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Table 1. The scope of the contents of crude protein, acid detergent fiber, neutral detergent fiber and water
soluble carbohydrate on napiergrass and forage maize silage for the NIRS calibration and prediction

Constituent Napiergrass Forage maize
Crude protein, % 2.11~9.33 2.5~10.21
Acid detergent fiber, % 36.3~474 314~41.0
Neutral detergent fiber, % 66.4 ~78.4 60.6 ~ 70.5

Water soluble carbohydrate, % 2.32~7.45 34~152
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Table 2. The regression coefficients (R?) and standard errors of calibration (SEC) between NIRS and the
chemical analysis on determining the crude protein, acid detergent fiber, neutral detergent fiber and
water soluble carbohydrate in napiergrass and forage maize silage

. . . . Water soluble
Crude protein Acid detergent fiber Neutral detergent fiber

carbohydrate

N M N M N M N M
R? 0.92 0.93 0.83 0.85 0.83 0.87 0.85 0.84
SEC, % 0.39 0.41 1.80 1.72 2.32 2.00 0.41 0.47

N: Napiergrass silage; M: Forage maize silage.
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Table 3. The parameters of the prediction validation to predict the contents of crude protein, acid detergent
fiber, neutral detergent fiber and water soluble carbohydrate of napiergrass and forage maize silage
by the calibration equation of NIRS

Water soluble

Crude protein Acid detergent fiber Neutral detergent fiber carbohydrate

N M N M N M N M
r 0.86 0.85 0.78 0.80 0.80 0.81 0.77 0.79
SEP, % 0.89 0.99 2.65 2.84 2.75 2.96 1.25 1.21
Slope 1.99 1.00 0.98 1.00 1.01 1.00 1.00 1.00
Intercept 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00

N: Napiergrass silage; M: Forage maize silage; r: {75 55 r: Correlation coefficient

NTR S8 Bffife B ] DUE B FAM PO A AR S (H R BN TR SIRISE A5 SR A9 TE A 1 o IR 1R
% > Norris et al. (1976) Kz Starr et al. (1981) MHEF] » FER A/ NETEZENIR SHIE M IERENE -
IEAREREE T - BB SO R R AR RN R B R B > DU R RS A ks 3 - k& athe
EE RS RAYKIZRZ — (Fales and Gummias, 1982) » ZREAEEH Ry T RHR/K T HYZESE » F—HA
FENIRSHERGHT > 95611 80°C HERZ 12 /NEF > DURIKM & =3 — o AGRBGFTEEN L 2 M atf - HoE
(B3 H7 BERREL (R®) BECHEEO0.80LL 1 - (HAREHS R » WA SREAR - 58] SR
> RGO 2 2 B AT DUFE2 & e -

Z2E R

WA ~ BRESE - BRESE ~ BI6E © 1994 « SITRLIMGOERR T B A AL — M ARG HE B 3FAl -
BlESE LR @R, - 32 1 384 -394

e ~ Pl R - 1990 » AR EMRITRLI MR MTRE AR BT © ITRLIMR MRS RS A S i BV E
b ERESE ;e -

RS ~ FFIEE - 1998 © DITALSME AT (NIRS) JHIERR SR E FE - BRUHEHE SORLABHE -
LEERGE - 311 77-85¢

Abrans, S. M. 1985. Analysis procedure : Sampling, In near infrared reflectance spectroscopy (NIRS) :
Analysis of forage quality, edited by Martun G. C. et. al., MSDA. Agri. Res. Serv. Agri. Hand. No. 643:
22.

Chen, S. L. Y., A. Hsu and M. L. Lee. 1987. Application of near infrared reflectance spectroscopy to
composition analysis of commercial pig feed mix. J. A. O. A. C. 70 : 420-423.

Counts, G. E., and H. D. Radloff, 1979. The potential of infrared analysis in forage evaluation. J. Anim. Sci.
53:261 (abstr.)



22 FIFIALIME TR (NIRS) BOsBlE H PR E

Day, M. S. and F. R. B. Fean. 1982. Near infrared reflectance as an analytical technique. Part I, History and
development. Labo. practice 31: 350-352.

Eckard, R. J., N. Miles and N. V. Tainton 1988. The use of near infrared reflectance spectroscopy for
determination of plant nitrogen. J. Grassl. Soc. South Afr. 3: 175-177.

Fales, S. L. and D. G. Gummias. 1982. Reducing moisture-induced error associated with measurement forage
quality using near infrared reflectance. Agron. J. 74: 585-588.

Henning, J. C. and N. E. Riner. 1988. The Mizzou. mobile forage testing lab. Agri. Quide. 1-4.

Hunt, W. H., D. W. Falk, B. Elder, and K. M Norris. 1978. Collabrative study on infrared reflectance devices
for determination of protein in hard red winter wheat and oil soybeans. Cereal Chem. 22: 534-536.

Marten, G. C., J. L. Halgerson and J. H. Channy. 1983. Quality prediction of small grain forage by near
infrared reflectance spectroscopy. Crop Sci. 23: 94-96.

Minson, P. J., K. L. Butler, N. Grammit and D. P. Law. 1983. Bias when predicting crude protein, dry matter
digestibility and voluntary in take of tropical grasses by near infrared reflectance spectroscopy. Anim.
Feed Sci. Tech. 9: 221-237.

Norris, K. H., R. F. Barnes, J. E. Mooke and J. S. Shark. 1976. Predicting forage quality by infrared
reflectance spectroscopy. J. Anim. Sci 43: 889-897.

Starr, C., A. G. Morgan and D. B. Smith. 1981. An evaluation of near infrared reflectance analysis in some
plant breeding programmes. J. Agri. sci 97: 107-118.

Waterson, C. A., D. Curnill and E. Dikeman, 1976. Evaluation of near red winter wheat. Cereal Chem. 53:
214-222

Wehling, R. L., M. M. Pierce. 1988. Determination of moisture in cheddar cheese by near infrared reflectance
spectroscopy. J. A. O. A. C. 71: 571-574.

William, P. C. 1975. Application of near infrared reflectance spectroscopy to analysis of cereal grain and oil
seed. Cereal Chem. 52: 561-576.

Winch, J. E. and H. Major, 1981. Predicting nitrogen and digestibility of forage using near infrared reflectance
photometry. Can. J. Plant Sci. 61: 45-51.



RS Frims 23

Quick determination of silage quality with near
infrared reflectance spectroscopy"’

Chi-Hsin Lu®® and Fu-Hsing Hsu®

Received : Dec. 4, 2006 ; Accepted : Feb. 20, 2007

Abstract

Objectives of this study were to establish the calibration equations for quick determination of
crude protein (CP) , acid detergent fiber (ADF) , neutral detergent fiber (NDF ) and water soluble
carbohydrate (WSC) of forage maize and napiergrass silage with the near infrared reflectance spectroscopy

(NIRS) and providing information to prepare the rations for dairy cows. The silage samples of forage
maize and napiergrass were taken from diverse sources. Parts of the sample were taken for determining CP,
ADF, NDF and WSC by traditional chemical analysis. The others were scanned by NIRS. The results showed
that the regression coefficients (R*) between calibration equation and chemical analysis for CP, ADF, NDF
and WSC of napiergrass silage were 0.92, 0.83,0.82, and 0.85, respectively, and those for forage maize silage
were 0.93, 0.85, 0.87 and 0.84, respectively. The standard errors of calibration (SEC) for CP, ADF, NDF and
WSC of napiergrass silage were 0.39, 1.80, 2.32, and 0.41 %, respectively, and those for forage maize silage
were 0.41, 1.72, 2.00 and 0.47 %, respectively. On the other hand CP, ADF, NDF and WSC of the different
silage samples were determined by the established calibration equations. The results showed that correlation
coefficients (r) between NIRS and chemical analysis for CP of napiergrass and forage maize silages were
above 0.85. However, those for ADF, NDF and WSC of both napiergrass and forage maize silages were
between 0.77 and 0.81. The intercept and the slope of each calibration equation after correction were near 0
and 1, respectively. The prediction precision might be increased by the calibration equation with continuous

spectrum.

Key words: Near infrared reflectance spectroscopy (NIRS) , Calibration equations, Napiergrass, Forage

maize, Silage.
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