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VARV FHT LR A D % 4 2 IR T T B 72
¥, TMR & > & — Rkl ot v ¥ — S0 HERIC
BOTHMRFAREFOTELE LTHVLR TV, —
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1. gEEE

M3, E— b SV T 2 HOARIST HEMLL, Ch
5 O HIEAEL 2 #31e8%  (Wander Blender, K7 3 41V
1, KBR) % v C ¢ 1mm OFfifi & 3883 2 R0 EE LA L,
LA B & ORI AT It L 72 72720, By
DERINLFERED H T ¢ 0.5mm OFLEE AR L 724
TNV ERMEL T,

2. FR

W ERILEL AR (DO-450FA, 7 X7 ¥, KB %H
WTHEET, $4bb 13T T2RMERT 5 2 LIS
IVEELZ CPERIIT VT v 7 P AT 4 (Kjeltec
2400/2460 Auto Sampler System, Tecator ff, 7 >~ ¥ —
7) W VY = )VikTER L7z, CPOL— X
YINTORREOIBIIAER FICBWTEETH
%7 BICEWIERTED X )12 CPERENE VI
Gl%, Sy X7 8 (CPd) 721 CIlRZNRE % i 72
FTIENTE R0, CPEXREE OEXIEGHLES
Y378 (CPu) THiH T EICENHEADy vy Bt
BEROIRLAT) LD TREE ALY, ThH0H
TG U CHEE & 294 L—2 % @ % 28y By
ZB8 L TR ARY M T s & 2 M st OV s
ENTWVD, KRBT, REMEZHIRIZL, ¥ 208
7 EMi4GE LT CPd &=, CPug®E, Bty /s
B (CPs) EBLUHalsy v /378 (CPh) &=
Wikt TER L. EESEIZY v 7 X L—HliH
%7 T, ADFom & & aNDFom &&1374 —Y = > k
b MY CER Lz B EEITIOF v b (Total
starch assay kit, X 7 HA 24, TANVT U F) #H»
ToEm L7ze TNODILFGHTEN S & > 237 Eili5 L
MO TE R DK EHFRE LTRDI, ¥ o8
7 W IZOWTIE CPHORGEHEZ KD, IR
GG OALF M E T — 2 & L TRz,

3ERNZANRY MV
3T AR AV 456 4 T %€ & 12 1 Model 6500 B! (FOSS
NIRSystems £, USA) # fli F§ L, 4 {&|Z & Spinning

#5155 (2015)

Sample Module (FOSS NIRSystems #1, USA) % 235 L 7=,
iR (R ¢ 1mm) (388 2OV 1255 400-2500nm
DOHEPAIZ DWW 2nm B X 1TWEE % % L 32 il KR
EA L2 TFIEE 2 OWtEE & L7z BI5E L 72T aRAt
A7 FVIZVISION vV 7 b = 7 (Ver3.5, FOSS
NIRSystems fl:, USA) % Fi\> T R L (s34t
LAY M2, Ky 70) K UERERICHE L.

4. WREROIER & 5T

MEHERIIE P 0 v 8ES S, YIVT A
F12,0, TUNTEELE, TLF®IFELE, N4
FRELM, UYNEE2E, TERFE2H, FAAFE

RESTELR, KRb»25, E—- V71, G5
63 iz fit L7z M el I iE b ' m o VR FE2 A,
VIV LRFE2 R, TUNTFREL N, TLAFRE]L A,

BEF25 mAERM L 72, SRS AT MV OWOGE L1k
FOATEICE DO W, EEESAT (MLR) 2k ) v
T T OBEBERTE 4 08K F THEH L EROK
mi, B ISR/ (PLS) HUGESATIEIC LD
FHE 3~20 & L CHHOWMEREIER L7, 2L T,
MBI O JUE R (R?) L fE#ERE (SEC), R
=LA O g R (R?) LIRHERRZE (SEP) %3k
W7z, WRIBRMREIZIE SEP M b /NS W o &R
L 720 M O K B | I mm AR R Ry D R (7 &
EMAHIEE O =D . (RPD) i (M s FAlAE o
THEfF7= (SD) + SEP) ™ T L 720

M L 72 IE SR O AL 0 M il e =8 87.4-92.5%,
CP & & 7.3-51.4 %, CPu & = 19.8-78.6 %, CPs & =
6.4-64.0%, CPb & &= 1.4-27.6%, EE & = 0.6-53.7%,
ADFom & #& 0.4-30.4%, aNDFom & 5.0-41.4% 8 X O
WG 0.5-765% CTh -7z (F1). £2IZIIMERM
W > TOVEE &R ERLEHE T 2 T VB AL AT
R L7Z0



LS mgRIV T & B HERETEL &2 F 72 E R o FRL G4 2 D AET 13
1. #HEHL ZREFEBOSR K S
S n DM(%)  CP(%)  CPu(%) CPs(%) CPb(%) EE(%)  “0Rom  NDRM gy (o)
FEO OV BRE 10  89.7+0.6 9.4+0.8 66.6+3.0 19.8+2.1 4.7+1.7 4.3+0.4 3.7+0.3 13.1+1.2  65.7+3.2
VAN & 14 92.1+1.3 13427 69.8+5.1 16.9+2.4 17.5+2.9 3.5+0.6 9.3+4.5 20.9+48.5  62.1+10.4
TN FRE 2 91.3£0.7 16.6+2.1  49.3+2.8  32.1+2.0 5.9+1.4 6.4=0.4 2.4£0.4 19.2+3.2 57.5+1.4
a5 FFE 2 922402 14.7+0.4 26.8+3.3  32.7+3.4 2.1+0.2 1.8+0.2 3.840.8 26.1+3.9  63.2+2.7
N L FFEE 2 90.0£0.1 13.4£0.1 71.445.2 14.4+4.6 26.3+1.8 4.8+0.7 30.1+0.5 41.4+1.6 35.8+2.1
VNGRS 3 89.8+0.2 14.6+0.7 36.3+2.6 50.9+4.7 9.6+0.9 2.240.2 18.5+1.6 21.8+0.7 55.9+4.6
T 3 99.3+0.2 24.7+0.7 23.0+2.8  14.1+0.9 3.6£1.4 53.7£3.9 22.7+1.8 32.8+5.6 1.6+0.2
¥4 R 7 93.3+0.4 43.6+2.3 31.043.6 54.65.1 3.9+1.5 19.240.7 13.5+1.1 18.8+2.8 0.5+0.2
] R K 5  88.2+0.7 7.8£0.5  66.1+1.5 13.6x2.6  11.0£2.3 2.140.2  12.4+1.0 20.9+#2.8 61.2+1.4
R 2ok 6  87.4+1.0 8.6£0.6  61.4+5.6 15.2+5.4 8.9+0.7 2.5£0.4 2.140.5  9.844.0  73.6+3.0
By H ok 2 88.6+1.3 9.1x0.0  66.9+2.8 17.9+5.9 9.1+1.9 3.3+0.1 2.140.2 16.0£2.6  70.2+1.2
FHRS K 6 87.2+1.0 7.3+0.4 63.242.9 16.6+4.6 6.8£1.1 0.6+0.1 0.6£0.1  5.0+1.4  76.5+3.0
FEARyEODIY 4 89.0+1.3 9.2+0.4  66.0+1.3 10.8+1.9 12.6+3.4 3.9+0.2 4.0+0.5 13.2+2.4  64.8+7.3
ERAKSE 4 90.9+1.4 12.5+0.8 35.1+4.6  13.0+2.1  12.6+2.0 2.5+0.3 6.0£2.4 28.5+4.3  54.1+3.9
KEH 5 91.1+2.4 51.4+0.4 33.7+3.0 16.5£3.4 2.5£0.5 2.5+0.6 8.0£1.1 13.4+3.0 1.4+0.6
F & 2 3 90.8+2.8 43.5+6.6 31.6+8.9 38.7+24.1 6.3x0.3 6.245.8  24.0+3.3 32.045.7 0.9+0.9
INESTE 2 93.3+4.9 19.2+1.7 36.3x1.0 32.9+6.4 3.1+0.3 3.6£2.4 15.3£0.1 48.2+0.4  11.2+0.2
KESTF 2 92.0£1.2 17.2+1.4 35.6:4.9 35.6+2.7 5.0+0.7 4.2+0.4 12.0+3.1 38.1£13.0 16.3+2.4
S 3 90.4+1.0 17.1£0.6 56.4:0.6  37.0£5.3 5.0£0.6 21.8+1.0 16.5+2.5 32.3+2.6 9.6+1.6
S AV A 2 92.5+0.0 8.5+0.8  46.2+0.9 12.5£2.3  10.6+0.7 0.740.0  24.1+0.0 48.6+0.7 0.9+0.5

DM : izy=x (), CP:#ly > /878 (Fe4yr), CPu: JEoritts 782 (CP 1), CPs: &Ly 7827 (CPH),
CPb : #& &y > 287 8 (CP ), EE : HRIG (524%4v), ADFom : FRMET ¥ —3 = ¥ Ml (F2irh),
aNDFom : HE7 % — > = > MlkiE Gzldn), By Gedy) . BEEFom « iR

x2. RERFHASLUCRERHEA ICAV A RESHORRNS

R 1 T e T AT
SrHTIEH -
n e/ ME I N gl R EE n /Ml N | g R

DM (% FM) 63 85.6 99.2 90.6 2.7 24 86.9 99.5 91.2 3.0
CP (% DM) 63 7.0 51.6 17.1 13.2 24 6.9 51.8 20.2 15.0
CPu (% CP) 63 24.4 78.6 54.9 16.5 24 19.8 75.0 47.9 17.2
CPs (% CP) 63 6.4 64.0 22.7 13.8 23 6.5 55.9 23.4 13.4
CPb (% CP) 63 1.4 27.6 9.4 5.9 24 2.2 25.0 7.9 5.7
EE (% DM) 63 0.6 56.9 6.7 10.6 24 0.6 49.4 7.1 10.8
ADFom (% DM) 63 0.4 29.8 9.3 7.5 24 0.4 30.4 10.7 8.1
aNDFom (% DM) 63 2.5 48.5 20.0 11.0 24 4.9 49.1 23.1 12.1
EeAr (% DM) 63 0.2 78.8 48.1 28.8 24 0.0 75.4 37.7 29.8

1. EZ9=E

MLR 73 # TR 7282 % O R? {6, SEP B £ O
RPD fE 1%, 0.84, 1.18% 3 £ 125 TH » 72 (£ 3),
MLR 73047 TEIR L 7256 — R O WL 1954nm TH 1),
RIS (1930-1940nm) [ZIRET B EEZ S
N7z ¥, PLS #5317 T i3 400-2500nm D45l % F v
4 X0 LI A B 72 1100-2500nm O 3 38 & A
)T ORE L % o 720 PLS WG54T T3k

O 7FE O R? H, SEP i £ O'RPD fifiid, 0.86, 1.11%
BLU27TThorz (F4)o PLS BUEZHT TR L 72
Bi#iiL 24 <RPD < 3.0 Th 5720, EERMLIEE
THETEXDWEENDH L LB SN (WD), 4B,
W FDRL OB ERICH L CIREEER MY 12 BT b AR ER
LA LR ORERATER SN T b,
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% 3. BESHOAHKSDERFMMTER
3 AR E R e i
SR ! - RPD®?
HIRPE (nm) SEC? R2? SEP* RPN 7RSS 2m—-7T7
DM (% FM) 1954, 2186, 1984, 692 0.55 0.96 1.18 0.84 -0.22 1.06 2.5
CP (% DM) 2194, 1736, 1964, 2376  1.56 0.99 2.10 0.98 0.07 0.95 7.1
CPu (% CP) 1996, 434, 2340, 1892 7.60 0.80 9.92 0.71 —4.10 0.97 1.8
CPs (% CP) 2130, 742, 2364, 968 9.33 0.58 11.08 0.34 0.30 0.72 1.2
CPb (% CP) 1908, 1830, 2372, 1340 3.70 0.63 3.78 0.65 -1.66 0.98 1.5
EE (% DM) 1724, 2302, 1042, 490 1.15 0.99 1.25 0.99 -0.26 1.02 8.6
ADFom (% DM) 1002, 1414, 2210, 2340 2.67 0.88 3.69 0.78 —-0.25 1.02 2.2
aNDFom (% DM) 1754, 554, 2340, 2194 3.78 0.89 2.97 0.94 0.65 1.06 4.1
Ay (% DM) 1776, 2196, 1156, 1228 4.35 0.98 5.56 0.96 -0.33 0.99 5.4

1321 51,
RS L i e A
3 BRI O P R Rk

S BRI 51T B AR,

> Wt MR O P AR AL

CALEHTE & ARV AR E M % 1 R THE LB
TALSEHTE & BRIV ATHEE M % 1 R TH L2 OAR.

8 L R R AR 75 & AT ORRHE R D I

9 RPD<2.3 1 MEIEIFIEH 1TV, 24<RPD<3.0 | LM AR THETX 2HEMD V. 3.1<RPD<4.9 : EHI T\ HE THEE T

LD .

50<RPD<6.4 : FZHM TIWIZEVIE THET S 2 RMEH .

6.5<<RPD<C8.0 : FHH THED T\ k5 THEE

TEHREMED V. 8.1<RPD : LAY T THWIE T E TS AW HEH ).

x4, REFEHOEFKS O PLS EFMTHER

. 1 T AR E B T s i R 9
S HTEH - RPD®
T SEC® R2? SEP* RP 4728 2m—7T
DM (% FM) 10 0.54 0.97 1.11 0.86 -0.28 1.04 2.7
CP (% DM) 11 0.70 1.00 1.63 0.99 -0.56 0.95 9.2
CPu (% CP) 15 5.33 0.92 5.89 0.88 0.71 0.95 2.9
CPs (% CP) 15 3.13 0.96 5.69 0.83 0.68 1.05 2.4
CPb (% CP) 15 2.10 0.90 2.79 0.78 -0.58 0.88 2.0
EE (% DM) 8 0.56 1.00 1.23 1.00 -0.03 1.00 8.7
ADFom (% DM) 9 2.19 0.93 2.89 0.87 0.11 1.00 2.8
aNDFom (% DM) 10 2.94 0.94 4.46 0.87 1.07 0.93 2.7
Ry (% DM) 10 3.64 0.99 7.14 0.94 -0.85 0.96 4.2

R BEUEIBIR

28858

AR TIE, MLR T TR 72 CP & & O R? fH,
SEP i 5 X O"RPD 1 1%, 098, 210% B £ 7.1 T

Ho7z (£3)o MLR AT CRIL 7255 — kR OWRIIE
2194nm TH H, THUL CPHIRDOHE 1# 7 3 F (-CONH,)
AT (2140-2170nm) P CRET A L FE X N, —
J, PLS BlJg53#7Cske 7z CP &# D R? i, SEP i
L OYRPD flid, 0.99, 1.63% B L 792 TH-7 (£4),
PLS 8% 5547 TIERL L 72 M= #t1E 8.1 < RPD Tdh % 7
%, ALESHTAR Y TR TG EE CHEE © & 2 W REME:
Wa s LHES N (K1),

3. 42N EES
(1) afEM4> /X778 (CPs)

74X

==

FH

1 HR

=)

H

M HRE AN D 720N T

Bk L 720 MLR 7047 TR 72 CPs & i @ R?, fii, SEP
3 L ORPD 13, 0.34, 11.08% B L V12 Th -7
(#3), HLEH D CPs ® MLR 4 #1 Tld, 5 —iE &
LTA % WCS Tlx2190nm 2#IRENnTHh ¥ oh
(& CP Hi3k @ -CONH, # &% (2140-2170nm) * |2 /7 )&
LTwabeEZ LN, MRS, 1 AFHES AL —
Tl -CONH, 45 1 1535 (1600-1620nm) ¥ IZ)#)E$ %
1622nm 78 ', A ARHEEFFE T AF L > (-CHy) #%
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x 5l
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5
1EZ 5 #7{E (ADFom, %DM)

X 1.

Ji & 5 2332nm A8, b

N S

&% (2320-2330nm) ¥ (2
TEDTITH AL -V TIEAFTIN ((CHy) 115
(1770-1785nm) ¥ 12J5 & § % 1796nm 3, 72, 7
V7 7 V7 7 Tl -CH, 85 2 %3 (1200-1210nm) * 12
JRES A 1262nm A7, ZNEIGEIR SN TV D, Ak
BRCld 2130nm 2S5 —HRIGER S Nzs, 2/ &
WCS D4 L FEIZ CP H3R D -CONH, #& 8 (2140-
2170nm) ¥ IJRE LT\ 5 EE 2 57z, PLS BEGHT
T, TR ORTICEEIEBMERZ R (SNV) Pz
T4 THREMOBEIZL YV E T > 72, PLS R0

£ 59 #7{E (aNDFom, %DM)

{EZ 5 #T{E (B4R, %DM)

BEFHOERNDIEITHEE & L3 HE & OEBER
%1 sLVEIBE

THRD 72 CPs & D R? fif, SEPH 5 X U'RPD fili1d, 0.83,
5.69% B L U824 T o7z (3£3). PLS BIRESHT CTHERK
L7-ME#IE 24 <RPD < 3.0 Th b 7-0, HEHINA
WECHETEDWREMED S 5 LHES N (1),
(2) PR /N7E (CPu)

MLR 75 #T T 3K & 72 CPu & & @ R? {#, SEP ¥ &
O"RPD 1%, 0.71, 9.92% B L V1.8 TH -7 (3%3),
HMEEL D CPu ® MLR 53 #T12 B W T, E—HEEE LT
A4 AFHE S 4 L — ¥ Tid 2170nm, A A RHECE 2
TIE 2162nm 2SEIR ENTHB Y ¥ T4 513 CPHI¥
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® -CONH, # & & (2140-2170nm) * I2/@)8 L CTw %
EEZON, FBRIZ, PYEBITHA L -V TR
-CH, % 1 % (1710-1730nm) ¥ \ZJ@E 9 % 1740nm 7%
IR S N7z RBETIE 1996nm 2958 — K12 ER S
N, THIECPHRDOHE2MT7 I F (-CONH-) #4H
(1990-2010nm) ¥ 1ZJ7E LT\ 5 & # 2 57z, PLS
AT I EEELE A2 L) S THOEE % w7
1100-2500nm O P F3 % F V72 75 A3 B R O FE RE 130 <
7o 720 PLS MG #T TR 72 CPu & R? fili, SEP
i3 X O RPD {13, 0.88, 5.80% 5 £ 18 2.9 Th -7 (3
4) o PLS [ AT TR L 72 i # i3 2.4 < RPD < 3.0
Th b0, BEHAMNLRETIHEETE 2R D 5
LHEE N (F 1),

(3) #EatEs> /878 (CPb)

MLR 5347 C2R> 7z CPb i @ R? i, SEP s LU
RPD fiix, 0.65, 3.78% B L 15 THhHh-o72 (£3),
ikl CPb ® MLR 5HTI2BWT, H—HEL L TA
F WCS Tl 1982nm A5 ER s TH Y ¥, Zhid CP
MO 1T 2> (NH) #46% (1970-2010nm) ¥
WIRB L TCWwD EEZ SN/ RIS, 1 +RHE
# A L — ¥ Tlx -CONH, # & % (2140-2170nm) * 12
JREST 5 2118mm A, Py ETaIH A L—T TR
-CONH, # 1 f&% (1510-1530nm) ¥ (2J#)E <3 % 1516nm
AR 4 ARG EE S TV T VT 7 TIRENLENR
-CH, % 2 &% (1200-1210nm) ¥ |2 /% & 3 % 1218nm,
1236nm 25EEIR ST B P, ARRERTIE 1908nm 734
— W RISER SN, T CP H KD -CONH- 4 2 5
% (1910-1930nm) ¥ IZRB L TWw b L EZ b N7,
PLS [RUE AT IE & EE V5 X ) & i #6 % B 7z
1100-2500nm O Feduk & F v 72 T3 A e A O A B 135 <
7o 720 PLS BG4 #H7 Tk 72 CPb &8 R? fl, SEP
i3 £ O°RPD flid, 0.78, 2.79% B L V2.0 TH -7z (%
4)o RPD < 23 T® %725 CPb &r& (L FEH A % 55Tk
JECHEET A 2 LIS CH L L HES N (K1),

4. $HRERS

MLR 53 #7 TR 72 EE & & O R? fli, SEPfEH L O
RPD fE 1%, 099, 1.25% 3 &£ 1886 TdH » 7z (£ 3),
MLR 2347 CTl3 85— R 12 1724nm % #IRNLTB Y, =
M1 EE 3£ O -CH, ® & 1 %% (1735-1750nm) * |2
JRIET 5 LEZ b/, —J5, PLS GG TR 7
EE &0 R f, SEP fli3 X U°RPD fild, 1.00, 1.23%
BLU8T THo/: (£4). MLR 4#1 B & U PLS [Hl)F
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The Feasibility of Near Infrared Reflectance Spectroscopy for the Analysis of
Feed Composition of Concentrated Feed Used Feed Ingredients

Kentaro EGUCHI and Kazuhisa NONAKA

Animal Feeding and Management Research Division,
NARO Institute of Livestock and Grassland Science, Nasushiobara, 329-2793 Japan

Summary

In this study, we established the universal calibration equation for determining the feed composition of
concentrated feed (corn grain, sorghum grain, oats grain, wheat grain, Job's tear grain, buckwheat grain, sesame grain,
soy bean grain, unhulled rice, hulled rice, black waxy hulled rice, polished rice, corn crush, barley crush, soybean meal,
rapeseed meal, wheat bran, barley bran, rice bran, beet pulp). The results showed that near-infrared reflectance (NIR)
analysis enabled the rough prediction of the concentrations of dry matter (DM), crude protein degradable (CPd), crude
protein undegradable (CPu), crude protein soluble (CPs), crude protein bound (CPb), crude protein (CP), ether extracts (EE),
ADFom, aNDFom and starch, with computation of the validation correlation (®?) and standard deviation/square error of
prediction values (RPD). These values were determined to be as follows: DM, 0.86 and 2.7; CPu, 0.88 and 2.9; CPs, 0.83 and
2.4; CPb, 0.78 and 2.0; CP, 0.99 and 9.2; EE, 1.00 and 8.7; ADFom, 2.89 and 0.87; aNDFom, 0.94 and 4.1; starch, 0.96 and 5.4.
These results in this study indicated that DM, CP, CPu, CPs, EE, ADFom, aNDFom and starch content in concentrated feed

might be predicted by using near-infrared spectroscopy.

Key words: near-infrared spectroscopy, concentrated feed



