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Abstract 

Honing, Y. van der (1975) Intake and utilization of energy of rations with 
pelleted forages by dairy cows. Agric. Res. Rep. (Versl. landbouwk. Onderz.) 
836, ISBN 90 220 0565 8, 156 p., 20 tbs, 5 figs, 213 refs, Eng. and Dutch 
summaries, 2 appendices. 
Also Doctoral thesis, Wageningen. 

A survey of the literature showed that forage processing, that is 
grinding and pelleting, increased feed intake of ruminants. This increase, 
due to reduction in particle size distribution of the forage, depends main
ly on forage quality, proportion of concentrates in the diet and nutrient 
requirement of the cow. Pellets could replace part of the concentrates; 
complete substitution for long forage caused digestive disorders and reduced 
fat content of the milk. Eating rate, microbial breakdown and production of 
volatile fatty acids often increased too. Processed forages offered to sheep 
and beef cattle depressed digestibility, which was compensated by slightly 
lower losses of methane and less heat production. 

Data from energy balance trials at Wageningen from 1967 to 1973, mostly 
with 4-6 lactating Dutch Friesian cows per trial, were examined by multiple 
factor analysis for effects of processing. Rations in which processed for
ages replaced part of the long forages or the concentrates were tested in 
130 trials. Processing decreased digestibility of energy in the forage by 
about 9 percentage units, 15%, and its metabolizability by 7 percentage 
units, 13%. Utilization of metabolizable energy increased, roughly compen
sating the decrease in metabolizability. Regressions were calculated for 
the prediction of digestibility and net energy of processed forage in a 
feed evaluation system for dairy cows, to be introduced in the Netherlands 
in 1977. 

This thesis will also be published as Agricultural Research Reports 836. 

(c) Centre for Agricultural Publishing and Documentation, Wageningen, 1975. 

No part of this book may be reproduced or published in any form, by print, 
photoprint, microfilm or any other means without written permission from the 
publisher. 



Stellingen 

1. In verband met de wereldvoedselsituatie zou het gebruik van ruwvoer-

brokjes in de rundveevoeding als vervanging van voor éénmagigen geschikt 

krachtvoer gestimuleerd moeten worden. 

Dit proefschrift. 

2. De bijdrage van de dikke darm in de energievoorziening lijkt bij melk

koeien minder belangrijk dan bij schapen. 

Dit proefschrift. 

3. De waarde van voederproeven die als doel hebben om het gehalte aan 

netto energie van voedermiddelen voor melkvee te meten wordt vaak overschat. 

Y. van der Honing & Y.S. Rijpkema, 1974. Vergelijking van kunstmatig 
gedroogd gras met hooi in rantsoenen voor melkvee door middel van een 
voederproef en energiebalansproeven. Versl. landbouwk. Onderz. 820. 

4. Het gebruik van een lagere ruwecelstofaftrek voor kuilvoer dan voor 

hooi in de berekening van de zetmeelwaarde voor melkvee leidt ten onrechte 

tot een overwaardering van kuilvoer vergeleken met hooi. 

Handleiding voor de berekening van de voederwaarde van ruwvoeder-
middelen. Centraal Veevoederbureau, 1965. 

5. De overeenkomst tussen de mens en het varken ten aanzien van de invloed 

van de voeding na de geboorte op de vermeerdering van de vetcellen, zoals 

door Hermans verondersteld, is aanvechtbaar. 

P.G.C. Hermans, 1973. The development of adipose tissue in swine 
foetuses. Tijdschr. Diergeneesk. 98:662. 

6. Om fysiologische redenen is te verwachten, dat graskarpers de door hen 

opgenomen hoeveelheid organische stof slechts zeer onvolledig omzetten in 

koolzuur en warmte, hetgeen in vergelijking tot mechanische reiniging van 

sloten en plassen een nadeel kan zijn. 



7. Bij een juist gebruik van een veldhakselaar bij de winning van voordroog-

kuil mag het drogestofgehalte belangrijk lager zijn dan 50%, zonder dat dit 

veevoedkundige of inkuiltechnische bezwaren oplevert. 

8. Het verschil tussen de gevonden produktie van melkvee in de weide en 

die welke volgens berekeningen met de normen van het Centraal Veevoeder

bureau en van Geith verwacht wordt, moet eerder gezocht worden in een on

juiste schatting voor de grasopname door het melkvee en de samenstelling 

van het gras dan in de aangenomen behoefte van de koeien. 

J.M. Bergsma, 1973. Voedernortnen en grasopname bij melkvee (Literatuur
studie) Intern Rapport Proefstn Rundveehouderij 33. 

9. De leesbaarheid van publikaties kan worden bevorderd door het gebruik 

van uniforme symbolen voor begrippen in de energiehuishouding en de vee

voeding, bij voorkeur afgestemd op symbolen die in de basiswetenschappen 

gehanteerd worden. Meer overleg tussen verschillende internationale commis

sies, die zich met uniformering bezig houden, is echter gewenst. 

10. Het lijkt gewenst dat bij selectie naar hogere melkproduktie meer aan

dacht wordt geschonken aan een zo groot mogelijke ruwvoeropname door melk

vee. 

Y. van der Honing 
Intake and utilization of energy of rations with pelleted forages by dairy cows 



Voorwoord 

Het onderzoek van dit proefschrift werd uitgevoerd bij de Afdeling 

Fysiologie der Dieren van de Landbouwhogeschool. De beheerder, prof. dr. 

A.M. Frens, ben ik zeer erkentelijk voor de outillage en mankracht welke 

ik voor dit onderzoek mocht gebruiken. De gastvrijheid en de medewerking 

bij de Afdeling Fysiologie der Dieren heb ik steeds gewaardeerd. 

Mijn promotor, dr. ir. A.J.H, van Es, dank ik in het bijzonder voor 

de stimulerende begeleiding bij het energiebalansonderzoek. Voor de vrij

heid bij de voorbereiding van dit verslag, de discussies omtrent opzet van 

proeven en de interpretaties van de resultaten alsmede de waardevolle cri-

tiek en suggesties bij het samenstellen van het manuscript ben ik hem zeer 

erkentelijk. Van de door hem welwillend ter beschikking gestelde resultaten 

van het energiebalansonderzoek tot 1970, waaronder enige met ruwvoerbrok-

jes, werd dankbaar gebruik gemaakt. 

Ir. F. de Boer, directeur van het Instituut voor Veevoedingsonderzoek 

'Hoorn', ben ik erkentelijk voor de mij geboden gelegenheid in Wageningen 

aan dit proefschrift te werken binnen het kader van een onderzoekproject 

van het instituut. 

De hierna genoemde personen en instellingen en allen die verder hebben 

meegewerkt aan het tot stand komen van dit proefschrift dank ik hartelijk. 

Energiebalansonderzoek met grote landbouwhuisdieren is slechts moge

lijk in teamverband. Voor een goede uitvoering en uitwerking van deze proe

ven zorgden de heren J.E. Vogt en zijn medewerkers G.A. Bangma, W. Hofs, 

W. van der Laan, M.J.N. Los, R. Terluin en D. Vink. De chemische analyses 

onder leiding van de heer H.J. Nijkamp werden uitgevoerd door de heer 

A.D. Bode, mej. H.W. Brouwer, mej. D.J. Honders, de heer J.W. Molenveld, 

mej. G. Posthuma, mej. M. Smit en mej. J.E. Wassenaar. 

Het voer en de proefdieren waren afkomstig van de proefboerderij van 

de Afdeling Fysiologie der Dieren. De bedrijfsleider, de heer H. van Dijk 

en zijn personeel verzorgden ook tijdens de proeven het melken van de proef

dieren. 



Proefvoer werd verkregen door medewerking van de Fa. E.H. Koetsier & 

Zn te Woerden, de Coöp. Groenvoederdrogerij te Workum en Middenmeer, de 

proefboerderij 'De Vijf Roeden' te Duiven (ILR) en de proefboerderij 'Zeg

veld' (PR). De medewerking en bemiddeling door de heren Q.P.M, van Bijster-

veldt, M.H. Huisman, ir. H.J. Leutscher en ir. P.J.J. Philipsen (IBVL), 

ir. G.A. Benders (ILR) en Tj. Boxern en ir. A.B. Meyer (PR) hierbij werd op 

prijs gesteld. 

Het verteerbaarheidsonderzoek in vitro werd verzorgd door de heer 

C.J. van der Koelen (IWO). 

Adviezen betreffende de statistische verwerking van een deel der proe

ven werden verstrekt door de heren A. Heyting en ir. A.A.M. Jansen (IWIS-TNO 

te Wageningen). 

Het typewerk voor het definitieve manuscript werd in korte tijd op 

uitstekende wijze verzorgd door mej. S. Vink. 

De heer C. van Eden wist van mijn schetsjes toch duidelijke figuren 

te maken. 

De publikatie van dit veTslag werd verzorgd door de heer R.J.P. Aalpol 

(Pudoc). De Engelse tekst werd nauwkeurig gecorrigeerd door de heer 

J.C. Rigg (Pudoc). 

Veel dank ben ik verschuldigd aan mijn ouders, die mij tot verdere 

studie stimuleerden en deze ook mogelijk maakten. 

Niet in de laatste plaats bewonder ik mijn vrouw en kinderen, die het 

zovele uren als het ware zonder man en vader moesten stellen. Voor de mo

rele en daadwerkelijke steun van mijn vrouw en de vele uren die zij be

steedde aan het typen van het concept-manuscript ben ik haar erg dankbaar. 
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List of symbols 

Subscripts 

Capital letters indicate chemical or nutrient components. 

Lower case (small) letters indicate parts of a-total quantity utilized in 

particular ways. 

B = indication of a constituent, e.g. C, N, 0, T, XP, XL 

C = (1) carbon, e.g. R~ mass of carbon retained; carbon retention 

(2) concentrates, only in the symbol P~ proportion of concentrates 

E = combustible energy; enthalpy of combustion; 'energy' 

f = growing and fattening, e.g. Mp r metabolizable energy for fattening 

G = combustible gas 

1 = milk, e.g. M p , metabolizable energy for milk production 

L = long forage 

m = maintenance, e.g. Mp metabolizable energy for maintenance 

N = nitrogen, e.g. Rj. retention of (combined) nitrogen 

NE = net energy, e.g. e.-, efficiency of utilization of energy 

0 = organic matter, e.g. I~ intake of organic matter 

P = pelleted forage 

T = dry matter, e.g. I„ intake of dry matter 

XF = crude fibre 

XL = crude lipid, usually extract with light petroleum or diethyl ether 

XP = crude protein, usually 6.25N 

XX = nitrogen-free extract 

Super8aript 

i • 3 

* function of metabolic body size (W4), e.g. Rg = Rp/W4 



Principal symbols for quantities 

Symbols that can be used with any subscript to represent a component are 

indicated by the subscript B. 

Quantities referring to amount entering of leaving the body (I, D, F, G, U, 

R, M, L, H) refer to totals for a day and have the units of, for instance, 

kg/day, being 'mean fluxes' or 'mean flow rates'. 

As a simplification, the dimension of time has been ignored. 

The first term is that used usually in the text and then after a colon the 

complete strict term, followed by units of quantities in brackets. 

a, b = regression coefficients. In the text, d and e are called 'coeffi

cient d' or 'coefficient e' to distinguish them from digestibility 

and efficiency of utilization 

CV = coefficient of variation 

d„ = digestibility of a component: 

apparent digestibility coefficient, (I - F)/I (!) 

Dg = digestible component: mass of apparently digested component, 

I - F (kg) 

Dg = digestible energy: combustible energy apparently digested (kcal) 
eNE = (efficiency of) utilization of energy for all purposes or, with 

a further subscript, for maintenance, m, milk production, 1, and 

growth or fattening, f (_%) 

Fg = faecal component; faecal losses: mass of component in faeces (kg) 

F„ = faecal energy; energy loss in faeces: combustible energy of faeces 

(kcal) 

FCM = fat-corrected milk: mass of milk corrected to a mass fraction of 

41 fat (kg) 

Gg = gas losses; gas energy: combustible energy of methane produced by 

the animal (kcal) 

H = heat production: mean heat flux, usually as calculated from respi

ration (kcal/day) 

Ig = intake of component; component consumed; ration: mass of component 

in consumed ration (kg) 

Ig = gross energy; intake of energy: combustible energy of consumed 

ration (kcal) 



k = (efficiency of) utilization of metabolizable energy for all pur

poses or, with a subscript, for maintenance, m, milk production, 1, 

or growth and fattening, f (I) 

L = component in milk: mass of component in milk (g) 

Lp = net energy for milk production: combustible energy of milk (kcal) 

Mp = metabolizable energy for all purposes or, with a subscript, for 

maintenance, m, milk production, 1, or growth and fattening, f: 

D E " G E " U E (kcal) 
MF = modulus of fineness (unity) 

MU = modulus of uniformity (unity) 

P = (1) probability (unity) 

(2) contribution to total intake, with subscript for ingredient, 

C for concentrates, and L and P for long and pelleted forages; 

proportion of concentrates, long forage or pelleted forage: mass 

fraction in consumed ration on the basis of dry matter or organic 

matter (!) 

q = metabolizability: quotient of metabolizable to gross energy, 

r = (1) correlation coefficient (unity) 

(2) relative substance concentration, used of r(C2/C,), that of 

acetate to propionate 

Rg = retention of component: mass of component calculated to retained 

in body tissue (g) 

Rp = net energy for growth and fattening: (calculated) combustible 

energy retained in or lost from body tissue (kcal) 
2 

R = part of sum of squares attributable to regression (unity) • 

RSD = residual standard deviation (units as for quantity referred to) 

SD = standard deviation (units as for quantity referred to) 

SE = starch equivalent (kg) 

TDN = total digestible nutrients (kg) 

Ug = urinary component; loss of component in urine: mass of component 

in urine (kg) 

Up = urinary energy; energy loss in urine: combustible energy of urine 

(kcal) 

V = mean volume rate, corrected to a temperature of 0 C and a pressure 

of 760 mmHg, negative for 'consumed' and positive for 'produced', 

with subscripts CL, CO- and G for oxygen, carbon dioxide and 

methane (litre/day) 



VFA = volatile fatty acids, usually substance concentration of titratable 

acid (mmol/litre) 

W = liveweight: mass of live animal (kg) 

W4 = metabolic body size (kg4) 

Miscellaneous conventions 

The term content normally indicates a quantity in which an amount of com

ponent has been divided by the mass of the system. For energy as a function 

of mass of feed, it is used here in the following ways either on a dry 

matter (I_) or organic matter (I„) basis. 

E T = (gross) energy content: specific combustible energy (kcal/kg) 

Dg/I™ = content of digestible energy; digestible energy content: specific 

apparently digested combustible energy (kcal/kg) 

Mp/I_ = content of metabolizable energy; metabolizable energy content: 

specific metabolizable combustible energy (kcal/kg) 

(Rg + L£ + x)/I„ = content of net energy, using for x (net energy of main

tenance) a constant per unit metabolic body size; net energy con

tent: specific utilized combustible energy (kcal/kg) 



1 Introduction 

1.1 SCOPE 

In dairy farming, the number of cows and the area of grassland per man 

has increased because of the higher costs of labour and the lower income 

per cow during recent decennia. These trends have induced investment in ma

chinery and in automation on dairy farms. 

In dairy farming, the feeding of roughages requires much labour. Most

ly because of the bulkiness of roughages like hay and silage, mechanical 

handling, transport and provendering is difficult. Grinding and pelleting 

of roughages considerably reduces their volume. Storage and conveyance of 

pelleted roughages are simpler than of long roughages. As the grinding and 

pelleting process was rather expensive, this kind of processing was con

sidered attractive only for high-quality forages like early-cut grasses or 

legumes conserved in a good way, e.g. by drying. The forages were dried ar

tificially and processed to produce pellets of grasses or legumes used main

ly as a source of carotene and protein in the feeds for pigs and poultry. 

More recently, pelleted forages have also been used for cattle. The 

aim was not a better supply of carotene and protein but replacement of part 

of the concentrates or of normal long forages. Forage pellets were often 

eaten in greater amounts than long forages. The value of pelleted forages 

depends on the amount eaten under different circumstances, the content of 

nutrients and of net energy in these pellets relative to concentrates and 

long roughages, and properties during storage, transport and handling. 

The purpose of this study was to investigate factors that control the 

intake of pelleted forages and to estimate their net energy content for 

dairy cattle. 

1.2 TERMINOLOGY OF PROCESSED FORAGES 

Several methods of processing and packaging have been used to overcome 

the disadvantages of storage, transport and handling of bulky loose forages, 



but the literature provides no uniform terminology, especially for different 

kinds of compressed forages. The following concepts were used in this in

vestigation. 

Long: long forage unprocessed apart from drying and ensiling, and forage 

chopped to a length of not less than 3 cm, if it contained a substantial 

fraction of pieces longer than 3 cm, if not, it should be called 'coarsely 

ground forage'. \ 

Pellets: hammermilled material extruded through the die of a rotary press. 

Wafers: forage formed by extruding the long material through a reciprocating 

press. 

Cobs: forage produced by the extrusion of chopped material through the die 

of a rotary press. 

The production of wafers and cobs was developed mainly to overcome the 

disadvantages of ground and pelleted roughages in cattle rations. Cattle 

fed on ground and pelleted forages with little or no long roughage often 

showed digestive disturbances (off-feed, bloat), ruminai parakeratosis and 

depression of the fat content of milk (Minson, 1963; Moore, 1964; Beardsley, 

1964). As these side-effects were laTgely suppressed by supplying sufficient 

long forage, it was tried to maintain the average length of the forage as 

much as possible during compression. First cobs were made with rotary die 

presses but the cobs contained too much fines, so later reciprocating 

presses were used to make wafers. 

The pellets are generally smaller than cobs and wafers (Marchant & 

Shepperson, 1973; Wilkins, 1973). Wafers normally have a diameter of 5-10 

cm, which is at least twice their length. The diameter and length of cobs is 

mainly 2-4 cm. Pellets are mostly less than 1^-2 cm diameter and up to 3 or 

4 cm long. 



2 Literature on intake of ground and pelleted forages 

The production of milk or body tissue by cattle depends largely on 

the amount of feed consumed and the digestibility of the nutrients in that 

ration. 

As processing influences both intake and digestibility of roughages, 

this chapter reviews only effects of processing on voluntary intake and 

factors on which they depend. It sketches regulation of intake, the effect 

of different kinds of processing, how the physical properties of the feed 

are correlated with the effect of processing, and physiological changes in 

the gut so far as they seem related to feed intake. 

2.1 REGULATION OF FEED INTAKE: A SKETCH 

Mechanisms regulating feed intake in ruminants are poorly understood, 

as appears from recent reviews on regulation of feed intake by Campling 

(1970), Baumgardt (1970), Baile & Maier (1970), Forbes (1971) and Baile & 

Forbes (1974). One reason may be the great variety of factors involved in 

the complicated regulation of feed intake. 

It is generally accepted that ruminants and monogastric animals alike 

try to adjust voluntary feed intake to their energy requirement. So over 

longer periods, the adult animal can keep net energy intake almost in bal

ance with energy output, if the amount of feed consumed and its net energy 

content is not a limiting factor and if the rations are balanced for con

tents of protein, minerals, vitamins and trace elements (Baumgardt, 1970; 

Forbes, 1971). 

Baumgardt (1970) gathered evidence for regulation of feed intake by 

metabolic factors, when ruminants received rations with high levels of con

centrates. He concluded from several reports that factors like low pH or 

high concentrations of volatile fatty acids in the rumen could inhibit feed 

intake for several hours in a day. It is not known whether the reduced in

take of energy with rations very low in roughage is caused by a feedback 

signal in response to pH or concentration and proportions of volatile fatty 




