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Comparison of Near Infrared Reflectance Spectroscopy-Book
Value Svstem with Conventional Laboratory System for Feeding
Management of Dairy Cattle

Agung Prexosioants, Masahiro Ayarn and Akira Age
(Department of Animal Nutrition)

This study was done in comparison of twao feeding calculation systems for farms, and carried
out to 87 feedstuffs from nine farms raising at Hokkaido (5) and Tochigi prefecture (4).These two
svstems were, (1) system A Conventional method. which is feeding calculation by using the data
result of chemical analvsis, and (2) system B NIRS-book value system. which is using the combi-
nation of predicted dara by NIRS method {or forage. Feed Tables data for concentrate. and
manufacture label composition data for commercial formula feeds.

The comparison was done for chemical components. organic cell contents (OCCy organic cell
Wall (OCW, acid detergent fiber tADFIL crude protein iCP1 and total digestible nutrients (TN,
Especially for forage. the OCW fraction divided intu high digestible fraction (Oa) and low digest-
ible fraction (Ob),

The results show that for forages NIRS dara has a high precision for feeding calculation us-
ing for OCC and OCYW, and relatively good for CP. The TDXN results are found better although
they were affected by big differences of Oua which is used in prediction equation in both systems.
This tendency ix observed similar in aifalfa. but the differences in QCC and OCY of corn stlage
are found higher than grass.

Regarding to the total supply of chemical composition and TDN in comparison between sys-
tem A and B. the range and average of absolute differences from individual farms found that
OCC is Iving in 0.1~ 1.9 kg (106 kg), OCWin 4.1~1.5 kg (0.4 kg). ADF in 0.0~0.6 kg (0.3 kg), CP in
01.2~1.5 kg (0.3 kg), and TDN in 0.0~0.3 kg 10.1 kg). Based on TDXN supply, svstem B observed
has an availability and reliabilitv enough to calculate the feeding of dairy cattle in farm.

1. INTRODUCTION

Near infrared reflectance spectroscopv (NIRS) analvtical method has been widely studied to
predict nutritive value of feedstuff. Since Norris' published his successful experiment using NIRS
to the forages, many studies using the same analvsis have been carried out in many different feed-
stuffs. Almost all experiments conducted conclude that NIRS method has an ability and reliabil-
ity in predicting nutrient contents in feed. Not only it is an undestructive. and unlaborious
method. but also it does not use chemical reagents. This makes the NIRS method applicable_ for
big farms. In future, this method may have 4 good prospect in relation to optimization of feeding
managenent {or the developmient of animal industry.

Practicallyv, feeding calculation in farms use the fixed data from feeds tables by only deter-
mining dry matter content of each feedstuff. This tables represent the averaged value of same
feeds from whole countries. Therefore the differences of composition influenced of origin will
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possibly observed between areas. NIRS seems have an ability to more precisely predict the feed
composition due to the benefits as previcus]y described.

The fundamental feature of NIRS method is its powerful statistical program in the connected
computer, which allows to calculate valuable peaks of absorbed wavelength from samples being
measured. A linear regression is the most widely used program in which the precision can be de-
termined 1n the magnitude of regression and standard error values. Data taken for such statistical
anabvsis in the program are usually from numerous samples. Therefore, the nutritive value of
each sample observed using the NIRS method may differ from a ‘real’ value observed on the basis
of individually chemically analyzed samples.

The aim of this study is to determine nutritive contenis of a feed ration based on the NIRS
and those from chemicaliy analvzed data.

2, MATERIALS AND METHODS

2.1. Materials

Eighty seven feedstuffs collected from 9 dairy farms were used in this study. Five farms are
tocated at Hokkaido and the others are at Tochigi prefecture. Composition of feed ingredients
and drv matter (DAD of the feedstuff from each farm is presented in Table 1.

2.2. Methods

Two systems to evaluate nutritive value of each feedstuff were used in this study. (Lisystem
A was based only on the conventional laboratory analvsis and defined as a conventional value, {2}
system B was based on either (a) nutritive value of forages predicted using the NIKS method; or
{(b) nutritive values of concentrate taken from Standard Tables of Feed Composition in Japan
(1987) for crude protein {(CP), acid detergent fiber (ADF) and its organic matter, while organic
cell wall (OCW) taken from Japanese Feeding Standard for Dairy Cattle {1994)%, or (¢) nutritive
values taken from commercial feed composition supplied by manufacturer. Point (h) and (¢) was
termed as 'book value’,

In case of concentrate, feed organic matter was divided into two fractions of organic cell
contents {OCC) and organic cell wall (OCW)}, For forage, the OCW was further divided into two
fractions, namely : organic a fraction (Oa} which is highlyv digestible and organic b fraction (Ob)
which is lowly digestible. Other nutritive values determined for both feedstuffs were CP, ADF and
TDN. The OCC, OCW, Oa and Ob were analvzed by enzymatic analysis”, while CP and ADF
were determined by Kjeldahl and detergent methods™ respectively,

TDN contents of forages were calculated by following equations from the results of enzy-
matic analvsis™.

TDN {for grassi=1.11U0OCC~0a)~0.605 Ob ~ 188

TDN {for alfaifar=0.428 OCC+4.379 Oa+343

TDXN {for corn silagei=0545 OCC - 1413 Oa~ 254

In contrast, TDN contents of concentrates were calculated using the book value. TDN and

ADF content of commercial feeds were uniformly to be 835.2% and 8.19% in dryv matter base” for
both systems of A and B respectively.



NIRS analvsis of forages in svatem B, was obtained using Nireco FQA-51 A, and calibration
set sample from National Institute of Animal Industry, Japan. The calibration set samples used
were 126 forages, including grass hav. rice straw, and alfalfa; 120 grass silages; and 142 corm si-
lages as previously reported”.

Table T Composition of feed ingredients of § dairy farms and dry matier (kg d) to a dairy cow

Commercial

FFarm Forage supply Concentrate supply feed supphy

Gy wetin FooCF o
Timothy silage 6.0 Beetpul
Orchard grass hay 4.1 Corn 3.4
Alfalfa cube 22

N3 Al

w

vatio B0 O € TooNG TG

Pimothy silage 6.0 : 34 A To
Oretl 1.1 Curion seed Rt
Alfaita cube A Corn 4
Sovhean 0y
A3 (S0 kg il ik vutio FooCr s Unem T 2 ST SN
Timothy silage 6.4 Bectpulp T Aed
Orchard grass hay 41 Cotton seed 4
Alfalia cube 4 Sovbean 13
Corn 1.3
B et oo CE s G0 0 26 0 18]
Corn silage 3.3 Beerpulp RS B:itl
Timothy hay 33
Alfalfa cube 17
C rativ F o Ct - Cm=14.3 4.7 : 141
Corn silage 6.1 Wheat bran 0 OB EN|

IRG silage 8.2 Beetpulp 2
Ralled Barlev 1
q.1

Ly o— m

D ratlo F o Ct - Comn=9.9
Tinothy hav Tofu cake 2

Alfalfa hav Whest bran {

Rice straw 4.4 Rolled barlev 0

Rolled corn 0.

Heated sovhean i,

Cotton seed .

Beetpulp 1.

D-a:
D-b:

(SRS
[V SN

oo b

.4}

L

E patio 2 Ct o Coe=46.5 : 15.0 0.8

Alfalia cube 9 Totu cake B4 E:08
Timothy hayv 2.8 Rolled Barlev 1.5
Rice strasw 2.8 Rolled sovbean 4.5

Whest bran 1.2

Rolled Comn 8

Cotton sood 0.4
Beetpulp 1.2
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Table I continued

I NG T TV NS T AN & B
31 Beetpulp 1.8 | I
silage 2n
25
Jat hav R
Alfalfa cube 14
G gatio oo CH s Cm=835 - 54 081
IRG silage 2.2 Beetpulp 28 Ga:7?
Alfalfa cube 3.0 Cotton seed 0.5 Gb: 18
Qat hay 3.2 Relled Corn 1]
Rolled Barlev 0.5
Rolied Sovhean 0.3
H ] 0
3 Beetpulp 4.2
Kolted Corn 3.0
; 2 i
Timothy hav . 1~
Alfalfa cube i3 I
(A
14
1 patie FooCr G =84 0 Tad 2 103
Corn silage 3.4 Beetpulp 25 [:13
Alfaifa hay 45 Holled Barlev 1
Guat hav 1.3 Roted Corn 4.6
Sovbean meal 4.3
Heated Suvbean 0.4
Brewers grain U6
Catton seed 1.0
Fish meal 0.3
Note: farm A o E located in skaidu, farm F o [ located in Tochigi prefecture:

IRG = Trallan rveg wage: CU concentrate: Crni commercial feed

3. RESULTS AND DISCUSSION

As presented in Table 1, concentrate, including commercial feed, is the main feed given in all
farms under investigation. Concentrate contains rich protein and starch which are required for
milk production. Across the farms, components in the concentrate used were apparently similar.
[n most cases, the limitedlv available concentrate is compensated with the increase of commercial
feed. Especially for the commercial feed, DM from concentrate in the Hokkaido farms is higher
than that in the Tochigi ones. Three main forages mostiv used in all farms are grasses in the
form of hav or silage In various species, alfalfa and corn silage. In two cases, farms D and E, rice
straw was added in the forage supply.

3.1 Forages

The chemical composition and TDN contents of grasses. based on the systems A and B, were



Tabie 2 Comparizon of svstens A and B for chemical composition and TDN -grass*’

OCC OCW Oa Ob ADF P TDHX
Feeds tfarmn -
3 13 A B &Y B A B3 A B A B 24 B
Timothy silage (A) 264 868 T0z T4 127 5395 375 413 418 81 99 o547 193
Orchad grass hav (A) 232 635 632 172 133 483 489 3785 354 38 957 553 375
Timothy hav (B} 229 : 729 877 121 7.4 608 603 441 413 8.0 94 569 5345
IRG silage (O 3300334 568 5430 101 134 387 409 340 331 151 157 609 579
Timothy hay (I s0 198 773 LT 131 AT 647 830 424 436 8.0 84 524 310
Rice straw (1)} 164 172 710 24 109 139 601 585 394 417 38 37 198 511
Timothy hay (I) 214 247 T2 s34 141 123 380 581 410 381 45 98 557 53l
Rice straw (E} ey 178 881 725 LS 107 372 548 399 417 17 45 434 338
IRG silage (F) 312 315 600 Ind 143 437 437 383 34T 107 122 804 585
Ozt hav () 2.2 284 Bhe RS 1.5 G561 o406 371 S 730 &8 548 HiR
IRG ¢ilage (G 323 339 571 Zuw 156 3x8 0 4150 343 3340 141 1Y 816 Ged
Oat hav (G 2. 2 562 B34 9.4 58 568 398 368 34 R340 53T 308
Timothy hay (15 2 T2S0 A~ g 3T 102 352 hAT 4240 4l 5.9 TH5 3505
Bermuda grass straw () 55,7 A T ix 5378 825 T8 ER Y N
Sudan grass hay 1D EIRS < IR L R R LA Lo 1150 ons N
Oat hav D AR RN DT T E TR T A Led 11T 375 A4l
Average 244 BISRA T 2.9 87 452 532
AL B Caleulation using svsteny AL B oasee Mz

presented in Table 2. In average, the value of each chemical composition as well as TDN was
similar and there was a tendency that the values observed using system B is lower than those ob-
served using svstem A.

In enzvmatic fractions. an unexpected result was found in the case of timothy silage. The
value of OCC in farm A was 9.19% higher in the system A than B. This is significantly above the
average differences of OCC values observed in other grasses which ranged from 0.1% to 4.1%. In
the case of OCW, the difference of values observed in system A and B was also higher than those
of other grasses. In farm B, D, E. and H the differences were 5.2%, 5.6%, 3.7%. and 4.0% respec-
tively. In contrast, the differences observed in other grasses varied from 0.6% to 3.4%. In all
farms. in the case of Oa and Ob, the range {and average) of differences between two systems were
1.5%-5.8% (3.5%) and 0.0%-1.7% (1.9%). respectively.

In ADF. one unexpected result was found. Difference of the value between system A and B
ranged from 0.6%-3.69% for all cases, but 11.7% for oat hav in farm L For CP, slight difference of
the vailues between two systems was observed, ranging from 0.19% to 1.8% with an average value
of 1.8%. Bascd on the formula used, TDN was unavoidably affected by differences in each con-
stituent. The range of differences for the TN between two svstems was considerably wide, {rom
09% to 10.5%. However, only two wide differences were found, 5.4% in timothy silage used in
farm A and 10.59% in rice straw used in farm E. Differences in the others were lower than 5%,

Chemical compusition and TDN percentage of alfalfa in systems A and B were shown in Ta-
ble 3. Regardless to the forms of alfalfa given to animals, averaged differences of nutritive value
between two systems are 2.9% . 2.3%, 1.69% and 1.2% for OCC, OCW, CI and TDXN respectively,
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Table 3 Comparison of systemy A and B for chemical composition and TDXN-alfal{a*

occ OCW Oa Ob ADF CP TDXN

Feeds (farmi

oo
=

A B A

=
-
jos]
B
o
e
=
Wb
just

Alfalfz cube (AD) 3800404 497 197 690 158 428 338 303 282 216 248 332 569
Alalfa hay (D ESOVARNR R I VIS b 2.4 L0425 347 338 279 234 241 98I 6886
Alfalfa cube (E) 395 154 478 481 9.1 25 387 466 316 291 168 206 O86 627
Alfalfa hav (I} 304 306 604 630 103 &7 501 543 477 367 129 139 512 507
Alfalfa cube (FGHy 391 331 493 558 118 T8 32T5 480 371 314 183 188 535 538
Alfalla tH 121 473 468 148 65 149 402 360 329 274 227 242 548 602
Alfalfa hav (1) 434 451 455 IR 6.1 149 297 332 298 294 268 263 532 592
Average 382 Al 4%e 513 R0 110 418 404 337 304 204 1.8 554 538

“ wee Table 2.

Table 4 Comparisen of svstem A and B for chemical composition and TDN-corn silage™’

. OCC OCW Qza Ob ADF cp TDN
arm — -

B 396 427 538 503 112 o6& 127 43T T B » R

503 578 435 373 T8 34 357 339 234 ad S 648 BrY
F 427485 511 465 116 B5 307 384 3049 9.6 79 661 698
I 493 429 162 527 557 Wl 105 436 251 T3 i 613 578
Average 155 4RZ O I8T 457 91 69 397 398 283 278 w4 7B 640 0855

= aee Table 2

Table 5 Comparison of system A and B {or chemical composition and TDN -beetpulp™’

OCC OCW ADF CcpP TDX
A A/B

Farm

[o2]

oo
o3
=
el
s
us]

A 540 221 704 721 230 26.3 104 128 746
B 280 221 651 721 259 7283 97 128 1.6
C 269 221 665 721 265 263 8.9 126 74.6
D 238 221 718 721 286 263 100 128 746
E 259 221 8721 269 263 102 126 74.6
F 253 221 67.4 721 26.8  26.3 103 126 746
G 275 221 656 721 2001 26.3 100 126 74.6
H 270 221 637 721 261 26,3 20126 74.6
I 234 221 69.2 721 275 26.3 85 126 746
Average 259 221 67.7  T2.1 6.8 26.3 95 1286 1.6

s

see Table 2,

In contrast, the averaged differences for Oa. Ob and ADF were 6.4%. 7.6% and 5.7% respectively,
all of which were higher than 59%. All the differences ohserved were in favor of svstem B, except
for Ob and ADF.

Results of evaluation for corn silage, as presented in Table 4, shows that the averaged differ-
ences between two systems in the enzymatic fractions were 6.09%. 5.29;, 3.994 and 1.9% for OCC.
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Table 6  Comparison of systemt A and B for chemical composition and TDN-Soybean and
its derivatives®’

OcC OCW ADF Cp TDN
Feeds (farnn

A B A B A B A I3 A’B
Sovbean (A) 830 770 258 175 124 83 423 414 103
Sovbean (E) 647 770D 200 175 143 83 330 417 107
Heated Sovbean (D) T1.30TR2 231 1950 11l 8.3 403 419 106
Heated Sovbean (1) 6.6 7.2 290 175 139 g3 417 419 106
Average 676 71 270 1750 129 83 420 417 146
Sovbean meal (G) 7120889 18T 244 74 89 314 522 R6.8
Sovbean meal (1D 547 8RO 200 214 1627 89 498 527 RGR
Sovbear meal (D 692 689 23 244 K7 89 3100 522 268
Average 694 6RO 241 244 108 &4 50T 52.2 868
Tofu cake (1) 2 4h4Y BZ4 485 213 1R 2350 289 911
Tofu cake (E) 424 469 522 485 22 184 229 287 a4

Average 33 de® 573 85 217 I8 232 7wy G4

see Table 2.

Table 7 Comparison of system A and B for chemical composition and TDN-Wheat and

Rarlev®
QCC OCW ADF cp TDNXN

Feeds {farm)
A B A B A B A B A/B
Wheat bran (C) 687 535 272 408 79 144 183 177 72.3
Wheat bran (D) 309 535 429 408 139 144 181 177 72.3
Wheat bran (E} 302 335 437 408 141 144 180 177 72.3
Average 566 535 381 408 120 144 175 177 i2.3
Barley (H} 806 799 169 175 66 6.6 122 1240 4.1
Rolled Barley (C) 728 799 249 175 6.7 66 128 120 81.1
Rolled Barley (I} 69.7 799 271 175 100 66 147 120 24.1
Rolled Barley (E) WT 798 238 175 100 66 118 120 84.1
Rolled Barley (G) 7R3 79.8 201 175 74 66 125 120 84.1
Rolled Barley (1) .0 799 215 175 69 66 128 1240 84.1
Average 745 798 2257 175 7.9 66 128 120 84.1

Y see Table 2.

OCW, Oa, and Ob respectivelv. For ADF, CP and TDN the differences were 3.5%. 0.7% and 3.‘2%
respectivelv. This result clearly showed that the nutritive values for CP and Ob were well pre-
dicted by svatem B. Unfortunately this figure was only represented in 4 farms.

3.2, Concentrate

As mentioned in the materiais and methods, svstem B used in this evaluation was only based
on the book value. This means that nutritive values used in the svstem B for the evaluation for
each feedstuff are the same.
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Table 8 Comparison of system A and 3 for chemical composition and TDN-Corn®’

OCC OCW ADF cp TN

Feeds (farm

A B3 A B3 A B A I8 A/B
Corn i4) RT.9 ARG 108 604 450033 92 102 92.3
Rolled corn (D) 834 380 146 108 28 380 9.4 102 923
Rolled corn (E} 359 3300 126 U8 35 38 94 102 92.3
Rotled corn {G) 366 8300 120 108 2A 38 95 102 5323
Rolled corn (I} AT2 8800 113 108 34 3.8 64 102 92.3
Rolled corn (D) 391 820 94 U6 23 38 496 102 923
Average 368 880 i1y 106 29 38 94 102 92.3

"see Table 2.

Tanle §  Comparison of systemi A and B for chemical composition and TDN -com-
mercial leeds”

OCW ADF Cp TDXN
Farm —

2N B AR A 13 3B
A e Il N1 192 200 230
B 708 TV 211 v sl 2300 200 85.2
C 385 T 325 il &1 295 200 852
D (& 734710 186  2nl 21 21.0 200 852
Dth) 3E 770 182 Zul a1 19 85.2
E 07770 2150 20 21 33 85.2
F 875 70 245 201 5.1 226 2040 85.2
G {a} 6858 7.0 232 201 8.1 19.4 85.2
Gih) 738770 182 2061 21 13.1 85.2
{ Ty 7 201 81 163 200 35.2
Average e 770 211 201 8.1 217200 85.2

*+zee Table 2.

In evaluating beetpulp used in all farms, results observed for chemical composition under sys-
tem A were compared with the value in the book value. As shown in Table 5, the averaged differ-
ences in all chemical constituents were 3.8%, 4.49%. (.89, and 3.1% for OCC, OCW, ADF, and CP
respectively. TDN was not evaluated in this comparison, because this value was taken from the
book value for both svstems. In general, nutritive values calculated from system A were higher
than those from svstem B for OCC and ADFE, hut thev were lower for OCW and CP.

Chemical compositions and TDN for sovbean and its derivatives was presented in Table 6.

In ggneral, the value of enzvmatic fraction and ADF observed using two svstems were signifi-
cantly different. However. this was not the case for CP. except in tofu cake which might be
caused by different processing conducted to the sovbeans.

Chemical compositions and TDN contents of wheat bran and barley were presented in Table
Y. For wheat bran. the averaged differences of the two systems in the ADF and CP contents were
249 and 0.79;. respectivelv. Similar results were observed for barlev in which averaged differ-
ences were 1.3Y% and .99 for ADFE and CP respectively.
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Table 10 Nutrient supply (kgDMday) resulted from calculation based on system A and B-parts of forage*

OCC supply OCW supply ADF supply CP supply TDXN supply
I T e ISUUUPSURE
A B y-15 A B AR A B CA-BUOA B iABL A B FA-B.

Al 34 a0 04 7879 0.1 18 416 3.2 130013 .2 87 66 0.1
A1 A3 52 0.3 200 a8l 0.1 SRUNES 0.3 14 1k 0.2 68 638 0.1
A-3 10 33 0.2 37 82 0.1 35 a3l 0.4 1728 .3 506 0.0
B 28 31 0.3 53 50 0.3 33 24 4 10 10 0.4 52 5.3 0.1
C 58 63 .3 7367 08 120 4l 0.1 718 0.1 39 940 0.1
D 23013 6.2 66 63 0.1 33 38 0.4 e 10 0.0 3255 03
E 1.4 16 0.2 1343 0.0 35 25 0.0 93 08 0.1 33 38 0.3
F 3738 0.2 ER ] t.0 i1 3 .6 12 13 3.1 61 682 0.1
G 20 28 (! o 31 a1 310025 0.2 .l 12 L8 15 48 0.2
H 36 0 38 w2 62 83 01 137 0.4 [ 0.0 5.1 61 0.1
[ 380 352 1] 410 44 6.2 24 20 01 14 14 4.0 18 498 4.0
Average 34 34 .2 6.5 ol 0.2 38 37 0.2 1.2 14 u.l i an 0.1
Trgee Table 20 A-H o the vaiue of absolure ditferences between svstem A and I3

An extremely different result on nutritive values of wheat bran observed for the OCC and
OCW was found only in the farm C. The difference hetween systems A and B was 15.29% and
13.0% for OCC and OCW respectively, which are significantly higher than differences observed in
the farms D and E. These were, in average, 3.0% and 2.59% for OCC and OCW respectively. This
situation may be explained for the Japan's case. In this country, wheat bran are normally pro-
duced as by-products from the wheat flour manufacturing. This is classified into two, including
high and low recoveries of flour. Wheat bran used in the farm C is considered from the low re-
covery of flour.

Averaged differences between two systems than previous values were found n the contents
of OCC and OCW for rolled barley in 6 farms. The difference was 5.6% and 5.4% for OCC and
OCW respectively. The high differences in these two enzymatic fractions may be due to igno-
rance of the values of the different forms in the rolled barley used. Disappointingly, the values of
this feedstuff according to their forms are not specifically classified in the book value.

As expected, the difference between two systems was considerably low. Presented in Table
8, the averaged differences of the chemical composition for corn were 1.59%, 1.69,1.09% and 0.8%
for OCC, OCW, ADF and CP respectively,

Table 9 shows the chemical composition of commercial feeds. The commercial feeds distrib-
uted for animal industries in Japan varied greatly. The differences between the two systems are
shown for the contents of OCC, OCW, and CP. The averaged differences are 6.2%, 3.4%, 4.2% for
OCC, OCW and CP respectively. However, if the farms were considered individually, high differ-
ence between two svstems was only found in farm C for all constituents and in farm E for CP.
The differences in the farm C were 17.5%,. 12.49% and 9.5% for OCC, OCW and CP respectively,
while for CP in the farm E was 13.59%. The differences observed in CP showed that system A was
higher than system B.

Table 10 shows the total nutrient supply (kg/d) from forage based on system A and B. The
averaged differences between system A and B are 0.2 kg for OCC, OCW and ADF. In addition.
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Table 11 Nutrient supply (kg DM d resulted from calculation based on system A and B whole feed of total

ration™
) Tota! oce Ocw ADF cp TON
Farm applt 1 : . - -
SHPPE 3 B A-B 3 B A-E 0B A B A B A-B B B
Al 234 iir s il il 310085 [N LR uZ o igd il
A 283 135 134 il il P i3 ER R i 203 02
Al 313 n2 164 0.2 03 368 b 21 53 a2 228 I 0.1
B 254 128 145 04 0 2l 4E 0l 15 42 o3 el 1e 0.1
C 331 154 1572 1.8 LA 37006 3.1 18 4l o7 nlo201 0.0
D 213 S8 gx 14 B3 3433 0.l 330 4l SR R b K 0.3
E 223 A4 11 U3 RISEE L i3 i s 17 0.3
F 25 1.7 128 12 i3 3.5 48 HEY B 0.2 ! 0.1
G 230 s 122 ] i EE N f.l 5 kR By 167 0.3
H 258 25 150 2 (LRI B z 6.0 35 L3 HIE R {14 140 01
1 187 TLoTR @1 5T 0o 38 38 i 27 " IST I O 0.
Average 118 1ty an w7 63 ud 9.6 34 0l 34 380003 SOV i

14

* see Tanle 10

the difference between two systems for CP and TDN is the same, being 0.1 kg. Because of small
difference hetween two systems, data predicted using NIRS is applicable for calculation of the ra-

tion.

3.3, Total suppiy in all farms and its effect on milk production

Table 11 shows the nutrient supply (kg/d) of total rations based on system A and B. The
mean of each constituent supply was 0.6 kg, 0.4 kg, 0.3 kg. 0.4 kg and 0.1 kg for OCC, OCW, ADF,
CP and TDNX respectivelv. Those which have more than (.5 kg for each constituent were farms B,
C. D, Eand F for OCC: farms C, D, E. and F for OCW: farms E, F and H for ADF; as well
farms C and E for CP. However, these figures were not found for TDN.

Based on TDX values. there was no difference in farms C and I. The important thing in this
result was that higher proportion of forage than concentrate in ration was offered in both farms.
In contrast. larger differences. (.3 kg, were found in farms D and E. One possible explanation for
this result is that high quantity of tofu cake was served as a feed ingredients. As described previ-
ously, this difference affected the total supply (see Table 6),

SarTer and Rovrier” outlined the allocation of metabolizable protein {(MDP) for maintenance
and for milk preduction, and stated that MP is equal to about 75% of CP when low protein ra-
tions are fed. Assuming thatr milk contains 3%, true protein and the efficiency with which MP is
utilized for milk production and body weight gain is 609, the synthesis of 1 kg of milk will re-
quire 30 g of MDP. The averaged differences of CP total supply between the svstems on parts of
ration and its conversion to milk production were shown in Table 12,

The forage contribution shows that only farm A has a big difference (3.2-1.1 kg mitk/d). This
might be caused by tmothy silage offered in large amount. Slightly fower difference were found
in farme B and 1 (1.2 kg milk/dy which tend 1o be affected by timothy hay and bermuda grass
straw (see Table 21 These three kinds of forages, as shoswn in Table 2. were those which were
pooriv predicted in the system B,
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Table 12 Crude protein supply contributed from forages, concentrates, commercial feed. its differences between
two evstems and its conversion to milk production tkg/d)*

_— Forage mﬂm Cz;ncentfa?e milk Cenmmercial n}ﬁlk Tota! supply mﬂk
3 B .a-ps differ 4 op o y.p. differ A B AR differ 4 B AR differ
3 Ly 15 0l ST U N R T 1145 1% 15 14 0 IV VA S 34
Al 2 16 0.0% 34 Li 13 009 13 15 14 407 1.0 L1 44 0.24 37
Al 1y it [ i 15 186 (15} 7 SN 008 1.3 3l 53 (.23 35
B AR .02 12 05 03 7% 11 0 0.07 11 45 42 0.30 43
C IV B R i 5006 413 i 26 1T 083 124 48 4l 058 105
D 1 16 (.03 [ e 12 018 27 9 04 .00 0.1 33 31 0.16 24
E 05 08 004 [ 28 14 147 220 03 62 0.11 16 3722 30
F 12 13 063 (4 6z 02 0.04 ) 25 22 029 44 39 37 3
G 12 i LTS P K B O B 27 S B R 25 35 34
i [ 08 i 320041 al4 21 - - :
i HERD e EARR IR £ B0 T (R O 3
121 15 132 123 an BEG T & . h
14 i 15 [N 023 35 13 17

iy conversion refers o Sarter and Hoffler

In the concentrate contribution. the extremely big difference was observed in farm E (22 kg
milk/d). Referring to Table 1, in the farm E. tofu cake was given in a large amount in the ration
(8.4 kg/d which is around 38% of total ‘DM supply). As already presented in Table 6, the signifi-
cant difference between two systems is influenced by the value of tofu cake. The same situation
was apparently found in the farm D. In another case, farms G and I whose differences were 2.7 kg
milk/d and 2.4 kg milk/d respectively may be caused by the utilization of either rolled or heated
concentrate. These processes have an effect on protein.

The results of conversion to milk production contributed from commercial feed were ob-
served extremely big differences in farm C and F by 12.4 kg milk/d and 4.4 kg milk/d respec-
tively. These were resulted from a significant difference in CP values determined using two svs-
temns (see Table 9). Moreover in these farms, commercial feed is offered in a large quantity (see
Table 1). Since system B is lower than system A, it means that if system B was used as a stan-
dard calculation it would oversupply CP to animals. Thus, although this system is still applicable
in feeding calculation, the more valid data reported from the manufacturers is needed.

Protein intake is not the only factor affecting milk production. An interaction between die-
tary protein and dietary energy is more important™. It is well known that the sources of dietary
protein differ in the affecting the ability to convert feed into milk production. Fish meal protein
was found to be better than plant protein in supporting such ability due to low degradability in
the rumen”, Further. the response of lactating cow to increasing levels of protein in the diet obey
the jaw of diminishing returng. Fach successive increment to the ration causes a progressively
smaller response. In advancing lactation the energy balance increases and the protein requirement
will decreasc. An excess of protein in the diet will compensate for shortage of energy and vice
versa. Thus the differences of CP intake do not automatically cause differences in milk vield.

Commercial feed should be more importantly considered as the main source of protein for
milk production than concentrate and forages. This argument is caused by the fact that comnier-
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cial feed has high escape protein (called as 'by-pass’ protein) which is available for absorption.
The differences resulted from forages can be ignored in affecting milk production. Supply of for
ages tends 10 be used as a main source of energy for maintenance and production,

Commercial feed was found better than concentrate source in term of the averaged difference
of milk production. The differences resulted from concentrate and commercial feed were 3.5 kg
milk/d and 2.6 kg milk/d, respectively. But by eliminating farm I (in concentrate) and farm C (in
commercial feed). it was ohserved similar by 1.63 and 1.52 kg milk/d, respectively.

Consider to TDN supply, it needs 0.31 kg TDN to produce 1 kg milk containing 3.5% milk
fat". The averaged differences of TUN total supply was (.1 kg It means that the milk produc-
tien has only about 0.3 kg/d differences. As mentioned in materials and methods, TDN f{or forage
was calculated using prediction equations, and for concentrate was cited from the book value in
both systems. Thus the differences of TDXN value were only influenced by forages. Though some
differences were observed in individual forage. wotal supply shows no differences between the two
calculation svstems. These results support that NIRS predicted data of forage 1s applicable for
feeding calculation.

4. CONCLUSION

[

Resulits investigated in this study suggested that: (1) NIRS predicted data of forages are ap-
plicable for farm feeding calculation; (2) The conventional data should be used if one kind of
concentrate is altered in a large quantity; or (3) the more accurate information about chemical
compaosition of commercial feed from manufacturer is needed.
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