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STELLINGEN 

1. De dagelijkse schommelingen in de pensfermentatie bij grazende koeien zijn meer 

een afspiegeling van het graasgedrag van de dieren dan van bijvoedering. 

Dit proefschrift. 

2. Gezien de consequenties voor het schatten van de eiwitwaarde dient meer aandacht te 

worden geschonken aan de invloed van monstervoorbereiding op de oplosbare 

eiwitfractie van vers gras. 

Dit proefschrift. 

3. Uit het oogpunt van milieubelasting dient gras niet meer dan 160 g ruw eiwit per kg 

droge stof te bevatten. 

Dit proefschrift. 

4. De verteerbaarheid van celwanden is een beter criterium voor de selectie van grassen 

dan het gehalte aan water-oplosbare koolhydraten zoals bepleit door McGrath en 

Humphries. 
McGrath, 1988. Irish Journal of Agricultural Research 27: 131-139; 
Humphries, 1989. Grass and Forage Science 44: 231-236 en 423-430; 
dit proefschrift. 

5. Verhoging van de ziekteresistentie van grassen en verbetering van de verteerbaarheid 

van celwanden gaan moeilijk samen. 

6. De opvatting dat de introductie van klaver een belangrijke bijdrage levert aan de 

verbetering van de stikstofbenutting van melkveebedrijven is een misvatting. 

7. De door de Gezondheidsdienst voor Dieren gehanteerde normaalwaarde voor het 

ureumgehalte in bloedserum van grazende koeien is niet normaal. 



Onderzoek naar de bouw van celwanden verdient een hogere prioriteit dan onderzoek 

naar de relatie tussen celwandgehalte en verteerbaarheid. 

Hornstein et al., 1989. Crop Science 29: 1319-1324. 

Bij gelijke stikstofgift zijn de stikstofverliezen op grasland met hoog-produktieve 

grassoorten geringer dan op die met laag-produktieve grassoorten. 

Frame, 1991. Grass and Forage Science 46: 139-151. 

10. Het fermentatievat in de koe is voor laboratoria voor veevoedingsonderzoek met een 

onregelmatige stroomvoorziening een alternatief voor in vitro systemen. 

Kabuga & Darko, 1993. Animal Feed Science and Technology 40: 191-205. 

11. De haat tegen haaien en de liefde voor personenauto's die de media uitdragen, zijn 

verwonderlijk gezien het verschil in aantal slachtoffers dat jaarlijks aan haaien en 

personenauto's ten prooi valt. 

12. Een kuil kan een hoop betekenen. 

A. M. van Vuuren. 

DIGESTION AND NITROGEN METABOLISM IN GRASS FED DAIRY COWS. 

Wageningen, 21 december 1993. 



Aan Marijke, 
Sheila en Chantal 





VOORWOORD 

Het onderzoek dat in dit proefschrift is beschreven is uitgevoerd op het DLO-Instituut 
voor Veevoedingsonderzoek (IVVO-DLO) in Lelystad. Veel IVVO-medewerkers hebben 
hun steen(tje) aan dit proefschrift bijgedragen. 

Allereerst dank ik mijn ouders. Met hen ging ik op vakantie naar opa (zie voorplaat), 
waardoor mijn belangstelling voor boeren werd gewekt, en van hen kreeg ik de gelegen-
heid om na de middelbare school een universitaire studie te volgen, waarmee de basis 
voor mijn wetenschappelijk bestaan gelegd werd. 

In het begin van de tachtiger jaren begonnen Jac Meijs en ik met onderzoek naar de 
relatie tussen krachtvoergift en het melkvetgehalte bij grazende melkkoeien. De hoge 
ammoniakgehalten in de pens die we daarbij vonden, de produktie van melkkoeien in de 
weideperiode, literatuurgegevens en de discussies met Henk de Visser vormden de start 
van het onderzoek naar de vertering en de eiwitstofwisseling bij koeien op gras. De 
deskundigheid van Seerp Tamminga was daarbij onontbeerlijk. Seerp, jouw steun geduren-
de dit onderzoek waardeer ik bijzonder. Je was - als collega - betrokken bij de idee-
vorming, bij het opzetten van de verschillende experimenten, bij het vangen van fistelkoei-
en 's nachts in de wei en - als promotor - bij het interpreteren van de resultaten in dit 
proefschrift. Onze discussies vormden steeds de motivatie om verder te gaan. 

Ook de gesprekken met Henk Valk brachten mij meestal weer met beide benen op de 
grond, in dit geval: in het gras. Daarmee bleef het onderzoek toepassingsgericht. 

Dankzij de kennis en inzet van de medewerkers van de proefboerderij hadden we 
steeds het benodigde gras en de benodigde koeien tot onze beschikking, een eerste vereiste 
voor onderzoek naar de vertering en eiwitstofwisseling van melkkoeien op gras. 

Henk de Visser, Henk Corbijn en Henk Everts, het feit dat het noemen bij de voor-
naam meestal voldoende was om van jullie iets gedaan te krijgen is voor mij een bewijs 
hoe optimaal wij als team opereerden. 

De uitvoering van de proeven en de uitwerking van de resultaten kwamen vooral voor 
rekening van de medewerkers van de stofwisselingseenheid onder leiding van Roel Terluin 
en van de eigen vaste kern: Cees van der Koeien, Froukje Krol-Kramer and Jobke Vroons-
de Bruin. Het onderzoek is dan ook grotendeels te danken aan jullie bereidheid om 
zonodig 's nachts, in de weekeinden en op feestdagen aan de proeven mee te werken. Ook 
diegenen die deze vaste kern tijdelijk versterkten, wil ik hierbij noemen: Rein Ketelaar, 
Kees Meliefste, Peter van der Togt, Steven Boonzaaijer en Jan-Thijs Eisses en degenen 
die als student aan het onderzoek meewerkten: Jetta Heeres-van der Tol, Klaas Bergsma, 
Bishan Chowderry, Rinke Heida, Tim van Iersel, Alfred van Lenthe, Peter Pijper en Joost 
van Wijk. 

Voor het uitvoeren van de vele bepalingen in gras, krachtvoer, incubatieresten, pensin-
houd, darminhoud en mest dank ik alle medewerkers van het laboratorium. Dankzij de 



kwaliteit van jullie werkzaamheden kregen we resultaten waar we mee voor de dag 
mochten komen in de diverse wetenschappelijke tijdschriften. 

De medewerkers van de DLO-Groep Landbouwwiskunde, Janneke Hoekstra, Paul 
Goedhart en Jan Kogut, hebben mij geholpen om de proeven zo op te zetten dat deze 
statistisch verantwoord waren. Hoewel ik vaak niet aan hun wens tegemoet kon komen 
meer dieren in de proeven op te nemen, gaven zij steeds gehoor aan mijn verzoek om 
begeleiding bij de statistische uitwerking van de gegevens. 

Ynze van der Honing stelde mij in de gelegenheid dit proefschrift af te maken, door 
mij wat minder te betrekken bij andere instituutsaangelegenheden. Daardoor kwam er een 
nog grotere papierwinkel terecht op de schouders van Sierk Spoelstra, die mij de laatste 
tijd veel werk uit handen nam, vaak zelfs zonder dat ik me daarvan bewust was. Daarnaast 
maakte hij tijd vrij om de manuscripten te voorzien van opbouwende kritieken. 

Dankzij de dienstverlening van de medewerkers van Personele, Financiele en Materiele 
Zaken was er steeds voldoende aanvoer van studenten, penscanules, voer, nylon gaas, 
chemicalien, computerpapier, kantoorartikelen en andere benodigdheden voor het uitvoeren 
van proeven. 

Alle medewerkers van het IVVO-DLO, ook diegenen die niet met name zijn genoemd, 
dank ik oprecht voor hun bijdrage aan dit proefschrift. 

Bij het vorm geven van dit proefschrift had ik binnen het IVVO-DLO hulp van Silco 
Langelaar, Cees van der Koelen, Bert Wieman en Vincent Hindle en daarbuiten van Leo 
Pelser, Gert Vos en Arnold Stapert. Daarvoor heel veel dank! 

Marijke, Sheila en Chantal, jullie hebben veel moeten tolereren: mijn opstaan en thuis 
komen bij nacht en ontij, het thuis blijven tijdens de zomervakantie, het uitwerken van de 
proeven in de avonden en weekeinden op het instituut, het me afzonderen achter de PC op 
zolder en de uitingen van stress. Bedankt voor jullie begrip, hulp en geduld! 
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Introduction 

Over the last decades, dairy farming in the Netherlands has been strongly intensified. This 
resulted in a serious imbalance between inputs of N, P and K in purchased fertilizers, 
concentrates and roughage and outputs in milk and meat. On Dutch farms, an average N input 
of ca. 555 kg/ha per year has been estimated, of which only 15% is leaving the farm as milk 
or meat (Aarts et al, 1992). A major part (ca. 60%; Aarts et al, 1992) of the N input is 
from purchased anorganic fertilizers, applied to produce grass in high quantities and with a 
high nutritive value (Prins, 1983). 

At the level of the animal, 64% of N input originates from consumed forage, which is 313 
kg/ha per year, whereas N output in milk and meat has been estimated at 84 kg/ha per year 
(Aarts et al., 1992). In the Netherlands, approximately 30 to 50% of forage consumed by 
dairy cows is fresh grass. Thus, improvement in the utilization of grass N by dairy cows may 
contribute significantly to a reduction in N losses on dairy farms. 

The organs of grasses are stems, roots, and leaves. In the vegetative stage, during which 
stem and leaves develop, the stem of grass plants is short and consequently leaves form the 
major part of plants (Osbourn, 1980). Under certain conditions of temperature and light, the 
vegetative shoot or tiller develops into a reproductive shoot, carrying the inflorescence 
upwards to escape from the leaf sheaths. This coincides with stem elongation. After 
pollination the seed is developed. 

In chloroplasts or chlorophyll-bearing cell granulas embedded in the cell content, 
photosynthesis takes place by which hexose and 02 are produced from C02, H20 and the 
energy of light. Thus, grasslands are an important sink in the global deposition of solar 
energy. Due to photosynthesis more than 1017 kcal of free energy is stored annually on earth. 
A part of the hexose formed are used for the synthesis of poly-saccharides: starch, 
hemicellulose and cellulose. Starch is stored as energy depot in the seed, for the future 
development of the embryo, whereas hemicellulose and cellulose are deposited in the cell 
wall. As plants mature, lignin is deposited in the cell walls in increasing quantities, thus 
adding rigidity to the cell wall. Lignin, phenolic acids, tannins and cutins protect cell walls 
from microbial attack and digestion. 

More than 30% of dry matter (DM) in chloroplasts are lipids, mainly galactolipids (40%) 
and phospholipids (10%) in the thylakoid membrane. The concentration of these lipids is high 
when photosynthesis is high (Hawke, 1973). Another part of crude lipids can be found in 
waxes, surface lipids, covering the cuticular layer. This layer protects the plant from 
dehydration, reduces mechanical damage and inhibits microbial invasion. 

Photosynthesis and polymerization require enzymes. These metabolic proteins form the 
major part of plant proteins. Nitrogen in the plant is transported as free amino acids (AA), 
ammonia-N or nitrate (Ourry et al., 1990). Besides proteins, carbohydrates and lipids, grass 
contains other macro- and micro elements (Table 1). 

The studies reported in this thesis aimed to investigate the digestive behaviour of grass 
differing in nutritional quality, and the effects of measures to improve the utilization of grass 
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Chapter 1 

N by dairy cows. In this chapter, variations in protein and carbohydrates of fresh grass as 
reported in literature will be discussed. In Chapter 2, the effects of herbage composition and 
supplement feeding on N excretion in faeces and urine, reported in literature and from 
preliminary experiments are presented. 

In our further studies, a reduction in N intake was achieved by two different approaches. 
One approach was to decrease the N-content of grass by a reduction in the level of N 
fertilization. In Chapters 3 and 4, the results of in situ experiments to study the effects of 
variation in N fertilization and time of harvesting on chemical composition and on ruminal 
behaviour of N and carbohydrates of fresh grass are presented. In Chapter 5 we report an 
experiment in which the effects of variation in N fertilization on rumen fermentation and 
duodenal flow of protein and carbohydrates were studied in cannulated cows. 

The second approach was to decrease the N content of the ration by "diluting" grass N 
with low-N feedstuffs. In Chapter 6, we investigated the effects of partial replacement of 
fresh grass by maize meal or sugar beet pulp on the duodenal flow of protein and 
carbohydrates. Results of several experiments studying the effects of partial replacement of 
grass by low-N feedstuffs on rumen fermentation, N excretion and milk composition are 
presented in Chapters 7 and 8. In Chapter 9, the results are discussed in general. 

Table 1. Concentrations (g or mg per kg DM) of nutrient elements in herbage leaf 
(Whitehead et al., 1985a) 

Lolium perenne 

Festuca arundinaceae 

Trifolium repens 

Medicago sativa 

P 
g 

3.5 

2.5 

2.7 

2.7 

S 
g 

3.1 

3.7 

2.2 

6.3 

Ca 
g 

16.6 

9.4 

18.7 

26.8 

Mg 
g 

2.6 

2.1 

2.2 

2.0 

K 
g 

25.7 

24.1 

29.4 

13.7 

Na 
g 

2.6 

0.3 

0.4 

0.7 

Fe 
mg 

176 

152 

182 

175 

Mn 
mg 

84 

61 

31 

129 

Zn 
mg 

51 

30 

32 

33 

Cu 
mg 

10.2 

6.4 

6.9 

10.7 

Proteins 

Role and characteristics of grass protein 

In plants, proteins appear mainly in the form of enzymes. Since the main enzymatic 
process is photosynthesis, it is not surprising that the most abundant protein in all green 
leaves is ribulose-l,5-biphosphate carboxylase/oxygenase {Rubisco; EC 4.1.1.39) (Mangan, 
1982), the first enzyme in the Calvin cycle in chloroplasts. Rubisco is the single protein in 
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Fraction 1 protein. Fraction 1 protein is soluble in phosphate-buffer (pH 7.5), has a 

sedimentation constant of 18S and thus an estimated molecular size of 500 to 600 kDaltons 

(Mangan, 1982). Fraction 1 protein makes up to 50% of soluble protein in plants. In lucerne 

leaves, Fraction 1 protein forms 30 to 40 % of total crude protein (Mangan, 1982). 

Fraction 2 protein constitutes about 25% of total leaf protein and is a mixture of soluble 

proteins, ranging in molecular size between 10 and 300 kDaltons, originating from 

chloroplasts, the cytoplasm and the cell wall. 

Insoluble protein may account for up to 50% of the protein present in the leaf (Lyttleton, 

1973). Part of the insoluble protein is found in the chloroplast membranes. The thylakoid 

membranes constitute about 40% of the chloroplast protein, present as chlorophyll-protein 

complexes (Mangan, 1982). Another part of insoluble protein is associated with the cellulose 

in primary cell walls. These proteins, extensins, are distinct from plant cytoplasmic proteins 

in being strongly basic glycoproteins, rich in arabinose, galactose, lysine, serine and tyrosine 

and extremely rich in hydroxyproline (Fry, 1988). These glycoproteins have been postulated 

to play a role in controlling cell wall development. Wilman et al. (1977) reported that cell 

wall N of perennial ryegrass accounted for approximately 10% of herbage total N. Similar 

results were reported by Whitehead et al. (1985b) and for Bromus inermis by Sanderson & 

Wedin (1989). In fresh lucerne, 18% of AA N was not solubilized in neutral detergent (Weiss 

et al, 1986). 

The free AA content of forage plants may vary considerably. Free AA N may account for 

4 to 32% of total protein-N (Mangan, 1982). Free AA serve mainly for the transport of N 

from the source organ (root or old leaves) to the sink organ (young leaf or fruit). The main 

free AA are Asn, Gin, Asp, Glu, Ala, Ser and y-amino butyric acid. After defoliation and at 

the onset of senescence, a substantial part of the N may be in the form of free AA. During 

the first days after defoliation up to 75% of the plant-N may be in the form of free AA N, 

of which 60-75 % being Asx (Asn + Asp) and Glx (Gin + Glu) (Bigot et al, 1991; Lefevre 

et al, 1991). 

The proportions of the different proteins in herbage are summarized in Table 2. 

Table 2. Proportions of different proteins in herbage 

Soluble proteins 

Insoluble protein 

Fraction 1 
Rubisco 

Fraction 2 

Free AA 

Chlorophyll-protein 
complexes 

Cell wall proteins 
Extensin 

30 to 40% 

15 to 20% 

5 to 10% 

ca. 30% 

ca. 10% 
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Introduction 

The major AA in grass are Asn, Asp, Glu, Gin and Leu, whereas the proportions of His, 
Cys and Met are relatively low (Table 3). From Table 3 it appears that small differences in 
AA composition between grass species exist. However, since data were derived from different 
studies, these apparent differences may also reflect differences between laboratories. The 
proportions of Asx and Glx may also vary due to differences in the amount of transport AA, 
influenced by maturity. 

Effect of growing stages on grass protein 

Plant composition changes with time. During early development, levels of chloroplast 
proteins increase markedly. Nitrogen is supplied as N03 and soluble reduced N (NH4

+-N, and 
amino-amide N) from other tissues like roots and old leafs, and from the soil (Ourry et at, 
1990). Mangan (1982) stated that the concentration of free A A may vary considerably, 
whereas Goswami & Willcox (1969) observed no response of various growing stages on the 
free AA N content of ryegrass, with a mean concentration of 3.4 g/kg DM. 

In leaves tissues of Lolium temulentum, an increase of about 67% in protein content 
between the juvenile and emerging phases of development was observed, whereas a similar 
decrease occurred from maturity to senescence (Thomas, 1990). 
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Figure 1. The influence of nitrogen fertilization (kg of N/ha) and age on the N content in Lolium 
multiflorum. From Wilman (1975) 
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,?The rate of the decline in protein content with increasing maturity depends on factors like 
rainfall, radiation and temperature. Givens et al. (1989) estimated a decline in crude protein 
(CP) content of spring-grown herbage of 1.43 g/kg DM with each day after April 10 (Day 
100). Similar observations were reported for Cynodon dactylon (Prine & Burton, 1956), for 
Lolium perenne (Culleton et al, 1986) and for other cool-season grasses (Collins & Cassler, 
1990). Lindgren & Lindberg (1988) noticed that the rate in decline was directly related to the 
CP content. In their study, CP content of Phleum pratense daily declined by 2.3 (second cut) 
to 5.6% (first cut) per day. Using the data of Wilman (1975), I estimated a decline of 4.1 (± 
0.3)% in Lolium multiflorum. In grass fertilized at high levels of N, the rate of the decline 
was faster than in low-fertilized herbage (Figure 1). 

Maturation also changes N bound to the cell walls. The content of N per unit neutral 
detergent fibre (NDF) gradually decreases with maturation (Sanderson & Wedin, 1989). 
However, due to the increase in NDF and the decline in total CP content with increasing 
maturity, the proportion of NDF relative to the total N content increases (Figure 2). 

Q 

"SB 

o 

30-

20-

10-

wmm WM0Mk 

• ADFN 

H AFN 

NDSN 

2 4 6 8 
Maturity, weeks after N application 

Figure 2. The effect of maturation on neutral detergent soluble N (NDSN = Total N - NDFN), acid 
detergent fibre N (ADFN) and available fibre N (AFN = NDFN-ADFN) in Medicago sativa. From 
Sanderson & Wedin (1989). 
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Effect of nitrogen fertilization on grass protein 

Nitrogen fertilization is a very effective way to increase grass production (Prins, 1983; 
Frame, 1991) and therefore a common tool in grassland management in regions with intensive 
cattle husbandry. When compared to lower N fertilization levels, higher N levels result in 
higher DM yields at a fixed date after N application (vertical N effect) and in a reduction in 
growing days to reach a particular production stage (horizontal N effect) (Prins, 1983). Thus, 
comparing grasses harvested at a similar DM yield/ha, but fertilized at different levels of N 
may also imply comparing grasses at different age. Thus, the reported effects of N 
fertilization on grass DM composition, including CP, should be interpreted with care, since 
the observed differences between treatments may be amplified by differences in days of 
(re)growth (Table 4). 

Table 4. The effects of N application rate on the CP content (g/kg DM) 
of Lolium perenne (From van Vuuren et al, 1991) 

N application level 
(kg N/ha per 

0 

250 

400 

700 

yr) Vertical N effect1 

203 ± 22 

261 ± 31 

288 ± 30 

333 ± 43 

Horizontal N effect2 

94 

175 

231 

288 

(68)3 

(40) 

(30) 

(30) 

'7-Day old grass (Experiment 2) 
2Grass harvested at 2000 kg DM/ha (Experiment 3) 
3Days of regrowth after previous cut 

With increasing levels of N fertilization, the N content of grass increases (Wilman & 
Wright, 1983; Frame, 1991). Because the absolute decline in N with increasing maturity (g/kg 
DM per day) is sharper in high fertilized grass (Lindgren & Lindberg, 1988), the vertical N 
fertilizer effect on N content decreases with maturation (see also Figure 1). However, at a 
particular production stage, high N fertilized grass is younger and thus differences in DM 
composition are usually higher. 

Goswami & Willcox (1969) studied the changes in nitrogenous fractions in ryegrass 
harvested at the same maturity (vertical N effect). In their study the increase in total N 
content was accompanied by an increase in protein N, but the proportion of protein N in total 
N declined from 74 to 60% (Figure 3). Up to a N application rate of 126 kg/ha, the 
proportions of AA N (either in peptides or free) were rather constant, ca. 10%. At these rates, 
nitrate and nitrite N was less than 3% of total N. At application rates > 250 kg N/ha, the 
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proportion of nitrate- and nitrite-N increased to almost 10% of total N, with a decrease in the 
proportion of peptide N. A similar increase in the proportion of N03-N with increasing N 
fertilization was reported by Whitehead et al. (1985b) for Lolium perenne, harvested in 
October. 

Protein N Peptide N Free AA N i Nitrate N Other NPN 

Q 

"So 

O 
t-H 

30 

20 -

£ io -

0 63 126 252 504 1008 
Application level, kg of N/ha per year 

Figure 3. Effect of level of nitrogen (N) fertilization on nitrogenous components in ryegrass (AA : 
amino acid, NPN = no-protein N). From Goswami & Willcox (1979). 

Whitehead et al. (1985b) also studied the effects of N application on cell wall N. At rates 
< 100 kg N/ha, more than 10% of total herbage N was analyzed as cell wall N. At rates > 
250 kg N/ha, about 7% of the total N was present as cell wall N, with a minor, increasing 
effect of N application rate. These results were confirmed by the study of Sanderson & Wedin 
(1989), which showed that the increase in CP with increasing level of N fertilization was 
mainly an increase in neutral detergent soluble N. Consequently, the proportions of available 
and unavailable N in NDF declined. 
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Effect of rainfall, temperature and radiation on grass protein 

As mentioned earlier, maturity has an important effect on herbage DM composition. 
Therefore, other factors than N application affecting growth also influence content and 
composition of CP. 

Regions with a high rainfall in the growing season or with soil with a high water holding 
capacity or both showed high grass production yields (Morrison, 1980). The effect on the CP 
content is less consistent. In some experiments the CP content was not affected, whereas in 
other experiments the CP content decreased with increasing production (Garwood et ah, 
1980). Intensive rainfall will have a negative effect on the CP content, due to N leaching and 
consequently poor N recovery from the soil (Garwood et ai, 1980). 

Leaf growth is linearly related to degree-days based either on soil or air temperatures 
(Spiertz, 1982). Generally, an enhanced leaf growth will dilute herbage N and therefore the 
CP content will decrease at higher temperatures. However, after defoliation leaf growth will 
coincide with N remobilization (Ourry et ah, 1990), resulting in an increase in CP content. 

Radiation will stimulate photosynthesis and the increase in carbohydrates will cause a 
dilution of CP. The relationship between radiation and plant productivity is complex, 
depending on light interception influenced for instance by leaf area and photosynthesis rate 
(Spiertz, 1982). 

Carbohydrates 

* Carbohydrates occur as structural cell wall poly-saccharides (hemicellulose, cellulose, 
pectines) and as non-structural mono-, di-, oligo- and poly-saccharides (sugars, fructosans and 
starches) in cell contents. Non-structural carbohydrates in herbage are glucose, sucrose, 
fructose, fructosans and amylose-starch. Whereas free sugars are metabolic intermediates and 
usually occur at low concentrations, starches and fructosans are storage carbohydrates and 
vary widely in concentration. In grasses, starch is mainly located in the seed, and therefore 
starch content of grasses in a vegetative stage is low, being usually less than 10 g/kg DM 
(Smith, 1973). Holt & Hilst (1969) reported that 9 to 14% of nonstructural carbohydrates 
were poly-saccharides other than fructosans. v* 

Non-structural carbohydrates are water-soluble. Mono- and disaccharides are extracted by 
80%-ethanol. The solubility of fructosans in ethanol depends on their chain-length. The 
average degree of polymerization ranged between 40 (Dactylis glomerata) and 160 (Phleum 
pratense) (Ktihbauch, 1978). In Lolium perenne, fructosans contained 10 to 60 fructose units 
(McGrath, 1988). In Dactylis glomerata and Phleum pratense, 10 to 60% of the water-soluble 
carbohydrates (WSC) were present as fructosans (Kiihbauch, 1978). In Lolium perenne values 
of 70% have been reported (McGrath, 1988). With increasing maturity the content of 
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fructosans increased until week 5. After this peak fructosans were translocated or synthesized 
into structural carbohydrates (Blaser, 1964). 

In most studies the content of WSC in grass is inversely related to the CP content 
(Wilman & Altimimi, 1982; Syrjala-Qvistera/., 1984; Humphreys, 1989). However, McGrath 
(1992) observed a poor relationship if data of different experiments were pooled, but within 
each experiment the relationship was evident. Probably, other environmental factors like 
radiation, rainfall and temperature and time of sampling overruled the effect of CP on the 
content of WSC. During the day, the content of WSC increases due to photosynthesis (Holt 
& Hilst, 1968; Van Vuuren et al, 1986). During the night WSC are catabolized. Thus, 
concentrations of WSC are the highest at the end of the day, and low in early-morning. 
Soluble carbohydrates are assumed to be instantly degraded by rumen microorganisms, 
because the number of bacteria fermenting soluble sugars is constantly high and ruminal 
concentrations of soluble sugars are low (Leedle et al, 1986). 

Cell walls form the main mass of structural poly-saccharide. Mature plant cell walls can 
be divided in three main layers (Grenet & Besle, 1991). The middle lamella is situated 
between two adjacent cells and cement them together. The middle lamella merges with the 
relatively thin primary cell wall. During maturation a thicker secondary cell wall is formed, 
which reduces cell cavity. 

The main cell wall poly-saccharide are pectic substances, hemicelluloses and celluloses. 
Pectines are principally found in the middle lamella and are mainly in the form of (a 1-4 
linked) rhamnogalacturonans. In herbage, pectin concentrations are usually low (ca. 20 g/kg 
DM). Hemicelluloses are important for the flexibility and plasticity of the cell wall. Their 
content decreases from the primary to the secondary cell wall. The main hemicelluloses in 
grasses are xylans (B 1-4 linked xylopyranoses) and glucans (6 1-4 linked glucose, branched 
with a 1-6 linked xylose). Cellulose is continuously deposited on the inner site of the 
secondary cell wall and is composed of long linear chains of 6 1-4 linked glucose units. 

Other important structural components in cell walls are phenolic compounds. These 
hydroxycinnamic acids (p-coumaric acid and ferulic acids) play a role in cell wall architecture 
and are linked to cell wall poly-saccharide. Lignins are formed by reduction and condensation 
of these acids. Lignins are the main phenolic compounds in secondary cell walls and are 
closely linked to the matrix of the poly-saccharide. 

Different cell types in plant tissues also show considerable differences in chemical 
composition and physical properties. Parenchyma consist mainly of thin-walled cells; the 
collenchyma, providing mechanical support, consists of cells with thick walls, whereas the 
conducting sclerenchyma (phloem, xylem) contains lignified, inextensible walls. Lignification 
is the mean defence of plant cell tissues against microbial deterioration. Primary cell walls 
are rich in cellulose; lignified vascular tissue is high in lignified hemicelluloses. 

During the developing stage cell walls are formed and cell solubles accumulate in the 
lamina (Deinum, 1992). In the adult stage, part of the digestible cell wall becomes 
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indigestible, the extent depending on the temperature. In the cells molecules are synthesized 

and stored or transported to other organs. At senescence, cell contents is reallocated and 

digestible cell walls are lost by leaching and microbial consumption. 

Conclusion 

The concentration, composition and rate and extent of degradation of CP and 

carbohydrates in fresh grass may vary significantly, influenced by growing conditions. The 

differences in chemical composition and physical properties will influence the rate and extent 

of rumen degradation, and consequently the production of volatile fatty acids, ammonia and 

microbial protein. Thus, differences in grassland management and growing conditions will 

affect animal performance and the excretion of undesired products into the environment. 

These aspects were investigated in the research reported in this thesis. 
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Abstract. Theoretically a 600 kg cow producing 25 kg milk per day can utilize dietary nitrogen 
(N) with a maximum efficiency of 40-45%. The actual efficiency of N utilization in cows 
grazing intensively managed pastures, is 15 to 25%. When young leafy grass is the sole feed 
this figure cannot be altered substantially without reducing animal performance. Supple­
menting the diet of grazing dairy cows with a low-protein, high-energy feed (special con­
centrates or maize silage) increases the efficiency of N utilization, mainly because it lowers 
N intake. First results using maize silage indicate an improvement in N utilization of 25 to 
30%. 

Introduction 

Intensification of pasture management by higher nitrogen (N) input and 
better grazing management has led to higher N concentrations in herbage. 
Van der Meer [12] estimated that on farms using abundant N fertilizer only 
16% of the N input is removed in milk and liveweight. Important causes for 
such a low utilization of N are an inefficient uptake by herbage of N in 
faeces, urine and slurry and low efficiency of N utilization by ruminants. 

Knowledge of the limiting factors in the utilization of N from herbage by 
dairy cows, both for grassland managers and nutritionists, is an important 
step to improve the efficiency of N utilization, thus preventing or diminish­
ing the emission of N to the environment. 

In this paper we will focus on the utilization of N by grazing dairy cows 
and indicate possibilities for nutritional improvement. 

Nitrogen metabolism of dairy cows 

Compartmentation of the proximal part of the digestive tract of ruminants 
slows the transit of feed, thus enabling a predigestion of slowly degradable 
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feed rich in fibre. The presence of cellulase producing micro-organisms in the 
forestomachs gives ruminants the ability to utilize energy from cellulose. 
Delayed passage of the feed, and microbial digestion in the forestomachs 
also affect the protein metabolism of ruminants. 

New concepts that enable the prediction of the amount of absorbable 
amino acids reaching the intestines are being developed in order to take this 
redistribution of N into account. Such systems distinguish between two 
sources of amino acids entering the small intestines. One source is the 
non-degraded feed protein that escapes microbial digestion. The proportion 
of this "bypass protein" depends mainly on the rate of degradation and on 
the retention time of feed in the forestomachs. The second source of amino 
acids is microbial protein, synthesized in the forestomachs. 

Microbial protein synthesis depends on the supply of (i) precursors such 
as peptides, amino acids, ammonia, carbon skeletons, phosphorus, and 
sulphur, (ii) other essential nutrients and (iii) energy [7]. Under optimal 
conditions the amount of protein synthesis is related to the amount of 
energy extracted from the feed. Demeyer and Tamminga [7] estimate a 
synthesis of 35 g microbial N (220 g crude protein) per kg organic matter 
digested in the forestomachs under ideal circumstances. However, the effi­
ciency of microbial protein synthesis on fresh herbage seems to be somewhat 
higher, but reasons for this are still not clear [4]. On the other hand, we also 
have to bear in mind, that a significant amount of the organic matter from 
herbage digested in the forestomachs is protein, hence limiting the amount 
of energy available for the growth of the microbes [21]. 

Not all the protein entering the small intestines will be absorbed: intestinal 
digestion of different proteins may vary considerably [10]. Also, the absor­
bed amino acids will not be completely recovered in animal protein. Part of 
the N is lost during metabolism. 

Minimum loss of nitrogen by dairy cows 

Maintenance 

In a recent review Owens [19] concluded that a 600 kg cow fed at main­
tenance level loses 52 to 82 g N day -1 (Table 1). Several factors attribute to 
this minimum N loss. A small proportion is lost with skin and hair. A second 
fraction is endogeneous urinary N (EUN), originating from N containing 
metabolites (e.g. amino acids, nucleic acids) expelled during metabolic 
processes of body tissues. A third route of N excretion is faecal output. 
Metabolic faecal N (MFN) consists of the residues of secreted enzymes, 
sloughed intestinal cells and of the gastro-intestinal biota. 
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Table 1. Minimum N losses (gNday ') of dairy cows [19] 

A: MAINTENANCE (600 kg liveweight) 
skin, hair 
endogeneous urinary N 
metabolic faecal N 

B: MILK PRODUCTION (N content: 5.2gkg"') 
per kg: endogeneous urinary N: 

- absorbed nucleic acids 
- metabolized during synthesis 
metabolic faecal N 

per 25 kg: 
TOTAL 

2 
10-15 
40-65 

0.8 
0.9 
2.4 
4.1 

67 

103 
170 

Production 

The production of milk protein is also coupled with inherent losses of N, 
originating from processes within the gastro-intestinal tract and intermedi­
ary metabolism. The production of 1 kg milk requires 460 NEL (Net Energy 
for Lactation, in VEM per kg dry matter (DM); 1 VEM = 6.9 kJ, [6]), 
under normal conditions equivalent to approximately 250 g organic matter 
fermented in the rumen (FOM). As stated by Owens [19] urinary N excretion 
increases with about 3 g per kg-FOM, resulting from extra microbial nucleic 
acids, synthesized in the rumen and subsequently absorbed from the intesti­
nal tract. 

Another urinary N loss is due to the fact that the efficiency of N utilization 
is less than 100%*If the composition of the amino acids absorbed from the 
intestines is ideal, e.g. matches potential needs, the efficiency of amino acid 
utilization is considered to be approximately^ % {18]. Also extra faecal N 
output has to be taken into account. Various methods for estimating MFN 
are used. Considering a feed containing 900 g organic matter and 700 g 
digestible organic matter per kg DM, MFN is estimated as 4.3 (US-NRC 
system [20]), 4.6 (French-PDI system [22]) or 4.9 [5] g per kg DM ingested. 
Under normal conditions 460 NEL requires a DM intake of approximately 
0.5 kg. 

Thus N loss of a 600kg cow, producing 25 kg milk day-1 and fed on 
energy and protein balance, calculated with the assumptions described 
above, will be at least 170g N day-1 (Table 1). In this ideal situation at a 
production of 130 g milk N day-1 the efficiency of utilization of dietary N 
is 43%. Under practical conditions efficiencies will be lower, because of a 
lower N digestibility and a less ideal composition of absorbed amino acids. 
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Nitrogen losses by grazing dairy cows 

As indicated by Van der Meer [13] intensification of grassland production 
and N fertilization has led to a decrease of the efficiency of N utilization. 
Cows weighing 550 kg and producing 20 kg milk day"1 utilized 21% of the 
ingested N on a farm where no N fertilizer was applied. On farms with an 
intensive N fertilization (Nitrogen Pilot Farms) only 16% of ingested N is 
retained in milk and liveweight (Table 2), which is far from the theoretical 
maximum efficiency of 40-45%. 

Balance trials have been performed by Van der Honing et al. [9] using 
dairy cows fed fresh herbage indoors. The efficiency of utilization of N in 
these experiments was 22 to 25% (Table 3), which is higher than that 
calculated for the Nitrogen Pilot Farms. The reason for this difference seems 
mainly a different N intake. 

The efficiency of N utilization in grazing dairy cows can be estimated from 
experiments of Meijs [14, 15, 16]. Weight gain of the spring-calving animals 
was small during these trials and therefore we assumed N retention to be 
negligible. On average about 78% of the N ingested with the herbage was 
excreted with faeces and urine (Table 4). This result agrees with data from 
indoor-experiments (74-78%), and makes it clear that the utilization of 
grass N on well fertilized pastures is generally less than the theoretical 
maximum. Efficiency of N utilization in the experiments of Meijs was 

Table 2. Estimated utilization of N of unfertilized and heavily fertilized herbage by dairy cows, 
weighing 550 kg and producing 20 kg fat corrected milk per day [13] 

N rate 
(kgha- 'yr - 1 ) 

0 

383 

N in 
herbage DM 
(gkg"1) 

29.6 

44.0 

N intake 
( g d ay 1 ) 

506 
(100%) 
647 
(100%) 

N excretion (g day ') 

milk 

106 
(21%) 
106 
(16%) 

faeces 

117 

111 

urine 

283 

430 

Table 3. Nitrogen balance of cows fed fresh herbage and 1 kg concentrates per day (basic data 
from [9]) 

Institute 

Anim. Physiol., 
Wageningen 
IVVO, 
Lelystad 

N in 
herbage 

(gkg-1) 

37.2 

38.8 

DM 
N intake 
( gday 1 ) 

521 
(100%) 
460 
(100%) 

N excretion (gday ' ) 

milk faeces 

N retention 
by animal 
(gday"') 

88 126 279 28 
(17%) (24%) (54%) (5%) 
107 117 227 9 
(23%) (25%) (49%) (2%) 
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Table 4. Nitrogen intake and N excretion in the milk of grazing cows supplemented with a 
maximum of 1 kg DM day"1 [14, 15, 16] 

Year 

1978 
1979 
1981 
1982 
1983 
Mean 

N in 
herbage DM 
(gkg 

36 
38 
38 
38 
35 
37 

') 

N intake 
(gday"1) 

521 
575 
560 
572 
525 
551 

N excretion 
in milk 
(gday-1) 

122 
127 
126 
107 
123 
121 

Efficiency of 
N utilization 

(%) 
23.4 
22.1 
22.5 
18.7 
23.4 
22.0 

somewhat higher than on the Nitrogen Pilot Farms, because of a lower 
herbage N content, and a higher N excretion with the milk. 

Reduction of N losses by grazing animals can be pursued by two ap­
proaches: 
- change the factors which determine the efficiency of N utilization without 

alteration of the diet (same amount of fresh herbage), or 
- reduce the fraction of herbage in the diet by feeding supplements. 

Reduction of nitrogen losses with herbage as sole feed 

One obvious way to improve N utilization is by increasing milk protein 
production. However, there are indications that milk production of grazing 
dairy cows not receiving supplementation is limited to 20-25 kg day -1 by 
the restricted intake of energy [14] and by an insufficient supply of absorb­
able amino acids in the small intestine [4], The inadequate supply of amino 

) acids in the small intestine would arise from the excessive degradation of 
protein from fresh forages (Tables 5 and 6). This excessive loss of protein N 

4n the forestomachs can not be compensated for by microbial synthesis. 
In fact, improvement of N utilization can be achieved either by decreasing 

N intake or by increasing protein supply to the small intestine possibly 
resulting in a higher milk protein production. With herbage as the sole feed, 
the intake of N can only be decreased by lowering the crude protein (CP) 
content of the herbage. Crude protein levels in temperate grass species vary 
widely and may range from 70 to 150 g per kg DM in sub-optimal situations 
up to 300 g per kg DM in highly productive regions, where pastures are 
heavily fertilized [11]. Lowering N fertilization will decrease CP intake, 
mainly because of a decreased CP content in the herbage. Lower N fertiliza­
tion may also decrease the rate of CP degradation in the forestomachs 
(Table 5), resulting in a higher proportion of feed protein escaping from 

19 



Chapter 2 

Table 5. Effect of N fertilization on the crude protein (CP) content in herbage, the rate of 
disappearance of CP from nylon bags incubated in the forestomachs (kd) and estimated supply 
of digestible feed CP entering the small intestine (DPI). (S. Tamminga, personal communica­
tion) 

N rate 
(kgha- 'yr - ' ) 

0 
250 
400 
700 
maize silage 

CPin 
herbage DM 
(gkg"1) 

203 
261 
288 
332 
94 

k„ 
(% hr" ' ) 

8.6 
9.7 

10.3 
10.9 
1.4 

DPI in 
herbage DM 
(gkg"') 

44 
52 
57 
58 
14 

rumen degradation. However, the absolute supply of feed amino acids to the 
small intestine will not be altered, because of the simultaneously occurring 
lower CP intake. 

A lower CP intake may also be achieved by feeding more mature grass. 
As grasses mature CP content decreases, as does the rate of protein degrada­
tion in the forestomachs (Table 6). However, digestibility and hence NEL 
content of more mature herbage is substantially lower. Thus energy intake 
with this herbage will be less, and consequently milk production will decline. 

Another possibility to decrease N content is fractionation of grass into a 
protein-rich juice and a fibrous pressed residue. However, the NEL/CP ratio 
in the pressed residue is only changed moderately compared to the original 
material [24]. Furthermore this method is expensive and energy consuming. 

Several research groups have tried to increase protein supply to the small 
intestine by inhibiting protein degradation in the forestomachs. One ap­
proach has been the inclusion of tannin containing legumes like sainfoin 
(Onobrychis viciifolia [4]) or Lotus pedunculatus [2]. Proteolysis of tannin-
protein complexes is reduced or takes place more slowly. The tannin-protein 

Table 6. Effect of stage of herbage maturity on crude protein (CP) content, rate of disap­
pearance of CP from nylon bags incubated in the forestomachs (kd) and estimated supply of 
digestible feed CP entering the small intestine (DPI). (S. Tamminga, personal communication) 

Weeks 
after 
mowing 

3 
4 
5 
6 
7 
8 

CPin 
herbage DM 
(gkg"') 

269 
275 
256 
213 
156 
200 

k, 
(% hr"1) 

12.2 
10.1 
11.0 
9.9 
9.6 
8.6 

DPI in 
herbage DM 
(gkg"') 

41 
43 
39 
32 
27 
32 
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bonds are cleaved under the acidic conditions in the abomasum and thus do 
not interfere with the proteases excreted by the host-animal. However, in 
some cases the effects of tannins on animal performance have not been very 
promising [1]. 

Influencing proteolysis in the forestomachs has also been attempted by 
using formaldehyde treatment to affect the molecular structure of proteins 
or Monensin to affect the metabolism of microbes. However, the effects have 
been found variable [3]. 

There is little data on comparisons between different herbage species. 
Differences have been reported, but they may be partly overruled by varia­
tions occurring during the growing season [4]. 

Reduction of nitrogen losses by supplement feeding 

Cows grazing on well fertilized pastures consume 50-100% more protein 
than they require. The easiest way to reduce N consumption is to replace 
part of the N-rich herbage by roughage or concentrates with a low protein 
content. During the summer of 1985 a stall-feeding experiment was done at 
Lelystad in which herbage and a combination of herbage and maize silage 
were compared. The aim of this experiment was to compare both rations at 
the same level of net energy intake, and therefore feed supply was restricted. 
Herbage contained 39 g N per kg DM, maize silage 17 g N per kg DM. 

The results of the N balance measurements are shown in Table 7. The N 
in the faeces and urine was decreased by 28% when 49% of herbage DM was 
replaced by maize silage. This effect was mainly due to the reduced intake 
of N with this treatment. However, despite the lower protein intake, the 
protein content of the milk was increased significantly (P < 0.05) by maize 
silage. Most probably the microbial protein synthesis in the rumen was 
improved by the supply of energy, mainly carbohydrates, from maize silage. 

Another way of reducing the N content of the diet is by supplementing 
herbage with concentrates. Several authors have reported a substantial 

Table 7. Nitrogen balance of cows fed fresh herbage or a combination of herbage and maize 
silage (51/49 on DM basis) 

Ration 

Herbage 

Herbage + 
maize silage 

N intake 

(gday ') 

626 
(100%) 
494 
(79%) 

N excretion 

milk 

107 
(100%) 
118 
(110%) 

(gday ') 

faeces urine 

158 361 
(100%) 

178 198 
(72%) 

Efficiency 

(%) 

17 
(100%) 
24 
(141%) 
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decrease of the ammonia concentration in the rumen when supplementing 
N-rich forages [8, 23]. The effect on N excretion will be less than with 
supplementation of maize silage, because of the higher N content in con­
centrates. Moreover, the quantities of concentrate which may be fed in 
addition to herbage are limited, due to possible disturbances of rumen 
fermentation [23]. However, when carbohydrates in the concentrate consist 
of highly but slowly digestible structural polysaccharides, such as soya bean 
hulls and palm kernel expeller, the negative effects on herbage intake and 
milk fat may be smaller [17]. 

Conclusion 

Possibilities for an improvement of the efficiency of N utilization in rumi­
nants with grass as the sole feed are limited. In most cases such measures are 
coupled with a decline of animal performance due to a decrease of NEL 
intake. A better response seems possible if grazing cows are supplemented 
with good quality concentrates or forages with a relatively high energy and 
low protein content. Preliminary experiments gave promising results. How­
ever, the consequences of such feeding systems on farm management and 
economics are not yet clear. 
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SUMMARY 

In three experiments, carried out in 1985 and 1986 in the Netherlands, the effects of herbage 
maturation and rate of nitrogen fertilization on rumen degradability of organic matter (OM) and 
crude protein (CP) in fresh herbage (Lolium perenne) were studied using the nylon bag technique. 
Experimental farms at Lelystad and Swifterbant (clay soil) and Achterberg (sandy soil) provided the 
herbage samples. From the results, the content of digestible CP entering the small intestine (DPI) was 
estimated. 

Crude protein content and in sacco degradability of OM and CP decreased with increasing grass 
maturity and with decreasing rate of N application. With every 100 g/kg DM decrease in CP content, 
the estimated content of DPI decreased by 19 g/kg DM, no matter how the CP content was 
manipulated. 

I N T R O D U C T I O N 

Fresh herbage from intensively fertilized swards 
contains high concentrations of crude protein (CP), of 
which 70-90% is present as true protein (Tamminga 
1986). However, in young grass, a substantial pro­
portion of the nitrogen may be in the form of 
nonprotein N (NPN) (Mangan 1982). Crude protein 
of highly fertilized, young grass is thus characterized 
by a high rate of rumen degradation (Standing 
Committee on Tables of Feed Composition 1990). 
With protein concentrations of > 200 g/kg of dry 
matter (DM), this will result in high ruminal ammonia 
concentrations (Beever & Siddons 1986; Van Vuuren 
et al. 1986) and substantial losses of N via urine 
(Van Vuuren & Meijs 1987). 

A second component contributing to the protein 
value of grass is its potential as a substrate for 
microbial growth. Young, heavily fertilized grass 
contains substantial amounts of soluble protein, 
which may not be utilized for microbial protein 
synthesis very efficiently. Efficiency of microbial 
growth on protein as a substrate is considerably lower 
than on carbohydrates (Demeyer & Tamminga 1987). 

* Present address: Department of Animal Nutrition, 
Agricultural University, Wageningen, Netherlands. 

t Present address: Experimental Farm ' Groot Kantwijk', 
Mengvoeder UT-Delfia bv, Vreeland, Netherlands. 

Using new evaluation systems, the estimated pro­
tein supply of grazing dairy cows consuming 16 kg 
organic matter (OM) from herbage, meets the require­
ments for maintenance and a daily production of 
23 kg of milk (Verite et al. 1987), instead of the 
30-40 kg which the system of digestible crude protein 
suggests (Centraal Veevoederbureau in Nederland 
1977). 

Protein utilization of grazing animals can be 
improved by changes in grassland management. As 
herbage matures, OM digestibility decreases (Wilman 
1975) as well as the proportion of soluble N 
(Sanderson & Wedin 19896). This may result in a 
decrease in the rate of CP degradation and, because of 
a higher escape from rumen fermentation, to an 
increase in the proportion of herbage protein entering 
the small intestine. However, since CP content also 
decreases with increasing maturity, the amount of 
unfermented plant protein reaching the small intestine 
per kg DM ingested may not differ very much. 

Reducing the rate of application of N fertilizer 
reduces CP content and results in a smaller proportion 
of NPN (Wilman & Wright 1983). Rate of N 
fertilization thus influences solubility (Sanderson & 
Wedin 1989 a) and probably also degradability of CP 
in the rumen. 

Effects of grass maturation and rate of N fertiliz­
ation on rumen degradability of OM and CP of fresh 
herbage (Lolium perenne) were studied using nylon 
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