 
complicated sample preparations, time consuming, and 
may cause pollutions. Thus, an alternative fast, robust, 
and effective method is required to analyze feed qual-
ity parameters (Samadi & Yu, 2011, Samadi et al., 2013; 
Munawar et al., 2016; Samadi et al., 2018).

In last few decades, near infrared reflectance spec-
troscopy (NIRS) becomes one of the most promising and 
suitable alternative methods that can be used in many 
areas, including in agriculture and livestock production 
sectors. This method can analyze chemical or qual-
ity properties without any specific sample preparation, 
environmental friendly since no chemical materials are 
used, as well as fast and non-destructive (Munawar et 
al., 2013., Porep et al., 2015). In addition, NIRS also has 
the ability to predict and determine desired quality or 
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nutritive parameters simultaneously using the same 
spectral data (Nicolai et al., 2007, Tsenkova et al., 2011).

The key element for an efficient NIRS analysis is 
the development and construction of a good predic-
tion model to extract all the existed information and 
sometime hidden in the spectrum which are related to 
the studied and desired quality attributes of biological 
objects. In addition, to obtain accurate and robust pre-
diction model, it is possible to process the NIR spectral 
data with mathematical transformations of the spectrum 
using various types of pretreatments reducing and 
eliminating the effects unrelated to the property of inter-
est (Huang et al., 2008; Porep et al., 2015).   

Several spectra pre-processing methods have 
been widely tested and employed to enhance the accu-
racy and robustness of prediction in NIRS model. These 
methods such as standard normal variate (SNV), base-
line shift correction (BSC), spectra smoothing, orthogo-
nal signal correction (OSC), spectra derivatives, and 
de-trending (DT) are common spectra pre-processing 
that are applied prior to prediction modelling (Nicolai 
et al., 2007; Cozzolino et al., 2011). Furthermore, NIRS 
prediction models can be constructed using several 
regression approaches like multiple linear regression 
(MLR), stepwise regression (SR), principal component 
regression (PCR), and partial least square regression 
(PLSR). Recently, non-linear regression approaches 
such as support vector regression (SVR) and artificial 
neural networks (ANN) are also applied to the data of 
spectroscopic model (Munawar et al., 2016; Nawi et al., 
2013; Balabin & Lomakina, 2011; Balabin & Smirnov, 
2011). Therefore, the main objective of this present study 
is to investigate the feasibility of NIRS as an alternative 
method in determining animal feed quality parameters 
(IVDMD, IVOMD, NDF, and ADF). Different spectra 
pre-processing (BSC, SNV, and DT) methods and the 
analyses of the accuracy and robustness of the predic-
tion were employed in this study. Prediction models 
were constructed using principal component regression 
(PCR) method.

MATERIALS AND METHODS

Feed Samples

In this study, feed samples (sago residues) were 
fermented in the period of 0, 7, 14, 21, and 28 days by 
using commercial fermentation product (SBP-Saus 
Burger Pakan®) with five replications for each treat-
ment. Therefore, there were 25 samples for further 
chemical analysis. Fermented samples were analyzed 
for NDF (AOAC, 2012: method 2002.04) and ADF 
(AOAC, 2012: method 973.18) at the Laboratory Test 
and Feed Certification, Bekasi, West Java. IVDMD and 
IVOMD were performed at the Laboratory of Nutrition 
and Dairy Science, Nutrition and Feed Technology 
Department, IPB, Bogor. Tilley & Terry (1963) methods 
were applied to analyze IVDMD and IVOMD known as 
a two-stage technique for in vitro digestion in which in 
the first step samples were fermented for 48 h in a buffer 
solution containing rumen fluid followed by a digestion 
with pepsin in an acid solution for 48 h.

NIR Feed Spectrum

Near Infrared spectra data for feed samples were 
taken by irradiation of halogen lamp onto a 30 g of bulk, 
homogenized feed samples. Spectra data were acquired 
and recorded in the form of diffuse reflectance spectra 
data in wave length range of 1000–2500 nm or in wave 
numbers of 4000–10000 cm-1. Diffuse reflectance spectra 
data were saved in two different file formats (*.SPA and 
*.CSV) that were used for further data analysis.

Outlier Removal

Spectra data were firstly projected onto principal 
component analysis (PCA) followed by Hotelling T2 el-
lipse for outlier detection. If there were any data outside 
the ellipse, then these spectra data were noted as outlier 
and removed prior to further analysis (Munawar et al., 
2016).

Spectra Correction

Spectra correction was performed after outlier 
removal. It compensates and eliminates scatter effects 
that may influence the model prediction performance. 
Spectra correction was applied using baseline shift 
correction (BSC), standard normal variate (SNV), and 
de-trending (DT) correction methods. Spectra correction 
tends to remove spectral noises due to light scattering, 
sensor curvature, over-heated effects, and multiplicative 
effects.

Prediction Models

Once spectra corrections were completed, the 
prediction models were constructed using all spectrum 
(raw, BSC, SNV, and DT) to predict quality and nutritive 
parameters of feed samples. The models were devel-
oped using principal component regression (PCR) and 
validated using full leave one out cross validation. 

Model performances, accuracy, and robustness 
were quantified using several statistical parameters 
such as: coefficient of determination (R2), correlation 
coefficient (r), root mean square error (RMSE), residual 
predictive deviation (RPD), and the number of latent 
variable (LV). It is obvious that good model should have 
high R2, r, and RPD with lower number of LV and RMSE 
(Nicolai et al., 2007). 

RESULTS

Effect of Fermentation Time on IVDMD, IVOMD, 
NDF and ADF Contents 

 
Table 1 indicated that fermentation time increased 

significantly (P<0.05) IVDMD, IVOMD and reduced the 
content of NDF and ADF of sago residues. Fermentation 
of sago residues up to a-21 d improved IVDMD, 
IVOMD to 19.34% and 22.19%, respectively, compared 
to control. However, after a-21 d fermentation, the 
percentage of  IVDMD, IVOMD tended to decrease, but 
it was still higher compared to control. NDF content 
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decreased about 55.07% at 21-d fermentation compered 
to control. The percentage of ADF in sago residues 
reduced about 16.41% at 7-d fermentation compared to 
control and kept stable up to a-28 d fermentation.

Spectra Features

Typical diffuse reflectance spectra of animal feed 
samples were shown in Figure 1. Spectra data were 
consisted of vibrational bonds of C-H, N-H, C-O-H, 
C-C, O-H structures in NIR region. These chemical 
structures represent quality parameters such as protein, 
fiber, carbohydrates, fat, moisture, and acid content of 
biological objects. Thus, it is possible for NIRS to predict 
such quality parameters in near infrared region from 
wavelength range of 1000 to 2500 nm.

Spectra and Nutritive Value Analyses

Firstly, spectra data of feed samples were analyzed 
using principal component analysis to inspect any dis-
similarities. Hotelling T2 ellipse was projected onto PCA 

map to detect outlier data. Data outside the ellipse were 
noted and removed due to the potential of outliers to af-
fect the accuracy and robustness of the prediction model 
(Cozzolino et al., 2011; Mouazen et al., 2010). As can be 
seen in Figure 2, there was no outlier data found since 
all spectra data were inside the ellipse. Thus, all the total 
of 25 spectral data were used to predict animal feed nu-
tritive attributes in the form of IVOMD, IVDMD, NDF, 
and ADF parameters. 

IVDMD and IVOMD Prediction

Prediction results for IVMD and IVOMD param-
eters are presented in Table 2 and Table 3. Prediction 
models were quantified and justified using full cross 
validation method. The accuracy and robustness of 
prediction model slightly increased when the spectra 
correction was applied. The best correction methods 
were achieved using SNV model for both IVDMD and 
IVOMD. Scatter plots obtained from the best and accu-
rate models were presented in Figure 3.
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Figure 1. Typical NIR spectra of animal feed samples in wavelength range of 1000 – 2500 nm.

Variables
Fermentation time (days)

F0 F1 F2 F3 F4
IVDMD (%) 49.83 ± 0.34d 52.59 ± 0.44c 53.98 ± 0.49ᵇ 59.47 ± 0.31ᵃ 54.84 ± 0.47ᵇ
IVOMD (%) 51.87 ± 0.43d 54.42 ± 0.45c 56.30 ± 0.63ᵇ 63.38 ± 0.31ᵃ 56.51 ± 0.39ᵇ
NDF (%) 37.76 ± 4.19ᵃ 25.39 ± 0.66ᵇ 26.43 ± 0.67ᵇ 24.35 ± 0.54ᵇ 24.86 ± 1.14ᵇ
ADF (%) 18.10 ± 0.29ᵃ 16.41 ± 0.33ᵇ 17.55 ± 0.43ᵃ 18.09 ± 0.39ᵃ 17.26 ± 0.30ab

Note:  Means within a row with different superscripts differ significantly (P<0.05). F0: Control, F1: 7-d fermentation, F2: 14-d fermentation, F3: 21-d 
fermentation, F4: 28-d fermentation.

Table 1. IVDMD, IVOMD, NDF and ADF of sago residues fermented at different period
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Figure 3. Actual and predicted IVDMD and IVOMD based on PCR-SNV prediction model
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Figure 2.  Feed spectra data projected onto PCA and Hotelling 
T2 ellipse for outliers detection

Table 3.  Prediction results for IVOMD nutritive value of feed 
samples

Spectrum
Statistical parameters

R² R RMSE RPD LV
Raw 0.59 0.77 2.51 1.60 8
SNV 0.81 0.90 1.71 2.35 6
BSC 0.75 0.86 1.96 2.05 7
DT 0.69 0.83 2.18 1.84 6

Note:  BSC: baseline shift correction, DT: de-trending, LV: number of 
latent variables, R²: coefficient of determination, r: correlation co-
efficient, RMSE: root mean square error, SNV: standard normal 
variate.

Table 2.  Prediction results for IVDMD nutritive value of feed 
samples

Spectrum Statistical parameters
R² R RMSE RPD LV

Raw 0.61 0.78 2.03 1.64 7
SNV 0.86 0.93 1.20 2.78 6
BSC 0.72 0.85 1.72 1.94 7
DT 0.72 0.85 1.71 1.95 6

Note:  BSC: baseline shift correction, DT: de-trending, LV: number of 
latent variables, R²: coefficient of determination, r: correlation co-
efficient, RMSE: root mean square error, SNV: standard normal 
variate.

NDF and ADF Prediction

In this study, we also attempted to predict and de-
termine other feed quality parameters in the form of de-
tergent fiber (NDF and ADF) nutritive values. Prediction 
models were also predicted using raw uncorrected 
spectra and corrected spectra using BSC, SNV, and DT 
methods. Prediction models were constructed using 
PCR regression approach and validated using full leave 
one out cross validation (LOOCV) method. Prediction 
results for NDF and ADF parameters are presented in 
Table 4 and Table 5.

Just like IVDMD and IVOMD prediction, NDF 
could be predicted with the highest accuracy and ro-
bustness when the model was constructed using SNV 
spectra correction method. It generated the highest 
correlation coefficient of 0.89 and the highest RPD index 
of 2.31. In addition, the ADF nutritive value can also 
be predicted well. The best and optimum prediction 

performance was achieved when ADF was predicted us-
ing DT spectra correction with a maximum correlation 
coefficient of 0.94 and RPD index of 3.00 and the number 
of latent variables required to construct the prediction 
model was 6 LV. Scatter plot driven for NDF and ADF 
prediction based on SNV and DT are presented in 
Figure 4. 

DISCUSSION

Sago residue as nonconventional feed have rela-
tively low quality and digestibility. One of the ways to 
improve the quality and digestibility of agricultural or 
industrial by-products was by fermentation. The result 
of the study indicated that fermentation improved 
IVDMD, IVOMD and reduced the content of NDF 
and ADF of sago residues (Table 1). The results of this 
study were in accordance with the research conducted 
by Samadi et al. (2016) in which sugarcane bagasse 
fermented with Trichoderma harzianum significantly 
increased IVDMD and IVOMD. Availability of soluble 
carbohydrates due to fermentation process was the 
cause of better IVDMD and IVOMD values. Study con-
ducted by Wajizah et al. (2015) administration of soluble 
carbohydrates in fermentation  increased the percentage 
of IVDMD. NDF and ADF can be used as indicator for 
feed quality. The content of NDF and ADF reduced 
by fermentation. Suryapratma & Suhartati (2012) also 
reported that rice straw fermented with white rot fungi 
and Saccharomyces cerevisiae reduced the content of NDF 
and ADF.

Near infrared spectrum consists of vibrational 
bonds of chemical structures such as C-H, C-H-O, N-H, 
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O-H, R-O-H, and C-C. These bonds are vibrated as cer-
tain wavelength in near infrared region when biological 
sample is irradiated by incident light. Every biological 
object has a specific feature and electro-optic prop-
erty depends on its chemical and physical structures 
(Munawar et al., 2016). Featured spectra, as are shown in 
Figure 1, represent chemical properties of feed samples 
which are related to their nutritive values. Furthermore, 
spectra data were corrected and enhanced using differ-
ent spectra pre-processing methods: BSC, SNV, and DT. 

In this study, SNV spectra corrected additive and 
multiplicative effects by scaling the spectra data to its 
ideal spectrum which was normally the mean spectra 
of the presented data (Figure 1). On the other hand, 
DT and BSC correction methods were more focused on 
enhancing the qualities of their baseline trends. These 
results are also in agreement with those reported by Cen 
& He (2007) and Azzouz et al. (2010) that DT and BSC 
methods worked well in correcting baseline spectra due 
to the curvature movements and physical effects dur-
ing the measurement of spectra data. Further, spectra 
data were then analyzed to predict the desired quality 
parameters in the forms of IVDMD, IVOMD, NDF, and 
ADF nutritive values.

Cen & He (2007) defined that in NIRS, there were 
three steps that must be followed: (1) spectra data acqui-
sition (2) spectra correction, and (3) the development of 
prediction models. After spectral projection and spectra 
correction, we developed and constructed prediction 
models that could be used to predict inner quality 
parameters of feed samples. First of all, we developed 
prediction models to determine IVDMD and IVOMD 

parameters using all spectra data (raw spectrum, BSC, 
SNV, and DT spectrum). Principal component regres-
sion was used as a regression approach to correlate 
between spectra data and actual IVDMD and IVOMD 
parameters. Prediction models were quantified and jus-
tified using full cross validation method.

As can be seen in both tables (Tables 3 and 4) that 
IVDMD and IVOMD can be predicted sufficiently 
and coarsely using raw uncorrected spectra data with 
correlation coefficient of 0.78 for IVDMD and 0.77 for 
IVOMD, with RPD index of above 1.5 (1.64 for IVDMD 
and 1.60 for IVOMD). Based on literature, an RPD 
between 1.5 – 1.9 means that coarse quantitative predic-
tion is possible, but still need some improvements in 
calibration. A value between 2 and 2.5 indicates that the 
prediction model is sufficient. Meanwhile, an RPD value 
between 2.5 and 3 or above corresponds to a good and 
excellent prediction accuracy, respectively (Williams, 
2001; Fearn 2002; Nicolai et al., 2007). 

The accuracy and robustness of a prediction model 
were slightly increase when the spectra correction 
was applied. All spectra correction methods improve 
accuracy and robustness to a maximum correlation 
coefficient for IVDMD (0.93) and IVOMD (0.90) (Tables 
3 and 4). In addition, the robustness of RPD index was 
also improved to a maximum of 2.78 for IVDMD and 
2.35 for IVOMD which was categorized as a good model 
performance. In comparison, other findings (Shepherd 
et al., 2005) showed that NIRS could predict IVDMD in 
organic residues with correlation coefficient of 0.91.

Meanwhile, for ADF and NDF predictions, as can 
be seen in Table 5, the accuracy and robustness of NDF 

Note:  BSC: baseline shift correction, DT: de-trending, LV: number of 
latent variables, R²: coefficient of determination, r: correlation co-
efficient, RMSE: root mean square error, SNV: standard normal 
variate.

Note:  BSC: baseline shift correction, DT: de-trending, LV: number of 
latent variables, R²: coefficient of determination, r: correlation co-
efficient, RMSE: root mean square error, SNV: standard normal 
variate.

Spectrum
Statistical parameters

R² r RMSE RPD LV
Raw 0.72 0.85 3.09 1.93 7
SNV 0.80 0.89 2.58 2.31 6
BSC 0.78 0.88 2.71 2.20 7
DT 0.79 0.89 2.65 2.25 6

Table 4 Prediction results for NDF nutritive value of feed 
samples

Spectrum
Statistical parameters

R² r RMSE RPD LV
Raw 0.77 0.87 0.45 2.13 7
SNV 0.85 0.92 0.35 2.74 6
BSC 0.85 0.92 0.36 2.66 6
DT 0.88 0.94 0.32 3.00 6

Table 5. Prediction results for ADF nutritive value of feed 
samples
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Figure 4. Actual and predicted NDF based on PCR-SNV, and ADF based on PCR-DT prediction model
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prediction performance is sufficient even using raw 
uncorrected spectra data with correlation coefficient and 
residual predictive deviation indexes of 0.85 and 1.93, 
respectively. When the prediction model was developed 
using corrected spectra of BSC and DT, the accuracy 
of prediction was slightly improved with RPD index 
increased to 2.20 using BSC and to 2.25 using DT spectra 
correction methods. DT spectrum was also improved 
when we  observed the decreased number of latent 
variables required to establish the prediction model. Just 
like IVDMD and IVOMD prediction, NDF can be pre-
dicted with the highest accuracy and robustness when 
the model is constructed using SNV spectra correction 
method. It generated the highest correlation coefficient 
of 0.89 and the highest RPD index of 2.31. Moreover, the 
number of latent variables was also decreased to 6 and 
an error coefficient in the form of RMSE was decreased 
to 2.58.

In addition, the ADF nutritive value can also be 
predicted well even without spectral data correction 
with correlation coefficient of 0.87 and RPD robustness 
index of 2.13. The best and optimum prediction perfor-
mance was achieved when ADF was predicted using 
DT spectra correction with a maximum correlation coef-
ficient of 0.94 and RPD index was 3.00 and the number 
of latent variables required to construct the prediction 
model was 6 LV.

In general, obtained prediction results for all qual-
ity feed nutrient parameters (IVOMD, IVDMD, NDF, 
and ADF) are categorized as good and sufficient model 
performance.  To obtain more robust and more accurate 
prediction result, further spectra correction methods 
and regression approaches may be employed. These 
methods including non-linear regression approaches 
such as support vector egression (SVR) and regression 
method based on artificial neural network (ANN) may 
be considered since both methods are more adaptable to 
spectra data (Munawar et al., 2016).

CONCLUSION

NIRS technique is feasible to be used and applied 
in determining quality parameters of feed samples in 
the form of IVDMD, IVOMD, NDF, and ADF content 
with good accuracy and robustness performances. The 
maximum correlation coefficient between the actual and 
predicted quality attributes were: 0.93 for IVDMD, 0.90 
for IVOMD, 0.89 for NDF, and 0.94 for ADF. Moreover, 
it may also be concluded that employing spectra correc-
tion can obviously improve the prediction performances 
for all quality parameters. SNV and DT found to be the 
most accurate and optimum spectra correction for feed 
quality parameter predictions.
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