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Applications of Near Infrared Reflectance Spectroscopy(NIRS)

in Forage Evaluation
Hyung-Soo Park, Jong-Kyong Lee and Hyo-Won Lee*

ABSTRACT

Farmers need timely information on the nutritional status of their animals and the nutritive value of
pastures and supplementary feeds if they are to apply successfully this existing nutritional information.
Near infrared reflectance(NIR) spectroscopy has been used over the last forty years to analyse accurately
protein, fiber, and other organic components in animal foods. NIR spectroscopy is a rapid, non-
destructive, and non-polluting technology. When properly calibrated, NIR spectroscopy is used
successfully with both concentrate and forage feeds. NIR methods predict in vitro digestibility accurately
and precisely, and can predict in vivo digestibility at least as well as conventional “wet chemistry”
methods such as in vivo digestion or the pepsin-cellulase method, and much more rapidly. NIR
technology has been applied to the routine monitoring (through analysis of feces samples) of the
nutritiona! status of cattle and other grazing animals. This report reviews the use of near infrared
reflectance(NIR) spectroscopy to monitor the nutritive value of animal feeds and the nutritional status of
grazing animals.
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Fig. 1. Traditional direct method of apply-
ing NIRS is to analyze a particular
product with both NIRS and tradi-
tional wet chemistry and pair this
information in the calibration set to
calculate a predictive equation (Stuth
et al., 2003).
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Fig. 2. Indirect methods for estimation of
diet quality from fecal NIRS scans
using diet:fecal pairs of known diet
quality and spectral characteristics of
the associated feces has allowed
estimation of the animal in free-
ranging conditions(Stuth et al., 2003).
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Table 1. Wavelengths commonly used in the application of NIR spectroscopy to animal

nutrition

Sample type/analyte Wavelength(nm) Author

Grass / ME content 1658 ~ 1668 Givens, et al. (1977)
Forages / protein 2100 ~ 2164 Williams (1987)

Forage / fiber, IVDMD *° 1555 ~ 1674, 2294 Williams (1987)

Grass / fiber° 1416 ~ 2400 Garcia-Cuidad, et al. (1993)
Grass / protein 1536 ~ 2236 Garcia-Cuidad, et al. (1993)
Grass / cellulose 1320 ~ 2044 Garcia-Cuidad, et al. (1993)
Whole-plant maize / [VDMD 1722 ~ 2336 Valdes, et al. (1987)
Whole-plant maize / protein 1680 ~ 2336 Valdes, et al. (1987)

* acid detergent fiber, neutral detergent fiber.
® in vitro dry matter digestibility.

1; ,l\ 1. P

ke 5A0] 9ok AL Ao
2 A4 EF4e F2 IRAA vaﬂﬂ—t—
-CH, -NH, -OH, -CO, -CC 5 #£7)9 #za}
A% o9 Adtd(combination band)E 1}
elhdcl BE 1,050~2,500nm Alolel] Al
22]3L 700~1,950nm Afelel] w7} dE=ich
A4 dYge F2 AR AFEAC, 3
A HHL F3 A4 Ao AHEE Qo)

2. HuM RE % Y

o

ZAAA 3] AFA AL 29EF
-3 o5 2dd WEE olth(Shenk
and Westerhaus, 1994). ©] ZHAL APA F-4
of % A (EA) ARE AHER E4
o] ixs 3letd Awsl ARArIE FAo]
ot %A FAA el ALHAE ARES
AE 438 & P+ ABel £ FEH
& Hejek 1E FETE AR Ylojof @
(Valdes 5, 1990). AAAQ Ak FA Az}

' 4R 25 4 oo A 4R fAe
%75121/‘3_ 2HEZS de FAAoldh ABY
FFHIZA, AA, Sy F)oll wet S e]
gepic -‘% WA AL AgIHE de &
FAoz AAYE $Ys= HA
olty. BE A4 2HEHL AAAo] -

it 2 A& Aelel =} upa
79 Biiv} A L. o]d A
EdS AXNYE AF 2AE P
ek Al HA AL M Fo3 Ao
ARA e AAE e HAHoz Ao
2 o3 712 AL7IEMLR, PCR, PLS)o} 3l
o, Z47be] Aebdo] 9lon, pLS o] 7}
F de] AR ok vt gl A
A=Al S v|Re] ANRE o]8dle ZF(Valida-
tion)3h= #H o|hFig. 3).

l———— Sample collect ——-l

Chemical
analysis

L.

d szt
P

m 01n >

=)
AR

0

Spectral
data

—

Multiple
Linear analysis

¢

Calibration
(PLS regression)

....... LY 4 ROANNERR R RaN,,
ot Yo,

e,

Validation .

Unknown .
samples Predict

Fig. 3. Process of calibration development for
determining the chemical component.



Park et al.

Table 2. NIR spectroscopic prediction of the chemical composition of forages

; Using of Near Infrared Reflectance Spectroscopy (NIRS) in Forage Quality Evaluation

Reference

SEP"

Bias

. 2
Sample type Constituent mean(%) %) %) R Author
ADF 333 1.30 -0.1 0.94
Lucerne forage NDF 423 146 10 095 ?f;gj;‘ o al
Protein 20.8 0.42 -0.3 0.98
ADF 335 1.70 0.8 0.98
Mixed temperate NDF 419 2.23 1.0 0.98  Marten, et al.
legumes Protein 18.0 1.00 -0.3 097  (1984)
Lignin 6.1 0.63 -0.2 0.96
ADF 349 1.43 0.14 0.94 Zimmer. et al
Maize stover NDF 65.4 1.78 0.30 0.95 (1990) ’ )
Lignin 33 0.42 -0.10 0.77
DM 87.4-97.0 4.25 0.61
. ADF 6.8-59.0 1.85 0.98 .
tWhole-plmt maize NDF 33.1-89.7 243 0.83 ((;%zz(;))lmo, et al.
orage Protein 12138 1.04 0.86
Ash 1.5-16.0 0.38 0.64
ADF 25.4-40.8 1.42 -0.19 0.76
Mixed pasture NDF 38.3-70.4 2.06 -0.49 0.86  Garcia-Cuidad,
species Protein 5.8-16.4 0.57 0.04 090 et al. (1993)
Lignin 19- 83 045 <0.01 0.88
" Standard error of prediction.
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Table 3. NIR spectroscopic prediction of the digestibility of forages

. Reference  SEPY Bias
Sampl ?
ample type Constituent mean(%) %) %) R Author
In vitro digestibility :
T ’ .
emperate grass [VDMD 407694 2.9 09  ORKeeffe etal
forge (1987)
Smooth bromeerass IVDMD 66.3 1.62 -0.44 0.92 Gabrielsen, et al.
& CDMD 67.7 1.66 0.09 0.97 (1988)
Lucerne forage IVDMD 760 207 01 096  Dughra etal
(1989)
Maize stover IVDMD 613 224 -012 088 (Zl‘g‘gr(‘)‘;” ot al
Mixed temperate CDMD 53.7-820 253 048 08¢  mith and Flinn
grass and legumes (1991)
In vivo digestibility :
Temperate pasture OMD 55.5-80.8 251 0.90 Robert, et al.
grass and legumes (1986)
Cereal straw OMD 316649 371 -124 065  owems etal
(1991)
de Boever, et al.
il 61.6-83.7 . 0.7 ’
Grass silage OMD 29 5 (1996)
‘Whole-crop wheat Adesogan, et al.
.8-74. .
forage OMD 59.8-74.2 0.72 (1998)

IVDMD: in vitro dry matter digestibility,
CDMD: DM digestibility determined by cellulase,
OMD: in vivo organic matter digestibility.
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