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Nutrient Heat of Heat of combustion Nutrient Physiological
combustion, of metabolic absorption, fuel value,
kcallg products % kcallg
Carbohydrates 4.1 - 98 4.0
Fats 9.45 - 95 9.0
Protein 5.65 1.30 92 4.0
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Table 12.1 Efficiency of metabelisable energy utilisation by ruminants for
maintenance, pregnancy, growth and lactation

Dietary ME concentration (MJ/kg DM) 74 9.2 11.0 12.9
Metabolisability (gq) 0.4 0.5 0.6 0.7

Maintenance (k) 0.643 0.678 0.714 0.750
Pregnancy (k.)" 0.133 0.133 0.133 0.133
Growth (k) 0,218 1.396 0.474 0,552
Lactation (k) 0.560 0.595 0.630 0,665

Equations: k., = 0.35q,, + 0.503
kg = 0.784,, + 0.006
ky = 0,354, + 0.420
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DE (Mcalkg) = 0.04409 X TDN(%) (2-1)
ME i?\rlf_':il.-"'lcg_} = 101 X DE l.'."»it.':tlflcs_ﬂ - 045 12-2)

NE; (Mcalkg) = 0.0245 X TDN{%) — 0.12  (2-3)
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Truly digestible NFC (tdNFC)

= (0898 (1 — [INDF — NDICP)
+ CP + EE + Ash]) ¥ PAK {2-4a)
Truly digestible CP for forages (tdCPY
= CP = exp[—12 = (ADICE/CE)] (2-4b}
Truly digestible CF for concentrates (tdCFPe)
= [1 — {04 = (ADICPACP))] x P [ P
Truly digestible Fa (edFA)
= FA Note: If EE <1, then FA = 0 (2-4d)
T'|:||!_1.- 1'|i:._l||'p.l:i|:|-||= NDF (INDF)
= 075 ¥ {(NIDFn — L.)
* [1 = (L/NDFn ™™ ] (2-4e)




NRC, 2001 4 TDN
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TN (%) = udNFC + wdOr
+ (WlFA x 2.25) + tdNDF = 7
s> @ TDNG
TDNx (%) = CPdigest x CP 4+ FA
® 225 + 098100 — CP
— Ash — EE) - 7

s e TDNO

TDNy (%) = (EE X 0.1) + [FAdigest
X (EE X 0.9) X 2.25]
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TABLE 2-1 Processing Adjustment Factors (PAF)
for NFC?

Fecdsulf PAF
Bakery waste L4
Barley grain, rofled 104
Brewd L
Cereal meal L4
Chocolate meal 104
Cookie mieal [WiY
Lo rakin cracrked Llljl"' mas
Com grain, ground”® 100
Com grain, groand high mostre” LM
Com and cob meal. ground hirh motsture® 104
Com yrain, steam faked” 1.04
Com silage, normal .54
Com silage, mature 0.57
Molasses (beet and cane) L=
Chats oradn 10
."i.lll;;||l:|||| vl |'||'_~ rellel mas
Sorghum grain, seeam-faked® L4
Whest grain, rolled 104

All other feeds 1.0
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TABLE 2-3 True Digestibilities at Maintenance
(assumed 8 percent increase in digestibility compared
with 3X maintenance) of Fatty Acids from Various
Fat Sources

Fat Fat type Mean%® 5D N
Caleinm salts of ity acids Fatty acids 0.56 011 15
Hydrolyzed tallow fatty acids  Fatty acids 0.79 008 9
Partally hydrogenated tallow  Fat plus ghyeerol 043 013 9
Tallow Fat plus ghveerol 068 0.13 10
Vegetable oil Fat plis gycerol  0.56

W g5 ,IeS w30 I1)63NEL, DE, ME dmibxo

DE,, awlows -1
DEx (Mcalke) = (tdNFC/100)

®x 4.2 + (WdNDFA00) % 42 + (KdCP100)

¥ 56 + (FA/I00) X 94 — 0.3
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Discount = [(TDN,, — [(0.18 X TDN,)
— 10.3]) X Intake)/TDN
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FIGURE 2-1 The relationship between feeding level expressed
as multiples of maintenance and the unit decline in diet TN
per multiple of maintenance where TIN percentage unit decline
= 0,15 % =103 r* = 0.585.
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Table 1. Distary ingredients and cmcentration of selected nuirent as predicted by NREC (20010

Treatment'
Tngrehieni Pretrmal swni AZ-RP ASHF C3-RP C3-HP
(g 100z of DA}
AlEnHa ailsge 278 41.2 41.2 1148 138
Corn silage 2758 128 12.8 412 412
Carn grat, groand Z21.8 anz 5T 237 0l
Eavistan menl, expeller 86 a0 8k 448 81
Bavbenn menl 48% CP 16 2.0 ke | 103 116
Corn ghiten meal 1.6 a0 a0
Uren 02 5 LLF] (1]
Cane muilnrses, r]l.'l}lll'.l ] R0 an 30 an &0
Tallow 20 2.0 20 2u 20
Limestons .10 . . 027 i
Sl bicarbonate 0,77 0,445 0,45 0,35 0,359
Phosphate monesodinm .15 034 .38 ”
Dicalcinm phosphabe, dibusic o.77 o1 0,18 LIET ] D45
Magnesium exide 0,10 0,82 0,12 004 oog
Mineral vitamin mix® 1.24 0.52 0.92 .92 0.52
predicted nutrent cendentralion”
NE;, Mealbky, DM 1.68 1L.57 1.8 1.58 L6
RDF balance, g'd 2 -11 127 -2 137
RUF balance, g'd 3 L7 280 55 et
MI*® balames, gid a7 14 2 47 256
RODP, % of DAL 103 usE 10,2 LUL 104
RUP, % of DM T4 6.8 .7 &5 T4
CP. % of T 11T 15.6 18,0 164 178

'AS = Alfalfa silage, RF = NRC (2001 recommended protein, HP = high protein, and €5 = com silage.

omtaimed O05% Mn, 0AME Fn, 0.258% Fe, 0.14% Cu, 0.008% 1, 00065 Sn, 0.002% Co, 2304 ”:.'!: af’
wvitamin A, 110 [Lg of vitamin 1), and 11 IWVg of vitamin E.

Walculnted based on NRC (23011 valuos for individunl fredstu s adjusted for analyeis of dict ingrodients
prior to start of trial fer o 650-kg nonpregnant lactating Holstein dairy cow, 80 DIM, with o milk yield of
45 kgd, 5.5% fat and 3.0% true protein | pretreatment diet values were caloulated for 2 cow 30 DM and o
malle yield of 35 kgfd).
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J, Drairy Sci. B6: 14451457
C Amencan Dary Soenca Asgociaion, 200,

The Effect of Reducing Alfalfa Haylage Particle Size
an Cows in Early Lactation

P..J. Kenonel' and A J. Helnrichs?

Diparimart of Daity and Aniral Scknig,

Prerrargvania S Univensty,
Uneenniity Park, PA e

aNEI Balance= NEI ;e — NEI ik

Tuble 2. Ingrodient and mutrient composition of total mured rmticns.

BEHORT LONG SEM
et Ingredients
Alfalfa haylage Bl il ELO
Grraand Carn 0l e |
Soybeans 1.75 175
Distallers Com 5.75 5.75
Wheat middlings 528 5.28
Eovhulla 3.4 =243
Fluten Manl AR .58
Fenther Meal {81 ] LU
Bl Meal 0.28 038
Fiak Measl 029 L=
Tallow Ll 073
Ball LT 044
Calemum Phosphnte a1 .31
Potassium Chluride L 007
Mngmesiam Oxide 24 0.4
Lisiznbone 0.04 0,04
Traee Mineral Mix! 0,02 00
Vitwmin ADE 0.07 007
Chemizal
Moisture, % 4BT 4.8 .33
CP, =DM 1748 179 (L8]
Soluble CF, % DM .3 8.7 .35
THC, % DM? 2810 ] ]
NOF, % DM k4 ilo 44
ADF, % TIM 2] P B 42
Ether extract, % of M a4 35 s
NFC. % DM* 429 42.1 a7

1Contained 0.5T% caleium, 13622 mp'kg sobalt, 40,8163 mphkg copper, 2.724.5 mg'ky iodine, 10,204, 1
m@kg ivon, 12224400 ma'hg manganese, 158 9% selfar, 1224500 mglky zine

Cuntained 28, 792.6K MWy witaenn A, 71880 KUy vitaamn DL 179866806 11V viboomin E.

TN = Total nonstructurnl earbobydeates (Smith, 18811

WFO = Monfiber corbulnalcale caleulabe] by differee 100 - CGENTF 5 % 0P & 5 Fad % Ash)
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Table & Effrets of reducing alfalfn haylage particle size on hady weight, bedy weight change, and intake

an cowa in early lactation.

Treatment” Contrast
SH MEH MLG LG SEM Linear Quadrtic  Cuhbic
BW, h,; 65T L GEE e | 16.6 02l 0,65 L5
BWCH, r!i 062 040 .30 [ELi. ] 0.ae 05 054 047
TNl 204 1.8 .7 b i | .85 b il kNl .45
DN, % BW 4054 .28 a.11 .19 014 <001 0,15 082
NDF intake. kgid T.33 B.83 G50 659 2T =001 0.02 084
HDF intnke, % BW 111 1.03 3978 iRy .05 il LALI) 0.a%

'SH = TMR containing short alfalfa hayiage, LG = TMR containing long alfalfa baylage, M3H = TMR
compased of L3 parts Lz, 203 parts SH TME, MLG = TMI composed of 203 parts LG, U3 parts SH TME.
TRWCH = Body weight chonge.

Table 10, Effecta af reducing alfalls haylage particle size on milk production and composition on cows in
early lactation.

Treatment’ Contraat
sH M=H MLG LG BEM Linear Qundratie Cabic
Milk Yield 360 aka A48 A0 1.8 [ i 0.3%
a5% POM 366 a0 4.5 ) 20 B4 0.26 0.68
Fat % d 327 3.31 431 014 L 47 (L6
Fat, Kgtd 123 1.20 11T 1.20 008 0a8 B.48 .76
Protein % 2.00 291 2,93 252 004 .15 003 .2
Pratein, FKg'd 1.0 o7 L. L.0d 0. Ut Ihtk .

‘S8H ~ TMR l:lml.a.ln. ghart alfalfa h'l'ﬂ e, LG = TME containing long alfalfa haylage, MSH - TMR
compased of 153 pu.rl.l- , &% parts §H EMlﬂ:mRmpoud of 25 parts LG, 143 parts SH TMAR.

Table 7. The effect of reducing alfalfs haylage particle size on nutrient digestibility. calculated energy

vohues, rumen fll nnd solid and Bguid passage rate in cows in early lactation,

Treatment' Contrast
SH MEH MLC LC SEM  linenr Uuadratic  Cubic
Digestibality
DM, % B8.5 637 B4 B3.1 10 LEAIE] [RR-10 LINE
DM, % #3.4 &40 B0 B5.4 1.0 0,0 052 15
CP, % 586 54.0 538 B32 14 0.0] Ll LU 7]
NDF. % 458.1 45.8 45.9 +4.7 11 0.05 .84 011
ADF, % 54.0 S04 5258 5o 18 0,70 D42 0,26
TNC, % 80.8 831 879 86.9 08 0,02 .55 0,45
EE, & 58.4 541 535 529 13 0.0l 0.os AT
NPI.‘.'I 5t 88,4 BT.5 8575 BE.5 18 0,39 0,55 0,78
= 11 .06 .38 0.18
l“ ] 003 0.07 033 016
umen Fill”
Wet weight, kg 73.3 To.0s TE.5 719 4.5 087 .86 023
DM,
% 158 184 18.3 18.5 063 .83 n.7a .21
Kg 125 14.2 118 138 (L=l 0.91 n.77 iLas
NDF,
L B804 a3 578 BE6 1.1 025 023 LIk
KE oM o T.78 T.58 04T LER. ] LB .58
].'lrlmﬂ pasange rmte, %h 1845 18.2 172 157 1.0 n.7a .53 a5
Furnge passage rale, %h 4.06 438 4.0 d.i 023 0.54 047 015

ISH = TMR containing short alfalfs haylage, LG = TME contaning long alfalfe haylage, MSH = TMR
composed of 1% parta LG, 23 parta SH TMH, MLCG = TMH composed of 243 parts LG, 173 parta SH TME

*NFC = Nonfiber carbohydmte ealeulnted by difference

TON (%) = WNFC & tdCP + (tdEE < 2.25) + tdNDF; whoro td denotes truly dipestible fraction.

NE,, (Moallkg) = 0.703 =« ME, (Mcalkg) (NRC, 2001},

"Manual smpty,
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Equation Variakles? © amnstraiats Equations
ey TFC Rase Ract™WRalane# = MWFCRasr
(47 FrotB3Eed; BaciNBalance = 0 FCRed; = {(NDFIF; — ADFIF;) = CP;
(48 RDPB.’-‘. BaetMBalanes = 0 Ban(0 RDFEJ‘. P".ul:B.:‘R:-ll_r":l
[49) AdiRDIFEL Max{). EDIPE | ; — PeptidaPazs «
EDPEL; EDPEM
(500 AdiPDPD2; Max{0. RDPB2; — PeptidePais =
RDPBEI, FDPEPF)
L3l AdiRDPFRER Miax(l RDIPR3; — PaphidaPazs »
REDPE3 ,/EDFEF)
52 A4LREPRE] REPFB1; | (PephdePass = RDOPME] RDPED™
(533 AdZREPBI REFBD; 4 (PephdePace = RIFED HEDPER)
[543 AdiEEPRS BEFRS; + (PepridePacs = RDPRY VEDPER)
~+ ProtB3Red;
(55) AdRECREI; RECB2; 4+ FCRed,
[55) BaciN {(FCHACT + NFCBACT) = 0L625/6.25
O] EMN Pepindellpl == MH3 _Daci + RecyelediN —

BACTN + {MPuma — MPgeqg V6,23

(58 REBTP; D&IE =

06 = MmniNAllowableBact ;

EMNFCBaer; + EFCHacr ;)

530 BREBCW, Da2s =

.28 = Man{MNANow ableBaci,

EMFCBact; + EFCBaci; )

L] BEBNA ; 0625

.15 w Man{MNA UowableBace;.

ENFCBact; + EFCHBact;)

(513 EEBCA, 0211 =

.87 = MinMAllowableBact,.

EMNFCBact; + EFCBaci ;)

({:h] F.F.'H-F:Ft:_.. D211 = 020 w M-m-_'.\l.'-ilmmhlr'ﬁm'r)
EMNFO Ry, 4 EFCRmei,)

(631 REBCHD; REBCA,; + REBCEI1;

L] HEBEAL D012 = Mand NMANownable Bace;, ENFUBact;
=+ EFCBact;)

(651 REDASIT, O o M MAllowableDact,.

ENFCBact;~EFCBac ;)

* Subeerpt f means for ench feed i the diet Varsnble wathour the subsenpt § naples the sum of the varishle

wath the cobueript § across all Feeds an the diet.

Yool o Oliiod (Hosul 30 (39 95w0 (i 33 ol (ywosts

Wicrobial M (gfd)

88 .388¢88

50 10,0 15.0 20,0
Total ract digestiole OM (kg'd)

FIGURE 55 Plot of qd_ju\h'-:l {open cireles) and residuals
(sopuares) for measured microbisl N (gid) versus measured total
trnct 1|:i::-esli|1l|' (W)Y ] |,1s.<_|"."1|ﬁ'. (Microbial N = 2103 total tract
digestible OM. @ = 0.60, P < 0,001, 5 = 38,1, n = 266)
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NEn = (1.37 ME) — (0.138 ME?) + (0.0105 ME?) — 1.12
NE, = (1.42ME) — (0.174 ME?) + (0.0122 ME?) — 1.65
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Table 14.2 Some typical values for the fasting metabaolism of adult amimals
of warkous species

Arimal Liveweight kgl Fasting metabolism (Mliday)
Per Par kg Permd® Per
animal |reewecight ['W) surface aren kg wor
[ 2} = 4
Cow 500 M1 0068 7.0 032
Pig 70 75 .107 51 1%
Human T 71 1 39 LxG
Sheap 50 43 0EG 16
Fowdl 2 L2 03400 -
Fat 0.3 iz 0400 £
g’
-
i
=
5 "

- * & - 3 . . &
GINeR O 9o (5591 JIW0 (9 gioS 00 g SR
Table 14,1 Relative contribution of maintenance and production to the total
energy requirement of different classes of animals

Net energy requirement (MJ) 0. invenance (%

Maintenance Production total requirement]

Draily values )
600 kg dairy cow producing 30 kg a2 93 31
of milk
300 kg steer gaining 1 kg per day 23 16 59
50 kg pig gaining 0.75 kg per day 7 10 41
1 kg broiler chicken grining 050 0.32 a1

A5 g per day

Annual values

R00 kg dairy cow producing 15 727 15 AN 4t
40 kg calf and 6000 kg milk

200 kg sow producmg 16 (1.5 kg) 7100 4 BIH) &1
piglets and 750 kg milk

2.0 kg hen producing 250 eggs 190 95 &7
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Table 14.3 Energy costs of physical activity In 2 50 kg sheep

Buctivity Cast per kg Duration ar Cost per
Hvewelght frequency day (k)

of activity

Standing 0.4 k1% 9 h'day 180

Changing positmon h26 kl B timesiday 78

Walking 2.6 K1 km 5 km/day 650

Climbing 28 kkm 0.2 km/'day 280

Eating 23K 2-8 Ifday 250104100

Ruminating 20kl A hiday A

Fasting metabolizm 4300

o (Sl 2 4l g 5, s

;...>-"' - gs;)‘J"' 4:.>-L:CI
da.uliL;j,’-\JJW/A.?-UQT):MREL,_;uQﬂf-Aq-):j\Lg\u\;
wrp Jold M Sl 5 e (oo o Laes los bl 5 5
Gl Sdld 5 oy e oo
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(Loyver Crit.i(.:al Temperature) st i > sl
(Higher Cfltlcal Temperature) Yu gl » sles
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Fig. 14.1 The effect of ervironmental tempearature on the heat production of a pig.

Table 14.4 Some examplss of the lower critical temperatures (°C) of farm animals
in differert environments

Enimal Type State Production level Wind spead (km/h)
[ 15
Sheep Lamb Mewhaorn 28 3
Adult Shorn Fasted 31 33
B0 aim wonl Fasted 22 78
Maintenance Fi 18
Ad hivtum 10 5
104 mm woal Ad Hbvinm —40 -
Cattle Calf Newborn 18 22
Beef Store Maintenance 14 -3
Growing (30 mm coat)  Ganing 0.5 kgiday —32 -1i
Cow Dralry (20 mm coat) Malntenance % i [
30 litres milksday =30 =20
Floor
Straw Concrate
g Sow Adult 160 kg Maintenance a2
Cirowing  Todividual High 14 19

Group High 7 13
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Fig. 14.2 The typical sigmaoid growth curve of a dairy cow
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Table 14.6 Composition of the empty body weight (EBW) gain
made by cattle of a medium-sized breed

Empty body Protein Fat Energy
weight (kg) (a/kq) (a/ka) (MJrkg)
a0 181 Bb 7.63
100 167 148 9.76
150 160 204 11.80
200 155 256 13.72
300 148 333 17.36
400 144 442 20.77
300 140 527 24.01

Logyg protein = 0.8893 x logg EBW — 0.5037
Logyy fat = 1.788 % log,g EBW — 2.657
Energy = 23.6 % proteln +~ 39.3 = Fat

2 s Wbl




PO o (slgao )l
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NE, (Mcalkg) = 0.0929 x Fat % + 0.0547
#* Crude Prokein %
+ 0,0385 * Lactose G

Table 16.1 The composition of milk of farm animals (g/kgl

Fat Protain Lactose Calcium Phosphorus Magnesium
Coow En 34 a8 1.2 (R .12
Geoat 45 EE 41 1.2 1.1 0,20
Ewe Pl 55 43 (K] 1.3 0.17
SO 85 58 48 2.5 1.7 0,20
Mare 15 23 B 1.1 (i 1 0.06
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